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One notable concept that is of interest is a person’s state of optimal functioning. Achieving optimal functioning (e.g., subjective well-being at school), aside from personal autonomy, requires some form of “optimization.” Optimization, we argue, is more than just an “enhancement,” a “predictive effect,” and/or a “causal flow” between an independent variable (IV) and a dependent variable (DV). We note from existing literature that optimization has often been referred to without a clear, definitive explanation of what this term actually entails. At the same time, we acknowledge that unlike other areas of development (e.g., engagement), no theoretical article is available to explain the concept of optimization. This article considers a number of theoretical tenets for advancement: (1) the tenet of three major criteria that could assist in the explanation, assessment, and measurement of optimization, (2) the tenet of the development of a methodological conceptualization that could measure and assess optimization, and (3) the tenet of the “quantification” of optimization, and in particular, a proposed index of optimization and a corresponding scientific notation of “γ”, which we coin as an “optimizing effect.” Overall, we contend that this examination is insightful and holistic, seeking clarity into an important topical theme in psychology.
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INTRODUCTION

One notable line of research in psychology that has recently received considerable interest is the operational nature of optimal functioning. Optimal functioning, which may be in physical, cognitive, emotional, and/or social terms, emphasizes the importance of a person’s inner strength, state of resilience, virtue, and the maximization in capability (Source: Applied Psychology: Health and Well-being). Optimal functioning reflects the paradigm of positive psychology (Seligman and Csikszentmihalyi, 2000; Seligman, 2010), and may in the context of academia, involve the experience of mastery, and/or the achievement of an exceptional academic result. Optimal functioning in a nonacademic arena, likewise, may indicate a football player’s exceptional achievement to score 50 goals in one season, for example. This theoretical concept of optimal functioning is in direct contrast to personal experiences of stagnation and pessimism, highlighting weakness, sub-optimal performance, and minimal potential. The concept of optimal functioning therefore takes a positive perspective. However, what optimal functioning constitutes and how optimization of human functioning operates are not clearly defined and understood. The aim of this article is to conduct an in-depth examination of the theories related to the concept of optimization and to propose future directions for research advancement.



UNDERSTANDING OPTIMIZATION

Relating to the concept of optimal functioning is a question that we, as researchers, have made concerted attempts to address: how does a person reach an optimal state of functioning? This important question has led to our numerous empirical and conceptual undertakings, which specifically focus on the complexity of the operational mechanism of optimal functioning. What causes an exceptional state of functioning? What actually occurs as a state of functioning improves from one level to that of another level? How does the cause of optimal functioning associate with a level of optimal functioning? These three major questions have, to date, formed the central premise of existing research inquiries and our own contributions. Understanding this complexity of optimal functioning (e.g., how a person reaches a state of optimal cognitive functioning) is innovative, especially in terms of educational and social practices for implementation. From the context of successful schooling, for example, we could capitalize on this line of research development and design appropriate educational programs and/or pedagogical strategies, which may closely align with the optimization of students’ learning experiences.

The study of the processes of optimal functioning, from our point of view, is emerging and has received moderate attention. We recognize there are some prominent theoretical tenets that have, likewise, considered the improvement of cognitive functioning. For example, Vygotsky’s (1978, 1981) sociocultural theory of cognitive development stipulates the potent impact of the contextual environment to shape a person’s cognitive development. Psychological tools and cultural artifacts, such as mathematical symbols and notations may mediate a student’s progress in his/her understanding of problem solving. In particular, Vygotsky (1978) makes reference to an important term, coined as the “zone of proximal development,” which depicts the difference between what a person can do without help and what he/she can do with help (e.g., scaffolding). Piaget’s (1963) theory of personal constructivism, somewhat different from Vygotsky’s (1978) theory, contends that cognitive growth arises from a person’s experience resolution of disequilibrium via means of adaptation. In school contexts, according to Piaget’s (1963) theory, effective learning occurs when a child experiences a mental state of cognitive conflict. Learning outcomes that do not stimulate intellectual challenges or “flow” (Csíkszentmihályi, 1990; Seligman and Csikszentmihalyi, 2000) are more likely, in this analysis, to limit enriched cognitive experiences.

In sum then, our brief introduction contends that an optimal state of functioning indicates personal growth, improvement, and exceptional performance. Achieving this optimal state of functioning requires some form of scaffolding from the external world. Notwithstanding existing theoretical contributions (Piaget, 1963; Vygotsky, 1978), one element that has gone amiss is an in-depth examination of the actual operation involved in the achievement of optimal functioning. This operation, from our point of view and proposition, is known as the process of “optimization” (Phan et al., 2019a, b). The term optimization, extensively used in the academic literature (e.g., Freund and Baltes, 1998; Fraillon, 2004; Ziegelmann and Lippke, 2007) is inconsistently explained, and has not been adequately addressed. The true nature of optimization, we argue, is relatively unknown at present in terms of analysis and understanding. What actually occurs during the process of optimization? How does the process of optimization explain a person’s optimal best practice? Can the process of optimization be “quantified” and be represented by a scientific notation? These questions indicate the totality of our understanding of optimal functioning.



OPTIMAL FUNCTIONING: AN INTRODUCTION

Optimal functioning is a perceived positive theoretical concept that emphasizes the importance of improved competence, personal best or exceptionality, and a strong sense of motivation and resilience. Optimal functioning situated within the context of academia is also analogously termed as optimal best practice (Phan et al., 2016, 2018a) and personal best (Martin, 2006, 2011). An analysis of the literature indicates that, likewise, educators and researchers have often referred to the notion of an “optimal condition” for effective learning and enriched schooling experiences. An educator, for example, may consider strategies and/or programs that could stimulate and foster a positive social climate for learning, which in turn could instill a perceived sense of school belonging for students (Goodenow, 1993; Goodenow and Grady, 1993).

Optimal functioning is a central feat of human agency and may apply to different complex contexts in life (Straszewski and Siegel, 2018; Wiese et al., 2018). Optimal functioning, in this case, may consist of different facets – for example, optimal physical functioning, optimal cognitive functioning, optimal emotional functioning, etc. In the areas of health and subjective well-being, researchers have, for example, explored the concept of optimal subjective well-being (Fraillon, 2004; ACU and Erebus International, 2008). This research inquiry, indeed, has led to the propositions of a number of definitions and views about the nature of optimal functioning. The literature review published by the Australian Catholic University (ACU) in 2004 specifically elucidated the essence of optimal functioning, which the researchers expressed their understanding – “maximizing one’s potential” (Dunn, 1961; Ryff, 1995), “pursuit of excellence in physical, mental, emotional, and spiritual realm” (Ardell, 1982), “an active process of fulfillment” (Hettler, 1984), “living and working effectively” (Corbin, 1997), “living fully in the natural community” (Witmer and Sweeney, 1998), “resilience and successful community participation” (Weisner, 1998), “holistic, positive emotions” (Stewart-Brown, 2000), “positive emotions, life satisfaction, and absence of negative emotions” (Diener and Biswas-Diener, 2002), “positive feelings and positive psychosocial functioning” (Keyes, 2002), “resilience, satisfaction, and maximizing one’s potential” (Bornstein et al., 2003), “positive feelings and life satisfaction” (Headey and Wooden, 2004), “positive state and satisfaction of needs” (Prilleltensky and Prilleltensky, 2006), and “resilience and maximizing one’s potential” (WHO, 2007).

From this theoretical overview (ACU and Erebus International, 2008), a person’s achievement of optimal functioning indicates numerous attributes that are positive – for example, self-fulfillment and inner satisfaction, exceptional accomplishment, and enrichment and personal growth. Depending on the nature of the context, a person may experience different types of attributes when he/she achieves optimal functioning. From an educational perspective, optimal functioning in an academic subject may reflect different learning experiences: a student’s ability to continuously perform and achieve outstanding results in Year-8 mathematics and receiving an “A” grade at the end of the school term (Phan et al., 2017), or a student’s seeking of mastery to know the different pedagogical approaches that could enable in-depth understanding of a topical theme (i.e., ability to solve challenging transfer percentage problems) (Ngu et al., 2018). At the same time, aside from mastery and performance-based accomplishments, optimal functioning may indicate a student’s heightened state of motivation (e.g., intrinsic) to persist with his/her studies (Church et al., 2001; Elliot and Murayama, 2008). From a noneducational point of view, likewise, optimal functioning on a daily basis may indicate a person’s positive outlook about life, and his/her strong state of personal resolute and resilience to combat health-related matters. Low optimal functioning, in this case, may result in feelings of pessimism and helplessness, and a belief that existing health issues are not worth combatting.

Overall then, from the aforementioned description, we contend that optimal functioning is an important element of a person’s development. Optimal functioning, in its simplistic summation, is concerned with an individual state of “change” that a person experiences for the better. Job satisfaction, combatting health, a positive outlook of life, personal best in sports performance, and successful schooling are some examples of a person’s positive experience of optimal functioning. Of relevance and significance in this discussion, which we next discuss, is an in-depth analysis and understanding of how an optimal level of functioning is accomplished. For example, within the context of academia, we want to consider in-class pedagogical strategies, school-based educational programs, and/or the use of intellectual capitals to enhance and optimize students’ cognitive functioning. This feat concerning the nature of achievement of optimal functioning has not been adequately addressed. We do not have clear evidence at present, both conceptually and empirically, to explain how a state of optimal best is ascertained. What are the underlying processes, which may govern our drive to achieve a state of exceptionality?

Our proposition of a detailed conceptualization of optimization, which may explain the intricate processes of achievement of optimal functioning, draws from existing theorizations (e.g., Csíkszentmihályi, 1990; Fraillon, 2004; Phan et al., 2017) and empirical research findings (Martin, 2011; Liem et al., 2012; Phan et al., 2018a,b,c). Optimization, as we conceptualize, is not an outcome or a relationship, but rather depicts an underlying process that in turn “optimizes” an entity in question (e.g., a person’s academic learning experience in a subject matter). In addition, we have also recently considered a related theoretical matter, namely, the conceptualization and development of appropriate methodologies that could enable the assessment and validation of optimization. This research-based discourse is innovative as emphasis is placed on researchers’ theoretical contributions to the study of a conceptualized inquiry.



THE OPERATIONAL NATURE OF OPTIMIZATION

What is optimization? In the preceding sections, we mentioned that optimization is an intricate process that closely aligns with the achievement of optimal functioning. An examination of the literature indicates that researchers have extensively used the term optimization in their researches (e.g., Freund and Baltes, 1998; Fraillon, 2004; Ziegelmann and Lippke, 2007). We contend there is ambiguity as to what optimization actually entails as a process. From a generic, simple point of view, optimization may be perceived as a “vehicle” that operates to maximize a person’s state of functioning from T1 to T2. In recent years, researchers in the areas of subjective well-being (Fredrickson, 2000; Keyes et al., 2002) and healthcare and aging for senior citizens (Freund and Baltes, 1998; Ziegelmann and Lippke, 2007) have made extensive reference to the concept of optimization. For example, in relation to healthcare for senior citizens, a number of researchers have theorized that optimization serves as a process of engagement in goal-directed actions and means to pursue and maintain personally relevant goals (e.g., a goal of adopting and maintaining a physically active lifestyle). In relation to the study of positive psychology, likewise, Noble and McGrath (2008) proposed a Positive Educational Practices (PEPs) Framework that focuses on five specific foundations of well-being, namely: (1) social and emotional competency, (2) positive emotions, (3) positive relationships, (4) engagement through strengths, and (5) a sense of meaning and purpose. This framework, according to the authors, provides guidance to educators, school administrators, and researchers in the optimization of positive educational initiatives. The PEPs Framework, in this case, facilitates and encourages students to find a sense of meaning at school, and a purpose in life. In a similar vein, Seligman’s (e.g., Seligman and Csikszentmihalyi, 2000; Seligman, 2010, 2011) work on the PERMA Framework has also acknowledged the importance of happiness, resilience, and personal growth. One central aspect of human endeavor encompasses an inner desire and striving for one to lead and live a meaningful and enriching life.

Other researchers, similarly, have explored other comparable concepts that we believe reflect the relatedness to the process of optimization. Diener (e.g., Diener et al., 2009, 2010) and other colleagues (e.g., Keyes, 2002; Huppert and So, 2013) have explored the concept of flourishing, which is defined as a person’s experience that life is going well. In a similar vein, a research focus on the proactivity and enrichment of life has led to the propositions of theoretical constructs such as thriving (Su et al., 2014; Wiese et al., 2018), defined as “a state of positive functioning at its fullest range” (Su et al., 2014), and personal striving (Phan and Ngu, 2015; Phan et al., 2018a,b,c), defined as “a person’s effort attempt to seek out realistic and/or ambitious endeavor for accomplishment” (Phan et al., 2018a,b,c). Flourishing, thriving, and personal striving are in accord with the paradigm of positive psychology (Seligman and Csikszentmihalyi, 2000; Seligman, 2010), and place emphasis on a person’s seeking to achieve optimal endeavors.

Understanding the true mechanism of optimization, theoretically and/or empirically, is relatively unknown at this stage. This consideration, in particular, depicts the finer detail of the “steps” involved in the achievement of optimal functioning. A few researchers have, in this instance, provided comparable explanations of the operational nature of optimization. Fraillon’s (2004) discussion paper on the subject of student well-being, for example, described an interesting tenet – namely a person’s actual best functioning (ABF) and his/her subsequent notional best functioning (NBF). Optimization, for the author, is defined as the difference between ABF and NBF. From Fraillon’s (2004) brief account, Phan et al. (2017) presented an elaborated conceptualization of the relationship between two levels of functioning – realistic best (RB) and optimal best (OB). Importantly, the authors’ conceptualization proposes an important element coined as the “zone of optimization,” which is defined as the difference or range between RB and OB. The zone of optimization varies in the magnitude of the difference or range between the two levels of functioning. Moreover, as a point for consideration, the zone of optimization seeks to explain the “amount” of optimization that would be needed to help optimize the achievement of OB from RB.

Fraillon’s (2004) initial, but brief description of optimization and Phan et al.’s (2017) subsequent analysis both have provided theoretical grounding for further development. In our own recent research inquiries pertaining to the nature and scope of mindfulness (Phan et al., 2019a,b), we offered an expanded perspective and explanation of optimization. Our conceptualization, as shown in Figure 1, is more detailed and technical. In terms of different levels of functioning (e.g., RB: Phan et al., 2017), we argue that time precedence is an important element for incorporation – in other words, different levels of functioning cannot take place simultaneously.
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FIGURE 1. Proposition of the operational nature of the process of optimization.
 

From Figure 1, we propose that optimal functioning is the result of a progression from an existing level of functioning, denoted as L1, to a level that is more exceptional, denoted as L2. Mathematically, in this analysis, a person’s progression from L1 to L2 is denoted as Δ(L2–L1). We argue for the inclusion of time difference because, as Fraillon (2004) and Phan et al. (2017) concur, L1 is indicative of a what person is capable of at present, whereas L2 is concerned with his/her maximum outcome. Being able to achieve L2 from L1 does not occur instantaneously, but rather requires an adequate timeframe for completion. Hence, from our conceptualization, we equate L1 to situate at T1 and L2 to situate at T2 – hence, overall, the achievement of optimal functioning may be defined as Δ(L2T2–L1T1).

Methodologically, from a quantitative point of view (Tabachnick and Fidell, 2007), we may consider the assessment, measurement, and validation of Δ(L2T2–L1T1). Social science’s research has used complex quantitative methodological designs to investigate associative and predictive effects of psychological and educational variables. Nonexperimentally, in this instance, we could consider the introduction of a variable A, which is then proposed to help “optimize” the improvement in score of L1 to L2 (Figure 2). Moreover, we expect to find that Δ(L2T2–L1T1) would be positive in value. This proposition, in this case, stipulates an association between Variable A and Δ(L2T2–L1T1).
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FIGURE 2. Simple methodological design of optimal functioning.
 

Baron and Kenny’s (1986) seminal publication has resulted in extensive research development into the importance of mediating effects of variables (e.g., Grice et al., 2015; Kline, 2015; Tate, 2015; Trafimow, 2015). In this analysis, referring to our explanation, a central variable A could operate to mediate the effect of L1 at T1 onto L2 at T2 which can be tested in a series of path models: (1) Test 1: estimates a model in which only L1 predicts L
2, (2) Test 2: estimates a model in which only Variable A predicts L2, (3) Test 3: estimates a model in which only L1 predicts Variable A, and (4) Test 4: assesses the reduction in the path from L1 to L2 with the introduction of Variable A as a mediator. Importantly though, in order to determine a true mediating effect and the potency of a mediator, we need to have evidence of causal effects, which in this case requires an experimental treatment or treatments, and the precedence of time difference.

Referring to Figure 2, and in tandem with Baron and Kenny’s (1986) criteria, it is poignant for us to consider the use of an intervention between T1 and T2. Referring to our previous discussion, Variable A could be considered as an “optimizing variable” between a determinant, L1, and an outcome, L2 – that is: L1 at T1 (determinant) → Variable A (optimizing variable) → L2 at T2 (outcome). In sum, from this introduction of a simple methodological design of optimal functioning, we propose three major criteria:

1. L1 as an informational source, which then serves as a point of reference for the achievement of L2.

2. The requirement of timeframe in order for a person to develop and experience an “increase” in optimal functioning (e.g., emotional functioning) – that is, the existence of multiple time points, which correspond with different levels of functioning – for example, L1 at T1, L2 at T2, etc.

3. The introduction of an intervention, which could operate as an “optimizing agent” in order to enhance and optimize L1 to L2.

Aside from a methodological account, we also need to consider the nature of Variable A. How does Variable A operate in order to facilitate an improvement of L2 from L1? The operational nature of Variable A, we contend, is intricate for its variation, which closely associates with the complexity of the Δ(L2T2–L1T1). This proposition is similar to Phan et al.’s (2017) zone of optimization, whereby this “zone” differs and connotes a magnitude in strength for the process of optimization. What does this actually mean? For example, in relation to optimal health functioning, a person may require a substantial time period to combat an illness. An optimizing agent (i.e., Variable A) to improve the person’s health, in this case, may consist of an effective therapy, varying in intensity in accordance with the difference between L1 and L2. In a similar vein, a secondary school student wishing to achieve an optimal level of best practice in the topical theme of essay composition, based on his/her previous experiences, may require a lesser amount of time in terms of optimization. An optimizing agent to address Δ(L2T2–L1T1) for writing composition may consist of an academic skills program that also vary in intensity.


An In-Depth Analysis of the Operational Nature of Optimization

Variable A, as depicted in Figure 2, is proposed to operate as an optimizing agent, which then optimizes and enhances the achievement of L1 to L2. This proposition has been extensively detailed in Phan et al.’s (2017) theorization of optimization. From a methodological point of view, we could treat Variable A as a mediator between L1 and L2, and that there is a direct predictive path from L1 to L2. However, aside from its assessment and measurement, we contend that the totality and operational nature of Variable A is much more complex than it being viewed and treated as a mediator. Phan et al. (2017), in this case, proposed an underlying process encompassing this complexity, which comprises of two major sub-processes:

1. Sub-process 1 concerns the “enactment” of different types of psychological (e.g., the positive impact of hope: Snyder, 2004), educational (e.g., an appropriate pedagogical practice: Ngu et al., 2014), and psychosocial (e.g., the complexity of the home environment: Daulta, 2008) agencies, which then initiate sub-process 2.

2. Sub-process 2 involves the activation of the attributes of persistence, effort expenditure, and effective functioning, which then operate to optimize a state of functioning.

Both Fraillon’s (2004) consideration and Phan et al.’s (2017) theoretical model of optimization suggests that the process of optimization is more than just a directional association between sub-process 1 and sub-process 2. The “totality” of optimization, we propose, encompasses the stimulation and enrichment of experience of vitality and buoyancy. In this analysis, the enactment of optimization is likely to result in an enriched state of energy, strength, and liveliness, which would then enable a person to engage in proactive functioning. This complexity, we contend, is more accurately indicative of what actually occurs within the process of optimization. As shown in Figure 1, there are three pathways: Path A, Path B, and Path C. These paths tend to operate in a sequential manner, following these steps:

1. Step 1: This step, in line with Phan et al.’s (2017) theorization, is concerned with the activation and enactment (i.e., denoted as “AE”) of different psychological (e.g., the impact of hope: Snyder et al., 2000), educational (e.g., an appropriate instructional design: Ngu and Yeung, 2013), and/or psychosocial (e.g., the impact of teacher-student relationship: Roorda et al., 2011) agencies that then serve as sources of a person’s state of “energy” (we denote this as “E”). We argue that the activation and enactment of a particular agent (e.g., psychological agency) does not necessarily influence cognitive or motivational processes directly. Rather, the execution (i.e., activation and enactment) of an optimizing agent (e.g., psychological agent) serves to produce an experience of high “energy.” Energization is therefore an underlying sub-process of optimization, which in this case entails the experience and indication of vitality and buoyancy, assisting a person to stay focused on task.

Vitality, from our conceptualization, forms a central element of the process of optimization. Personal experience of vitality (e.g., “I feel very energized at the moment”) is positive and enriching, predisposing a person to strife for the achievement of an optimal state of functioning. Importantly, of course, vitality is concerned with the observation and reporting of “stamina and liveliness” in cognition, behavior, and/or emotion, contrasting to a state of pessimism and procrastination, which correspondingly associate with a low level of energy. The selection, activation, and enactment of a specific optimizing agent (e.g., the use of hope as a psychological agent), in this case, depend upon the type of optimal functioning that a person is striving to achieve (e.g., optimal cognitive functioning in the area of mathematics).

2. Step 2: Personal experience of energization from Step 1 is postulated to stimulate the buoyancy of five comparable psychological attributes: intrinsic motivation (i.e., defined as a person’s intrinsic motive to persist a course of action – for example, learning Calculus), personal resolve (i.e., defined as a person’s internal state of decisiveness and resolute to strive for optimal functioning), effective functioning (i.e., defined as a person’s purposive state of organization, structured thoughts, and behavioral patterns and a deliberate intent to succeed), mental strength (i.e., defined as a person’s mindset of having the capacity to deal with obstacles, stressors, and pressure – for example, a tennis player is able to bounce back after losing two out of three games in competition tournament), and effort expenditure (i.e., a person’s conscious attempt to invest effort in order to achieve a particular outcome).

Further to Fraillon’s (2004) brief description and Phan et al.’s (2017) subsequent conceptualization of optimization, we offer an expanded analysis where the sub-process of energization positively influences the operational nature of different types of psychological attributes (e.g., the stimulation of buoyancy of effort) that we perceive as being positive in nature. For example, one psychological attribute that we propose as being potent is a person’s internal mental strength to persevere, whereas another notable and related attribute is that of effort expenditure. Our recent correlational research, likewise, has attested to the direct and mediating effects of personal resolve and effective functioning (e.g., Phan et al., 2018a,b,c, 2019a).

3. Step 3: The stimulation of buoyancy of intrinsic motivation, personal resolve, effective functioning, mental strength, and effort expenditure via positive energy is postulated to arouse a person’s state of functioning at T1 at and sustain it to T2 (e.g., optimal cognitive functioning) (i.e., denoted as “AS”). For example, within the context of secondary schooling, the stimulation of buoyancy of intrinsic motivation may arouse a student’s interest in understanding Calculus, which could then help sustain a state of cognitive functioning. The student’s aroused state of cognitive functioning of mathematics learning, sustaining in progress from T1 to T2, may also involve the stimulation of buoyancy of effort expenditure, personal resolve, etc.

A person’s aroused and sustained state of functioning within a particular context (e.g., academic learning in a subject matter) reflects the effectiveness of the stimulation of buoyancy of different types of psychological attributes. The effective stimulation is facilitated by an enriching state of energy, which arises from the activation and enactment of a relevant educational, psychological, and/or psychosocial agent. A low level of energy, in contrast, is likely to produce the inaction of different types of psychological attributes, resulting in sub-optimal functioning.

In summary, the pivotal components of optimization consist of the activation and enactment of psychological, educational, and psychosocial agencies, which then serve as sources of energy in order to stimulate the buoyancy of the five mentioned comparable attributes. Intrinsic motivation, personal resolve, effective functioning, mental strength, and effort expenditure in turn would individually, and/or in tandem, arouse and sustain a person’s progress in functioning from T1 to T2. In its simplistic term then, we can summarize the operational nature of optimization as follows: AE + E + SB.

Our methodological conceptualization of optimization, which we theoretically derive from previous inquiries (Fraillon, 2004; Phan et al., 2017), partially reflects Vygotsky’s (1978, 1981) sociocultural theory of cognitive development as well as other theories. For example, aligning to Vygotsky’s (1978, 1981) sociocultural theory of cognitive development, our conceptualization highlights three major facets: (1) extensive contributions from an external agent, especially in terms of the provision of opportunities of different types of agency for achievement of optimal functioning (e.g., a child’s exposure to different instructional designs/pedagogical practices from a teacher: Ngu et al., 2014), (2) the “internalization” of a particular agent and its “transformation” into a form of positive energy, and (3) the progress in a person’s state of functioning (e.g., cognitive functioning), consequently, as a result of external scaffolding. Other researchers, in contrast, have been less clear in their explanatory accounts and descriptions of optimal functioning and optimization-related entities.




METHODOLOGICAL DEVELOPMENT OF OPTIMIZATION

Our theoretical development of optimization has also led us to consider an important inquiry – namely, the development of what we coin as “methodological conceptualization,” which places an emphasis on the measurement, assessment, and evaluation of optimal functioning, and more importantly, the process of optimization. This methodological inquiry has theoretical, methodological, and empirical implications for consideration. From the perspective of quantitative methodology in the social sciences, there is acknowledgment that researchers may use both experimental and nonexperimental research designs to study associative patterns between variables (Bordens and Abbott, 2008; Gravetter and Forzano, 2009; Babbie, 2014). An important question for discussion then, is how do we measure, assess, and quantify the process of optimization?


Assessing Optimal Functioning

From the preceding sections, the concept of optimal functioning reflects a number of analogous attributes, such as “personal best,” “maximization in capability,” “fullest potential,” and “exceptionality.” Our previous discussion has emphasized a reference point (e.g., T1) for benchmarking and comparison – this reference point may be denoted as L1T1, where L1 = initial level of functioning (e.g., cognitive functioning), T1 = time 1. For example, in the area of mathematics learning, we could consider a student’s current cognitive competence to solve linear equations with one unknown, x (e.g., solve for x: 5x – 11 = 4), as L1. This initial level of cognitive functioning (i.e., L1), known as actual functioning in Fraillon’s (2004) terms, or realistic achievement best in Phan et al.’s (2017), is postulated to act as a focal point for benchmarking. The student’s optimal level, denoted as L2 and benchmarked against L1, may consist of a competence to solve quadratic equations with one unknown, x [e.g., solve for x: (x – 5)2 = 20]. L2 (i.e., learning quadratic equations), compared to L1 (i.e., learning linear equations), is more advanced in terms of quality and cognitive complexity.

The achievement of optimal functioning from a current state of functioning, reflecting personal growth (i.e., “increase in a state of functioning”), may be defined as follows: ΔL21 = L2 T2 – L1 T1. From a quantitative point of view, we need to equate L1 and L2 with actual numerical values in order to determine what ΔL21 is. The “equating” of L1, L2, etc., with specific numerical values is subjective – that is, a student may equate L1 (i.e., knowing how to solve for x: 5x – 11 = 4) with an arbitrary value of 12 (e.g., out of 20), say, and L2 (i.e., knowing how to solve x: (x – 5)2 = 20) with an arbitrary value of 15 (e.g., out of 20), etc. Why do we want to quantify L1, L2, etc.? We contend that quantifying L1, L2, etc. with numerical values (e.g., 9, 10, 11, …, etc.) makes it relatively easy for researchers to rationalize the meaning of ΔL21, ΔL32, etc. In other words, quantitatively, an optimal level of functioning is more meaningful when it is denoted by a definitive numerical value.

Quantifying different levels of functioning with numerical values (e.g., “Provide an arbitrary score that you believe best describes your current level of emotional functioning”), of course, may pose a few problems for researchers, such as inconsistency, subjective bias, and miscalibration. A student’s inexperience in personal reflection, for example, may result in unintentional biased alignment of L1 (e.g., 3 out of 20), L2 (e.g., 12 out of 20), etc. when, in fact, this is not the case. Researchers focusing on students’ self-efficacy for academic learning (Bandura, 1986, 1997), likewise, have reported on the problem of underestimation and overestimation of judgments of perceived competence (Pajares and Kranzler, 1995; Pajares, 1996a,b). This problem of miscalibration of competence beliefs (e.g., underestimation), we contend, may arise from a student’s lack of focus, lack of concentration, and misunderstanding of instruction.

Aside from instructing a person to equate his/her level of an internal state of functioning with a corresponding numerical value, it is also possible to use Likert-scale measures and/or open-ended surveys. In the broad area of subjective well-being, for example, a number of researchers have developed different Likert-scale measures, such as the Comprehensive Inventory of Thriving (CIT) Scale (Su et al., 2014), the Flourishing Scale (Diener et al., 2010), and the Academic Striving Subscale (Phan et al., 2018a,b,c). The use of Likert-scale measures, administered to subjects on multiple occasions, is straightforward and may provide fruitful information about their current state of functioning and the potential of achieving optimal functioning. For example, consider a participant’s response to the Flourishing Scale (Diener et al., 2010) on two occasions, denoted as: Response-FT1 to Response-FT2. A positive change in scores from Response-FT1 and Response-FT2 (Δ(Response-FT2 – Response-FT1) = +ve), in this analysis, would indicate an improvement in personal flourishing from T1 to T2. A negative difference (Δ(Response-FT2 – Response-FT1) = −ve), in contrast, would suggest a decline in a person’s state of flourishing. It is possible, too, for us to explore and identify linear and/or nonlinear trajectories of a person’s subject well-being. The use of latent growth modeling (LGM) procedures, in particular, may also enable researchers to test for effects of extraneous influences on growth trajectories (Bollen and Curran, 2006; Hancock and Lawrence, 2006).

More recently, in an attempt to study the process of optimization (Fraillon, 2004; Phan et al., 2017), Phan et al. (2016) developed a Likert-scale questionnaire to measure and assess current level and optimal level of subjective academic well-being. The Realistic Achievement Best Subscale (e.g., “I am content with what I have accomplished so far for this subject”), according to the authors, explores a person’s actual functioning, whereas the Optimal Achievement Best Subscale (e.g., “I can achieve much more in this subject than I have indicated through my work so far”) reflects the person’s notional best functioning. The Optimal Outcome Questionnaire, as Phan et al. (2016) proposed, may serve as a diagnostic tool to assess students’ “profiles” of cognitive competence in their academic learning (Phan et al., 2018a,b,c). Furthermore, in their detailed theorization of optimization, Phan et al. (2016) postulate the forming of two subscale scores [i.e., the Realistic Achievement Best (RAB) Subscale and the Optimal Achievement Best (OAB) Subscale scores] that would assist in the assessment, measurement, and evaluation of the process of optimization. What is unclear though, from this consideration, is how we could use the RAB and OAB scores to measure and assess the operational nature of optimization.

From an educational perspective then, measuring and assessing a current level of cognitive functioning and an optimal level of cognitive functioning may involve the use of comparable quantitative methodologies, such as Likert-scale measures and cognitive competence tests (e.g., quiz). A robust methodological approach, in this case, may consist of an integration of three comparable measures: Likert-scale measures, the Optimal Outcome Questionnaire (Phan et al., 2016), and standardized testing (Phan et al., 2019a,b). This methodological conceptualization is depicted as follows:
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Note: the Likert-scale measure X = Comprehensive Inventory of Thriving (CIT) Scale (Su et al., 2014), the Flourishing Scale (Diener et al., 2010), the Academic Striving Subscale (Phan et al., 2018a,b,c), etc.

The above methodological conceptualization is insightful as it enables us to cross-validate the three comparable measures. The Optimal Outcome Questionnaire is administered to participants at a particular time point (Phan et al., 2016, 2017), and measures and assesses a person’s current level of functioning (i.e., the RAB Subscale) and his/her optimal level of functioning (i.e., the OAB Subscale). Of concern, from our viewpoint, is whether the OAB score actually indicates a person’s optimal best, or whether it is simply an indication of “miscalibrated” and potential optimal best (Phan et al., 2018a,b,c). On this basis, it would be appropriate to cross-validate the Optimal Outcome Questionnaire with another comparable Likert-scale measure (e.g., coined as “X”), administered to a participant on multiple occasions. Longitudinal research designs emphasize the importance of time precedence, stipulating the administration of the same Likert-scale measure on multiple occasions (Rogosa, 1979; MacCallum and Austin, 2000) – for example, a current time point, T1, and a future time point, T2. Hence, considering the Optimal Outcome Questionnaire and Likert-scale measure X, we propose a first iteration (Iteration 1) where there are two associations: (1) rXT1-RAB, which depicts the association between a Likert-scale measure X administered at T1 and the RAB Subscale, and (2) rXT2-OAB, which depicts the association between the same Likert-scale measure X administered at T2 and the OAB Subscale. In this analysis then, in terms of consistency and accuracy, we would expect similar rating scores for the RAB Subscale and the Likert-scale measure X at T1, and for the OAB Subscale and the same Likert-scale measure X at T2, respectively.

A scrutiny of the possibility of miscalibration is important (e.g., Pajares and Miller, 1994; Pajares and Kranzler, 1995; Pajares, 1996a,b) because miscalibration may result in either inflated (e.g., overconfidence of optimal level of cognitive functioning) or deflated (e.g., underconfidence of current level of cognitive functioning) responses. In a similar vein, the use of an identical Likert-scale measure on multiple occasions also poses problems such as identification of familiarity of items, and evidence of autocorrelated errors between items – for example, Item 1 at T1 and Item 1 at T2, Item 2 at T1 and Item 2 at T2, etc. (Bandalos et al., 1995; Marsh and Yeung, 1997; Guay et al., 1999). Addressing these potential problems, we propose a second iteration (Iteration 2), namely: (1) rXT1-STT1, which depicts the association between the Likert-scale measure X administered at T1 and a standardized performance test, denoted as STT1, and (2) rXT2-STT2, which depicts the association between the same Likert-scale measure X administered at T2 and a different standardized performance test, denoted as STT2. Again, in terms of consistency and accuracy, we would expect a similar rating score for the Likert-scale measure X at T1 and the performance score of the standardized test at T1, and for the same Likert-scale measure X at T2 and the performance score of the standardized test at T2.

Finally, in order to validate the nature of the Optimal Outcome Questionnaire (Phan et al., 2016) and taking into account the possible shortcomings of Likert-scale measures, we consider a third iteration (Iteration 3), which emphasizes the potential associations between the Optimal Outcome Questionnaire and standardized testing at T1 and T2: (1) rRAB-STT1, which depicts the association between the RAB Subscale and a standardized test administered at T1, and (2) rOAB-STT2, which depicts the association between the OAB Subscale and a standardized test administered at T2. Similar to the two previous iterations, in terms of consistency and accuracy, we would expect a similar rating score for the RAB Subscale and the performance score of the standardized test at T1, and the OAB Subscale and the performance score of the standardized test at T2.

We contend that the three iterations outlined, in their totality, make substantive contributions to the study of measurement and assessment of optimal functioning. From our rationalization, rXT1-RAB, rRAB-STT1, and rXT1-STT1 would provide theoretical understanding of a current level of functioning [i.e., X(T1) ≈ RAB ≈ ST(T1)], whereas rXT2-OAB, rOAB-STT2, and rXT2-STT2 would provide theoretical understanding of an optimal level of functioning [i.e., X(T2) ≈ OAB ≈ ST(T2)]. The use of any of the three measures alone is somewhat limited, whereas a combination of two or all three measures is more stringent in terms of elucidating the complex nature of optimal functioning. One notable inquiry that has, to date, remained elusive is our theoretical inference and interpretation of Δ [i.e., Δ(XT2 − XT1), Δ(OAB-RAB), and Δ(STT2-STT1)]. For example, given a participant’s response to a Likert-scale measure X at T1 and T2, the Optimal Outcome Questionnaire at T1, and a cognitive competence test at T1 and T2, can we use this information to explain the process of optimization?



The Quantification of Optimization: A Proposed Index of Optimization?

The preceding discussion pertaining to the assessment and measurement of optimal functioning is insightful for the purpose of our proposition: the potential “quantitative” measure of the process of optimization. Referring to our previous mentioning of the three comparable iterations of optimal functioning, we have X(T1), RAB, and ST(T1) as indicators of a current level of functioning, and X(T2), OAB, and ST(T2) as indicators of an optimal level of functioning. Of interest, in this analysis, is whether and/or to what extent the derivative of Δ notation (e.g., Δ(XT2 − XT1)) could align with, and/or fit in with out proposed conceptualization (i.e., activation and enactment of an agent → the sub-process of energization → stimulation of buoyancy of psychological attributes; Figure 1). Empirical validation of optimization (OB), as an underlying process, does not equate to a “predictive effect,” an “enhancement,” and/or a “causal flow.” In other words, at this stage, methodologically and statistically, very little is known about the “quantitative representation” of the process of optimization. A predictive effect, denoted as a beta value (i.e., β), may simply inform us of a positive association between an educational, psychological, or psychosocial agent and an adaptive outcome. For example, in a recent longitudinal, nonexperimental study, Phan et al. (2018a,b,c) found that effective functioning exerted a positive effect on school experience (β = 0.62, p < 0.001) and academic achievement (β = 0.30, p < 0.001). Likewise, in an earlier research, McCartney et al. (2007) reported the positive effect of high quality child care, as an index of a psychosocial agent, on school readiness (β = 0.21, p < 0.01).

A complex issue then relates to the “transformation” of an r value (i.e., an association) or a β value (i.e., a predictive effect) into an “optimizing effect.” What is an “optimizing” effect, and how do we define and/or calculate this optimizing effect? We postulate that an optimizing effect, denoted as “γ,” is derived from three “pathways,” as shown in Figure 1: (1) Path A describes the result of the activation and enactment of psychological, educational, and psychosocial agents, which then results in the process of energization (i.e., AE → E), (2) Path B describes the result of energization, which consequently leads to the stimulation of buoyancy of different psychological attributes (i.e., E → SB), and (3) Path C describes the arousal of an internal state of functioning and its sustained positioning from T1 to T2 (i.e., SB → AS).

Having identified these specific paths, we need to conceptualize the “intensity” of optimization by assigning a numerical value to each effect (e.g., 0 for minimal optimizing effect to 1 for maximal optimizing effect). The quantification of γ, in this instance, would reflect the totality of effects (i.e., the combined effects of Path A, Path B, and Path C). In other words, as a point of summary: γ = Path A + Path B + Path C. An important question for us to consider then, is why would γ vary in its magnitude? Referring back to our conceptualization of optimization, one notable aspect is the difference between L1T1 and L2T2. The Δ(L2T2–L1T1), we argue, is likely to vary in accordance with a person’s current level of functioning (L1T1) and his/her subsequent level of optimal functioning (L2T2). For example, consider mathematics learning for the topic of Algebraic expressions with two different scenarios:

Scenario 1.

L1T1 = knowing how to solve equations with one unknown, x: x + 8 = 10, evaluate x?

L2T2 = knowing how to solve quadratic equations with one unknown, x: (x – 10)2 = 20, evaluate x?

Scenario 2.

L1T1 = knowing how to solve equations with one unknown, x: x + 8 = 10, evaluate x?

L2T2 = knowing how to solve simultaneous equations with two unknowns, x and y: (2x + y) = 9 and (5x – 10y) = 20, solve for x and y.

An analysis of the two mentioned scenarios indicates that L2 cognitive functioning is more complex for Scenario 2 (i.e., simultaneous equations that have two unknowns) than that for Scenario 1 (i.e., equations that have one unknown), suggesting that Δ(L2T2–L1T1) is “larger” in scale or amount for the former. Achieving L2 (i.e., an optimal level) from L1 for Scenario 2 requires “more” effort in terms of optimization. This example, interestingly, emphasizes the potential interrelations between the magnitude (i.e., intensity or strength) of the process of optimization and the range or difference between L1T1 and L2T2. On this basis, the magnitude of the quantification of γ (i.e., reflecting the totality of the process of optimization) is postulated to associate with the “complexity” of L2, and how this optimal level of functioning differs from L1. In formulating a quantitative derivative of this consideration, we recently proposed a theoretical concept, which we coined as the “index of optimization” (i.e., denoted as IO) (Phan et al., 2019a,b). The IO is defined as: Δ(L2T2–L1T1) × γ, where γ = Path A + Path B + Path C.

The index of optimization is the combination (i.e., multiplication) of the difference between L1T1 and L2T2 and the magnitude of the optimizing effect of an educational, psychological, or psychosocial agent. How does the IO help us in our understanding of optimal functioning and optimization? A quantified numerical value of IO, which we propose to range from 0 (e.g., minimal IO) to 1, may elucidate the complexity of Δ(L2T2–L1T1), and the amount of resources that would be needed for optimization to achieve L2 (e.g., ability to solve simultaneous equations with two unknowns)? Importantly, the quantification of IO (close to 1) may also reveal a person’s energy level. A high value of IO, for example, would indicate a person is completely energized, and that the stimulation of buoyancy of different psychological attributes is more likely. A low value of IO (close to 0), in contrast, would indicate a low level of vitality and liveliness.

How do we standardize the measurement and assessment of the IO? Aside from the complexity of Δ(L2T2–L1T1), it is important to highlight that the “combination” in effects of Path A (i.e., AE → E), Path B (i.e., E → SB), and Path C (i.e., SB → AS) in the process of optimization is not easily measured and/or computed. Consider the personal experience of energization, which arises from the activation and enactment of educational, psychological, and psychosocial agents. Measurement and assessment of the sub-process of energization, along with the delving into the subsequent arousal and sustaining of an internal state of functioning is a difficult feat to ascertain. It would be of interest for future research to focus on the development of appropriate methodological designs and measurements that could validate and standardize the proposed IO. For example, the level of optimization to assist a person’s optimal level of emotional functioning (e.g., a positive state of happiness) would differ from that of the level of optimization to facilitate optimal physical functioning (e.g., being able to score 50 goals in one football season). A γ value of “0.4” for the achievement of optimal cognitive functioning would not, in our view, equate to the same γ value of 0.4 for the achievement of optimal physical functioning. In other words, from this comparison, we contend that the index of optimization would vary in accordance with a particular type of functioning (e.g., cognitive functioning versus physical functioning).




DIFFERENTIAL INFLUENCES OF HUMAN AGENCIES: AN EXAMPLE OF OPTIMAL COGNITIVE FUNCTIONING

One notable component of our conceptualization of optimization that is worthy for discussion is the activation and enactment of different agencies to serve as sources of energy. We argue that the differential influences of psychological, educational, and psychosocial agencies are subject to the contextual situation at hand, as well as the timely opportunity that may arise. For example, the optimization of physical functioning (e.g., a football player’s scoring of goals) may benefit more from psychological (e.g., the use of self-efficacy beliefs to convince the football player’s resolve) and/or psychosocial (e.g., the provision of an adequate environment for training) agencies. However, educational agencies (e.g., the teaching of an effective instructional design) could be more appropriate in the optimization of cognitive functioning (e.g., a student’s academic performance in mathematics). In a similar vein, we argue that on a daily basis, the provision of opportunities for optimization purposes may vary in accordance with the contextual situation. What this means is that at any point in time, there are variations in the exposure of psychological, educational, and psychosocial agencies.

Personal energy, we postulate, differentially influence intrinsic motivation, personal resolve, effective functioning, mental strength, and effort expenditure. The stimulation of buoyancy of the five personal attributes that serve to arouse and sustain a person’s progress is likely to vary in accordance with the contextual subject matter. For example, in the context of academic learning, a student may show personal resolve as he or she seeks achievement of optimal best (e.g., achieving mastery of a particular concept). Likewise, an academic subject matter that is of interest and has authentic relevance may energize a student’s intrinsic motivation. In a nonacademic sense, in contrast, an athletic may exhibit a high level of mental strength as he makes attempts to achieve optimal best in long-distance running. The impact of a psychosocial agency (e.g., the provision of emotional and social support) may, in contrast, serve to energize the person’s effort expenditure as she seeks to adjust to a new social environment.

Hence, from our conceptualization, the process of optimization is dynamic in terms of the availability of different agencies. The dynamic of the process of optimization is postulated to intricately link with the contextual matter or situation, at hand – for example, a senior citizen’s seeking to achieve optimal health after surgery, or a student’s fulfillment of mastery competence in Calculus. The contextual matter or situation, from our point of view, then corresponds with a related agency for the personal experience of energization. This consideration places an emphasis on different “pathways” of optimization: (1) psychological agency (e.g., the impact of personal self-efficacy: Bandura, 1997) → energization → stimulation of buoyancy of intrinsic motivation, or (2) educational agency (e.g., an appropriate instructional design: Ngu and Yeung, 2013) → energization → stimulation of buoyancy of effort expenditure, or (3) psychosocial agency (e.g., the impact of teacher-student relationship: Roorda et al., 2011) → energization → stimulation of buoyancy of mental strength.

For this final section of the article, we discuss the comparable influences of psychological, educational, and psychosocial agencies on the optimization of cognitive functioning. From previous research development, we consider the importance of personal self-efficacy (Rosenberg, 1965; Bandura, 1997; Trautwein et al., 2006), effective instructional designs (Ngu et al., 2014; Star et al., 2015), and social relationships at school (Cornelius-White, 2007; Roorda et al., 2011) as psychological, educational, and psychosocial agencies, respectively. Optimal cognitive functioning, within the contexts of schooling, may consist of a student’s academic performance in a subject area, his or her willingness to show mastery competence in a topical theme, or successful school adjustment.


An Example of Psychological Agency: The Impact of Personal Self-Efficacy

Personal self-efficacy (Bandura, 1997), which forms part of the self-beliefs system, is a notable construct that serves as a strong predictor of educational and noneducational outcomes. Personal self-efficacy, according to Bandura (1997), refers to “beliefs in one’s capabilities to organize and execute the course of action required to produce given attainments” (p. 3). This definition contends that self-efficacy is not concerned with a person’s actual capability, but rather his/her self-judgment of perceived competence (e.g., regardless of my current ability, do I believe that I have the capability to complete this mathematics task?) Self-efficacy is a potent predictor of different types of adaptive outcomes (e.g., academic performance), as it mobilizes a person’s state of persistence and effort expenditure, governs his or her choices in life, and regulates appropriate emotional responses. In accordance with Bandura’s (1997) theory, a high level of academic self-efficacy is likely to assist a student to choose an appropriate course of action (e.g., choosing a mathematics-related career pathway: Betz and Hackett, 1983, 1986).

We contend that personal self-efficacy is analogously related to the paradigm of positive psychology (Seligman and Csikszentmihalyi, 2000; Seligman, 2010). As existing research has shown, a heightened state of self-efficacy is associated with improvement in corresponding outcomes (Schunk, 1995; Pajares, 1996a,b;Bandura, 1997). A weakened state of self-efficacy, in contrast, is more likely to result in engagement of maladaptive functioning (e.g., orientation toward performance-avoidance goals: Liem et al., 2008). From the perspective of schooling, in terms of optimization of enjoyable learning experiences, we could use academic self-efficacy as a source of energy to stimulate the buoyancy of intrinsic motivation, personal resolve, effective functioning, mental strength, and/or effort expenditure. To our knowledge, to date, no research has yet considered the conceptualization of academic self-efficacy as an operator of a person’s energy that manifests in his or her stamina and liveliness.

How does academic self-efficacy instill a level of stamina and liveliness in the teaching and learning processes? Our conceptualization, in this case, considers the “potency” of academic self-efficacy to not only predict different types of future educational outcomes (e.g., Fast et al., 2010; Martin et al., 2010; Yailagh et al., 2013), but to also yield a corresponding level of “energy” (i.e., self-efficacy → level of energy). In this analysis, from the characteristics and nature of self-efficacy (Bandura, 1997), we propose that a high level of perceived competence would instill confidence, “feel-good” experiences, and a state of deliberate focus, all of which then transform into a source of energy, acting as an intermediary outcome to stimulate the buoyancy of intrinsic motivation, personal resolve, effective functioning, mental strength, and effort expenditure (i.e., energy → intrinsic motivation, etc.). This postulation of optimization gives a noteworthy positioning of academic self-efficacy (Bandura, 1997) as a source of energy for further prediction.

The proposition regarding a person’s experience of energy, which results from a heightened level of self-efficacy, is an interesting tenet and requires further consideration and development. The main emphasis, in this case, is the saliency of an “interjection” of energy between self-efficacy and a corresponding criterial outcome (i.e., self-efficacy → energy → outcome). Previous correlational studies, in contrast, have attested to the interjecting role of other educational and/or psychological variables. For example, in one of their studies, Pajares and Johnson (1996) used path analysis techniques to highlight the “in-between” role of apprehension between self-efficacy and academic performance. Statistically, taking into account Baron and Kenny’s (1986) writing, it is also appropriate for us to infer that energy could serve as a mediator between self-efficacy and different types of educational outcomes. In the context of optimization, we contend that energy, as an in-between variable, would mediate the effect of academic self-efficacy on intrinsic motivation, personal resolve, effective functioning, mental strength, and/or effort expenditure. An important focus of inquiry, in this case, considers the specific pathways that originate from self-efficacy to intrinsic motivation, personal resolve, effective functioning, mental strength, and effort expenditure, via a level of energy. We purport that the stimulation of buoyancy of the five mentioned attributes and their subsequent effects to arouse and sustain progress would vary in accordance with a student’s experience, and the contextual nature of the subject matter. In other words, from this theoretical account, personal experience of energy may selectively influence some but not all of the five attributes. For example, a topical theme that is of interest is more likely to yield a student’s experience of energy that gears toward intrinsic motivation and effort expenditure, whereas another student’s previous experience of repeated successes in a subject matter could energize a high level of personal resolve, effective functioning, and mental strength.



An Example of an Educational Agency: An Instructional Design

Cognitive load theory (Sweller et al., 2011; Sweller, 2012), for example, has assisted the design and implementation of different instructional designs for effective mathematics learning (e.g., Ngu et al., 2016; Ngu and Phan, 2016). Situating within our explanatory account of optimization, we argue that an instructional design may optimize a student’s mathematics learning experience (e.g., better comprehension and understanding of instructional materials). We consider cognitive load theory as a basis to determine to what extent an instructional design could act as a source of energy during the process of optimization. By this account, a question then is how an instructional design could cultivate positive emotions, which in turn energize a student and stimulates the buoyancy of intrinsic motivation, effective functioning, personal resolve, mental strength, and effort expenditure.


Cognitive Load Theory and Element Interactivity

Cognitive load theory (Sweller et al., 2011; Sweller, 2012) highlights the interaction between the acquisition of schemas and a person’s human cognitive architecture. Basically, it focuses on the management of the limited working memory load to process complex cognitive tasks in order to facilitate acquire acquisition. It also seeks to capitalize on the unlimited capacity of the long-term memory that stores a huge number of schemas. Processing schemas retrieved from the long-term memory reduces working memory load.

Sweller (2010) argued that element interactivity is a common factor across the three types of cognitive loads (i.e., extraneous cognitive load, intrinsic cognitive load and germane cognitive load). Element interactivity refers to the interaction between elements within a learning task, which must be processed simultaneously in working memory to allow understanding to occur. An element refers to any item that requires learning (e.g., a number, a symbol, a concept, a procedure, etc.) (Chen et al., 2017). Investing cognitive resources to process interacting elements that hampers learning constitutes extraneous cognitive load, which can be reduced by altering the design of the instruction. Investing cognitive resources to process element interactivity that arises from the inherent complexity of material constitutes intrinsic cognitive load. There is an inverse relation between the amount of intrinsic cognitive load and learners’ expertise in a domain. The intrinsic cognitive load of the material is fixed with a given level of the learner’s expertise in the domain. Investing cognitive resources to process element interactivity of the material that contributes toward learning constitutes germane cognitive load. The germane cognitive load depends on the intrinsic cognitive load because the level of element interactivity that determines germane cognitive load is associated with the intrinsic cognitive load of the material.



Instructional Design, Cognitive Load, and Emotion

Research has indicated that negative emotions (e.g., anxiety) increase cognitive load imposition and decrease working memory capacity for processing information, resulting in reduced learning (Fraser et al., 2014). However, less is known about the relation between cognitive load imposition, positive emotions, and learning outcomes (Fraser et al., 2012). It is possible an effective instruction that imposes low cognitive load would cultivate positive emotions, which in turn increase a student’s energy level. Based on cognitive load theory, we propose the benefit of acquiring a higher level schema by building on a lower level of schema in learning linear equations.



Element Interactivity and Instructional Design

The concept of element interactivity (Sweller, 2010) may provide information that could help us understand the relation between the varying levels of schemas (e.g., lower level schema versus higher level schema). According to Sweller (2010), element interactivity acts as an index of complexity of learning material – in other words, the extent to which elements within the learning material interact determines the level of element interactivity. Estimation of the level of element interactivity is made by noting the number of elements involved, as well as assessing the interaction between the elements. Interestingly, in terms of instructional designs, a level of element interactivity accounts for the efficiency of a particular design – for example, a high level of element interactivity imposes high cognitive load and, likewise, vice versa.

Researchers (Blayney et al., 2009; Ngu et al., 2014) have advocated sequencing complex materials to allow the building of a higher level schema upon a lower level schema (i.e., prior knowledge). In relation to linear equations, capitalizing prior knowledge of one-step equations (Figure 3A) in order to learn two-step equations (Figure 3B) would help ease the burden of the working memory. The learning of the two-step equations can occur in two stages. In the first stage, we can instruct the learner to review the solution procedure of the one-step equation (i.e., Lines 1, 2, and 3, Figure 3A). In the second stage, the learner will learn the solution procedure of the two-step equation (i.e., Lines 1, 2, 3, 4 and 5, Figure 3B). The recall of prior knowledge, in this case, ensures that the learner is able to identify that 3x = 12 (i.e., one-step equation) is similar to that of 4x = 8 (i.e., Line 3, two-step equation) in terms of problem structure, and therefore both share the same solution procedure. Accordingly, the learning of the two-step equation becomes the learning of Lines 1 and 2 only, thus alleviating working memory load. From this understanding, the acquisition of a higher level schema (i.e., two-step equation) is built upon a lower level schema (i.e., one-step equation), which then reduces the working memory load. Based on the same rationale, we can acquire a higher level schema of a multi-step equation (i.e., 5x – 2 = 3x + 8) by building on the prior knowledge of a lower level schema of a two-step equation (i.e., 4x – 5 = 11).


[image: image]

FIGURE 3. (A) One-step equation. (B) Two-step equation.
 

Our emphasis of the acquisition of a higher level of schema (i.e. complex equations) by building on a lower level of schema (i.e., simple equations) is expected to generate positive emotions, which, in our view, could serve as a source of energy for students. Nonetheless, the prior knowledge level of students may differentially stimulate the buoyancy of the five or a subset of the mentioned attributes in varying degrees of magnitude. In accordance with research in the area of expertise reversal effect (Kalyuga et al., 2003), low prior knowledge students need greater instructional support to strengthen their prior knowledge (e.g., one-step equations). Therefore, instructional design that highlights the capitalization of prior knowledge for learning linear equations would have greater impact on the process of optimization for high rather than low prior knowledge students.

It should be noted that popular mathematics textbooks (e.g., Vincent et al., 2012) advocate the learning of linear equations in a hierarchical order of complexity without explicitly indicating the connection between a lower level schema (e.g., one-step equations) and a higher level schema (e.g., two-step equations). This manner of learning linear equations would impose high cognitive load and cultivate negative emotions. Consequently, this would lower the student’s energy level, which is likely to dampen the stimulation of buoyancy of the five mentioned attributes, leading to limited positive arousal and sustainability in the optimization progress.




An Example of Psychosocial Agency: The Importance of Social Relationships

School is a complex place that may impart conflicting, but yet important information and influences on students, teachers, and school administrators. The school social milieu, in this sense, may influence and shape students’ cognitive, social, moral, and emotional development. This premise places emphasis on the “situational placement” of a student within a larger sociocultural system of change (Okagaki and Sternberg, 1993; Okagaki, 2001). Okagaki’s (2001) proposed triarchic model of student achievement, similar to that of Bronfenbrenner’s (1989) bioecological systems theory, is interesting as it contends that improvement in cognitive development (e.g., academic performance) is not isolated, but rather depends on extraneous social and educational influences.

Our proposition, described in the preceding sections, considers the school social milieu as a possible agency of optimization. The point of contention is that different individual and/or sociocultural attributes within the social milieu, and not the social milieu itself, would act as optimizing agencies. For example, from Goodenow’s (1993) research, we note that teachers’ attitudes toward students and/or school-based philosophical beliefs could influence the perceptions of cultural acceptance and diversity, resulting in some students’ negative experiences of school belonging. One notable facet of the school social environment, which could impart meaningful contributions to students’ academic adjustment and learning experiences is that of teacher-student relationships (Cornelius-White, 2007; Bergeron et al., 2011; Allen et al., 2013), commonly known as TSRs (Roorda et al., 2011). What is so unique about the concept of TSR as a potential optimizing agency for change?

Roorda et al.’s (2011) theoretical review delves into an interesting tenet, namely, the explanatory account of the concept of TSR in school settings. According to the authors, there are two interesting perspectives that could account and explain the quality of TSRs: extended attachment and social-motivational perspectives (Note: consult Roorda et al., 2011 for further detail). The extended attachment perspective postulates that teachers, like caregivers, may provide a security base (e.g., emotional security) from which children feel free, and can explore the school environment and engage in different learning and extracurricular activities (Birch and Ladd, 1997; Pianta et al., 1997; Pianta, 1999). Social-motivational perspectives (e.g., self-determination theory: Deci et al., 1991; Ryan and Powelson, 1991), in contrast, contend that children become motivated when they are able to fulfill three fundamental needs: the needs for relatedness, for competence, and for autonomy. Teachers play a major role, according to Roorda et al. (2011), by showing “involvement (i.e., caring for and expressing interest in the student), providing structure (i.e., setting clear rules and being consequent), and supporting autonomy (i.e., giving students freedom to make their own choices and showing connections between schoolwork and students’ interests)”. Regardless of which theoretical perspective we align to, it is obvious that teachers play a central role in the schooling process.

Teacher-student relationships, consequently, form an important basis at school for social functioning (e.g., Ladd et al., 1999), school adjustment (e.g., Buyse et al., 2009), academic achievement (e.g., Valiente et al., 2008), and engagement in learning activities (Skinner et al., 1990). We expand on this research testament by proposing that a teacher’s role at school could yield a number of meaningful outcomes, which would then transform into a source of energy to differentially stimulate the buoyancy of intrinsic motivation, personal resolve, effective functioning, mental strength, and effort expenditure. In this analysis, from our previous discussion into the operational nature of quality TSRs (Roorda et al., 2011), we consider the importance of the following: (1) a teacher’s persona in-class that conveys messages of warmth, care, and nurturing, (2) a teacher’s attempts to provide opportunities, pathways, and means for student growth, and (3) a teacher’s willingness to facilitate a school social milieu that fosters acceptance, cultural diversity, and a sense of belonging. This development in school, similar to that of self-efficacy and instructional designs, would create a positive learning environment and a strong emotional base for students to learn.

However, the nature of stimulation is subject to different contextual and personal situations. For example, a student’s favorable response to a teacher’s warmth and caring nature may lead to mental strength whereas another student’s response to a teacher’s provision of opportunities and pathways may lead to intrinsic motivation that facilitates effective cognitive functioning and personal resolve. In contrast, a student’s negative experience of school, especially in the relationship with a number of teachers, may result in a low level of mental strength that thwarts learning.




CONCLUSION

The study of optimal functioning, which emphasizes the maximization of a person’s capability, requires understanding into the process of optimization. The theoretical concept of optimization has received some research interests, both theoretically and empirically. A synthesis of the literature in the areas of education, psychology, health, and subjective well-being indicates a number of comparable constructs such as cognitive flow, academic buoyancy, and personal thriving. To date, there is no satisfactory account or explanation as to what constitutes optimization. Capitalizing on recent research progress (e.g., Fraillon, 2004; Phan et al., 2017, 2019a), we develop an in-depth account of optimization for further development. We conceptualize optimization as an “underlying process” that could facilitate the achievement of optimal functioning. Optimization, we contend, is more than just a statistical prediction of a psychological variable (e.g., self-efficacy: Bandura, 1997); rather, optimization reflects the experience of “energy,” which then stimulates the buoyancy of intrinsic motivation, effective functioning, personal resolve, mental strength, and effort expenditure.

An important advancement for investigation includes the development of appropriate methodological designs that could test and validate our theoretical contribution of optimization. Our proposed quantification of optimization is useful for assessing a person’s level of optimal functioning, self-referenced against his/her current level of functioning. From our theorization, the index of optimization, quantified as a numerical value, helps us to address specific types of functioning that a person may develop over time (e.g., optimal cognitive functioning versus optimal emotional functioning).

In sum, our theoretical contribution into the study of optimal functioning has potential to facilitate specific positive outcomes, academically and nonacademically. The three major optimizing agencies (psychological, educational, and psychosocial) are prevalent as sources of information that enable a person’s experience of energization. What practitioners need to consider are specific pathways and means that could instill and sustain a state of energization to achieve optimal functioning.

Despite the aforementioned theoretical account of optimization, we do acknowledge that more progress is needed to truly understand the nature of optimization. Our proposition (e.g., the concept of “optimizing effect”), as described, is theoretical and conceptual, providing grounding for further empirical development. As Merrotsy (2017) recently noted in his book, titled Pedagogy for creative problem solving, there are similar theories such as flow (Csíkszentmihályi, 1990, 2014) that lack empirical support – “…It is interesting to note that Thomas (2011) conducted a comprehensive search, using every available database search engine, and was unable to locate any independent research on the existence of flow” (p. 163). This testament, in tandem with our own writing, suggests an important need for researchers to consider pathways and means by which we could soundly “measure, assess, and validate” optimization and, hence, the quantification of flourishing. Importantly too, from this analysis, is a focus on the positive association between optimization and academic performance in school contexts. Our previous description proposes a potential correlation between a child’s experience of optimal best and his/her achievement of a cognitive test (e.g., a quiz in mathematics). It is achievable, in this case, for us to validate this relationship via means of factorial and/or regression techniques. What is of perplexity, however, is how does the totality of optimization, as detailed in Figure 1, explain a child’s academic performance? At present, we are investigating the operational nature of energy using a quantitative, nonexperimental approach. We encourage readers, likewise, to undertake robust scientific inquiries to support our proposed theoretical-conceptual model of optimization. We are mindful of Merrotsy’s (2017) caution that we do not simply accept and use a theory and/or a concept in a “passing” manner without concrete, established grounding.
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Students’ academic achievement is a major concern among countries. Governments spent a lot of money on education to improve students’ competences at all levels of education. Despite the enormous amount of money invested and the reforms made to curricula in many countries in recent years, these measures are not generally producing the desired results according to the data of International Performance Measurement programs for students (e.g., Program for International Student Assessment-PISA by OECD). Given the importance of this issue, this article presents an instructional-motivational model developed in the last decade to explain and improve students’ learning outcomes, e.g., academic achievement and course satisfaction, entitled the “The Educational Situation Quality Model” (MOCSE, acronym in Spanish). Unlike other educational models, MOCSE offers an integrative teaching-learning approach to explain learning outcomes. By taking the educational setting as a unit of analysis, this proposal introduces a new perspective into the existing literature to predict students’ achievement and course satisfaction by combining contributions from relevant psycho-educational theories, such as: “The Job Demands-Resources Model,” “The Expectancy-Value Theory,” and “The Achievement Goal Theory.” Besides being a conceptual framework to guide research, it also provides a methodological way to improve teacher practice and learning outcomes. In this article we first briefly explain the main model’s characteristics and functioning from the student perspective and, second, based on the MOCSE, we offer some keys for teachers to improve academic achievement and students’ course satisfaction for a specific curricular subject. Finally, future proposals and challenges are discussed. Questionnaires are provided in the Annex.
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INTRODUCTION

Students’ learning outcomes, such as academic achievement, is a major concern for teachers and governments, and one of the most important issues in the field of education and educational psychology, as proven by the large amount of research in the existing literature that focuses on this topic.

However, most of the research conducted to explain or predict learning outcomes which we can find in the literature, have two important limitations. First, no consensus theoretical model is used as a basis. Each author centers on specific variables according to his/her theoretical tradition, which makes comparing and interpreting the results difficult. Second, many of the models used as a reference to guide research in the classroom lack a scientific and solid theoretical basis by, for instance, providing a conceptual framework to consider the teaching and the learning process independently. These limitations hinder progress from being made in this field.

“The Educational Situation Quality Model” (MOCSE, acronym in Spanish), devised by Doménech-Betoret (2006, 2013, 2018), which we present herein, attempts to overcome the aforementioned shortcomings by providing an integrated and scientific approach to explain students’ learning outcomes, such as academic achievement and course satisfaction. Unlike other existing ES models in the literature that lack a solid theoretical basis, MOCSE has been configured by combining contributions from relevant psycho-educational theories, such as: “The Job Demands-Resources Model,” “The Expectancy-Value Theory,” and “The Achievement Goal Theory.” Moreover, previous research that has focused on MOCSE has allowed the original proposal to be refined and has improved the model’s predictive capacity. Finally, the model besides being a conceptual framework to guide research, it also provides a methodological way to improve teacher practice and learning outcomes.

As the studies conducted to date have been done exclusively with students (and not with teachers) from University and Secondary Education levels, this is why we present the structural configuration of the model centered on student in the current study. Although more research is needed, the results obtained to date seem to support the MOCSE model’s viability with students. In the current study we explain the model’s characteristics, how it works and its use to improve learning. Investigating the MOCSE model centered on the teacher is a future challenge.



THEORETICAL FRAMEWORK: THE EDUCATIONAL SITUATION QUALITY MODEL FOCUSED ON STUDENTS

What do a student being more engaged than others, learning more than others and obtaining better academic results depend on? What can I, as a teacher, do so that students engage more, learn and, consequently, obtain better results in a given subject? Answering both questions is crucial to implement actions and programs to improve learning outcomes. This article aims to shed light on the answers to both questions from a new approach provided by the Educational Situation Quality Model (Doménech-Betoret, 2006, 2013, 2018). The studies conducted to date about MOCSE have been done from only the student perspective. The data obtained seem to endorse the configuration of the model centered on the student (Doménech-Betoret, 2006; Doménech-Betoret et al., 2014, 2019; Abellán-Roselló, 2016). The structural configuration of model centered on students is displayed in Figure 1.
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FIGURE 1. MOCSE focused on students: structural configuration and relationship between variables.



As we can see in Figure 1, students’ perception of learning demands, and the perceptions of the supports they are provided with to overcome such demands (Stage I: Appraisal stage), predict intention to learn (Stage II: Intention activation) which, in turn, affect the level of engagement (behavioral, cognitive, relational, and affective) adopted by students during the teaching-learning process (Stage III: Teaching-Learning process) which, in turn, finally has an effect on learning outcomes, such as academic achievement and course satisfaction (Stage IV: Learning outcomes). The whole model pivots around the intention to learn, where the components from Stage I are considered antecedents or predictive variables, whereas those from Stages III and IV are considered consequences or outcome variables. As the course unfolds, students receive continuous feedback about their progress that affects their perception of the demands required and supports received. Consequently, students’ perceptions are continuously updated and changing. The model operates as a system, insofar that the changes in one of its five components affect all the others.

This proposal integrates three important motivational theories to explain students’ involvement (engagement) and learning outcomes: Job Demands and Resources Model (Demerouti et al., 2001; Bakker and Demerouti, 2007), Expectancy-Value theory (Eccles and Wigfield, 2002), and Achievement goal theory (Dweck and Leggett, 1988; Nicholls, 1989; Ames, 1992; Wigfield and Eccles, 2000).


Stage I: Demands and Supports for Students in the Classroom Context

Applying this theory to the school context, first, requires a thorough analysis of what the specific demands required of students and teachers are and, second, which resources/supports are provided to them (students and teachers) to complete those demands. We assume, as a general principle, that students’ and teachers’ perceptions of the learning and teaching demands, respectively, and the resources/supports they are provided with (or expected to be provided with until the end of the course) in order to overcome those demands, play an important role in the quality of the teaching-learning process (T-L) undertaken, and determine, to a large extent, academic achievement and course satisfaction.

Centered on the students’ learning process, the JD-R (Demerouti et al., 2001; Bakker and Demerouti, 2007) was used to study students’ perceptions of a specific educational setting in terms of learning demands and the resources/supports (external and internal) they need to overcome such demands. The selected demands or tasks that students have to meet to pass a specific subject matter (e.g., problem solving, assignments, tasks, oral presentations, lab work, etc.) are included and described in the subject’s planning. They are all subordinated and aim to fulfill learning objectives (the most important demands). Students may acquire information about their required learning demands at the beginning of the course in the subject syllabus or when the teacher introduces the subject’s planning.

We begin with a basic premise (Doménech-Betoret et al., 2014; Abellán-Roselló, 2016; Doménech-Betoret, 2018), the perception that each student forms of; first, the scheduled learning demands they must complete to pass a given subject; second, the support that they receive or perceive they will have mainly from the teacher and family to face these demands is crucial information to activate students’ intention to learn. Consequently, they will decide to engage, or not, in learning a given subject.


Demands of Students

The learning demands in the context of a specific subject, refer basically to the tasks that students have to complete and the contents they have to study to achieve the programmed objectives and pass the subject.

Two major features can be distinguished from a learning demand: (1) the typology, related to the competence that the teacher wishes to be developed (cognitive, socio-affective, etc.); (2) the motivational characteristics of demand, which enable students’ intention to learn activation. The motivational characteristics of demands (specifically, activities and tasks that students are required to complete to overcome a specific subject) should meet five major requirements to activate students’ intentions to learn and encourage students to engage in the teaching learning process (Doménech-Betoret and Abellán-Roselló, 2017): (a) connect with students’ living environment; (b) connect with students’ interests and needs; (c) connect with what students already know; that is, with their previous knowledge (see Ausubel); (d) have a moderate level of difficulty (neither too easy, nor too difficult); in other words, the level of difficulty should be located, according to Vygotsky, in the zone of proximal development (ZPD); (e) be useful for students at a personal or a professional level; (f) make sense in the context of the subject matter. The more requirements a demand has, the more motivating it will be.



External and Internal Support Resources to Overcome Required Demands

Regarding the external resources/supports provided by teachers, “most authors have usually distinguished between affective/emotional or instructional/instrumental supports, but there is lack of consistency in the terminology used” (Doménech-Betoret, 2018). Instructional support provided by teachers aims to facilitate students’ content domain which, in turn, will contribute to achieve learning demands. The affective support provided by teachers aims to meet students’ psychological needs and wishes in the classroom context. It will contribute to activate positive emotions and to generate a healthy classroom climate. Students’ course satisfaction is related to the emotions experienced by students during the course.

Regarding the external resources/supports provided by the family, previous studies have found that when parents or family members provide academic (e.g., assisting with homework) or affective (e.g., recognizing effort) support, students’ academic achievement improves (Jelas et al., 2016). Research has also found that parents’ support and involvement positively influence children’s perception of their own abilities and also how they value the subjects taught at school (Rodríguez et al., 2017).

Finally, regarding internal support, students’ self-beliefs related to their personal identity and self-competence (e.g., self-esteem, self-efficacy, self-concept, self-control, self-confidence, etc.) are considered important internal resources/support to predict motivation and goal setting (Doménech-Betoret, 2006; Doménech-Betoret et al., 2014, 2017; Abellán-Roselló, 2016). Students’ positive self-beliefs act as personal-internal support resources that may shape their initial perception of the T-L process in terms of the demands and supports provided to achieve the planned learning objectives (Doménech-Betoret, 2018).

The teaching supports considered to date in the research carried out in the MOCSE context are listed below in Table 1. Bearing in mind that three fundamental levels/dimensions exist in an ES situation, namely Academic, Interpersonal and Intrapersonal, which need to be dealt with, we classified teaching supports according to the importance or effect that each specific support has on all three levels.

TABLE 1. Classification of the teacher supports considered to date in the research conducted in the MOCSE context.
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(a) Interpersonal level: it refers to personal relationships (teacher-students, students-students). The teacher’s obligation in this area is to improve the classroom climate by managing these interpersonal relationships. Empathy and respect in dealings between teacher-students and among peers are two fundamental requirements to achieve a good classroom climate.

(b) Intrapersonal level: it refers to the relationship with oneself. Having low self-esteem, low self-concept, undervalued perception of self, etc., generates fears and insecurities (fear of failure, humiliation, etc.) in students, especially adolescents. These fears hinder learning because these students pay more attention to protect themselves than to progress and master the subject.

(c) Academic level: it is a consequence of the two previous levels. It refers to the teaching and learning of curricular content. Successful teachers cover all three levels, but some teachers only cover this level and ignore the above-mentioned two.

The decision to set a goal intention (i.e., choosing a desired end state to strive for) is commonly assumed to depend on both the desirability and the feasibility of a certain outcome (e.g., Fishbein and Ajzen, 2010). Goals are most likely to be set when the anticipated end state is subjectively evaluated as both desirable (I want X!) and feasible (I am confident that I can achieve X!). Thus, from a psychological perspective, a strong desire to attain a goal is not sufficient for the formation of a goal intention; in addition, one must be confident that the chances of attaining the goal are high.




Stage II: Intention to Learn Measured Through Expectancy-Value Beliefs and Achievement Goals

Intentionality is considered the immediate previous step of action. According to the theory of Action-Control (Heckhausen and Kuhl, 1985), intention to learn is a motivational state that is generated in the subject before initiating behavior to achieve a certain goal, and is associated with decision making. The decision to set a goal to strive for is usually assumed to depend on both the desirability and the feasibility of reaching that goal (Fishbein and Ajzen, 2010). In other words, a certain goal is more likely to be set when individuals feel a strong desire to attain it and when they are confident that they can achieve it. The formation of a goal intention is governed by motivational principles.

According to a basic educational rule accepted by the majority of authors, successful learning requires “students’ intention to learn and the teacher’s intention to teach to be activated at the beginning of the educational process, and have to remain active until the process ends” (Doménech-Betoret, 2018). Intention to learn is activated on the first days of the course, and basically depend on students’ perception of both the required demands and the supports provided by the teacher. However, it is assumed that this may change and fluctuate during the T-L process as a result of constant (re)appraisals made by students of the support provided to fulfill learning demands.


The Expectancy-Value Theory

The expectancy-value theory (see Eccles and Wigfield, 2002 for a modern version of this theory) is grounded in the social cognitive view of motivation. In this tradition, psychologists claim that individuals’ choice, persistence and vigor invested in performance can be basically predicted and explained by their beliefs about how well they will do in the task and the value that the task has for them (Atkinson, 1957; Wigfield and Eccles, 1992; Wigfield, 1994). The three major constructs that are considered important for psychologists in this tradition are listed below:

(a) Expectancy for success (Will I succeed in this subject?). This construct is defined as “individuals’ beliefs about how well they will do in upcoming tasks” Eccles and Wigfield (2002, p. 119). Expectancy for success is more future-oriented than simple self-perceptions of competence, and it refers to students’ actual beliefs about their future expectancy for success. Expectancy for success usually comprises outcome expectancy and self-efficacy expectancy (Liem et al., 2008). Both terms were introduced by Bandura (1986), who differentiated between “self-efficacy or efficacy expectations” and “outcome expectancy.” This author defined the former as an individual’s belief in his/her own capability to accomplish a given task, while the latter is considered a person’s belief that the effort he/she invests will lead to the desired outcome (Bandura, 1986).

(b) Expectancy for enjoyment (How will I feel studying this subject?). Given the importance of students’ affective state for their engagement while learning, this affective component has been considered by expectancy-value theorists to be crucial (Pintrich, 1989; Pintrich and De Groot, 1990). It refers to the feelings that students expect to experience during the course, which derive from the teacher-students, content-students and peer relationships.

(c) Task/subject value (What value does this subject have for me?). Task value refers to students’ beliefs about if a task or subject is worth pursuing. According to Liem et al. (2008), students’ beliefs about if a task or subject is worth pursuing is a key component for understanding students’ behaviors and learning outcomes. The term “value” seems a simple construct, but it is not because it has different understandings. For instance, an object can have an intrinsic, extrinsic and instrumental value. The modern expectancy-value theory (Eccles and Wigfield, 2002; Eccles, 2009) distinguishes four task-value components that we applied to a course subject to assess the subject matter value: utility, importance, interestingness and cost.

Finally, given the importance of the attributional theory in students’ motivation, an additional construct was considered and added to the three aforementioned ones.

(d) Expectancy of control (To what extent does it depend on me to pass or fail this subject?). Given the importance of the attributional theory (Rotter, 1966; Weiner, 1992) in students’ motivation, the construct of control was taken into account in the way of expectations, and an additional fourth construct, called “expectancy of control,” was added to the three above- mentioned ones. The theorists of this tradition stress the idea that causal interpretations or attributions made by students of academic results (successes and failures) determine their motivation and efforts to a great extent. For instance, student motivation will suffer, and students will most certainly not make much effort to study a subject, if they consider that it does not depend on them (no matter how much effort they make) to pass or fail it, but on other factors beyond their control; e.g., if they get on well with the teacher, the teacher’s mood when correcting exams, luck, etc. Accordingly, if the attributions that students make of their academic successes and failures are controllable, they will be more motivated to learn than if their causal attributions are uncontrollable.



The Achievement Goal Theory

The achievement goal theory (Dweck and Leggett, 1988; Nicholls, 1989; Ames, 1992; Wigfield and Eccles, 2000) argues that “the purposes that students hold for engaging in a specific learning task or in a learning process followed with a specific subject matter (i.e., their achievement goals) are an important antecedent to their achievement-related processes and outcomes” (Liem et al., 2008, p. 487). Three main goals are usually considered by researchers in this field: mastery goals, performance goals and performance-avoidance goals. The students who adopt mastery goals focus on developing one’s competence to achieve a task or to pass a subject. The students who set a performance goal are concerned about others demonstrating their competence. Finally, the students who set a performance-avoidance goal wish to avoid social judgments and humiliation by others, such as the teacher or peers. For more in-depth details, see the study carried out by King and Mclnerney (2014). Previous research has found associations between the achievement goals adopted by students and outcomes variables, such as engagement/disengagement (Harackiewicz et al., 2000; Liem et al., 2008); academic achievement (Pintrich, 2000; Roebken, 2007; Diseth et al., 2012; Wei-Wen and Yi-Lee, 2015); and student satisfaction and enjoying class (Harackiewicz et al., 2002; Roebken, 2007).

In conclusion, we consider expectancy-value beliefs and achievement goals the two main dimensions to assess “intention to learn” (for more details, see Doménech-Betoret, 2018). Prior research (Plante et al., 2013) seems to indicate that achievement goals are well explained by expectancy-value constructs, but not the other way around. That is why we have placed expectancy-value constructs as the first dimension and achievement goals as the second dimension. A high score in both dimension indicates high intention to learn, whereas a low score in both dimension indicates low intention to learn.




Stage III: The Teaching-Learning Process: Students’ Engagement

Students’ engagement is crucial for academic outcomes and school success, that’s why engagement is one of the most important issues of educational research. A review of the literature reveals that no consensus has been reached by authors about defining this construct (Schaufeli, 2013) and, consequently, about how it should be measured. Broadly speaking, in the school context, it is generally assumed that engagement occurs when students are involved in learning tasks, and is characterized by students’ continuous effort, determination and perseverance in learning (Liem et al., 2008). On the contrary, disengaged students are characterized by lack of interest, inaction and the use of avoidance strategies. Avoidance strategies are considered a negative indicator of students’ engagement. Students use avoidance strategies when they give up, quit or disengage in their learning tasks related to a specific subject matter. In short, we can roughly state that engagement refers to involvement or participation; conversely, non-engagement, or disengagement, refers to withdrawal or apathy.

In recent years, students’ engagement has been viewed as a multidimensional concept (Schaufeli, 2013). Centered on an educational setting, engagement is usually examined by considering how students behave (behavioral engagement), feel (affective or emotional engagement), think (cognitive engagement), and socialize or interact (social or relational engagement) in the classroom. Behavioral engagement is more observable and easily measurable. It usually includes actions and efforts made by students (Fredricks et al., 2004; Handelsman et al., 2005), such as, asking questions, taking an active part in class, paying attention and taking notes, participating in learning activities, etc. Cognitive engagement refers to how students feel about themselves and how effective the processing strategies or skills they use to master certain tasks are (Metallidou and Vlachou, 2007), such as, synthesizing information, highlighting the main ideas, etc. Emotional engagement has to do with the positive or negative emotions that students experience in their relations with the teacher, peers, content and school (Davis et al., 2010) such as, I feel I’m in tune with the teacher, I feel that my classmates like me, etc. Social or relational engagement contributes to create a positive and healthy classroom climate depend on the quality of interactions maintained between students and the teacher, and also between peers, during the course to a great extent. Former research works in the literature on motivation provide key notions and aspects of relational engagement, such as autonomy support (Jang et al., 2010) or school belonging (Goodenow, 1993; Ros, 2014).



Stage IV: Academic Achievement and Course Satisfaction

Learning outcomes, specifically student achievement and course satisfaction, are two of the most important indicators of a successful T-L process. “Student satisfaction is both an outcome of the learning process and a requirement for successful learning” (Sinclaire, 2014, p. 2). Accordingly, in this stage, learning outcomes and course satisfaction should be considered and evaluated. The aim of this evaluation centered on the product is, first, to know to what extent the learning objective has been achieved at the end of the course and, second, to know the level of student satisfaction reported about the followed T-L process. Student satisfaction is related to the emotions experienced by students during the course. This evaluation provides the teacher with valuable information and feedback. It allows the teacher to reflect retrospectively to introduce instructional changes for subsequent courses in order to correct failures and, thus, improve students’ achievement and course satisfaction. These changes will focus mainly on those variables that are the teacher’s responsibility; that is, learning demands and teacher support from components 1A and 1B.




APPLYING MOCSE TO IMPROVE LEARNING OUTCOMES


Actions Centered on the Classroom Level

When students’ low achievement is detected in a specific subject matter at any level of education, the teacher is encouraged to use the MOCSE model to improve students’ engagement and academic results. So, based on MOCSE postulates, we suggest following a procedure that comprises two phases. Implementing the first phase (Intervention Phase 1) is recommended at the beginning of the course, a few days after the course begins, to diagnose students’ initial motivational profiles based on intention to learn indicators. To address this diagnosis, the Intention to Learn Questionnaire is provided in Annex 1.

The specific actions to be implemented into Phase 1 are listed below:

First action (Action 1): to assess “intention to learn” constructs (Expectancy-value beliefs and motivational goals) for a diagnosis evaluation. It should be carried out at the beginning of the course, some days after the course begins. Intention to learn is the cornerstone of the model on which the remaining components pivot: antecedents (Components 1A and 1B) and consequents (Components 3 and 4). Based on this structure, the first step consists in assessing intention to lean. “This action will provide teachers with valuable information about the extent to which students will engage in studying and working on a specific subject” (Doménech-Betoret, 2018).

Second action (Action 2): analysis of the results to detect the strengths and weaknesses of students’ initial motivational profiles based on intention to learn indicators (Expectancy-value beliefs and motivational goals).

Third action (Action 3): reflection on students’ initial motivational profile at the beginning of the course, and on the actions than I can take as a teacher. Do I continue with the planned schedule or must I introduce changes?

If appropriate, the teacher can continue with his/her established subject planning without making any changes. If the teacher notes any major deficiencies in intention to learn (either at the class or the individual level, only in some students), then a second intervention will be necessary as soon as possible (Intervention Phase 2). This second intervention aims to assess the predictive variables (demands and supports) to detect the causes responsible for students’ low motivational level. With this information, from a scientific basis, the teacher is able to initiate improvement actions by introducing the necessary changes, to avoid or reduce students’ risk of failure.

The specific actions to be implemented in Phase 2 are explained below:

Fourth action (Action 4). If deficiencies are detected, a fourth action must be implemented. This consists in designing an Action Plan to introduce corrective measures that aim to correct the motivational deficiencies found. It will be necessary to specify in the action plan when the improvement actions will be carried out, how, and in what way its efficacy will be evaluated. Note that the aim of the action plan is to activate and increase intention to learn (the model’s Component 3). To achieve this, it is necessary to assess the predictive or antecedent variables, and identify the specific variables responsible for students’ intention to learn according to students’ point of view; related to learning demands and supports from Components 1A and 1B. To address this assessment, the Demands and Teacher Support Questionnaire is provided in Annex 2. However, in order to collect more complete and detailed information, on the same dimensions, from students, it is recommendable to use the interview technique as a complementary methodology.

Subsequently, the instructional actions and programs that center on the aforementioned variables, which are the teacher’s responsibility and the teacher control, should be implemented. “Besides correcting motivational deficiencies, a diagnosis evaluation also allows the teacher to adjust teacher support to students’ characteristics at the beginning of the course” (Doménech-Betoret, 2018). In short, in order to activate intention to learn, appealing and meaningful demands should be planned, and affective and instructional supports (from teachers, peers, and families) should be provided.”

A decline in students’ motivation to learn (and as a result learning outcomes) has been found in the transition from Primary to Secondary Education, a period that coincides with the first years of adolescence, a difficult stage in a child’s development. Accordingly, it is especially important to use this tool at this level of education to improve students’ intention to learn and learning outcomes (academic achievement and course satisfaction). By assuming that a standard Secondary Education course comprises three trimesters and that students’ progress is evaluated and reported to parents at the end of each trimester, there are basically three time points at which the students involved in the T-L process re-update their perceptions, and almost simultaneously make decisions about what their own role and involvement must be during the course. The most important time point to check students’ intention to learn is the period when the course begins (after some days of class), but the time points corresponding “to the start of the second and third trimesters are also key due to the results obtained at the end of each trimester, provided on a report card” (Doménech-Betoret, 2018). So if we wish to check the evolution of students’ intention to learn (and perception) throughout the course, it is advisable to make evaluations at the three aforementioned time points. Psychologist, can assist teachers to implement the aforementioned actions.



Actions Centered on the School Level

When students’ low achievement is detected in a specific school, the same actions and procedure can be followed at the school level. Previously, teachers should be trained to first understand the conceptual configuration and postulates of MOCSE, and second how it can be applied in class. The “empirical data obtained with MOCSE procedures can provide the scientific basis to design effective programs for different levels and subjects” (Doménech-Betoret, 2018), to active students’ intention to learn and, in turn, to learning outcomes like academic achievement and satisfaction at school. Finally, we wish to point out that teacher training is a fundamental element for teachers to implement changes and improvements into class. In the MOCSE context, teacher training would take two main directions; one, to train them so they are able to formulate stimulating learning demands that match the needs and interests of students in today’s society; two, so they are capable of offering students the supports they need at all times while learning.




DISCUSSION

In accordance with the aforementioned rationale, and based on previous research, we assert that the MOCSE model explains coherently how an educational setting operates, and provides a scientific and useful framework to be used by both researchers and teachers. On the one hand, it can be used by researchers to guide their research conducted on educational settings to explain and predict academic achievement and course satisfaction from a new approach. On the other hand, it can be used by teachers as a methodological procedure to diagnose and intervene in the classroom to improve students’ intention to learn and, consequently, learning outcomes.

The model can be applied at any level of education, to improve students’ engagement and academic results. The data obtained to date seem to indicate the model’s viability given its capacity to explain students’ engagement and academic achievement in undergraduate students (Doménech-Betoret, 2006; Doménech-Betoret et al., 2019) and Secondary Education (Abellán-Roselló, 2016). However, further research is needed at different levels of education and cultural contexts to obtain more reliable findings. After providing the model’s validity, we wish to use this tool to detect regularities in similar educational contexts, that is, at the same level of education and/or in specific curricular contents or degrees. This is a future challenge, for instance, questions such as: What are the best specific teacher supports for primary, secondary or undergraduate students? What are the best specific teacher supports for secondary students in specific curricular subjects? What is the predictive role of learning demands in primary, secondary or undergraduate students? etc. These questions and others like them are still unsolved, but are important to implement efficient instructional actions and programs to improve students’ engagement and academic achievement at a specific level or in a given curricular content.
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The implementation of the European higher education area (EHEA) is a true paradigm change in university education in which the student, with particular consideration given to autonomous work, takes the place of the teacher as the central element of the teaching-learning process. In this autonomous work, the strategies the students regularly use become particularly important, given the supposition that doing that work will lead to academic success. The objective of this study is to analyze the variables that influence students’ expectations of success, measured through their intention to persist on the course they are doing. A questionnaire designed ad hoc was given to a sample of 1037 university students. It included aspects related to reasons for choosing the course, institutional integration, use of self-regulation strategies, and intention to drop out. Data analysis allowed the identification of satisfaction with the course chosen and appropriate study skills acquired in secondary education as predictors of expectations of academic persistance, with some differences in terms of gender. Other strategies such as class attendance or going deeply into course content did not figure. These results are at odds with the principles underlying the EHEA and show that they have not yet been interiorized by the students, who continue to perceive their studies more traditionally.
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INTRODUCTION

The continuous, rapid technological, and social advances in the last fifty years have led to the new social paradigm of the “knowledge society” (Pérez et al., 2018), basing economic growth on people’s intellectual capital. It seeks to improve citizen education and training, making the most of people’s capacity for continuous learning, producing better qualified individuals, and so improving the number and quality of jobs available.

Universities play a fundamental role in this context, as they are the prime bodies for the production of knowledge through scientific research, transmission of knowledge through education and training, and diffusion of knowledge by different channels (Comisión de las Comunidades Europeas, 2003).

If we add to that the growing process of globalization, it is no surprise that in education at the European level there is a plan for convergence that would allow universities to join forces, and unite educational policies. This has given us the European higher education area (EHEA), with the objective of modernizing higher education teaching and institutions across Europe (Alonso-Sáez and Arandia-Loroño, 2017).

The European Higher Education Area is not only about structural and organizational change, but rather a real paradigm shift with implications in the way we understand the teaching-learning process (Esteve and Gisbert, 2011) which affects institutions at all levels: economic, methodological, social, and evaluational. However, various studies have highlighted that neither students nor teachers, nor the institutions themselves, are adequately prepared or equipped with the means to properly enact this change in educational paradigm (López et al., 2015; Alonso-Sáez and Arandia-Loroño, 2017).

One of the most significant changes is the consideration of the student as the central element of the teaching-learning process. The teacher, up to now the fundamental pillar of teaching from the more behavioral point of view, cedes ground to the student, who is established as an autonomous, self-regulated learner. So students are the protagonist, responsible for their own educational process, in line with the constructivist paradigm (Conole, 2013; Muñoz-Cantero and Mato-Vásquez, 2014; Tirado-Morueta and Aguaded-Gómez, 2014).

This autonomous character, present in the educational tenets of the EHEA, was most fully realized in the adoption of the European credit transfer system (ECTS) as the unit of measure for academic credit. ECTS credit system gives importance to classroom activities but also take into account offsite activities. So, for example, a subject with 6 ECTS credits will include in the plan 60 h of classroom work and 90 h of autonomous student work, making up the 150 actual hours of work in the subject, as generally 1 ECTS credit equals 25 hours of effective student work (Art. 4. Boletín Oficial del Estado [BOE], 2003). Boletín Oficial del Estado [BOE] (2003) stated in its explanatory preamble that this system was a conceptual reformulation of higher education curricula via the adoption of new teaching models focusing on student work. It also defined the extent to which theoretical and practical teaching would be incorporated, as well as other academic activities students were required to carry out to reach the learning objectives in each of the subjects of syllabuses (Art. 3. Boletín Oficial del Estado [BOE], 2003).

In this context, educational quality is a principal aim for European Higher Education institutions. In this sense, quality is mainly assed in terms of graduation rates, quality of instruction and excellence of research (European Association for Quality Assurance in Higher Education [ENQA], 2015). Thus, student dropout is a great problem that in Europe reach rates between 20 and 40% of university students (Vossensteyn et al., 2015). Since academic performance has showed to be the main predictor of university dropout it is important to extend the research about it (Gairín et al., 2014; Soria-Barreto and Zúñiga-Jara, 2014; Cerezo et al., 2015), particularly in the new EHEA context.

Academic performance is a fundamental variable in student progress in an institution (Casanova et al., 2018), especially in the early stages of adapting to the university system. Literature clearly shows the huge number of variables that can influence student performance, and those that may be subject to intervention have been the object of particular study, for instance psycho-educational variables such as prior training, study habits and interest or engagement in the course. In addition, the level of prior knowledge is an academic variable which is generally related to performance, especially when this knowledge is insufficient or inadequate as the basis for new learning (Soria-Barreto and Zúñiga-Jara, 2014; López et al., 2016). In fact, the influence of this variable in later academic performance in university is so great that researchers such as Miranda et al. (2013) note it as a highly influential variable and the prime institutional variable influencing students’ academic failure.

Knowledge and application of appropriate study techniques have also been shown to directly influence the decision to continue with a course of study (Arriaga et al., 2011; Tuero et al., 2018), as has satisfaction with the chosen program (Bethencourt et al., 2008). Academic success requires not only a good choice of program, a good base level of knowledge and adequate study methods, it also requires regular study. Daily or periodic study is another widely researched variable related to academic performance and success (García, 2014; Bakker et al., 2015; Cerezo et al., 2016). This study engagement is easier when the student is interested in the content (Ordóñez and Rodríguez, 2015; Garrote et al., 2016) and so, indicators such as more in-depth personal study of course content contribute significantly to successfully completing subjects and programs (Carbonero et al., 2013).

Most of these variables are indicators of self-regulation of learning (de la Fuente et al., 2017). Hence, in the new European educational paradigm self-regulation of learning is encouraged in order to promote academic success and persistance (Álvarez and López, 2011). In fact, the EHEA assigns a prime role to self-regulation strategies because of their influence on the teaching-learning process and on academic results. However, it seems paradoxical that despite personal autonomy and learning-skill acquisition being part of the Spanish educational curriculum in primary (Boletín Oficial del Estado [BOE], 2014) and secondary Education (Boletín Oficial del Estado [BOE], 2015), a large proportion of students at university fail when facing the demands of self-regulation of learning (Gil-Flores, 2015; Cerezo et al., 2017; Klemenčič, 2017). This is not exclusive to Spain, it is an international problem, both in traditional and virtual environments (Broadbent and Poon, 2015; Trevors et al., 2016).

Faced with this, it is worth asking ourselves whether the cause may be found in a lack of preparation (in terms of prior knowledge or study habits) or whether it is a consequence of a discrepancy between students’ perceptions of study requirements and reality, or an insufficient understanding of those requirements. In the context of the EHEA, variables that are traditionally considered to be influential in academic performance and success, such as regular class attendance, gain particular importance, as the indications teachers gather from students in those sessions are essential to orient autonomous work, as demonstrated in research by Bernardo et al. (2015); Esteban et al. (2016), and Muñoz-Cantero and Mato-Vásquez (2014).

The aim of this study is to analyze the influence of the variables outlined above on expectations of academic persistence. A better fit between prior achievement and subsequent achievement may function as a predictor of satisfaction with results and continuation with the course of study (Khattab, 2015; Velázquez and González, 2017).

To that end, the objective of this study is to examine the possible influence that study habits and personal baggage may have on students’ expectations of their academic success and persistence on the institution. Specifically, we aim to see whether those variables related to the implementation of EHEA are perceived by students as precursors of satisfactory academic progress and persistence. Thus, we draw two hypothesis:

H1: There will be higher expectations of persistence, in those students who consider their prior training (in terms of prior knowledge of and mastery of study techniques) to be sufficient to the demands of the course that they are on.

H2: The students will consider those variables related to self-regulated learning behaviors important for they academic persistence.



MATERIALS AND METHODS


Sample

The sample was made up of 1037 first-year students in the University of Oviedo. The majority (73.9%) were women, and the average age was 19.94 years old (SD = 4.17). The sampling method used was non-probability intentional selection, based on the working-group teachers’ access to the sample.

The students were doing various undergraduate degree courses. The most common were primary education (22.6% of the students), nursing (22.2%), infant education (16.9%), and psychology (12%). Students were doing other degree courses to a lesser extent (less than 10% of students on each course): Economics; Law; Law, Management and Business Administration (double degree1); English; Chemistry; Speech Therapy; Physics; Physics and mathematics (double degree1); and business and marketing.



Instruments

An ad hoc questionnaire was created for data collection in this study about university experience, self-regulation strategies applyed in higher education, dropout intentions and reasons for dropping out of university (Tuero et al., 2018). It had a Cronbach alpha of 0.79.

It was made up of eleven classification variables and many other variables grouped in eight dimensions. The classification variables refer to factors such as: identifying data, sex, age, availability of grants, branch of secondary education, final secondary education grade, university entrance exam grade, mother’s educational qualifications, father’s educational qualifications, whether they are doing subjects in the first course they enrolled on, whether it is their first chosen degree, whether they do any paid work and if so, their working hours, and whether they do any non-curricular activities outside class-time and if so, what type of activity and how long they spend on it (sports, academic or social activities, paid work, etc).

The rest of the questionnaire corresponded to 8 dimensions that contain 66 items about: (1) reason for choosing the program; (2) prior knowledge; (3) finances; (4) current situation; (5) interest in the program; (6) integration; (7) institutional variables; and (8) self-regulation strategies.

Apart from the classification variables, which were dichotomous, multiple choice or open response questions, the responses for the remaining dimensions were via a five-point Likert-type scale with the following scoring: (1) completely disagree; (2) disagree; (3) neither agree nor disagree; (4) agree; and (5) completely agree.



Procedure

The questionnaire process began initially with contact with teachers who were signed up to a university teaching innovation project, This teaching innovation project sought to analyze the motivations behind drop-out intentions and university students’ self-regulation strategies.

The questionnaires were administered, on paper, in the classroom to be completed in the teachers’ own classes by freshmen, 3 months after starting the course. This was to allow an evaluation before the first exams in the school year.

The procedure include written consent of participation in the study and agree with the criteria stablished by our university ethics committee.



Data Analysis

In order to examine the possible relationships between student self-regulatory behavior and expectations of academic persistance we ask students about their persistence intentions. Thus, through students’ intentions to continue on the course that they started, we looked into students expectations of success. We used categorical regression techniques to evaluate the impact that the variables described previously could have on the probability that a student would stay on their current course or drop out.

Independent variables included in the analysis were categorical so we applied a categorical regression model were students expectations of persist on the program was the dependent variable and there were nine independent variables; prior knowledge, adequacy of prior acquired study techniques, interest in study, satisfaction with the chosen program, class attendance, daily study, interest in course content, performance orientation, and deepen in course contents.

Data analysis were performed using the IBM SPSS Statistics v.24 package.



RESULTS

The categorical regression model was applied first, given that it is the best fit to the mix of ordinal Likert-type variables making up the questionnaire and the dichotomized criterion variable. This model explains 22.3% of the variance in the participants’ expectations of remaining on their current program.

The analysis of variance of the model, which is significant (p < 0.005), ensure its validity [F(21) = 15.0713447].

Only two variables significantly contribute to the model: the opinion that study techniques used to date are adequate, and satisfaction with the choice of program. Table 1 shows that satisfaction is more important (B = 0.364, p < 0.005) than positive opinions about proper study techniques (B = 0.106, p < 0.005).


TABLE 1. Regression coefficients for students’ expectations.

[image: Table 1]We found statistically significant differences in the first predictor (related to students’ appropriate use of study techniques), such that those students who were thinking of dropping out tended to respond more negatively to the item (completely disagree and disagree) than those who were not thinking of dropping out. This means that using appropriate study techniques prevent students’ intentions of droping out. Nonetheless, in regard to IBM (2019) the effect size of this variable is small (χ2 = 30.865; df = 4; p < 0.000; VCramer = 0.173).

Similarly, with the second predictor (satisfaction with choice of program), there were also significant differences. Students who were considering dropping out were less satisfied with their choices (completely disagree, disagree, and neither agree nor disagree) than those who were not thinking of dropping out (completely agree). Following the guidelines of IBM (2019) we can cathegorize the effect size as higher than for the other predictor, in the moderate effect range (χ2 = 206.108; df = 8; p < 0.000;VCramer = 0.446).

Following the results in the contingency tables, we carried out a correspondence analysis to visualize where the differences lay, including the gender variable. We found that while differences in the variable about study techniques were inter-gender and the differences in the satisfaction variable were intra-gender.

For the first variable (use of appropriate study techniques) we found the values shown in Table 2, where the variability would be almost completely explained by a single dimension, with an inertia of 0.41 out of 0.45 (91.9%).


TABLE 2. Summary of correspondence analysis: Study techniques vs. sex.

[image: Table 2]Figure 1 shows how men who are thinking of dropping out are associated with low evaluations of their use of study techniques in contrast to women who are not thinking of dropping out, who tend to score them as adequate.
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FIGURE 1. Study techniques vs. sex.


With the second variable (satisfaction with the chosen degree), the results are shown in Table 3. As with the previous case, the variability is mostly explained by a single dimension, with an inertia of 0.21 out of 0.23 (88.1%).


TABLE 3. Summary of correspondence analysis: Satisfaction with choice of program vs. sex.

[image: Table 3]As Figure 2 shows, women who are thinking of dropping out are associated with values of completely disagree and disagree when it comes to satisfaction with their choice of course, whereas women who are not thinking of dropping out give more positive evaluations (completely agree).
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FIGURE 2. Satisfaction with program choice vs. sex.




CONCLUSION

The process of transition from secondary education to university is not an easy one for students, as it requires adaptation to an unknown, demanding environment regardless of what they might have been taught in prior educational and guidance processes. In this context, academic performance and expectations surrounding it are particularly interesting variables (Stinebrickner and Stinebrickner, 2014; Wolters and Hussain, 2015; Honicke and Broadbent, 2016).

In particular, in the European context, the EHEA brings along the requirement for students to develop an autonomous learning (Boletín Oficial del Estado [BOE], 2003). Thus, it is important to know whether the students understand the obligations that they need to match in order to accomplish this goal (McCardle et al., 2017).

Therefore, in this study we analyzed those variables which, according to student expectations, influence academic persistance. Thus, we assumed that it will be those expectations which can condition their behavior for proper performance.

Our results provide evidence, in line with research in this field, of the importance students place on study techniques, an indicator which is widely related to satisfactory achievement (Navarro et al., 2015; Ng, 2018). In our case, we did not confirm the weight given to prior knowledge, in contrast to other research (Albalate et al., 2011; Roksa et al., 2017). Having prior knowledge and study techniques depends on the itinerary of prior studies (Martínez et al., 2016). Hence, the results confirm our first hypothesis, but only partially, demonstrating the need to ensure that students starting different programs do so by the appropriate selection of a specific, individualized academic itinerary (Álvarez and López, 2017; Tuero et al., 2017). This would lead to have an appropriate prior knowledge and to have acquired appropriate study techniques, which in turn would lead students to have higher expectations of persistence (Bennett, 2003).

It does seem paradoxical that student’s perceptions and expectations of persistence are not related to other variables of significant learning and self-regulation, which does not support our second hypothesis. EHEA sift the educational paradigm, giving more protagonism to the student, who is supposed to be an autonomous learner. This is particularly important to bear in mind that when planning subjects, as can be seen in any teaching guide that follows the premises of EHEA, one must consider not only classroom activities such as lectures, practical classes, laboratory classes and tutorial groups, but also non-classroom activities such as individual and team work that occasionally require more time, and always the added need to learn autonomously and with self-regulation (Art. 4. Boletín Oficial del Estado [BOE], 2003).

Thus, some of the variables that we have studied – like class attendance or daily study- are important to succeed in the EHEA (Tomlinson, 2017). Despite that, our results are consistent with other studies and show how the participants do not feel that these variables are important with regard to achieving satisfactory academic success. So, variables as fundamental as interest in the subject being studied (Ghasemi and Dowlatabadi, 2018), more in-depth personal study of course content (Montes, 2012; Bogarín et al., 2018), and academic engagement in terms of attendance or being up to date with work (Cerezo et al., 2017; Rissanen, 2018) are not perceived as important for success by students, in opposition to EHEA principles. Since these variables are indicators of the three dimensions of learning self-regulation of learning -motivational, behavioral, and cognitive-, we can conclude that students do not consider important to be a self-regulated learner.

These results seem to show that the postulates that gave rise to the creation and implementation of the EHEA, particularly the ECTS system of credits, have not yet been interiorized by students, who continue to perceive their study more traditionally. It is necessary to continue improving effective interventions regarding learning self-regulation; in this sense training programs in higher education such eTRAL (Cerezo et al., 2017) or Metatutor (Bouchet et al., 2016) have shown to have positive impacts on academic performance and success (Esteban et al., 2017) and can encourage better fit between students’ characteristics and the requirements from EHEA based study plans.

Finally, future research should be aimed at increasing sample heterogeneity in different university years to understand whether these results apply to other programs or knowledge areas and whether there are significant differences between them. Intervention policies may be proposed to provide a better student guidance, able to guarantee a better adjustment to the context and demands of EHEA.
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FOOTNOTES

1
There are several double degrees in the University of Oviedo, where pupils study two different programs at the time.
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A significant challenge to fully understanding children’s academic and other competencies is dependency of the determination on the method of study, including notably who makes the assessment. This study examined similarities and differences in child, mother, father, and teacher reports of children’s competencies across multiple domains of math, reading, music, and sports from two separate perspectives of rater agreement, mean level and order association. Two hundred and sixty-seven European American families were recruited from the mid-Atlantic region of the United States, and children, mothers and fathers, and teachers completed a commonly used rating measure of children’s competencies when the children were 10 years of age. Results showed (1) high levels of order agreement (perhaps reflecting the observable nature of children’s competencies), (2) some systematic mean level differences across raters, and (3) little inter-domain agreement (except among teachers, which may reflect teachers’ unique perspectives on children’s competencies). The educational, developmental, and methodological implications of the findings are discussed in the context of children’s school performance. Who makes the determination of children’s several different competencies matters.

Keywords: academic competencies, mean differences, rank order agreement, perceptions of academic performance, teacher perspectives


INTRODUCTION

Individual perceptions of children’s academic and other competencies have important implications for their scholastic achievements and classroom adjustment as well as their overall feelings of self-worth (Wigfield et al., 1991; McGrath and Repetti, 2000; Wentzel et al., 2016). Importantly, systematic differences in reports of children’s competencies in the school setting and elsewhere may create conflicts, biases, and expectations regarding children’s academic and other abilities (Rosenthal, 1994). Prior research suggests that these perceptions tend to become self-fulfilling prophecies, such that children perceived as more or less competent “live up or down” to those expectations and subsequently perform well or poorly in those domains (i.e., the “Pygmalion Effect”; Jussim and Harber, 2005). What is not clear, however, is whether children’s performance is due to actual individual differences in their abilities or to variability in how different observers judge their scholastic and other competencies (i.e., inter-rater agreement) or to how their competences are evaluated across different domains of performance (inter-domain agreement). Few studies have examined multi-reporter similarities and differences in perceptions of children’s performance in multiple domains commonly experienced during elementary school (i.e., math, reading, music, and sports). One aim of the current study is to address this gap in the literature.

Consider academics. Understanding how different reporters rate children’s scholastic competencies across different domains is important as it may help identify areas where there is a mismatch between expectations for how a student will perform academically. That is, disagreement in reporters’ ratings of children’s academic competences may lead to conflict or other difficulties in navigating educational settings. For instance, if a parent perceives a child’s academic competency to be higher than what the child’s teacher perceives it to be, the parent may consider any poor grades or academic difficulties to reflect unfair or biased perceptions of the child’s teacher. Often this conflict is based around interpersonal differences in educational values or expectations, and understanding how perceptions of academic competencies may contribute to such conflict may help identify ways in which to strengthen or remediate key parent–teacher learning partnerships to better support children’s academic success (Crozier, 1999; Creech and Hallam, 2003). Similarly, differences in perceptions of children’s competencies across various academic domains may help identify areas where children may need more support, or where their competencies are less readily observable to multiple reporters. For areas where children’s competency may be less observable, it may be important for teachers, parents, and children to communicate openly and regularly (e.g., parent–teacher conferences, home-school notes). Awareness of differences and similarities in these inter-rater and inter-domain perceptions may help reduce potential interpersonal conflicts and enhance the ability of parents, children, and teachers to work together to best support children’s academic progress. Thus, a second aim of the current study was to provide concrete information on agreement of children, parents, and teachers about multiple domains of children’s competencies.

Several theoretical frameworks have been advanced to understand children’s academic competencies. For instance, differences in children’s competencies across reporters and academic domains have been conceptualized within dimensional comparison theory (Möller and Marsh, 2013; Marsh et al., 2014), whereby ratings of competencies in one domain are determined, in part, by how achievement in that domain is perceived compared to achievements in other areas. Ratings of children’s academic competencies may also reflect both internal (comparing children’s competencies in one domain with their competencies in another domain) and external (comparing the child’s competencies in one domain to the competencies demonstrated by other children in that domain) processes (Marsh, 1986). More salient to the current study is Expectancy-Value Theory (EVT; Wigfield and Eccles, 2000), which asserts that expectations and values regarding achievement directly influence academic choices, performance, effort, and persistence. Such expectancies and values are influenced by various social and cognitive factors including beliefs about general abilities and perceived difficulty of tasks, which in turn are influenced by individuals’ perceptions of their own academic experiences as well as perceptions from others (e.g., parents and teachers; socialization influences). In many ways this theory proposes a mediational model of academic achievement, whereby perceptions of academic competencies (both by the self and others) lead to social and cognitive factors which lead in turn to academic expectations and values which then lead to academic achievement outcomes. Much research has documented links among expectations, values, and outcomes (e.g., Eccles and Wigfield, 1995; Wigfield et al., 1997; Simpkins et al., 2012), but less work has explored the potential role of academic perceptions of the self and other socializers. As noted above, these self and other perceptions may be particularly important to supporting student successes in an educational setting. An essential step in highlighting how these factors fit within the broader EVT model is to understand reporting patterns in perceptions of children’s academic competencies across individuals and domains. This understanding constituted a third aim of the current study.


Ratings of Academic Competencies Across Reporters and Domains

When considering individual differences in ratings of children’s academic competencies, it is important to acknowledge that findings documenting any unique perspectives show that the degree of inter-rater disagreement often depends on the reporters being compared. Specifically, agreement between mothers’ and fathers’ ratings tends to be higher than that between other reporters (e.g., parents versus teachers), which may be due in part to the fact that mothers and fathers tend to observe children in the same contexts (i.e., home; Kerr et al., 2007; Schroeder et al., 2010; De Los Reyes et al., 2015). Between different settings (i.e., school versus home), teachers tend to report significantly fewer child difficulties as compared to parents and children (Salbach-Andrae et al., 2009). Given that teachers are exposed to a range of students, the abilities exhibited by any one student may not seem as noteworthy to teachers as they do to parents, who tend to view their children’s capabilities in more isolated and individualized settings. Teachers may therefore have a unique perspective on children’s academic competencies due to their extensive interactions with children in academic settings.

In addition to inter-reporter differences, the informant discrepancy literature indicates that ratings of children’s functioning tend to vary depending on whether the domain being assessed is easily observable or not (De Los Reyes et al., 2015). It may therefore be the case that greater inter-rater agreement is observed within academic domains that are easy to track and observe through homework assignments and test scores (e.g., math and reading) as compared to those areas with less observable and quantifiable outcomes (e.g., music and sports). Furthermore, differences in reporters’ ratings often reveal meaningful information about children’s behavior in various contexts (e.g., home versus school) and domains (e.g., internal versus external behaviors), and therefore have important implications for the identification of difficulties in children’s cognitive, academic, social, emotional, and behavioral competencies (De Los Reyes, 2011; De Los Reyes et al., 2013). For instance, children’s academic functioning may only become evident in the context of the cognitive and behavioral demands of core academic classrooms (Rimm-Kaufman et al., 2001), further highlighting the importance of comparing ratings of children’s academic competence across reporters and domains. Multi-informant assessment approaches therefore constitute a promising avenue to fully evaluate children’s competencies across both raters and domains. Overall, extensive research findings indicate that differences in reports of children’s functioning tend to vary depending on both the raters and domains assessed. The question of which raters and which domains are so influenced is only answered by a multi-informant multi-domain design with the same children as we use here.

Differential associations among various raters’ reports of children’s academic competencies, for example, underscore the importance of considering differences in perceptions of children’s competencies across reporters and domains. Specifically, children’s self-perceptions of their academic competencies have been reported to be more strongly associated with their mothers’ than their teachers’ perceptions of their academic competencies (Wigfield et al., 1997). However, teachers’ ratings of children’s literacy and math competencies in early elementary school predict children’s perceptions of their literacy and math competencies, respectively, in later elementary school, whereas only parents’ judgments of children’s math competence predict children’s later perceptions of their math competence (Herbert and Stipek, 2005). These differences in teachers’ perceptions of children’s academic competencies may be due to several factors noted above, including teachers’ unique perspectives in the classroom, the availability of official examination standards which may inform their perceptions, and the potential for their expectations to create a self-fulfilling prophecy for their students. More attention to these differential associations in reports of children’s academic competencies may identify additional explanatory factors.

Of note, most previous studies have investigated perceptions of children’s academic competencies when children are in the early elementary school years (i.e., Kindergarten and 1st grade; Wigfield et al., 1997; Herbert and Stipek, 2005). It is therefore not known if these findings extend to the later elementary school years, which represent a crucial educational transition point as children prepare to enter middle/secondary school. The current study therefore provides a developmental extension of the extant literature by examining these associations when children are in the later elementary school years (i.e., approximately 5th grade). The current study also extends findings regarding agreement in raters’ reports of children’s academic and other competencies to incorporate perspectives of children’s competencies from four reporters (i.e., children, mothers, fathers, and teachers) and across four academic domains (i.e., math, reading, music, and sports) commonly experienced in the school setting.

Furthermore, the current study provides a methodological contribution to the study of individual differences in perceptions of children’s competencies. Reporter agreement and disagreement can be evaluated using (at least) two different approaches to analysis – mean level and rank order. Mean level analyses assess similarities and differences in ratings for the whole group. For example, if children tend to view themselves as more competent in a given domain than parents view them, we would find a significant mean level difference between raters. Rank order analyses assess similarities and differences in correlations between raters. For example, agreement would be considered strong if two raters assess one individual’s math competence high and another individual’s math competence low relative to others in a group. Agreement would be less strong if one rater ranks individuals’ competence relatively high and another rater ranks competence relatively low in the group (and vice versa). Clearly, the two analytical approaches provide different sorts of information about rater agreement. In the current study, we assess both approaches to analysis to provide a more complete picture of inter-rater and inter-domain judgments of children’s competencies.



Overview of the Current Study

The current study examines child, mother, father, and teacher ratings of children’s competencies in four domains commonly experienced in the school setting (i.e., math, reading, music, and sports). Our methodological approach allowed us to disentangle rater agreement that is general (e.g., similar mother-father agreement holds across all domains) from rater agreement that is specific to particular domains (e.g., raters agree about competence in music but not sports). Likewise, we disentangle rating patterns that are general to all raters (e.g., correlations between math and reading competence are similar for all raters) from rating patterns that are specific to a particular rater (e.g., child-rated competence in all domains is correlated, but mother-rated competence differs across domains). Thus, the current study adds to our understanding of how children’s academic, artistic, and athletic competencies are perceived by different raters and across different domains.

The first specific aim of the current study was to evaluate both correlational and mean level similarities and differences in ratings of perceptions of children’s math, reading, music, and sports competencies according to children, mothers, fathers, and teachers. Consistent with the broader literature reviewed above, for inter-rater comparisons (Hypothesis 1a), we hypothesized higher agreement (i.e., larger correlations and fewer mean level differences) regarding children’s competencies between mothers and fathers than between the other pairs of reporters. We also hypothesized that teachers’ perceptions of children’s competencies would be the most different from the other reporters. Furthermore, we hypothesized that teachers would provide the highest mean competence ratings out of the four reporters. Based on literature highlighting differences in reports of children’s functioning according to the domain assessed (De Los Reyes et al., 2015), we also hypothesized about several inter-domain comparisons among math, reading, music, and sports competencies (Hypothesis 1b). Specifically, we hypothesized higher agreement (i.e., larger correlations and fewer mean differences) regarding reports of children’s competencies in math and reading than those for music and sports, given that performance in these academic domains is more easily observable through homework and test grades. This hypothesis is supported by literature indicating that children are viewed as more competent in core academic courses as compared to extracurricular activities (Wigfield et al., 1997; Jacobs et al., 2002).

Our second specific aim was to compare patterns of inter-reporter agreement and disagreement about children’s competencies across all four domains (Hypothesis 2a) and patterns of inter-domain agreement and disagreement across all four reporters (Hypothesis 2b). Most previous studies have evaluated reporter agreement at the bivariate level, which may mask more nuanced variations in ratings of children’s competencies. For instance, it may be that correlation matrices of math and reading differ, suggesting potential differences in the overall degree of reporter agreement depending on the competence domain assessed. We therefore compared correlation matrices of child, mother, father, and teacher reports of children’s competencies in math, reading, music, and sports across reporters and domains (e.g., comparing the matrix of correlations of children’s competencies according to mother report to the matrix of correlations according to teacher report; comparing the correlation matrix of children’s math competencies to the matrix of correlations of children’s reading competencies). Given the novelty of these analyses, we did not have any specific directional hypotheses for this study goal.



MATERIALS AND METHODS


Participants

European American families with healthy first-born and second-born children were recruited through newspaper advertisements and mass mailings from the mid-Atlantic region of the United States. The current analyses focus on data collected from children, mothers, fathers, and teachers when children were 10 years old. There were no competence data available for 84 (23.93%) of the 351 families who contributed data to the 10-year assessment. We therefore only analyzed data from families where at least one reporter provided information regarding children’s competencies in at least one of the four domains (i.e., math, reading, music, and sports), yielding a total sample size of 267 for the current study. Children were on average 10.27 years of age (SD = 0.18, range = 9.76 – 10.90) and approximately half (n = 136; 50.94%) were boys. Mothers were on average 41.33 years old (SD = 5.18, range = 26.94 – 55.87), and fathers were 43.58 years (SD = 6.41, range = 27.78 – 67.93). The majority of the mothers and fathers were married and living together (n = 214; 80.15%) and had obtained at least a bachelor’s degree (mothers: 67.79%, n = 181; fathers: 63.67%, n = 170). Families were on average from a middle to upper socioeconomic status (SES) on the Hollingshead (1975) Four-Factor Index of Social Status, and ranged from lower to upper socioeconomic status (M = 54.77, SD = 9.90, range = 25 – 66). Of the teachers who provided data to the 10-year assessment, the majority were 4th (37.45%, n = 100) or 5th (27.72%, n = 74) grade teachers (6 [2.25%] from combined 3rd–4th or 4th–5th grade classrooms; 87 [32.6%] missing/no response). Written informed consent was obtained from the parents of child participants and from parents and teachers for their participation.



Procedure

Measures collected for the current study were part of a larger assessment battery that included home and laboratory visits. Children’s competencies were assessed at the home visit. Packets of questionnaires were mailed to mothers and fathers prior to their visits. Mothers were also asked to provide their children’s teachers with a packet of questionnaires to complete. The packet contained a letter explaining the study, a consent form, and a self-addressed stamped envelope to return the completed questionnaires directly to the research team. Informed consent was obtained from mothers, fathers, and teachers, and assent was obtained from children. Study procedures were approved and monitored by our Institutional Review Board.



Measures


Children’s Competencies

Children, mothers, fathers, and teachers each completed the Children’s Competence Beliefs and Subjective Task Values (CBTV; Eccles et al., 1993; Eccles and Wigfield, 1995; Wigfield et al., 1997) measure to assess individual perceptions of children’s competencies in the domains of math, reading, music, and sports. Reporters are asked to rate children’s competencies in these domains on a 7-point rating scale, with higher scores indicating better competence. Subscale scores used in the current study were based on a factor analysis conducted by Wigfield et al. (1997). Items used to assess children’s, mothers’, fathers’, and teachers’ perceptions of children’s competencies in math, reading, music, and sports are included in the Appendix. Subscale scores were calculated by taking the mean of the items within each domain according to each reporter. Summary means across raters and domains were calculated by taking the average of these subscales (e.g., the child-report summary mean was calculated by taking the average of the child-reported math, reading, music, and sports subscales). The subscales used in the current study demonstrated good reliability according to child (αMath = 0.86, αReading = 0.86, αMusic = 0.76, αSports = 0.91), mother (αMath = 0.90, αReading = 0.92, αMusic = 0.89, αSports = 0.92), father (αMath = 0.93, αReading = 0.93, αMusic = 0.91, αSports = 0.93), and teacher (αMath = 0.89, αReading = 0.89, αMusic = 0.81, αSports = 0.89) reports. In keeping with our current focus on perceptions of children’s academic competencies, we only examined items relevant to children’s competencies and not items related to subjective value reports.



Analysis Plan

Analyses were conducted in SPSS 21 (for Hypothesis 1) and Mplus 7.2 (for Hypothesis 2; Muthén and Muthén, 2014). To account for the nested structure of the data from families where two children participated (i.e., first- and second-borns), we clustered based on family and used the Huber-White adjustment of the standard errors to account for non-independence. We used a maximum likelihood estimator that calculated robust standard errors (MLR; Little and Rubin, 2002). Missing data were due to non-response of one or more family members and to non-response to individual items. Specifically, data regarding 10-year competencies were available from all 267 children, 225 (84.27%) mothers, 202 (75.66%) fathers, and 198 (74.16%) teachers. Missing data were handled with full-information maximum likelihood (FIML) in Mplus. Data were missing completely at random, as evidenced by a non-significant Little’s MCAR test, χ2(336) = 338.10, p = 0.458.

For our first aim investigating mean and correlational similarities and differences in reports of children’s competencies, we first examined inter-rater and inter-domain bivariate correlations to examine degrees of agreement in ratings of children’s competencies in math, reading, music, and sports. Specifically, we tested for differences in dependent inter-rater and inter-domain correlations via a web utility developed by Lee and Preacher (2013) based on methods identified by Steiger (1980). We then conducted a series of paired-samples t-tests to determine if, at the bivariate level, the mean-level ratings of children’s competencies were different among individual reporters and domains. We also examined if the summary means differed across reporters and domains.

For our second aim comparing patterns of inter-reporter and inter-domain agreement about children’s competencies, all competence variables were standardized prior to analyses to aid in interpretation of the coefficients. We first estimated two correlation matrices (e.g., the correlation matrices of children’s math and reading competencies) simultaneously and allowed all bivariate correlations within those matrices to be freely estimated (i.e., an unconstrained, fully free model). We then constrained all paired bivariate associations within the correlation matrices to be equal to each other (i.e., a fully constrained model). For instance, when comparing the correlation matrices of math and reading, we constrained the correlation of child and mother reports of math to be equal to the correlation of child and mother reports of reading, and so on for all six paired correlations (refer to Table 1). If this fully constrained model provided a significantly worse fit to the data than the unconstrained model, we examined modification indices and freed constraints with the highest modification indices (Yoon and Kim, 2014). Individual constraints were therefore freed progressively, until the nested model test reached non-significance (i.e., a partially constrained model). Nested model tests (comparing the constrained versus unconstrained models) were conducted via the Satorra-Bentler scaled Δχ2-difference test (Satorra and Bentler, 2001). Non-significant Δχ2-difference tests indicated that a more restrictive model (i.e., the model with more parameter equality constraints) did not provide a significantly worse fit to the data than a less restrictive model (i.e., the model with fewer parameter constraints).


TABLE 1. Means, standard deviations, and inter-rater correlations of child math, reading, music, and sports competencies.
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RESULTS


Hypothesis 1: Rank-Order and Mean-Level Similarities and Differences in Ratings of Children’s Competencies


Hypothesis 1a: Inter-Rater Comparisons

Correlations in Table 1 (above the diagonal) indicate significant positive associations between all reporters, such that higher ratings of children’s competencies according to one reporter are related to higher competence ratings according to the other reporters. Testing for differences in these dependent correlations revealed that mothers and fathers tended to agree with each other more than the other reporters for all four domains (all zs > 2.43; all ps < 0.05), except when compared to child–mother (z = 1.77, p = 0.076) and child–father (z = 0.87, p = 0.384) agreement in music competency. Children and mothers tended to agree more than children and fathers on math (z = 2.63, p = 0.008) and reading (z = 2.89, p = 0.004) competencies; more than children and teachers on math (z = 4.57, p < 0.001), reading (z = 5.47, p < 0.001), and sports (z = 6.93, p < 0.001) competencies; and more than mothers and teachers on reading (z = 2.50, p = 0.013), music (z = 3.87, p < 0.001), and sports (z = 5.23, p < 0.001) competencies. Children and fathers also tended to agree more than children and teachers on competencies in all four domains (all zs > 2.02; all ps < 0.05), and more than fathers and teachers on music (z = 3.60, p < 0.001) and sports (z = 2.71, p = 0.007) competencies. Mothers and teachers agreed more than children and teachers on math (z = 2.74, p = 0.006) and reading (z = 3.02, p = 0.002) competencies, and children and teachers agreed more than mothers and teachers on music competency (z = 2.67, p = 0.008). Mothers and teachers also agreed more than fathers and teachers on math competency (z = 2.19, p = 0.028), and fathers and teachers agreed more than children and teachers on reading competency (z = 3.00, p = 0.003). Fathers and teachers also agreed more than children and teachers (z = 4.38, p < 0.001) and mothers and teachers (z = 3.02, p = 0.003) on sports competency. Hence, as hypothesized, mothers and fathers tended to have the strongest agreement and teachers tended to have lower agreement with all other reporters.

Overall tests of mean-level inter-rater agreement (aggregating across domains) indicated that children, mothers, fathers, and teachers provided similar ratings of children’s competencies.

However, within-domain paired-samples t-tests indicated some degree of systematic inter-reporter disagreement (see Table 2), such that children and mothers rated children’s math, reading, and sports competencies differently (children rated themselves lower than mothers in math and reading but higher in sports competencies). Children and fathers rated children’s math, music, and sports competencies differently (children rated themselves lower than fathers in math but higher in music and sports competencies). Children and teachers and mothers and fathers only differed in ratings of sports competence, with children rating themselves higher than teachers and mothers providing higher ratings than fathers. Mothers also provided higher ratings of children’s math and reading competencies compared to teachers, and fathers provided higher ratings of children’s reading competencies compared to teachers.


TABLE 2. Average inter-rater difference scores of child math, reading, music, and sports competencies.
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Hypothesis 1b: Inter-Domain Comparisons

Compared to the inter-rater comparisons as hypothesized, fewer significant correlations (66.67%) obtained between domains (see Table 3). Specifically, only ratings of children’s reading and music competencies were associated according to child report. According to mother and father reports, children’s math and reading competencies, math and sports competencies, and reading and music competencies were positively related. However, the association between children’s reading and sports competencies was negative according to mother report, indicating that mothers viewed more competence in reading as related to less competence in sports. According to fathers’ reports, associations between children’s math and music competencies, and music and sports competencies, were positive. All correlations according to teacher reports were positive, indicating that teachers perceived more child competence in one domain as related to more competence in other domains.


TABLE 3. Means, standard deviations, and inter-domain correlations of child math, reading, music, and sports competencies according to child, mother, father, and teacher reports.

[image: Table 3]Testing for differences in these dependent correlations indicated that mothers, fathers, and teachers all viewed children’s math and reading competencies as more strongly related with each other than relations among the other domains (all zs > 3.45; all ps < 0.01). Children viewed their reading and music competencies as more strongly correlated with each other than relations among the other domains (all zs > 2.88; all ps < 0.01), and mothers, fathers, and teachers perceived children’s reading and music competencies as more strongly related than their reading and sports competencies (all zs > 3.84; all ps < 0.001). All reporters viewed music and sports competencies as more highly related than reading and sports competencies (all zs > 2.33; all ps < 0.05). Last, mothers, fathers, and teachers viewed child math and sports competencies as more closely related than reading and sports competencies (all zs > 4.02; all ps < 0.001), and children saw their reading and sports competencies as more highly associated than their math and sports competencies (z = 3.07, p = 0.002).

Consistent with the lower inter-domain correlations, paired-samples t-tests indicated more systematic inter-domain disagreement (see Table 4) than was observed among raters. Overall tests of mean-level inter-domain agreement (aggregating across reporters) indicated that ratings of children’s math competence were not significantly different from overall ratings of reading competence, but that overall math and reading competencies were rated higher than music and sports. Overall ratings of children’s sports competence were also higher than overall ratings of children’s music competence. In within-reporter paired t-tests, competency ratings of math compared to reading were different only according to child-report (with reading rated higher than math); however, children’s math and reading competencies were consistently rated higher than their music competency according to all four reporters. Children’s math and reading competencies were rated as higher than their sports competency according to mothers, fathers, and teachers, whereas children’s sports competency was rated higher than their music competency according to children and teachers.


TABLE 4. Average inter-domain difference scores of child math, reading, music, and sports competencies.
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Hypothesis 2: Comparing Patterns of Agreement and Disagreement in Ratings of Children’s Competencies


Hypothesis 2a: Inter-Rater Patterns Across All Four Domains

Comparing the matrices of domain correlations (e.g., comparing panels A, B, C, and D in Table 3) revealed differences in inter-rater patterns of agreement. Only the fully constrained model comparing mother and father intercorrelations did not provide a significantly worse fit to the data than the fully free (i.e., unconstrained) model, Δχ2(6) = 4.04, p = 0.671. This finding points to global similarities in the associations between mother and father reports of children’s math, reading, music, and sports competencies. The fully constrained models comparing inter-domain correlation matrices for child and mother, child and father, child and teacher, mother and teacher, and father and teacher reports provided a significantly worse fit to the data than the fully free models, Δχ2child–mother(6) = 22.43, p = 0.001; Δχ2child–father(6) = 20.71, p = 0.002; Δχ2child–teacher(6) = 51.67, p < 0.001; Δχ2mother–teacher(6) = 36.18, p < 0.001; Δχ2father–teacher(6) = 19.50, p = 0.003. Constraints were progressively freed until the nested model test reached non-significance.

The partially constrained models comparing child and mother, and child and father, reports did not provide a significantly worse fit to the data than the fully free models, Δχ2child–mother(5) = 8.64, p = 0.124; Δχ2child–father(5) = 7.78, p = 0.169. In these models the associations between math and reading competencies were freed, and all other inter-domain associations were constrained to be equal, indicating similarities in the associations among these domains according to child and mother, and child and father, reports. However, the association between child-reported math competence and child-reported reading competence (r = 0.10) was lower than the associations between mother- and father-reported math competence and mother- and father-reported reading competence (both rs = 0.40; both zs = −3.71, p < 0.001).

Nested model tests did not reach non-significance after progressively freeing all constraints for the models comparing child and teacher, mother and teacher, and father and teacher reports, and therefore for these comparisons the fully free models provided the best fit to the data. All inter-domain associations were freely estimated, indicating global differences in ratings of children’s math, reading, music, and sports competencies between these reporters. Specifically, child-, mother-, and father-reported associations were consistently lower (rschild ranged from −0.10 to 0.31; rsmother ranged from −0.14 to 0.40; rsfather ranged from −0.08 to 0.41) than teacher-reported associations (rs ranged from 0.25 to 0.68) across all domains (there is some overlap in these ranges, but the individual comparisons between child, mother, and father associations were all lower than the teacher associations; see Table 3; all zs < −3.86, ps < 0.001).



Hypothesis 2b: Inter-Domain Patterns Across All Four Raters

Comparing the matrices of reporter correlations (e.g., comparing panels A, B, C, and D in Table 1) revealed fewer differences in inter-domain patterns of agreement compared to the inter-rater patterns. The fully constrained models comparing ratings of children’s competencies in math and reading, math and music, math and sports, reading and sports, and music and sports did not provide a significantly worse fit to the data than the fully free (i.e., unconstrained) models, Δχ2math–reading(6) = 2.82, p = 0.831; Δχ2math–music(6) = 9.95, p = 0.127; Δχ2math–sports(6) = 6.18, p = 0.403; Δχ2reading–sports(6) = 4.17, p = 0.653; Δχ2music–sports(6) = 11.29, p = 0.080. These findings indicated similarities in the associations between math and reading, math and music, math and sports, reading and sports, and music and sports across all four reporters (e.g., the correlation between child-reported and mother-reported math was similar to the correlation between child-reported and mother-reported reading).

The fully constrained model comparing ratings of children’s reading and music competence provided a significantly worse fit to the data than the fully free model, Δχ2(6) = 14.84, p = 0.021. Constraints were progressively freed until the nested model test reached non-significance. The partially constrained model did not provide a worse fit to the data than the fully free model, Δχ2(3) = 6.35, p = 0.096. For the reading-music comparison, the associations between children and mothers, mothers and teachers, and fathers and teachers were progressively released and freely estimated. Examination of the correlation coefficients indicated that the associations between child and mother, mother and teacher, and father and teacher reports for reading competence were higher (rchild–mother = 0.64; rmother–teacher = 0.50; rfather–teacher = 0.52) than those associations for music competence (rchild–mother = 0.47; rmother–teacher = 0.25; rfather–teacher = 0.29), respectively (zchild–mother = 2.85, p = 0.004; zmother–teacher = 3.38, p = 0.001; zfather–teacher = 3.19, p = 0.001). Associations between ratings from children and fathers, children and teachers, and mothers and fathers were constrained to be equal across reading and music competencies, indicating similarity in these associations.



DISCUSSION

The current study examined child, mother, father, and teacher perceptions of children’s competencies in math, reading, music, and sports and utilized two revealing analytic approaches to evaluate inter-rater and inter-domain agreement, rank order and mean level. In doing so, this study extends previous findings with Expectancy-Value Theory (Eccles and Wigfield, 1995; Wigfield and Eccles, 2000) and supports the need to consider perceptions of the self and other socializers across multiple domains when conceptualizing children’s overall academic, artistic, and athletic functioning. EVT posits that children’s academic performance and behavior are influenced by relations among beliefs about how well children will complete an academic task and how much value is placed on those tasks. Several academic constructs are conceptualized in this theoretical model, including children’s interests, affect, values, choices, effort, task difficulty, and competence. EVT proposes that perceptions of children’s academic competencies constitute a first step in this process, whereby these views influence how much a child will value and express interest in an academic task. It stands to reason then that children who do not perceive themselves as having high levels of academic competence will subsequently demonstrate little interest and see little value in academic tasks. Other studies with EVT document that low levels of academic interest, expectancies, and subjective task value lead to low academic performance and outcomes (Wigfield, 1994; Eccles and Wigfield, 1995; Wigfield et al., 1997; Simpkins et al., 2012; Trautwein et al., 2012) as well as poor career attainment (Lauermann et al., 2017). As such, initial perceptions of children’s academic competencies may have far-reaching effects on their later academic and educational success.

Our results suggest that academic perceptions of the self and other socializers tend to vary systematically. Extending the literature on EVT, perceptions of academic competence from other socializers are also important to consider, such that if children assume their parents or teachers perceive their competency in a certain domain to be relatively low, children may subsequently “live up” to those expectations (Jussim and Harber, 2005; Tomasetto et al., 2015). Perceptions of children’s academic competencies from other socializers may also “spill over” into children’s own views and expectations of how much they should value certain academic domains. For instance, if a child’s parent perceives the child to have high levels of math competency but low levels of reading competency, the child may place more value and effort in math and less in reading. The child may then eventually develop difficulties in reading as a result of those perceptions. Discrepancies in perceptions are also important to consider. That is, perceptions of high levels of math competency according to the child, but low levels of math competency according to the parent, may create conflict in expectations and values, which may in turn negatively impact children’s academic performance. Borrowing from the broader reporter discrepancy literature, the most negative outcomes are observed when two reporters harbor differing viewpoints on a child’s functioning and behavior (De Los Reyes et al., 2015). Similar findings may be observed when applied to children’s academic competencies and the broader EVT model.

Clearly, understanding how to incorporate inter-reporter and inter-domain discrepancies into theoretical models of children’s academic competencies is a crucial direction for future research. More work is also needed to understand how these differences in perceptions relate to social cognitive factors that influence academic performance. Models examining EVT should therefore consider the potential for discrepancies in reports of children’s academic competencies across raters and domains, and several methodological advances have provided the statistical modeling techniques necessary for such investigations (e.g., polynomial regression, multitrait-multimethod models, latent interaction models; Jager et al., 2012; Trautwein et al., 2012; Laird and De Los Reyes, 2013).


Are There Differences in How Children’s Competencies Are Perceived by Different Raters?

Findings suggested a relatively high level of agreement across reporters’ ratings of children’s competencies within the four domains assessed in the current study. The correlational findings coincided with our results examining difference scores, such that there were no significant overall differences among child, mother, father, and teacher reports of children’s competencies. This documented agreement among reporters’ ratings of children’s competencies may be attributable to the observable nature of children’s abilities. For instance, homework assignments, instructor/coach feedback, test performance, and grades on report cards may provide children, parents, and teachers with a consistent sense of how children perform in a given domain.

However, testing for differences between dependent correlations revealed a more nuanced picture of cross-reporter perceptions of children’s diverse competencies. Consistent with our hypotheses, as well as the extant literature (Schroeder et al., 2010; De Los Reyes et al., 2015), mothers and fathers tended to demonstrate the most agreement in perceptions of children’s competencies. Generally higher levels of agreement were also noted between children and mothers, and mothers and teachers, as compared to other reporter dyads, perhaps reflecting mothers’ stereotypically greater involvement in and knowledge of their children’s performance and functioning (Grolnick and Slowiaczek, 1994). Additionally, agreement between teachers and other reporters tended to be lower in several domains, perhaps reflecting teachers’ unique perspectives of children’s academic functioning. Notably, we observed lower agreement between children and teachers, as compared to mothers and teachers and fathers and teachers, perhaps reflecting home-school communication between parents and teachers through parent–teacher conferences and report cards of which children in the elementary school years may be mostly unaware.

The mean differences on about half of the inter-rater comparisons also point to some systematic differences in how children, mothers, fathers, and teachers rate children’s competencies, but they were not consistent across domains (as indicated by non-significant global t-tests). No differences were noted between mothers’ and fathers’, and children’s and teachers’, average ratings of child competency in any domain except sports. Furthermore, no difference was noted in average ratings of math and reading competencies between children and teachers, but mothers tended to rate these competencies higher than children and teachers. Despite child–teacher agreement in mean level, child–teacher correlations tended to be lower than child–mother and mother–teacher correlations. Hence, the rank-order alignment of children and teachers was less consistent (relative to child–mother and mother–teacher alignment), but their overall assessments of competence in the group were similar.

Whereas the bivariate correlations and overall t-tests pointed to relatively high levels of agreement across all four reporters, analyses comparing the correlation matrices provided a further differentiated picture of degrees of reporter agreement. Specifically, child-reported math-reading associations were lower than those according to both mother and father reports, suggesting that parents perceive stronger relations between children’s competencies in these two domains than do children. Differences also emerged between teacher-reported associations and those reported by the other three reporters, such that all teacher-reported associations were higher than those reported by children and by parents. These strong correlations may be attributable to teachers having a unique perspective on children’s school functioning, as they may see more consistencies in children’s competencies across domains than do children or parents who are normally limited to seeing individual children’s grades on report cards. This finding may also reflect the fact that teachers may form a more global view of children’s competencies that generalizes across domains (Bornstein and Putnick, 2019), whereas children and parents may see more differentiated competencies. Specifically, core classroom teachers may have less information about children’s performance in music and sports given that they do not generally teach those subjects to their students. Teachers may therefore not observe students in these settings, perhaps leading teachers to generalize or stereotype children’s competencies in those areas based on children’s performance in core academic subjects. These correlations may also be due to biases in teachers’ perceptions of children’s competencies (den Brok et al., 2004), as it may be that a teacher who views a student as struggling in one domain assumes that the student is having similar difficulties in other domains. It is therefore important to consider the influence of teachers’ undifferentiated expectations and perceptions of children’s competencies.

This set of findings has clear educational implications, suggesting that teacher input should be carefully considered when discussing children’s academic functioning. The findings also suggest that many procedures already utilized in schools (e.g., midterm reports, parent–teacher conferences) provide parents with information regarding children’s academic competencies, which may in turn decrease potential areas of conflict between parents and teachers. Likewise, it may be important to include children in some of these information procedures to provide children with additional perspectives about how they are functioning in the educational setting. Such discussions may provide children with developmentally appropriate feedback on strengths and weaknesses and motivation to improve in any needed areas. Incorporating parents’ perceptions of their children’s academic competencies in broader, standard educational assessments may also help calibrate expectations for children’s academic performance, highlight academic strengths and weaknesses, and suggest potential educational interventions to support children’s academic success.



Are There Differences in How Children’s Competencies Are Perceived Across Different Domains?

Inter-domain correlations tended to be smaller and less consistent than inter-rater correlations, and significant inter-domain disagreement emerged in the difference scores of children’s competencies of math, reading, music, and sports. Taken together, these results were consistent with our hypotheses, as well as the broader literature (Jacobs et al., 2002), that children would be perceived as more competent in core academic subjects (e.g., math and reading) than in extracurricular ones (e.g., music and sports). It is important to note consistent agreement between ratings of children’s math and reading competencies (except according to child report), supporting the strong links between math and reading abilities as well as the common cognitive skills underlying these competencies (Hart et al., 2009; Bornstein and Putnick, 2019). Additionally, ratings of children’s music competence were lower than ratings for their math, reading, and sports competencies. This finding may reflect a general lack of exposure to and practice with musical instruments in elementary schools in the United States (Wigfield et al., 1997). The lower ratings of children’s music competence may also reflect the fact that fewer questions assessing music competence are included in the CBTV, and therefore the music subscale may be missing some crucial aspects of children’s competencies in this domain (e.g., confidence in abilities, expectations for performance; see Appendix).

Dependent correlation tests also supported stronger associations between math and reading as compared to associations between the other domains. Stronger correlations were also revealed between music and sports, which are frequently seen as extracurricular activities, as compared to the other core academic domains. Children also consistently perceived reading and music as more strongly correlated than the other domains, and this was the only significant inter-domain correlation according to children’s reports (Table 2). Reading and music were often more highly related than other domains according to other reporters as well. This finding is supported by literature indicating a strong association between reading skills and the ability to discriminate musical sounds, as musical abilities often stem from well-developed phonemic awareness (Lamb and Gregory, 1993).

The bivariate analyses indicated differences among the four domains, but analyses comparing inter-domain correlation matrices highlighted more similarities, except between reading and music. Specifically, and consistent with the bivariate findings discussed above, associations were stronger for reading than for music competence, suggesting more consistency among reporters’ ratings of children’s reading competence than their music competence. This difference may again be attributable to the lack of exposure to music in elementary school (Wigfield et al., 1997) or to measurement differences.

It may not be surprising that more differences than similarities were noted in perceptions of children’s competencies across various domains, as children naturally demonstrate patterns of strengths and weaknesses (Bornstein and Putnick, 2019). However, the fact that more agreement was seen in core academic subjects as compared to extracurricular subjects suggests that children might require more support in and exposure to these areas. Agreement levels may also indicate that additional means of communicating about children’s competencies in special academic areas like music and sports is needed. Perhaps music teachers and sport coaches should be included in parent-teacher conferences, or other means of providing feedback to children and parents in these areas seems warranted. Taken together, the findings from the current study point to consistency in the strengths of the inter-rater associations among the four domains assessed and more variation in the inter-domain associations across the four reporters. Our results also highlight the need to consider additional methodological techniques (e.g., actual grades) to fully assess the degree of individual differences in reports of children’s academic competencies.



Strengths, Limitations, and Future Directions

The current study has several strengths, including a multi-reporter and multi-domain design to fully evaluate differences in reporters’ perceptions of children’s elementary school competencies in several arenas, domains which to date have not been examined in the literature on reporter agreement. We also extended our analyses beyond the bivariate level, thereby providing a methodological contribution to this literature. However, we also note several limitations to the current study. Our sample is relatively sociodemographically diverse, but it is not representative of the entire range of ethnic backgrounds; therefore, these findings may not generalize to other samples (e.g., minority populations). Child development and parenting are known to vary with ethnicity (Bornstein and Lansford, 2010; Bornstein, 2015; Murry et al., 2015); by including only European American families, we intentionally avoided the ethnicity-socioeconomic status confound that has vexed the existing literature and would also cloud our findings with respect to children’s competencies and parents’ and teachers’ perceptions (Bornstein et al., 2013; Jager et al., 2017). It is also not clear if the associations and disagreements documented in the current study would be observed in at-risk or clinical populations. For instance, differences in reports of children’s competencies may be even lower for children with intellectual and cognitive disabilities, as their functioning may be less variable and more readily known to both parents and teachers due to increased academic testing and accommodations.

Additionally, our measure of children’s competencies varied by the reporter and by the domain assessed in terms of the number and content of items (see Appendix). It is possible that the correlations obtained in the current study would be even stronger if the same numbers of items and similar contents had been used, as similarity in measurement may have reduced error and variation in ratings. It will be important for future studies to consider the impact of measurement differences on the degree of documented reporter disagreement. Furthermore, we cannot confirm or assume equal intervals between response options on the CBTV. Utilization of analytic techniques that relax this assumption, including many-facet Rasch models (which also evaluate severity across reporters; Myford and Wolfe, 2003), is warranted in future studies with the CBTV. We also did not have an objective measure of children’s academic competencies in the current study. Instead, the current study focuses on patterns in perceptions of children’s competencies across reporters and domains, providing a contribution to Eccles and colleagues’ EVT model (Wigfield and Eccles, 2000) of children’s functioning in educational settings.

Last, our study is cross-sectional as ratings of children’s competencies were only included at one point in time. It is important to consider that agreement in reports of children’s competencies may change over time, particularly given that child and parent reports tend to vary greatly from each other. Research also suggests that ratings of children’s competencies in math, reading, and sports decline across elementary school and then level off or even increase across the high school years (Jacobs et al., 2002). Consideration of these developmental differences is of paramount importance to understanding the extent and impact of reporter agreement and disagreement about children’s competencies. Examination of perceptions of academic competencies during adolescence (i.e., when students are in high school) is a particularly important direction for future research, as any discrepancies in these perceptions across reporters and domains may have significant implications for adolescents’ college readiness and career trajectories.



Implications

This study provided a novel look into perceptions of child competencies by children, mothers, fathers, and teachers. The mixed agreement found between reporters has implications for educational measurement, theory, and practice. Regarding measurement, does the high level of agreement among reporters suggest that different perspectives should be combined (as in a factor score) to make a more valid measure of child competence? Perhaps not. Mother and father reports were the most consistent in both mean level and rank order (although still not interchangeable), but we found several systematic differences between other reporters, suggesting that reporter differences are not simply a result of random error. Furthermore, recent work has shown that the unshared variance between reporters (which is usually relegated to the error term in a factor model) may be meaningfully predictive of child and dyad functioning (e.g., Jager et al., 2012). Consequently, the reporter of record should be chosen based on study goals.

Regarding theory, the moderate positive relations between perceptions of child math and reading competencies for mothers, fathers, and teachers, but not children, indicates that children may be more likely to use dimensional comparisons to inform their competence ratings about themselves, but adults (i.e., parents and teachers) ratings of children may not. Adults may be more likely to draw on a working model of general (g) intelligence that supports positive relations between math and reading competence (Furnham et al., 2002). A hierarchical model of intelligence, where various academic competencies load on a single general factor, has been supported in studies of child intelligence and performance (McGrew, 2009; Castejon et al., 2010; Bornstein and Putnick, 2019). Hence, adults may be more accurate reporters of child competencies than children themselves. Future research assessing the predictive validity of each reporters’ competence ratings are needed to validate this deduction.

Finally, regarding educational practice, our study suggests that success is in the eye of the beholder. Mothers and fathers tend to agree about children’s competencies across domains, but teachers and children have lower levels of agreement with one another as well as with parents. Reporters’ ratings of competence also vary by domain. Teachers, administrators, and school counselors should be aware of these differences in ratings of children’s competencies by reporter as well as domain. Assessing competence from multiple sources may provide the most well-rounded picture of child competence. Furthermore, ratings of children’s academic and school competencies may develop into inherent expectations and biases, which may alter how individuals perceive children’s long-term functioning in an academic setting. Such biased evaluations (both positive and negative, and by the self and others) are related to important long-term academic outcomes, including self-regulation, social bonding, and school achievement (Jussim and Harber, 2005; Leduc and Bouffard, 2017). Acknowledging that individual ratings of children’s academic competencies are but one piece of data that needs to be verified or calibrated with other data sources may help prevent the development of any biases or false expectations in children’s academic functioning.
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APPENDIX


TABLE A1.Items to assess child, mother, father, and teacher perceptions of children’s competencies in math, reading, music, and sports.
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The purpose of this research was to identify the presence of different school readiness profiles and to determine whether profiles could differentially predict academic growth. The Early Childhood Longitudinal Study: 2010-11 (ECLS-K: 2011) public data set was used, and participants were 14,954 first-time kindergarteners. The age of entering kindergarten ranged from 44.81 to 87.98 months with a mean of 76.13 months. In Study 1, a six-dimensional construct of school readiness was used: health, self-regulation, social and emotional development, language development, cognitive development, and approaches to learning. Results revealed 41 profiles with the top six school readiness profiles covering 85% of the sample: (1) Positive Development (28%); (2) Comprehensive At-Risk (24%); (3) Personal and Social Strengths (20%); (4) Cognitive and Language Strengths (5%), (5) Health Strength (5%); and (6) Cognitive, Personal and Social Strengths (3%). Study 2 examined whether school readiness profiles could predict children's reading and math achievement growth using growth curve models. Results showed that different school readiness profile membership had unique academic growth patterns and could predict academic growth above and beyond child and family background variables. Moreover, children with the Positive Development profile had higher academic achievement over time. Children with the Personal and Social Strengths profile had the largest growth rates. In sum, findings support the inclusion of self-regulation as another dimension of school readiness and the important role of personal and social skills in the development of reading and math achievement.

Keywords: school readiness, ECLS-K:2011, log-linear cognitive diagnostic models, growth curve models, academic achievement


INTRODUCTION

School readiness skills, including cognitive, social, attentional, and self-regulation skills, lay the foundation for future school success. Considerable research has demonstrated a link between kindergarten cognitive skills and later elementary school achievement (La Paro and Pianta, 2000; Bodovski and Farkas, 2007; Duncan et al., 2007; Claessens et al., 2009). Children entering kindergarten with stronger math and literacy skills tend to have higher math and reading achievement in later grades. There is also evidence that social skills, attention skills, and self-regulation skills are important predictors of academic and behavioral outcomes (La Paro and Pianta, 2000; Trentacosta and Izard, 2007; Claessens et al., 2009; Morgan et al., 2016). Furthermore, prosocial skills predict adult outcomes, such as high school graduation, college degree, and employment (Jones et al., 2015). Presumably, children who are able to regulate their emotions and attention have an easier time attending to academic tasks, which then promotes academic competence. In sum, there is a large body of research evidence demonstrating the importance of both cognitive and personal and social school readiness skills for future school and adult outcomes.

However, not all children enter kindergarten with the necessary school readiness skills. Using data from the Early Childhood Longitudinal Study (ECLS), Kindergarten Class of 1998–99, Wertheimer et al. (2003) estimated that 56% of the nation's young children, or 2.2 million, showed challenges in at least one key area of development before entering kindergarten. More recent data from the ECLS-K:2010-11 illustrated differences in school readiness skills across racial/ethnic groups (Mulligan et al., 2012). Accordingly, many suggest that improving children's school readiness through early childhood education (ECE) is key to reducing the racial achievement differences seen later in education (Heckman, 2006; Duncan et al., 2007). Specifically, publicly-funded early education programs have shown benefits for children who come from socioeconomically-disadvantaged backgrounds and minority children, and these programs help reduce the achievement gap over time (Lee, 2002; Magnuson and Waldfogel, 2016). Moreover, studies have shown that participating in high-quality preschool programs and early interventions can improve all children's health and development (Anderson et al., 2003; Puma et al., 2010).

Yet, while a large body of research supports investment in ECE, there is great disagreement and ambiguity around the underlying theory and conceptualization of school readiness goals within ECE (Snow, 2006; Pretti-Frontczak, 2014). The concept of school readiness has specifically been challenged as often being too narrowly focused on certain literacy and math skills. It has been argued that this narrow focus has led to policies and practices that actually undermine ECE (Pretti-Frontczak, 2014) and have deleterious effects on children with possible special needs (Carlton and Winsler, 1999). These critiques beg the question, what do we mean when we say children need to be ready for school? What skills, knowledge, and abilities are involved in school readiness? To inform interventions or programs that target school readiness skills, we need to better understand the construct of school readiness and its influence on children's later achievement.



SCHOOL READINESS THEORY AND RESEARCH


School Readiness Theoretical Framework

School readiness can be defined generally as the skills, knowledge, and abilities that children need to succeed in formal schooling, which, for most, begins at kindergarten (Snow, 2006). In the last 40 years, research on school readiness has produced many different theories and perspectives (Snow, 2006; Winter and Kelley, 2008). From a maturational perspective, readiness to learn depends on the child's skills and cognitive maturity level (Kagan, 1992). However, more recent perspectives have shifted to a holistic, multidimensional definition of school readiness, emphasizing the importance of personal and social skills and the roles of families and communities (e.g., Diamond, 2010). That is, children need to be ready for school, but schools and communities also need to be ready to support children's future success across multiple developmental domains (Elizabeth Graue, 1992; Pretti-Frontczak, 2014).

Although there is no consensus on an operational definition for school readiness, most researchers rely on the five domains developed by the National Education Goals Panel: health and physical development; emotional well-being and social competence; approaches to learning; communicative skills; and cognition and general knowledge (National Education Goals Panel, 1991). Recent frameworks continue to rely on these general domains and have expanded on them (e.g., U.S. Department of Health Human Services, 2015; Altun, 2018). Health and physical development refers to children's health and motor development that support engagement and learning in their environments. Emotional well-being and social competence refers to the development of key social skills and attitudes that help build and maintain positive relationships with others. Approaches to learning refers to children's attitudes, habits, and learning styles that characterize how they learn. Communicative skills refers to language and literacy skills that promote effective communication with others. Lastly, cognition and general knowledge refers to ways of thinking and acquiring knowledge that promotes learning. Each domain is a unique aspect of school readiness that needs to be measured and investigated (National Education Goals Panel, 1991).

In recent years, researchers have emphasized the importance of self-regulation in conceptualizing school readiness (Blair, 2002; Blair and Raver, 2015). Self-regulation is used broadly to describe aspects of emotion and behavior regulation that relies in part on development in the prefrontal cortex (Blair and Raver, 2015). In some frameworks, self-regulation is combined with approaches to learning as a general domain (e.g., the Early Childhood Learning and Knowledge Center). However, we argue that the former set of skills can be distinguished from the latter. Positive learning attitudes and beliefs (e.g., growth-mindset, motivation, creativity) are important predictors of child outcomes (Wigfield and Eccles, 2000; Grant and Dweck, 2003). But, these learning attitudes and beliefs are conceptually different from the ability to self-regulate one's emotions, behaviors, and attention in a way that is responsive to specific tasks and demands, which primarily connotes effortful control of cognition and behavior (Liew, 2012). Children can have positive learning orientations but still lack the ability to follow through, inhibit impulses, and focus on achieving goals. In this study, we were interested in investigating the unique contribution of self-regulation processes to children's school readiness ability, and how self-regulation interacts with other domains of school readiness.

Self-regulation offers an important addition to the conceptualization of school readiness because it addresses children's ability to attend to information, use it appropriately, and inhibit behavior that interferes with learning. However, like the broader concept of school readiness, theories and perspectives on self-regulation have focused on various priorities. Within the fields of early childhood and elementary education, three domains of self-regulation are most consistently studied: attentional flexibility, inhibitory control, and working memory (Blair, 2002; McClelland and Cameron, 2011; Lerner, 2015). Attentional flexibility is the ability to focus and shift attention. Working memory is the ability to work on and actively process information. Inhibitory control is the ability to inhibit prepotent responses and activate adaptive responses. Indeed, numerous studies have demonstrated positive social and academic outcomes for children who possess these abilities (e.g., Eiesnberg et al., 1997; Gilliom et al., 2002; Trentacosta and Izard, 2007; Welsh et al., 2010; Curby et al., 2015). For example, Trentacosta and Izard (2007) found that emotion regulation abilities were positively correlated with academic competence. In addition, Curby et al. (2015) found that preschooler's emotion regulation predicted their preliteracy skills. Children who can regulate their emotions may be more able to pay attention to academic tasks and therefore perform better academically. Thus, significant work suggests that school readiness outcomes are dependent on self-regulation abilities.



School Readiness and Academic Trajectories

Understanding the skills children need to support their early learning is important because children's academic trajectories are associated with the skills they have upon kindergarten entry. Previous studies found both main and interaction effects for school readiness skills on children's academic achievement in later grades. A large body of research demonstrates that kindergarten entry cognitive skills (e.g., literacy and mathematics skills) were positively related to later academic performance (McCoach et al., 2006; Duncan et al., 2007; Li-Grining et al., 2010). In contrast, findings on the predictive contributions of children's personal and social skills have been mixed. Some studies suggested no effects of social skills on standardized achievement outcomes (Duncan et al., 2007; Claessens et al., 2009; Romano et al., 2010). However, other studies provided evidence that self-control, approaches to learning (e.g., task persistence, attention), and executive functions contributed to standardized math and reading scores (Bodovski and Farkas, 2007; DiPerna et al., 2007; Li-Grining et al., 2010). Children's approaches to learning (when conceptualized as including self-control, persistence, and attentiveness) were also associated with linear increases in math and reading from kindergarten to fifth grade (Li-Grining et al., 2010).

Furthermore, beyond the main effects of personal and social skills on later academic achievement, there is evidence that personal and social skills interact with cognitive skills to predict later achievement. For example, Cooper et al. (2014) found that among children with low reading skills in kindergarten, those with higher social skills were more likely to have higher reading scores in fifth grade compared to those with lower social skills. Studies that classified children into different school readiness profiles based on the possession of certain cognitive and social skills found that school readiness skills interacted in distinct patterns to predict divergent achievement outcomes (Hair et al., 2006; Halle et al., 2012). Although they used different statistical methods, both Halle et al. (2012) and Hair et al. (2006) found that preschool children can be classified into four distinct profiles based on their strengths and challenges in the social-emotional, cognitive, approaches to learning, and health domains (e.g., profiles included cognitive strength and socio-emotional risk). Importantly, Hair et al. (2006) found that the profiles differentially predicted academic and social outcomes in early elementary school. Children who were classified as having a comprehensive profile (above average for health, socioemotional, language, cognition) were more likely to be rated as having better approaches to learning, self-control, and general health in first grade; they also scored better on standardized math and reading tests. Meanwhile, children in health risk and socio-emotional risk profiles scored the lowest on various outcomes measures (Hair et al., 2006). Overall, previous research provides evidence for school readiness as a multi-dimensional domain and indicates that school readiness profiles can differentially predict child outcomes. In this study, we extend the previous work to include self-regulation as a separate domain of school readiness skills to investigate its unique contributions within school readiness profiles.



Statistical Methods in School Readiness Studies

Traditionally, researchers used linear regression to demonstrate the main effects of school readiness skills on later academic performance (e.g., Duncan et al., 2007). However, as more school readiness skills are added to models, there could be interaction effects between school readiness skills (e.g., a model with four school readiness skills could result in 6 two-way, 3 three-way, and 1 four-way interaction effects) that would be difficult to interpret using linear regression. Therefore, recently, researchers started applying Latent Class Analysis (LCA; e.g., McCutcheon, 1987) in school readiness studies. LCA allows children to be classified into different school readiness profiles, where each profile illustrates a unique pattern of school readiness skills, accounting for the possible interaction effects among these skills. For example, Halle et al. (2012) used LCA to classify children into four profiles: cognitive strength, cognitive risk, approaches to learning strength, and socio-emotional risk. Similarly, Hair et al. (2006) identified four different school readiness profiles (i.e., comprehensive positive development, social/emotional and health strengths, social/emotional risk, and health risk) in the ECKS-K:1998 sample based on a five-dimensional construct of school readiness (physical well-being and motor development, social and emotional development, language development, cognitive and general knowledge, and approaches to learning). Results showed that children with comprehensive positive profiles (strengths in cognitive, health, social/emotional development) had better first-grade math and reading scores compared to those who were classified as at risk in any one area via OLS regression.

However, there is a need for research that uses more advanced statistical methods to identify both the main effects of school readiness skills and interactions between skills. For example, when using LCA to classify children into school readiness profiles, researchers applied several models with different numbers of profiles and compared the model fit indices [e.g., Bayesian information criteria (BIC), likelihood ratio test (LMR-LRT), and bootstrap likelihood ratio test (BLRT)], and the model with the best model fit statistics would be selected as the final model. Then, researchers named profiles by reviewing the patterns of profiles. Therefore, results depended heavily on model fit statistics and samples, which might be subjective and arbitrary. The use of such methods could pose challenges in deciding the number of school readiness profiles, labeling classes, and making inference across studies (Abenavoli et al., 2017). Also, the OLS regression used in previous studies cannot demonstrate the relationships between the school readiness profiles and children's academic trajectories, in terms of the initial status and growth rates (e.g., Hair et al., 2006).




CURRENT STUDY

Building from previous research, the present study aimed to extend current knowledge by (1) conceptualizing school readiness as a multi-dimensional construct that includes self-regulation skills in addition to the five previous dimensions that have been used (health, socioemotional development, language development, cognitive development, and approaches to learning), (2) applying Diagnostic Classification Models (DCMs; Rupp et al., 2010) to classify children into different school readiness profiles, and (3) adopting growth curve models (GCMs; e.g., Hoffman, 2015) to investigate the association between school readiness profile memberships and academic growth, above and beyond background variables.

This research was divided into two studies. Study 1 investigated the school readiness profiles of kindergarteners in the ECLS-K:2011 sample by adopting a six-dimensional construct of school readiness via DCMs. Study 2 investigated how school readiness profiles were associated with children's later academic achievement growth by fitting GCMs.


Study 1

Study 1 addressed the following research question: Using six dimensions of school readiness, what school readiness profiles exist among first-time kindergarteners in the ECLS-K:2011 cohort?


Method
 
Dataset

The current study used data from the Early Childhood Longitudinal Study-Kindergarten Cohort of 2010-2011 (ECLS-K:2011). The ECLS-K:2011 used a multistage probability sample design to select a nationally representative sample of U.S. children who attended kindergarten during the 2010-2011 school year. A total of six waves of data were released to the public (K-fall, K-spring, Grade 1-fall, Grade 1-spring, Grade 2-fall, and Grade 2-spring) when the current study was conducted. The ECLS-K:2011 provides nationally representative data on children's development, learning and performance at school. Background variables included family, school, and community characteristics, which provided opportunities to investigate the relations among these variables and children's development. More details about this database can be found in the user's manual of ECLS-K:2011 (Tourangeau et al., 2009).



Sample

In Study 1, only the first wave, fall of 2010 kindergarten data was used. The participants were limited to first-time kindergarteners to focus on children's status upon entering formal schooling, reflecting the current investigations' focus on school readiness. Also, children who were one of a set of twins were excluded to remove the potential of dependency within families. A total of 14,954 first-time kindergarteners were included in the data analysis (7,330 females, 7,591 males, and 33 with gender missing). The age of kindergarten entry ranged from 44.81 months to 87.98 months with a mean of 76.13 months. The racial/ethnic distribution of the sample was White (49.0%), African-American (12.8%), Asian (7.5%), Hispanic (24.5%), Others and Multi-Racial (6.1%) and missing (0.2%).



Measures

Table 1 shows the six dimensions of school readiness. The construct, variables, and the re-coding rules designed for the current study was based on previous research (i.e., Hair et al., 2006) and the authors' conceptual knowledge. See Appendix A in Supplementary Material for more details on the variables used.


Table 1. The construct of school readiness.
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Health. There were four indicators of health. Parents reported on the child's overall health using a scale from 1 to 4. Healthy weight was determined using guidelines from the Center for Disease Control and Prevention (e.g., 5th percentile to less than the 85th percentile) (National Center for Health Statistics, 2000). Low birth weight was defined as <5.5 pounds at birth. Premature was defined as more than two weeks before the due date.

Self-regulation. There were five indicators of self-regulation, which were five scale scores including cognitive flexibility scores measured by Dimensional Change Card Sort tasks (Zelazo, 2006), working memory scores measured by Numbers Reversed tasks (Woodcock et al., 2001), attentional focus scores and inhibitory control scores measured by Children's Behavior Questionnaire (Putnam and Rothbart, 2006), and self-control scores measured by Social Skills Rating System (Gresham and Elliott, 1990). Higher scores indicated higher ability in this area.

Social and emotional development. There were four indicators of social and emotional development. The scales were teacher report and were adapted from the Social Skills Rating Systems, measured on a scale from 1 (Never) to 4 (Very Often). Interpersonal skills measured children's ability to relate and interact with others. Externalizing problem behavior measured children's acting out behaviors. Internalizing problem behavior measured the presence of anxiety, loneliness, low self-esteem, and sadness. Finally, impulsive/overactive measured the presence of child behavior that was considered sudden or excessive given a certain situation.

Language and literacy development. There were six indicators of language and literacy development. Reading achievement scores were Item Response Theory (IRT)-scaled scores from an individually-administered standardized reading assessment. The assessment measured language use and literacy skills and was developed specifically for the ECLS-K study. Five items from the teacher-reported Academic Rating Scale–Language and literacy were also included. The scale included assessments of children's story comprehension, letter identification, reading, early writing behaviors, and print knowledge. Items were assessed using a scale from 1 (Not yet) to (Proficient).

Cognition and general knowledge. There were seven indicators of cognition and general knowledge. Mathematics achievement scores were IRT-scaled scores from an individually administered standardized mathematics assessment developed for the ECLS-K study. The assessment measured skills in conceptual and procedural knowledge and problem-solving in specific content areas (e.g., number sense, properties, and operations). Three items from the teacher-reported Academic Rating Scale–Mathematical were also included: sorting, ordering, and quantity relationships. Also, three items from the teacher-reported Academic Rating Scale–Science scale were used: observation skills, living and non-living things classification, and understanding of life science concepts. Items were measured on a scale from 1 (Not yet) to (Proficient).

Approaches to learning. There were five indicators of children's approaches to learning. Four teacher-report items measured how often children were: eager to learn, adaptable, persistent, and paid attention. One parent-report item measured children's creativity in work or play. All items were measured on a scale from 1 (Never) to 4 (Very often).

(Note: Correlations among all items used in the analyses can be found in Appendix A in Supplementary Material).



Statistical analysis

Diagnostic Classification Models (DCM; Rupp et al., 2010) was applied to classify children into different school readiness profiles, which provide some advantages over LCA used in the previous studies. Compare to LCA as an exploratory analysis model, DCMs are confirmatory latent class models, which can (1) provide an individual mastery status of each latent variable (mastery/non-mastery), often called the latent attribute in the DCM literature, and then (2) classify individuals into pre-determined latent profiles.

Each latent profile illustrates a distinct pattern of mastery status for all latent attributes. For example, suppose a total of 2 binary attributes (A1, A2) are measured, then, each individual will have two mastery statuses for each measured attribute (1 = mastery; 0 = non-mastery) and four possible latent profiles: A1 = (0,0), A2 = (1,0), A3 = (0,1), and A4 = (1,1). A1 represents non-mastery for all attributes; A2 represents mastery on Attribute 1 and non-mastery on Attribute 2; A3 represents mastery on Attribute 2 and non-mastery on Attribute 1, and A4 represents mastery on both Attribute 1 and Attribute 2. In general, when A binary attributes are estimated, a total of 2A possible latent profiles could be possible. Therefore, researchers know the number of latent profiles and the meaning of each latent profiles a priori. In contrast, the number and meaning of latent profiles provided by LCA were decided after conducting data analyses. Furthermore, model-based classifications in DCMs are more objective and relatively independently; results and interpretation could be compared across studies. Therefore, we chose to use DCM over LCA for these advantages.

A total of six school readiness skills were evaluated in the current study to either be on-track (mastery status) or be off-track (non-mastery status). Thus, there were up to 26 = 64 distinct school readiness profiles for six binary attributes, and we would know the pattern and meaning of each school readiness profile. Let 0 and 1 represent off-track and on-track for each subdomain. For example, pattern Ar=(0, 0, 0, 0, 0, 0) indicates that child r is off-track for all attributes, and pattern [image: image] indicates child r′ is on-track for the first two attributes but off-track for other attributes.

Data analyses proceed in two steps: First, the alignment between assessment items and school readiness attributes, also called Q-matrix, was specified by the second and third author of the current study by reviewing previous studies and items provided in the ECLS-K:2011 data set, which can be found in Appendix A in Supplementary Material.

Second, the Log-linear Cognitive Diagnosis Model (LCDM; Henson et al., 2009), the most general DCM, was applied to (1) determine the mastery status of attributes of individuals, and (2) classify individuals into different school readiness profiles. To achieve these two objectives, first, the item responsibility given by the school readiness profile membership was estimated through Equation (1). Second, the school readiness profile membership probabilities for all possible profiles were estimated through Equation (2) for individuals.

Last, the final school readiness profile for individuals was determined by using the maximum a posteriori (MAP) estimate, which was the largest probability of school readiness profile membership.

[image: image]

where, xr represents a vector of item responses from individual r, πic represents the certain item response probability for item i given school readiness profile c. So, Equation (1) expresses the probability of observing a vector of item response Xr of an individual is a function of the probability of observing a certain item response and the probability of being in the school readiness profile.

[image: image]

where, νc represents the probability of being school readiness c. Since each child is a member of one and only one school readiness profile. Such that, all school readiness profile probabilities are sum up to 1.

Both the item-level fit and test level-fit were evaluated in the current study. Posterior predictive model checking (PPMC, e.g., Rubin, 1984; Meng, 1994; Gelman et al., 1996) was used to assess the item fit. Results from the LCDM were used to simulate a new data set and then generate model-implied correlation coefficients between paired items. Then, the model fit was evaluated by inspecting the discrepancy between model-implied and data-implied correlation coefficients between paired items. Smaller discrepancy indicated better model data fit. In the current study, 0.15 was set as the cut-off value. Therefore, the absolute discrepancy ≤0.15 indicated acceptable model-data fit for a pair of items. The mean absolute difference for the item-pair correlations statistic (MADcor, DiBello et al., 2006) was the difference between the data-implied and the model-implied item correlation. For the sake of page limits, more details of estimation and model fit information of the LCDM can be found in Appendix B in Supplementary Material.

The data analysis was carried out using Mplus version 7.4 (Muthén and Muthén, 1998–2015) via maximum likelihood estimation.




Results
 
Model fit

Table 2 presents the proportion of fit and unfit pairs of items for each type of correlation coefficient. The results found 72% of pairs of items showed acceptable model-data fit based on our criteria. Regarding the test fit, MADcor is 0.053. Previous researchers suggested a MADcor value of 0.06 acceptable for the LCDM (e.g., Henson et al., 2009; Lei and Li, 2016). Therefore, the LCDM achieved acceptable model fit and it was plausible to interpret the results from the current LCDM (see Appendix C for more details of item parameter estimates and Appendix D for more details of model fit results in Supplementary Material).


Table 2. Summary for LCDM model fit statistics.
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Attribute classification

Results showed that the majority of the sample (85.17%) were classified into six school readiness profiles; 23 profiles had zero children, indicating no child showed these patterns of attributes; and 35 profiles had <3% of the sample, indicating these school readiness profiles were less likely to occur. A full description of all possible 64 attribute classifications can be found in Appendix E in Supplementary Material. Details of attribute reliability could be found in Appendix F in Supplementary Material.

Table 3 shows the proportion of the sample assigned to the top six profiles: (1) Positive Development profile included 28% of children who were on-track for all attributes, except health; (2) Comprehensive At-Risk profile included 24% of children who were off-track for all attributes; (3) Personal and Social Strengths profile included 20% of children who were off-track for health, language development, and cognitive development and on-track for self-regulation, social and emotional development, and approaches to learning; (4) Cognitive and Language Strengths profile included 5% of children who were on-track for language development and cognitive development but off-track for other attributes; (5) Health Strength profile included 5% of children who were only on-track for health; and (6) Cognitive, Personal and Social Strengths profile included 3% of children who were on-track for self-regulation, social and emotional development, cognitive development and approaches to learning but off-track for health and language development.


Table 3. Attribute classification results for the top six profiles.
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Discussion

Findings showed that three profiles represented 71.60% of the sample and the top six profiles represented 85.17% of the sample. Other than the inclusion of self-regulation, the top six profiles were conceptually similar to those found in previous studies that classified children as being on- or off-track for school readiness domains (e.g., Hair et al., 2006; Halle et al., 2012). These results indicate that personal and social skills appeared to cluster together. That is, children who were on-track for self-regulation were on-track for other personal and social skills while children who were off-track for self-regulation were off-track for other personal and social skills. Cognitive abilities were similarly clustered together. This clustering pattern provides some evidence that self-regulation could be considered a personal and social dimension of school readiness and reflects skills that operate similarly compared to other personal and social skills. Though, it can be considered its own dimension because there were profiles that only included self-regulation skills and those that included self-regulation skills with different combinations of school readiness skills (e.g., a profile with self-regulation mastery and cognitive mastery) (see Appendix E in Supplementary Material for a list of all possible profiles from the study).




Study 2

Study 2 addressed the following research question: How does school readiness profile membership predict growth in reading and math achievement from kindergarten to grade 2, after controlling for child demographic and background variables?


Method
 
Sample

Study 2 used a total of four waves of data1 from the sample used in Study 1. Table 4 presents the descriptions of samples of Study 2.


Table 4. Descriptive statistics of children demographic and background variables (N = 14,954).
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Measures

IRT scores of reading and math achievement assessments were used as outcomes in Study 2. In the ECLS-K:2011 data set, assessments were vertically linked to make it a longitudinal measure of growth in achievement. However, scores for different subject areas were not comparable to each other because of different numbers of questions and content. A set of children and family background variables were used as control variables, including ethnicity, children gender, children disability status, family poverty status, parent education level, single parent household, and mom's age at first birth. More details of these measures could be found in the user's manual for the ECLS-K:2011 (Tourangeau et al., 2009).



Statistical analysis

The Growth Curve Model (GCM) was used to analyze children's academic growth in reading and math achievement across time. After inspecting the growth trajectory for each subject across time (see Figure 1), both reading and math achievement showed linear growth trajectories across time, on average2. Therefore, a two-level linear growth model was adopted in the current study. A total of four waves of data, including kindergarten–fall, kindergarten–spring, grade 1–spring and grade 2–spring3 were used in the data analyses. At Level 1, individual's test scores were predicted by the length of his/her receiving formal education (in months). Also, a random intercept and a random slope of the time variable (the length of time in formal education) were assumed, meaning that each child could have his/her own initial level of the achievement at kindergarten entry as well as his/her own growth rates (Equation 3). At Level 2, a set of child and family background variables, as well as the school readiness profiles, were used as the predictors of Level 1 intercept and slope to investigate if school readiness profiles were associated with individual's academic growth above and beyond background variables (Equation 4 and 5). More details of GCMs can be found in Appendix G in Supplementary Material.
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In Equation (3), Yit, represents the test score for child i at time t, which can be expressed as a linear combination of a random intercept, β0i, which represents each child had his/her own initial starting point, and the product of a random slope, β1i, which represents each child had his/her own growth rates, and timing variable of child i, Timeti, which is the length of receiving formal education in months, and the time specific error, ϵit.


[image: Figure 1]
FIGURE 1. Data-implied average reading and math growth trajectory across time.


In Equations (4,5), a set of K time-invariant variables predicted the random intercept and random slope, which included child background and demographic variables and school readiness profile membership. γ00 is the Level 2 intercept for Level 1 intercept; γ01−γ0k are coefficients for time-invariant variables for the Level 1 intercept, representing the effects the time-invariant variables on the between-person variation in the intercept; and uoi is the Level 2 residual for Level 1 intercept. γ10 is the Level 2 intercept for the Level 1 slope; γ11−γ1k are coefficients for time-invariant variables for the Level 1 slope, representing the effects the time-invariant variables on the between-person variation in the slope; and u1i is the Level 2 residual for Level 1 slope.

The total R2, the squared correlation between the observed test scores and the test scores predicted by the model fixed effects was calculated to represent the variance explained by the time-invariant predictors. The pseudo-R2 value for the proportion reduction in each random effect variance was calculated to evaluate the effect size of adding school readiness profile membership into the model. Additionally, Log-likelihood values were used to evaluate the relative model fit. Smaller values indicate better model fit. Residual maximum likelihood (REML) was used in estimating and reporting all model parameters. Denominator degrees of freedom was estimated by using the Satterthwaite method (Satterthwaite, 1946). The significance of fixed effects was evaluated with univariate Wald tests. The GCM analysis was generated using SAS Studio via PROC MIXED (SAS Institution, 2016).



Unrepresentative samples and missing data

To provide national-level estimates, the current study used one sampling weight variable (W6C6P_20) provided by ECLS-K:2011 to account for the unrepresentativeness and missing data (Bernstein et al., 2014). This sampling weight variable adjusted for nonresponse associated with child assessment data from both kindergarten rounds, spring first grade and spring second grade, as well as parent data from fall kindergarten or spring kindergarten.




Results
 
Descriptive statistics

The descriptive statistics for child test scores, background, and demographic variables are presented in Table 4. For categorical variables, the first category was treated as the reference group in the GCMs. Continuous background and demographic variables were centered at the mean before entering into the GCMs.



Growth model results

Reading achievement growth Children's reading achievement scores across four measurement occasions were predicted from a set of child background and demographic variables as the baseline model (Reading Model 1). As shown in Table 6, 73.76% of the total variance in the reading achievement was explained by including the length of education, and child background and demographic variables. Table 6 presents the estimated coefficients, where the intercept and slope parameters represent the reading achievement and growth rates for the average child who was in all reference groups. Moreover, there was a negative covariance between the intercept and the slope, which indicates that a higher initial level of reading achievement was associated with a slower growth rate.

For Reading Model 1, in terms of time-invariant predictors, some factors were related with higher initial level of reading achievement, including being an Asian child, chronologically older children at kindergarten entry, females, higher family income, higher parent occupation prestige, and higher parental education level. Also, the following variables were associated with lower initial levels of achievement: disability status, poverty status, having a teenage mother, and living in a single-parent household. Results revealed that there was a negative relationship between intercept variance and slope variance, indicating that a higher initial level of reading achievement was associated with a lower growth rate. In addition, results found two types of factors that were related to the lower growth rate: (1) sociodemographic factors, including race (i.e., Black and Hispanic children had a lower growth rate), having a disability, and family income under the poverty threshold; and (2) factors associated with high initial level of reading achievement (i.e., Asian children, chronologically older children at kindergarten entry, and having parents with a higher education level).

In Reading Model 2, as shown in Table 5, school readiness profile membership was added as an additional predictor of the intercept and the linear slope. Profile membership was treated a dummy variable and the Comprehensive At-Risk profile was the reference group. Results found that the total cumulative R2 from Model 2 is R2 = 77.64%, approximately a 3.9% increase due to the addition of school readiness profile membership. In terms of the pseudo-R2, school readiness profile membership accounted for 26.00% of random intercept variance, 6.57% of random slope variance, and 0.84% of the residual variance. In addition, smaller negative Log-likelihood values in the Model 2 indicate that Model 2 fit the data better than Model 1. Intercept, slope, and coefficients of other time-invariant predictor estimates are presented in Table 6. Results showed all other profiles except for Health Strength profile had significantly higher initial reading level compared to Comprehensive At-Risk profile. Regarding to the growth rates, comparing to the reference profile, Positive Development profile, Cognitive and Language Strengths, and Health Strength profile had significantly lower growth rates, however, Personal and Social Strengths profile and Cognitive, Personal and Social Strengths profile had significantly higher growth rates.


Table 5. Summary of variance components estimates and model fit statistics for growth models.
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Table 6. Summary of fixed effect estimates in growth models.
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Figure 2 shows the data-implied growth trajectories for the top six school readiness profiles4, which illustrates the growth trajectories of reading achievement of the top six school readiness profiles. Children who had a Positive Development profile had higher initial reading levels and maintained that status over time. Children who were off-track for some cognitive attributes but on-track for personal and social attributes (Personal and Social Strengths) had lower initial reading achievement levels but eventually caught up to the reading achievement of children who were on-track for cognitive skills and language and literacy by the end of second grade (Cognitive and Language Strengths). Children who had less on-track attributes (Comprehensive At-Risk and Health Strength profiles) had a lower initial level and maintained that status over time.
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FIGURE 2. Data implied reading growth trajectories across top 6 profiles.




Math achievement growth

Similar to the analysis conducted for reading achievement, math achievement across four measurement occasions were first predicted from a set of child background and demographic variables as the baseline model (Math Model 1). Table 5 shows that 76.00% of the total variance in the math achievement was explained by including the education time and child background and demographic variables. Compare to the development of reading, there was a positive relationship between intercept variance and slope variance, indicating that a higher initial level of math achievement was associated with a higher growth rate.

For Math Model 1, regarding time-invariant predictors, results found several factors that were associated with a lower initial level of math achievement compared to the reference group: race (i.e., Black and Hispanic children had a lower initial level of math achievement), having a disability, having a parent with lower than a high school education, being from a single-parent household, and having a teenage mother. Other factors were found to be related with the higher initial level of math achievement: being an Asian child, high family income, having a parent with a college education and above, and having a parent with higher occupational prestige. Some factors were associated with a lower growth rate, including being Black or Hispanic, having a disability, family income under the poverty threshold, and single-parent household status. Also, females had lower growth rates even though females and males had the same initial level upon kindergarten entry. Similar to the results from the reading growth models, older age at kindergarten entry was also related to a higher initial math achievement level and a lower growth rate of math achievement.

In Math Model 2, school readiness profile membership was added as an additional predictor for intercept and slope. Profile membership was treated a dummy variable, and the Comprehensive At-Risk profile was the reference group. As shown in Table 5, a total of 79.45% of the total variance was explained, indicating a 3.50% increase in variance explained due to the addition of school readiness profile membership. Regarding the pseudo-R2, school readiness profile membership accounted for 25.39% of random intercept variance, 1.11% of random slope variance, and 0.51% of the residual variance. Furthermore, smaller negative Log-likelihood values obtained from Math Model 2 indicate that Math Model 2 fit the data better than Math Model 1. Table 6 shows the intercept, slope, and coefficients of other time-invariant predictor estimates of Math Model 2. Results showed Health Strength profile had significantly lower initial math level and all other profiles had significantly higher initial math level, compared to the Comprehensive At-Risk profile. Regarding the growth rate, comparing to the rerefence profile, Health Strength profile had significantly lower growth rates; in contrast, Personal and Social Strengths profile and Cognitive, Personal and Social Strengths profile had significantly higher growth rates.

As shown in Figure 3, similar results were found for the impact of school readiness profiles on the development of math achievement. Children in the Positive Development profile membership had higher initial achievement and maintained that status over time. At-risk profile membership (Comprehensive At-Risk and Health Strength profiles) was associated with lower initial achievement and maintained that status over time. However, children in the Personal and Social Strengths and Cognitive, Personal and Social Strengths profile caught up to their peers in the Cognitive and Language Strengths profile by the end of second grade, even though these children started behind their peers at kindergarten entry. The gap between children who were on-track for personal and social skills and children who were on-track for cognitive and language skills were closed over time as the former children demonstrated a higher growth rate compared to their peers starting around the spring semester of kindergarten.
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FIGURE 3. Data implied math growth trajectories across top 6 profiles.





Discussion

Results from Study 2 showed that school readiness profile membership could uniquely predict children's academic growth trajectories in both reading and math achievement, above and beyond child demographic and background variables. In other words, children's membership in different school readiness profiles could impact their academic growth. Furthermore, based on the data-implied growth trajectories for the top six profiles, children with the Positive Development profile entered kindergarten ahead and continued to perform higher than their peers, indicating the importance of children starting school with necessary school readiness skills. These findings were consistent with previous studies that show preschool cognitive skills could predict later academic achievement (e.g., Duncan et al., 2007; Pagani et al., 2010; Romano et al., 2010). However, it is notable that children who were on-track for personal and social attributes (e.g., self-regulation, social and emotional development, and approaches to learning) but off-track for cognitive attributes (e.g., language development, cognitive development) were able to catch up their peers by second grade in both reading and math achievement. Overall, these results provide evidence for the importance of personal and social skills in children's academic growth, as suggested by previous studies (e.g., Rimm-Kaufman et al., 2002; Bodovski and Farkas, 2007; DiPerna et al., 2007; Li-Grining et al., 2010). Additionally, findings support the inclusion of personal and social skills, including self-regulation, as components of school readiness that are important for children's continued academic achievement (Blair and Raver, 2015).





GENERAL DISCUSSION

The current study viewed school readiness as a six-dimensional construct, comprised of health, social and emotional development, language and literacy development, cognitive development, approaches to learning, and self-regulation. The inclusion of self-regulation in our conceptualization of self-regulation was based on theory (e.g., Blair and Raver, 2015) and empirical evidence of its contributions to later achievement (e.g., Trentacosta and Izard, 2007; Welsh et al., 2010). This research extended previous work (Hair et al., 2006; Halle et al., 2012) by including self-regulation as a distinct domain in assessing the relations between children's school readiness and later academic achievement and using more recent, advanced statistical methods.

Study 1 applied Log-linear Cognitive Diagnostic Model (LCDM) to classify children into up to 64 possible pre-defined school readiness profiles. This approach overcame the limitations of general Latent Class Models used in previous studies because the LCDM classified children in a confirmatory model, such that the number of school readiness profiles and the label of each school readiness profile were known before the data analysis. Results showed that 85% of children were classified into the top six profiles: Positive Development (28%), Comprehensive At-Risk (24%), Personal and Social Strengths (20%), Cognitive and Language Strengths (5%), Health Strength (5%), and Cognitive, Personal and Social Strengths (3%). Other than the inclusion of self-regulation, the top six profiles were conceptually similar to those found in previous studies that classified children as being on- or off-track for school readiness domains (e.g., Hair et al., 2006; Halle et al., 2012).

Identifying school readiness profiles is important because they indicate the key developmental areas that children need support before entering kindergarten. Further, the profiles can be used to understand how school readiness attributes may group or interact with each other to inform practice. Importantly, these profiles allow a conceptualization of school readiness strengths and “risk” based on children's knowledge and skills, rather than purely based on familial and social backgrounds. In other words, these profiles allow a conceptualization of school readiness risk that focuses on attributes early childhood educators and interventionists can intervene on.

Based on this conceptualization, school readiness intervention programs and programs that supplement general high-quality ECE could be tailored to the school readiness profile that children belong to. That is, rather than delivering a general school readiness intervention or program to a group of children deemed “at-risk” due to their socioeconomic status or other family characteristics, educators and interventionists could focus on tailoring school readiness-focused instruction and intervention to distinct domains and/or profiles of school readiness. If high-quality ECE is conceived as a Tier 1, universal support for children's school readiness, interventions and embedded instruction tailored to children's school readiness profile could be added as a Tier 2 support for children identified as belonging to a profile other than the global Positive Development profile. This reflects a tiered system of support that has already shown benefits for children identified to have developmental delays or disabilities (e.g., Greenwood et al., 2011). Future research could explore the feasibility and effectiveness of such tailored intervention based on school readiness profiles.

Study 2 identified the unique contribution of school readiness profiles to academic growth, above and beyond demographic and family variables. In general, children who were well prepared in the cognitive attributes had the highest performance over time. It is noteworthy that children who were not well prepared in cognitive attributes but well prepared in personal and social attributes (e.g., self-regulation, social and emotional development, and approaches to learning) started off with lower reading and math achievement compared to children on-track for cognitive skills, but they closed the gap with their peers by second grade. Moreover, children who were not well prepared in both cognitive and personal and social attributes had the lowest initial levels and maintained that status through second grade. These findings suggest that personal and social skills, such as self-regulation, social and emotional development, and approaches to learning, could help children with lower cognitive preparation catch up to their peers over time. These skills may be important because they help children attend to learning, regulate their emotions and behavior, learn and play with peers, and appropriately attend to and use new information. Previous studies suggested that self-regulation was positively related to the motivation and engagement for learning activities (e.g., Blair, 2002). Also, social and emotional competence could impact children's opportunities for learning by influencing the ways they interact with classroom adults and peers. Valiente et al. (2007, 2008) found that children with greater emotional regulation challenges were less likely to participate in class, were absent from school more often, and reported liking school less than their peers with greater emotional regulation. Thus, these growth trajectories indicate the importance of personal and social skills as contributors to school readiness and academic achievement.

Study 2 also indicated that self-regulation operates similarly compared to other personal and social attributes. We separated self-regulation as its own domain based on theory, and previous research indicates it does operate differently from other skills often grouped as approaches to learning. Specifically, research indicates that self-regulation supports academic achievement by reducing challenging behaviors that interfere with learning and improving interactions with other children (e.g., Montroy et al., 2014). Similarly, other research indicates that self-regulation may uniquely support attention and reasoning abilities (Blair et al., 2015). Thus, the growth trajectories identified in the present study in conjunction with the previous research indicate the significance of self-regulation as a distinct attribute that complements other personal and social skills to contribute to school readiness and academic achievement. Given the importance of personal and social skills for children's academic growth, particularly if a child is off-track on cognitive and language development, such skills should be treated as distinct abilities requiring specific instructional strategies, similar to the ways academic knowledge is divided into content areas. The present investigation represents one step toward further parsing out the specific personal and social skills that early childhood educators and interventionists can target to support children's school readiness.

In sum, results from Study 1 and Study 2 suggest that children can generally be characterized according to a six-dimensional conceptualization of school readiness that includes health, social and emotional development, language and literacy development, cognitive development, approaches to learning, and self-regulation. The present investigation also found that the particular combination of school readiness skills children possess upon kindergarten entry can impact their future growth and development, with personal and social skills allowing children to catch up if they start kindergarten behind their peers in cognitive and language development. The six-dimensional conceptualization of school readiness put forth by this study advances a more nuanced view of school readiness that accounts for the needs of the whole child rather than only academic or cognitive knowledge (Diamond, 2010). It is important that early childhood educators and other professionals are intentional in providing opportunities to develop children's school readiness skills, and defining these skills with more specificity can allow more targeted instruction and intervention. Early education programs should emphasize both cognitive, and personal and social skills as they prepare children for kindergarten as that dual focus could have lasting effects on children's academic achievement.



LIMITATIONS AND FUTURE STUDY

Although the ECLS-K:2011 data set is nationally representative, only a portion of the data was publicly available. The public data set provides scale scores for measures rather than the original item responses. Even though most measures had high reliabilities, we cannot exclude measurement error when applying the LCDM to classify children into different profiles. Future studies should analyze the item responses directly to get measurement-error-free estimates. Also, future studies can apply the same model to other cohorts of ECLS dataset to cross-validate the findings from the current study. The present study contributes to a growing body of literature arguing for the importance of self-regulation as a nuanced skill that significantly impacts children's academic achievement. Future research can build on these findings by continuing to explore the unique contributions of self-regulation to school readiness, including the specific mechanisms through which it impacts children's academic achievement. For example, future studies can look at different aspects of self-regulation (e.g., emotional and cognitive), and how they contribute to children's school readiness and academic achievement. Finally, future research could explore the feasibility and effectiveness of tailoring interventions to children's school readiness profiles. This might be done within the context of a response-to-intervention framework in which high-quality ECE is supplemented by targeted instruction based on children's school readiness profile. Considering the importance of both cognitive, and personal and social skills in children's academic achievement, early childhood educators should treat each skill as worthy of targeted support.
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FOOTNOTES

1kindergarten–fall, kindergarten–spring, grade 1–spring and grade 2–spring. Due to the sample design, only one-third of the original samples were selected in grade 1 – fall and grade 2 – fall, so, these two waves of data were not included in the GCMs.

2The average test scores were the saturated means, which was calculate by using Full Information Maximum Likelihood (FIML) to reduce the impacts of missing data at grade 1 – fall and grade 2 – fall.

3A total of six waves of data were available in the ECLS: K-2011 database, including kindergarten – fall, kindergarten – spring, grade 1 – fall, grade 1 – spring, grade 2 – fall, and grade 2 – spring. However, only a subsample (40%) of the total sample was selected for grade 1 – fall and grade 2 – fall data collection by design. So, only four waves of data were used in the current study to avoid the impacts of missing data.

4The average observed test scores.
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Introduction: Today’s adolescents live immersed in the digital world and are much more familiarized with the use of electronic devices. At the same time, the new technologies have become established as a powerful resource in teaching and learning, providing new texts where the limits of time and space are overcome. Digital creativity is part of people’s daily lives and must be developed from the school and family context.

Objective: The objective of this study was to analyze the relationship among digital creativity, parenting style, and academic performance.

Method: This analysis was carried out in a sample of 742 adolescents in Middle School and High School aged 13–19. Digital creativity was evaluated using the Creative Behavior Questionnaire: Digital (CBQD). The Parenting Style Scale was used to evaluate the perception teenage boys and girls who have the various dimensions of their parents’ educational style.

Results: Parenting styles were established as a mediating variable in the relationship between digital creativity and academic performance.

Conclusion: The roles of digital creativity, which is proposed as a facilitating tool in teaching, and parenting styles in academic performance for improving the family-school relationship are discussed.

Keywords: academic performance, adolescence, digital creativity, family-school relationship, parenting style


INTRODUCTION

The new technologies are considered a powerful resource in teaching and learning because they are providing new contexts where the limits of time and space are overcome. They facilitate collaboration, innovation, and creativity in individuals and organizations (Ala-Mutka et al., 2008). The quality of teaching today goes through recognition of the wide variety of stimuli and possibilities opened through the use of the new technologies. Youths, although they have beliefs about their level of competence in managing different virtual tools (García-Martín et al., 2014), have more knowledge in the use of social networks (Cabero-Almenara and Díaz, 2014).


What Is Digital Creativity?

Two different focuses on the study of creativity can be found in the literature. First, the more artistic or scientific side of creativity from the perspective of skills linked to music, dancing, painting, sculpture, literature, mathematics, and physics, where authors such as Amabile (1985), Gardner (1993), and Csikszentmihalyi (1996) and others have made enormous contributions. Second, studies on creativity from another perspective, a more everyday approach to creativity, do not require predominance of scientific skills or artistic abilities and are mainly the one in people’s daily lives. The studies by Richards et al. (1988) and Runco (2004) should be mentioned here. In this approach, everyday creativity has been defined as self-expression in daily activities, interpersonal style, professional activities, and daily problem solving (Richards et al., 1988; Torrance, 1988). Both types of creativity are moderately related to each other, since similar psychological processes are involved in not only both, but also different, as mentioned by Ivcevic (2007). Thus, everyone is considered to have a potential for creativity, which can be manifested in many ways, due partly to the plasticity of our brains (Sun et al., 2016); creative thought having been empirically found to fluctuate at different times, increasing in adolescence (Claxton et al., 2005; Kim, 2011).

At the present time, we are witnessing huge digital transformations in a globalized world where technological changes occur in a practically inappreciable time. The new adolescents grow up immerged in the digital world and are much more familiarized with the use of electronic devices (cell phones, computers, tablets, and consoles). Following this reasoning, digital creativity is part of the daily life of today’s youth and has been defined based on three main components: digital creative achievement, school-based everyday creativity, and self-expressive digital creativity (Hoffmann et al., 2016). Creative achievement actually refers to elements in which a person has achieved something with credibility. School-based everyday creativity usually includes elements of digital creativity, which the students may have done at school or for homework. Finally, self-expressive creativity is other creative efforts, which the students have made but have not usually received the same external validation as the creative achievement component. Thus, anyone can experience digital creativity. This study concentrates on school-based everyday creativity.

Some authors have suggested that the benefits of using the new technologies for teaching and learning depend on the learning approach used, teacher skills and coexistence in support settings for students and faculty (Ala-Mutka et al., 2008; Fernández-Batanero and Rodríguez-Martín, 2017), and being able to avoid maladjusted behavior that has been related to low academic performance (Pérez-Fuentes et al., 2011; Estévez et al., 2018). Concerning the focus on learning, some studies have demonstrated that if methodologies developing academic performance of the student (fluidity, flexibility, originality, and elaboration) are used from early ages, their academic performance improves (Guilford, 1950; Renzulli et al., 1986). Thus, we believe that creativity applied to the digital world can be a resource for teaching-learning that could increase academic performance of high school students. Based on this hypothesis, and keeping in mind that digital creativity is a novel subject, and therefore, little studied at the present time, one of the objectives of this study was to analyze school-based everyday creativity, as defined in the paragraph above, and its relationship with academic performance.



Dimensional Approach to Parenting Styles in Adolescent Development

Parenting style refers to how parents and their children act, behave, and relate to each other in any everyday situation. Since Baumrind (1968) distinguished among the authoritarian, permissive, and democratic parenting styles, much research has been done on its influence in the psychological adjustment of children and adolescents. Later, Maccoby and Martin (1983) differentiated a fourth parenting style, negligent parenting, and since then, numerous studies have tried to corroborate these findings from different perspectives and approaches.

The difference between dimensional and typological approaches in the study of parenting styles should also be mentioned. The dimensional approach, which is the subject of this study, and according to Oliva et al. (2007), is made up of six dimensions, which can explain the relationships of parents with their adolescent children and of children toward their parents: affect and communication (emotional nearness, support, harmony, and cohesion), promotion of autonomy (respect for the decisions of the minor through conversations where agreements are tolerated), behavioral control (set rules, limits, penalties, responsibilities, supervision, and monitoring of behavior), psychological control (lack of respect for individuality, intrusive control, manipulation, induction of guilt, emotional blackmail, or withdrawing affect), self-disclosure (spontaneous communication by the adolescent about activities, friends, and partner), and humor (relaxed aptitude, cheerful, and optimistic). Oliva et al. (2008) described three parenting styles according to the dimensions above: democratic parents (with high levels in all the dimensions mentioned except psychological control, medium levels in behavioral control), strict (strong behavioral, psychological, and affective control), strict (strong behavioral, psychological, and affective control), and indifferent (strong psychological control and weak in rest of dimensions).

There is quite good agreement among researchers on parenting styles that affect and communication have a primary role in adolescent adjustment (Oliva et al., 2008; Fuentes et al., 2015; Riquelme et al., 2018). Pelegrina et al. (2002) stated that affect and communication by parents are an indispensable condition for achieving adequate behavior in their children, optimum self-esteem and self-confidence. Psychological control, on the other hand, is considered independent of promoting autonomy (Silk et al., 2003), although related (Hauser-Kunz and Grych, 2013), especially when promotion of autonomy is understood as promotion of volitional functioning (Soenens and Vansteenkiste, 2010). Meanwhile, psychological control is associated negatively with psychological adjustment (Barber et al., 2012; Cui et al., 2014), in particular, among adolescents who have difficulties in regulating their emotions (Cui et al., 2014) and need psychological intervention (Ho et al., 2018). Although behavioral control by parents in adolescence usually prevents externalizing problems (Silk et al., 2003; Parra and Oliva, 2006; Ruiz-Hernández et al., 2018), the many possible combinations between the dimensions characterizing parenting styles mentioned above and the sensitivity of parents toward the adolescent’s own characteristics must also be kept in mind. In this direction, Oliva et al. (2008) found that when behavior control combines with self-disclosure, adolescent adjustment is more positive. Furthermore, other studies have found that the most effective monitoring favors spontaneous communication (self-disclosure) by adolescents toward their parents (Stattin and Kerr, 2000; Gracia et al., 2012; Jiménez-Iglesias et al., 2013). Other family functioning variables (among which are affect or fondness of members of the family) have also been associated with fewer externalizing problems (in particular with adolescent aggressive behavior) (Pérez-Fuentes et al., 2019).



Digital Creativity, Parenting Styles, and Academic Performance

In the review of previous research on the relationship between digital creativity and parenting styles, some studies showed significant positive correlations between a permissive style and creativity (Miller et al., 2012) and negative correlations between the authoritarian parenting style and creativity (Fearon et al., 2013). However, in the study by Jackson et al. (2011), affect and control by parents were not significantly related to the use of the new technologies or their children’s creativity.

Moreover, the relationship between parenting style and academic performance has been extensively studied from a psychoeducational perspective. Here we briefly comment on some of the most relevant results of studies reviewed. One previous study done by Pelegrina et al. (2002), on the typologies of parenting styles (democratic, permissive, authoritarian, and indifferent) and academic performance, with a sample of adolescents aged 11–15, revealed that children who perceived their parents as democratic or permissive had higher scores in academic areas. Later, Hernando et al. (2012) found results in the same direction, but in this case with regard to the different dimensions of parenting styles, such that the dimensions of behavior control and disclosure were significantly positively associated with academic performance, while psychological control and humor were negatively correlated. More recently, Rodríguez et al. (2018) found that the permissive style of both parents had a more positive influence on getting better grades and that both the permissive and democratic styles of father and mother were associated with stronger involvement at school. Other studies on how school and family can improve academic performance with digital methodologies and tools (Pérez-Fuentes et al., 2015) found that they improve academic motivation as a major part of learning and achievement behavior (González, 2018), to increase constructive thinking and psychological wellbeing (Quevedo-Aguado and Benavente, 2018).

Based on these empirical findings, the main objective of this study focused on the relationship between school-based everyday creativity and academic performance and the mediating role of parenting styles in this relationship. In addition to exploring the behavior of these variables in this sense, it also analyzed the predictive value of school-based everyday creativity and parenting styles for adolescent academic performance. In this respect, it was expected that parenting styles would exert a mediating effect on the relationship between school-based everyday creativity and academic performance in adolescence and that school-based everyday creativity and parenting styles would partially explain the academic performance of adolescents.




METHOD


Participants

The participants were selected by random sampling. Inclusion criteria were that the participants must be in high school, and exclusion criteria were not speaking the language well or having learning problems that caused them to be unable to answer the questionnaires on their own. This analysis was carried out in a total sample of 742 adolescents from five public middle schools and high schools (55.8 and 44.2%, respectively), in Almeria with aged 13–19 (M = 15.63; SD = 1.24). The sample of adolescents had a similar distribution of boys (46.7%) and girls (53.3%).



Instruments

Academic performance was measured based on ad hoc dichotomous yes/no questions on whether they had ever failed a subject or had ever repeated a year. Some authors use grade average as an optimum measure of academic performance (Lamas, 2015).


Everyday School-Based Activity

The Everyday School-Based Activity subscale of the Creative Behavior Questionnaire: Digital (CBQD) designed by Hoffmann et al. (2016) was used. The subscale is comprised of 10 items expressed on a Likert-type scale from 1 (never) to 5 (4 or more times). It is a self-reported measure of creative behavior at school. The CBQD has adequate reliability and validity (Hoffmann et al., 2016). In our sample for the School-Based Everyday Creativity Subscale, the Cronbach’s α was 0.625. Some examples of the items on this scale are: How many times in the last 3 months … Have you made presentations using PowerPoint, Prezi, KeyNote or others? How many times in the last 3 months … Have you made videos or movies using an app (a video app, for example)? How often in the last year, did you develop a blog or website for a class or a school project?



Parenting Style

The Parenting Style Scale (Álvarez-García et al., 2016) was used. This is an adaptation of the instrument designed by Oliva et al. (2007). It has 24 items referring to the adolescent’s perception of the educational style of their parents grouped in six dimensions: affect and communication, promotion of autonomy, behavioral control, psychological control, self-disclosure, and humor. In this study, the Cronbach’s α for each of the subscales was 0.843, 0.814, 0.687, 0.710, 0.800, and 0.817, respectively.




Procedure

The study was approved by the Bioethics Committee of the University of Almeria (Ref: UALBIO2018/015). In all cases, the ethical standards of research were compiled by using an informed consent sheet, and the ethical principles of the declaration of Helsinki were respected. To acquire the data, the management teams at the schools were contacted, and dates, schedules, and groups the instruments would be applied to were agreed upon.



Data Analysis

The study is a descriptive and correlational cross-sectional design. First, the correlation analyses were performed to explore the relationship between the variables, and the descriptive statistics were presented. For comparison of the fail/no fail subject and repeat/no repeat year groups, a Student’s t test was performed with the Cohen’s d for effect size estimation.

Then binary logistic regression models were estimated using the enter method. For this, the dependent variables in each case were Fail subject and Repeat year, with the dichotomous answer (yes/no). The predictor variables included were digital creativity (i.e., the School-Based Everyday Creativity Subscale) and parenting styles (Affect and communication, Promotion of autonomy, Behavior control, Psychological control, Self-disclosure, and Humor). The SPSS Statistical Package ver. 23.0 for Windows was used for data processing and analysis.

Finally, to perform the simple mediation analysis, the predictor variable was, in each case, having failed a subject or not and having repeated a year or not, respectively. In each case, as possible mediators, parenting styles that had resulted in involving the logistic equation were entered. For computation of the mediation models, the PROCESS macro for SSPS (Hayes, 2013) was used, applying bootstrapping with coefficients estimated from 5,000 bootstraps.




RESULTS


Digital Creativity and Parenting Style: Correlations and Descriptive Statistics

As shown in Table 1, school-based everyday creativity correlated positively with parenting styles: Affect and communication (r = 0.12, p < 0.01), Promotion of autonomy (r = 0.09, p < 0.05), Behavioral control (r = 0.10, p < 0.01), Self-disclosure (r = 0.19, p < 0.001), and Humor (r = 0.10, p < 0.01).



TABLE 1. Digital creativity and parenting styles. Correlations and descriptive statistics (N=742).
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Table 2 presents the means in school-based everyday creativity, and each of the parenting styles, when groups who had failed a subject and those who had never failed, was compared. As observed in the table, the students who had failed a subject (M = 2.28, SD = 0.53) scored significantly lower in creativity (t = −3.36, p < 0.01; d = 0.28) than the group who had not failed (M = 2.12, SD = 0.58). The differences between the two groups with regard to parenting styles were in favor of those who had never failed a subject, scoring significantly higher in Affect and communication (t = −4.27, p < 0.001, d = 0.35), Promotion of autonomy (t = −3.52, p < 0.001, d = 0.29), Behavioral control (t = −3.25, p < 0.01, d = 0.27), Self-disclosure (t = −5.14, p < 0.001, d = 0.42), and Humor (t = −2.41, p < 0.05, d = 0.20). The Psychological control style had significantly higher scores (t = 3.92, p < 0.001, d = 0.32) in the group who had suspended a subject (M = 9.45, SD = 3.08) than those who had not (M = 8.58, SD = 2.45).



TABLE 2. Digital creativity and parenting style. Descriptive statistics and t test by failed subject/repeated year.
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The comparison of repeaters/not repeaters with respect to school-based everyday activity, as observed in the table, showed that repeaters (M = 2.01, SD = 0.58) scored significantly lower (t = −3.93, p < 0.001, d = 0.36) than the group of non-repeaters (M = 2.22, SD = 0.56). In addition, by parenting styles, significant statistical differences were observed in which the repeaters (M = 9.69, SD = 3.21) had higher scores in the Psychological control style (t = 2.10, p < 0.05, d = 0.19) than non-repeaters (M = 9.06, SD = 2.84), whereas non-repeaters had higher mean scores in the Affect and communication (t = −3.48, p < 0.01, d = 0.32), Promotion of autonomy (t = −2.15, p < 0.05, d = 0.20), Behavioral control (t = −2.86, p < 0.01, d = 0.26), and Self-disclosure (t = −2.84, p < 0.01, d = 0.26) styles.



Logistic Regression Model: Fail a Subject

The dependent variable for logistic regression was having failed a subject or not. The predictor variables entered in the equation were school-based everyday creativity and parenting styles (Affect and communication, Promotion of autonomy, Psychological control, Self-disclosure, and Humor). These variables, the regression coefficients, standard error of estimation, Wald statistic, degrees of freedom, and associated probability, the partial correlation coefficient, and the cross-product ratio are shown in Table 3.



TABLE 3. Results derived from the logistic regression for the probability of failing a subject, by school-based everyday creativity and parenting style.
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The odds ratio or cross-product ratio found for each variable shows that (1) the risk of failing a subject is higher in adolescents whose parents’ educational styles are based on psychological control and humor and (2) school-based everyday creativity and behavior control and self-disclosure parenting styles are protective factors against the probability of failing a subject.

The overall fit of the model was (χ2 = 45.68; df = 7; p < 0.001) confirmed by the Hosmer-Lemeshow test (χ2 = 7.77; df = 8; p = 0.455). The Nagelkerke R2 showed that 10.5% of the variability in the response variable was explained by the logistic regression model. Based on the classification table, a probability of the logistic function being correct was 68.3%, with a false positive rate of 0.843 and a false negative rate of 0.92.



Logistic Regression Model: Repeat Year

In this case, to perform the logistic regression, the dependent variable was having repeated a year or not, while the predictor variables entered in the equation were, as in the previous model, school-based everyday creativity and the parenting styles. It may be observed in Table 4 that the odds ratio found for each variable revealed that (1) adolescents who scored higher in school-based everyday creativity and whose parents/guardians had a parenting style based on affect and communication have a lower risk of repeating a year, or in other words, these two variables would be acting as protective factors against the probability of repeating and (2) concerning risk factors, control psychological as a parenting style would be significantly involved in the logistic equation.



TABLE 4. Results derived from the logistic regression for the probability of repeat year, according to everyday creativity and parental styles.
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Overall fit (χ2 = 29.20; df = 7; p < 0.001) was confirmed by the Hosmer-Lemeshow test (χ2 = 11.12; df = 8; p = 0.195), while the Nagelkerke R2 coefficient showed that 7.8% of the variance was explained by the logistic regression model. Based on the classification table, probability of the logistic function being correct was 80.7%, with a false positive rate of 0.004 and a false negative rate of 0.



Mediation Models

Based on these results, we felt the need to find out whether certain parenting styles could be mediating in the relationship between failing a subject/repeating a year and the level of school-based everyday creativity. Therefore, simple mediation models were computed, including the parenting styles involved in the corresponding logistic equation as mediators in each case.

Figure 1 shows the mediation models taking fail a subject or not as the independent variable (X). In this case, the behavioral control (M1), psychological control (M2), self-disclosure (M3), and humor (M4) parenting styles were entered as possible mediators on the effect in school-based everyday creativity (Y).

[image: Figure 1]

FIGURE 1. Mediation model for parenting styles on the relationship between failing a subject and school-based everyday creativity. *p < 0.05; **p < 0.01; ***p < 0.001.


In the first place, a significant relationship was observed between failing a subject (X) and parenting styles (M): B_C [B = −0.62, p < 0.01], P_C [B = 0.86, p < 0.001], S_D [B = −1.35, p < 0.001], and HU [B = −0.44, p < 0.05]. Estimation of direct effects X → Y showed significance of failing a subject on school-based everyday creativity (Y) in each of the models computed: B_C [B = −0.14, p < 0.01], P_C [B = −0.15, p < 0.01], S_D [B = −0.11, p < 0.05], and HU [B = −0.15, p < 0.01]. Furthermore, estimation of M → Y found significant effects on school-based everyday creativity (Y) in three parenting styles (M): B_C [B = 0.02, p < 0.05], S_D [B = 0.02, p < 0.001], and HU [B = 0.02, p < 0.05].

With the analysis of indirect effects (X → M → Y) with bootstrapping, significance was found in three of four models computed: B_C [B = −0.01, SE = 0.007, 95% CI (−0.031, −0.002)], S_D [B = −0.04, SE = 0.012, 95% CI (−0.069, −0.018)], and HU [B = −0.009, SE = 0.006, 95% CI (−0.027, −0.000)].

Figure 2 presents the mediation models with repeat year or not (X) as the independent variable. In this case, the Affect and communication (M1) and Psychological control (M2) parenting styles were entered as possible mediators on the effect in school-based everyday creativity (Y).

[image: Figure 2]

FIGURE 2. Mediation model of parenting styles on the relationship between repeating a year and school-based everyday creativity. *p < 0.05; **p < 0.01; ***p < 0.001.


In the first place, significant relationships were observed between repeating a year (X) and parenting styles (M): A_C [B = −1.01, p < 0.001] and P_C [B = 0.68, p < 0.05]. The estimation results of the direct effects (X → Y) revealed the significant relationships of repeating the year (X) on school-based everyday creativity (Y), in computation of both models: A_C [B = −0.18, p < 0.01] and P_C [B = −0.19, p < 0.001]. The estimation of the M → Y effects found a significant effect of the A_C parenting style [B = 0.02, p < 0.05] on school-based everyday creativity.

Finally, with the analysis of the indirect effects (X → M → Y) with bootstrapping, significance was found in the model that took the A_C [B = −0.02, SE = 0.010, 95% CI (−0.047, −0.003)] parenting style as the mediator.




DISCUSSION

Based on the pioneering study by Hoffmann et al. (2016) on digital creativity and its conceptualization in the school, in this study we analyzed the relationship among school-based everyday creativity, parenting styles, and academic performance. Our first conclusion is that parenting styles have a relevant role in school-based everyday creativity and academic performance. These main results are discussed below.

First, with respect to the relationship between parenting style and digital creativity, our results showed that adolescents who perceived that their parents had a more democratic relational style, although with higher scores in behavior control, had better results in school-based everyday creativity. In this sense, other researchers, analyzing creativity from a perspective other than digital, have also found significant correlations between young people’s perception of high affect in parenting style and the perception of possessing personal characteristics and creative thinking styles (Miller et al., 2012), pointing in the same direction as our data. In another direction, a study by Fearon et al. (2013) with Jamaican students and their parents found the high level of control, which characterized the authoritarian parenting style to be associated with lower levels of creativity. On the other hand, in the study by Jackson et al. (2011), parental behavior in the dimensions of affect and control (measured through the perception of parents and adolescents) did not significantly correlate with the use of new technologies, or with their child’s creativity, which was measured using the Torrance Creative Thinking Test. With respect to the dimension of parental control, these results could be due to the lack of differentiation by the researchers between the dimensions of behavioral and psychological control in measuring parenting styles, so that in other studies, psychological control, which has been associated with adolescent adjustment problems (Parra and Oliva, 2006; Barber et al., 2012), would have been measured instead of behavioral control. Second, concerning the comparison of academic performance and digital creativity, our data showed that those students who did not fail a subject or who had not repeated a year scored higher on school-based everyday creativity. Other researchers have reported similar findings, emphasizing the positive role of the use of creative methodologies as facilitators of more significant student learning (Guilford, 1950; Renzulli et al., 1986; Limiñana et al., 2010). Third, with regard to the parenting style and academic performance, we found that the perception of psychological control by adolescents was a risk factor, for both failing a subject and repeating a year. Furthermore, perceived humor in the figure of the parents also contributed to failing a subject, and along with the perception of psychological control may allow ways of parental relating to be seen that do not respect the individualism of the child, forms of relating that have also been associated with low self-esteem (Silk et al., 2003). Other studies have reported similar results (Hernando et al., 2012). Apart from that, in the study by Pelegrina et al. (2002), the perception of democratic and permissive styles by adolescents correlated positively with academic performance, but the perception of parental control did not relate negatively with academic performance, perhaps again because behavioral and psychological control were not differentiated. The results of the study by Rodríguez et al. (2018) support those results.

Fourth, the objective of developing an explanatory model for academic performance based on variables such as digital creativity and parenting styles was met in a logistic regression analysis. The results of that analysis reflected school-based everyday creativity as a factor that can promote adequate academic performance, with other parental variables relevant for not failing a subject, such as the behavioral control and self-disclosure parenting style dimensions, and the affect and communication parenting style dimension for not repeating the year. The model explained 10.5 and 7.8% of adolescent academic performance, respectively. Therefore, both school-based everyday creativity and behavioral control and self-disclosure, on one hand, and the affect and communication parenting style, on the other, contributed to explaining part of adolescents’ academic performance. These variables could probably have explained an even larger proportion of academic performance if the teachers had employed more active teaching learning methodologies. However, most of the schools still use a traditional teaching-learning methodology involving psychological processes, which do not promote creativity, but, on the contrary, limit its development. Other studies have emphasized the preponderant role of creative digital methodologies as a significant facilitating tool for classroom teaching and learning, leading to improved digital competence from an innovative perspective (Guilford, 1950; Renzulli et al., 1986; Ala-Mutka et al., 2008; Limiñana et al., 2010; Fernández-Batanero and Rodríguez-Martín, 2017), making use this way of the high creative potential of the adolescent, which is greater than in other stages of development (Claxton et al., 2005; Kim, 2011).

Fifth, the new analyses performed in this study on the mediating role of parenting style in the relationship between school-based everyday creativity and academic performance revealed that the association between school-based everyday creativity and failing a subject was mediated by the perception of parenting styles (high behavioral control, high self-disclosure, and low psychological control). Furthermore, the relationship between school-based everyday creativity and repeating a year was mediated by the perception of parenting styles with high doses of communication and affect and low psychological control in parent-child interaction.

Among the limitations of this study is its cross-sectional design, which could be completed with longitudinal studies contributing to generalization of the results. Another possible limitation has to do with the fact that the parenting styles were evaluated based only on the perceptions of the adolescents, and other contributions could be added, such as those of teachers and parents. Based on all of the above, more studies are required to enlarge these first results on digital creativity in the school and that include new variables referring to the adolescent, the family, and teachers.



CONCLUSIONS

In view of the above, the results of this study enable two broad conclusions to be arrived at for a possible intervention proposal. It was concluded that parenting styles have a relevant role in developing digital creativity in the school and its relationship with academic performance in adolescence. Therefore, the data suggest that the family continues to play a relevant role as an educating agent in this stage of development, and above all, the parents’ educational style. Thus, the perception of adolescents of a parenting style characterized by high affect and communication, high behavioral control, low psychological control, and high self-disclosure predicts better academic performance in adolescence. This result is important from the point of view of educational intervention to the extent that it demonstrates that intervention with families must be a priority objective of secondary education teachers. Thus, the school could take action with the family in participative, individualized counseling sessions, where teachers can advise the families based on their real needs or interests, with simple, plausible educational patterns contributing to the adolescent’s positive development. Educational projects could also be carried out that include parenting workshops and activities, thereby favoring and improving the family-school relationship.

Considering that the more traditional teaching methodologies and evaluation systems cannot faithfully include adolescent digital creativity, it is concluded that digital creative methodologies must be developed as a significant facilitating tool of classroom teaching and learning for the main goal of improving adolescent academic performance, by applying digital creativity to the school environment. This type of methodology could also be widened to the family environment.

As a future line of research, the educational implications of digital creativity in adolescent development could continue to be studied, including new variables in the design, such as self-concept or self-esteem, agreeableness, and self-efficacy, and in any case, involved directly with personal development. The study of digital creativity could also be widened by adapting the instrument to other contexts and populations.
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Academic performance is among the several components of academic success. Many factors, including socioeconomic status, student temperament and motivation, peer, and parental support influence academic performance. Our study aims to investigate the determinants of academic performance with emphasis on the role of parental styles in adolescent students in Peshawar, Pakistan. A total of 456 students from 4 public and 4 private schools were interviewed. Academic performance was assessed based on self-reported grades in the latest internal examinations. Parenting styles were assessed through the administration of the Parental Bonding Instrument (PBI). Regression analysis was conducted to assess the influence of socio-demographic factors and parenting styles on academic performance. Factors associated with and differences between “care” and “overprotection” scores of fathers and mothers were analyzed. Higher socio-economic status, father’s education level, and higher care scores were independently associated with better academic performance in adolescent students. Affectionless control was the most common parenting style for fathers and mothers. When adapted by the father, it was also the only parenting style independently improving academic performance. Overall, mean “care” scores were higher for mothers and mean “overprotection” scores were higher for fathers. Parenting workshops and school activities emphasizing the involvement of mothers and fathers in the parenting of adolescent students might have a positive influence on their academic performance. Affectionless control may be associated with improved academics but the emotional and psychosocial effects of this style of parenting need to be investigated before recommendations are made.
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INTRODUCTION

Despite residual ambiguity in the term, definitions over time have identified several elements of “academic success” (Kuh et al., 2006; York et al., 2015). Used interchangeably with “student success,” it encompasses academic achievement, attainment of learning objectives, acquisition of desired skills and competencies, satisfaction, persistence, and post-college performance (Kuh et al., 2006; York et al., 2015). Linked to happiness in undergraduate students (Flynn and MacLeod, 2015) and low health risk behavior in adolescents (Hawkins, 1997), a vast amount of literature is available on the determinants of academic success. Studies have shown socioeconomic characteristics (Vacha and McLaughlin, 1992; Ginsburg and Bronstein, 1993; Chow, 2000; McClelland et al., 2000; Tomul and Savasci, 2012), student characteristics including temperament, motivation and resilience (Ginsburg and Bronstein, 1993; Linnenbrink and Pintrich, 2002; Farsides and Woodfield, 2003; Valiente et al., 2007; Beauvais et al., 2014) and peer (Dennis et al., 2005), and parental support (Cutrona et al., 1994; Sanders, 1998; Dennis et al., 2005; Bean et al., 2006) to have a bearing on academic performance in students.

The influence of parenting styles and parental involvement is particularly in focus when assessing determinants of academic success in adolescent children (Shute et al., 2011; Rahimpour et al., 2015; Weis et al., 2016; Checa and Abundis-Gutierrez, 2017; Zhang et al., 2019). The influence may be of significance from infancy through adulthood (Steinberg et al., 1989; Weiss and Schwarz, 1996; Zahedani et al., 2016) and can be appreciated across a range of ethnicities (Desimone, 1999; Battle, 2002; Jeynes, 2007). Previously, the authoritative parenting style has been most frequently associated with better academic performance among adolescent students (Steinberg et al., 1989, 1992; Deslandes et al., 1997, 1998; Aunola et al., 2000; Adeyemo, 2005; Checa et al., 2019), while purely restrictive and negligent styles have shown to have a negative influence on academic performance (Hillstrom, 2009; Parsasirat et al., 2013; Osorio and González-Cámara, 2016). Parenting styles have also been linked to academic performance indirectly through regulation of emotion, self-expression (Deslandes et al., 1997; Weis et al., 2016), and self-esteem (Zakeri and Karimpour, 2011).

Significant efforts have been made to explore and integrate factors which influence parenting stress and behaviors (Belsky, 1984; Abidin, 1992; Östberg and Hagekull, 2000). A number of factors, including parent personality and psychopathology (in terms of extraversion, neuroticism, agreeableness, depression and emotional stability), parenting beliefs, parent-child relationship, marital satisfaction, parenting style of spouse, work stress, child characteristics, education level, and socioeconomic status have been highlighted for their role in determining parenting styles (Belsky, 1984; Simons et al., 1990, 1993; Bluestone and Tamis-LeMonda, 1999; Huver et al., 2010; Smith, 2010; McCabe, 2014). Studies have also highlighted differences between fathers and mothers in how these factors influence them (Simons et al., 1990; Ponnet et al., 2013).

Insight into determinants of academic success and the role of parenting styles can have significant impact on policy recommendations. However, most existing data comes from western cultures where individualistic themes predominate. While some studies highlight differences between the two (Wang and Leichtman, 2000), evidence from eastern collectivist cultures, including Pakistan, is scarce (Masud et al., 2015; Khalid et al., 2018).

The aim of this study is to identify the determinants of academic performance, including the influence of parenting styles, in adolescent students in Peshawar, Pakistan. We also aim to investigate the factors affecting parenting styles and the differences between parenting behaviors of father and mothers.



MATERIALS AND METHODS

The manuscript has been reported in concordance with the STROBE checklist (Vandenbroucke et al., 2014).


Study Design

A cross sectional study was conducted by interviewing school-going students (grades 8, 9, and 10) to assess determinants of academic grades including the influence of parenting styles.



Setting

The study took place in the city of Peshawar in Pakistan at eight schools, four from the public sector and four from the private sector. The data collection process began in January 2017 concluded in December 2017.



Study Size

The prevalence of high grades (A and A plus) among adolescent students was between 42.6 and 57.4% in a previous study (Cohen and Rice, 1997 #248). Based on this, a sample size of 376 students was calculated to study the determinants of high grades in adolescent students with a confidence level of 95%. Assuming a non-response rate of approximately 20%, we decided to target 500 students from four public and four private schools. A total of 456 students participated in our study.



Participants


Inclusion Criteria

From the eight schools which provided admin consent to conduct the study, students enrolled in grade 8, 9, or 10 were invited to take part in the study. Following consent from the parents and assent from the student, he or she was included in the study.



Exclusion Criteria

Any student unable to understand or fill out the interview pro forma or questionnaire independently.



Data Sources and Measurement

Data was collected through a one on one interaction between each student and the data collector individually. The following tools were used.


Demographic pro forma (Supplementary Datasheet 1)

A brief and simple pro forma was structured to address all demographic related variables needed for the study.



Parental Bonding Instrument (PBI) (Supplementary Datasheet 2)

The original version of the Parental Bonding Instrument (Parker et al., 1979), previously validated for internal consistency, convergent validity, satisfactory construct, and independence from mood effects in several different populations, including Turkish and Chinese (Parker et al., 1979; Parker, 1983, 1990; Cavedo and Parker, 1994; Dudley and Wisbey, 2000; Wilhelm et al., 2005; Murphy et al., 2010; Liu et al., 2011; Behzadi and Parker, 2015), was employed in our study. This tool, composed of 25 questions, assesses parenting styles as two independent measures of “care” and “control” as perceived by the child. It is filled out separately for the father and the mother. It is available online for use without copyright. The use of PBI has been validated for British Pakistanis (Mujtaba and Furnham, 2001) and Pakistani women (Qadir et al., 2005). A paper by Qadir et al. on the validity of PBI for Pakistani women, reports the Cronbach alpha scores to be 0.91 and 0.80 for the “care” and “overprotection” scales, respectively (Qadir et al., 2005).

The demographic pro forma and the parental bonding index were translated into Urdu by an individual fluent in both languages and validated with the help of an epidemiologist and two experts in the field (Supplementary Datasheet 3). Pilot testing of translated versions was done with 20 students to ensure clarity and assess understanding and comprehension by the students. Both versions for the two tools were provided in hard copy to each student to fill out whichever one he/she preferred. The data collector first verbally explained the items on the demographic pro forma and the PBI to the student following which the student was allowed to fill it out independently.



Variables

Using the data sources mentioned above, data was collected for the following variables.


Student Related

Gender, type of school (public or private), class grade (8th, 9th, and 10th) and academic performance.

In Pakistan, public and private schools may differ in several aspects including fee structures, class strength and difficulty levels of internal examinations, with private schools being more expensive, with fewer students per classroom, and subjectively tougher internal examinations.

The academic performance was judged as the overall grade (a combination of all subjects including English, Mathematics and Science) in the latest internal examinations sat by the student as A+, A, B, C, or D.



Family Related

Family structure and type of accommodation (rented or owned).



Parent Related

Information on living status, education level, employment status, employment type and parenting styles was obtained from the student separately for the father and mother.



Quantitative Variables


Academic Performance

The grades A+, A were categorized as “high” grades and grades B, C, and D were categorized as “low” grades.



Socio-Economic Status

We used variables which adolescent students are expected to have knowledge of to calculate a score which categorized students as belonging to either a high or low socioeconomic status. The points assigned to each variable are show in Table 1.


TABLE 1. Calculation of an estimated socioeconomic status.

[image: Table 1]


Parenting Styles

The PBI is a 25 item questionnaire, with 12 items measuring “care” and 13 items measuring “overprotection.” All responses have a 4 point Likert scale ranging from 0 (very unlikely) to 3 (very likely). The responses are summed up to categorize each parent to exhibit low or high “care” and low or high “overprotection.” Based on these findings, each parent can then be put into one of the 4 quadrants representing parenting styles including “affectionate constraint,” “affectionless control,” “optimal parenting,” and “neglectful parenting.” This computation is explained in Figure 1 obtained from the information provided with the PBI (Parker et al., 1979).
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FIGURE 1. Assigining parenting styles using the PBI (Parker, 1979 #192).




Bias

Students were allowed to fill in the pro forma and questionnaire independently to avoid bias during the data collection process. However, self-reporting of grades in latest examination may be subject to recall bias.



Statistical Methods

Statistical analysis was performed using SPSS v.23 (IBM Corp., Armonk, NY, United States). Descriptive analyses were conducted on all study variables including socio-demographic factors and parenting styles. Categorical variables were reported as proportions and continuous variables as measures of central tendency. All continuous variables were subjected to a normality test. Mean and median values were reported for variables with normally distributed and skewed data, respectively.

The summary t-test was used to study the differences between mean “care” and “overprotection” scores of fathers and mothers. The independent sample t-test was used to study the factors associated with “care” and “overprotection” scores of fathers and mothers. Threshold for significance was p = 0.05.

The determinants of high grades including the influence of parenting styles were assessed using regression analysis. The outcome variable, student grades, was treated as binary (high grades and low grades). The threshold for statistical significance was p = 0.05. Crude Odds Ratios were adjusted for gender, school type, socioeconomic status, family structure, class grade, parents’ employments and education status.



Ethics Statement

The study was approved by the Ethical Committee of the Khyber Medical University, Advance Studies and Research Board (KMU-AS&RB) in August 2016. Identifying information of students was not obtained. Permissions were obtained from the relevant authorities in the school administration before approaching the students and their parents. Written consent was obtained from the parents through the home-work diary of the students and verbal assent of each student was obtained.



RESULTS


Participants and Descriptive Data

A total of 456 students were interviewed, with 249 (54.6%) males and 207 (45.4%) females. The majority (52.5%) were students of grade 8. Despite including an equal number of public and private schools, 63.6% of the students belonged to a public sector school. The reason may be due to the larger class strength in public schools in comparison to private schools. The nuclear family structure was dominant (64.3%), with most students living in rented accommodation (70.4%) with 42.8% reporting to have obtained high grades (A plus or A) in their latest internal examinations (Table 2).


TABLE 2. Participant and descriptive data.

[image: Table 2]Majority of the students had both parents alive at the time of the interview. While all students’ mothers were alive, 14 students reported their father to have passed away. Surprisingly, only 46% of the students were able to report their father’s level of education compared to 99.5% for their mother. 9.2% of students reported their father to have an education level of grade 12 or above compared to 26% regarding their mother’s qualification. This was in contrast to 90% of the fathers being employed compared to only 11% of the mothers (Table 2).

A Total of 257 (56%) students reported their mother to exhibit a high level of “care” vs. only 9 (2%) students reporting the same for their father. In terms of “overprotection,” 343 (75%) and 296 (65%) students reported a high level for their father and mother, respectively. Based on combinations of these measures, the most common parenting style for both fathers (73%) and mothers (35%) was affectionless control and the least common for fathers was optimal parenting (0%) and neglectful parenting for mothers (9%). 121 (26%) students had both parents with the same parenting style, with 23% students having both parents show affectionless control and not a single student with both parents showing optimal parenting (Figure 2).


[image: image]

FIGURE 2. “Care,” “overprotection” and parenting styles for fathers and mothers as reported by students (n = 456). Green circles represent students with both parents showing the same parenting style – none of the students received “Optimal parenting” from both parents while 106 students received affectionless control from both parents.



Determinants of High Grades

Our results show that high socioeconomic status [adjusted OR 2.78 (1.03, 7.52)], father’s education level till undergrad or above [adjusted OR 4.58 (1.49, 14.09)], father’s high “care” [adjusted OR 1.09 (1.01, 1.18)] and father’s affectionless control style of parenting [adjusted OR 3.23 (1.30, 8.03)] are significant factors contributing to high grades (Table 3).


TABLE 3. Academic performance: Determinants of “high” grades in the latest internal examinations.
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Differences in “Care” and “Overprotection” Between Fathers and Mothers


Care

The mean “care” score for mothers were significantly higher than fathers overall. The difference remained significant for male and female students, public and private schools, joint and nuclear family structures and low and high socioeconomic statuses (Table 4).


TABLE 4. Differences between mean “care” and “overprotection” scores between fathers and mothers.
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Overprotection

The mean “overprotection” score was significantly higher for fathers overall. The difference remained significant for female students, private schools, nuclear family structure, and low socioeconomic status. However, there was no significant difference in mean “overprotection” scores between fathers and mothers for male students, public schools, joint family structures and high socioeconomic status (Table 4).



Factors Associated With “Care” and “Overprotection” in Fathers and Mothers


Fathers

The mean “care” score was significantly higher for fathers as reported by children in public schools and with higher grades. There was no significant difference in mean care scores based on student gender, socioeconomic status or family structure (Table 5).


TABLE 5. Factors associated with “care” and “overprotection” for mothers and fathers.

[image: Table 5]For “overprotection” the only factor associated with a significantly higher mean score was “high” grades (Table 5).



Mothers

A significantly higher mean “care” score for mothers was reported by female students and students in public schools. No significant differences were observed for the other factors (Table 5).

A significantly higher mean “overprotection” score was reported by male students, students in public schools and those with “high” grades for mothers (Table 5).



DISCUSSION


Summary of Findings

Results of regression analysis show that socioeconomic status, father’s education level and fathers’ care scores have a significantly positive influence on the academic performance of adolescent students in Peshawar, Pakistan. The most common parenting style for both fathers and mothers was affectionless control. However, affectionless control exhibited by the father was the only parenting style significantly contributing to improved academic performance.

Overall, the mean “care” score was higher for mothers and the mean “overprotection” score was higher for fathers. However, differences in “overprotection” were eliminated for male students, public schooling, joint family structures and high socioeconomic status.

Public schooling was associated with a significantly higher mean “care” score for both fathers and mothers and a significantly higher mean “overprotection” score for mothers. High grades were associated with a significantly higher mean “overprotection” score for both fathers and mothers and a significantly higher mean “care” score for fathers. For mothers, female students reported a significantly higher mean care score and male students reported a significantly higher mean “overprotection” score.

An additional interesting finding from the results of the study was that only about half the students were able to report their father’s level of education compared to almost a 100% for their mother. From amongst those who did report, less than 10% of the father’s had an education level equal or above grade 12 compared to a quarter of the mothers. However, only 11% of the mothers were employed in contrast to 90% of the fathers.



Previous Literature and Comparison of Main Findings

The results of our study have identified socioeconomic status, father’s education level and high care scores for fathers to be significant predictors of academic success in adolescent students. Previous literature has shown socioeconomic status to be a predictor of academic success (Gamoran, 1996; Sander, 1999; Lubienski and Lubienski, 2006).

Parental education has been frequently associated with improved academic performance (Dumka et al., 2008; Dubow et al., 2009; Masud et al., 2015). In 2011, a study by Farooq et al. described the factors affecting academic performance in 600 students at the secondary school level in a public school in Lahore, Pakistan. Results of their study also associate parental education level with academic success in students. However, their results are significant for the education level of the mother as well as the father. Additionally, they also reported significantly higher academic performance in females and in students belonging to a higher socioeconomic status, factors not significant in our study (Farooq et al., 2011). Differences may be explained by cultural variations in Lahore and Peshawar within Pakistan, which should be explored further.

The description of parenting styles and behaviors has evolved over the years. With some variation in terminologies, the essence lies in a few common principles. Diana Baumrind initially described three main parenting styles based on variations in normal parenting behaviors: authoritative, authoritarian and permissive (Baumrind, 1966, 1967). Building on the concepts put forth by Baumrind, Maccoby and Martin identified two dimensions, “responsiveness” and “demandingness,” which could classify parenting styles into 4 types, three of those described by Baumrind with the addition of neglectful parenting (Maccoby et al., 1983). The two dimensions, “responsiveness” and “demandingness,” often referred to as “warmth” and “control” in literature (Lamborn et al., 1991; Tagliabue et al., 2014), are similar to the two measures, “care” and “overprotection” assessed by the parental bonding instrument (Parker et al., 1979; Parker, 1989; Dudley and Wisbey, 2000). Based on this, the authoritative, authoritarian, permissive and neglectful parenting styles described by Baumrind and Maccoby are similar to the affectionate constraint, affectionless control, optimal, and neglectful styles as classified by the parental bonding instrument, respectively (Baumrind, 1991; Cavedo and Parker, 1994).

Results of our study show that affectionless control, similar to the authoritarian style of parenting, adapted by the father is significantly associated with improved academic performance. This differs from the popularity of the authoritative parenting style, similar to affectionate constraint, in determining academic success in literature from western cultures (Steinberg et al., 1989, 1992; Deslandes et al., 1998; Aunola et al., 2000; Adeyemo, 2005; Masud et al., 2015; Pinquart, 2016; Checa et al., 2019). Evidence from societies with cultural similarities with Pakistan presents varied findings. A study from Iran shows support for the authoritarian parenting style similar to our study (Rahimpour et al., 2015). A review of 39 studies published by Masud et al. (2015) in 2015 assesses the effect of parenting styles on academic performance (Masud et al., 2015 #205). The review very aptly described how the authoritative parenting style is the dominant and most effective style in terms of determining academic performance in the West and European countries while Asian cultures show more promising results for academic success for the authoritarian style (Dornbusch et al., 1987; Lin and Fu, 1990; Masud et al., 2015). The results of our study are in synchrony with these findings. However, our results also show that high father’s “care” scores are significant contributors to higher academic grades. Since no father showed optimal parenting and only 9 fathers had affectionate constraint, both parenting styles with high care scores, these results may be a reflection of the importance of father’s role in determining academic performance in Asian cultures. Findings supporting the authoritarian/affectionless control style may be due to the abundance of this parenting style. Perhaps a fairer comparison may be possible with a larger sample population with fathers showing all types of parenting styles equally.



Interpretation and Explanation of Other Findings

Observations of factors associated with and differences in “care” and “overprotection” between fathers and mothers may be attributed to reverse causality and should be used as hypothesis generating.

Our results show that mothers have higher mean “care” score and fathers have a higher mean “overprotection” score. Since these scores are based on perceptions of the child, part of these observations may be explained by the cultural norms of expression of love and concern by fathers and mothers. With the difference in “overprotection” being eliminated for male and female children, it is possible that mothers are more overprotective of their sons. Male gender preference in Pakistan may be an explanation for this (Qadir et al., 2011).

Our results show lower employment rates for women despite higher education levels. The finding of higher education levels for females compared to males does not agree with national data, which reports findings from rural areas as well where education opportunities are limited for females (Hussain, 2005; Chaudhry and Rahman, 2009). Our results provide a zoomed in look at an urban population, which may have progressed enough to improve women’s education but cultural norms, gender discrimination and lack of opportunity still prevent women from stepping into the workface (Chaudhry, 2007; Begum and Sheikh, 2011).



Implications and Future Direction

The findings of our study may have implications for future research and policy making.

Affectionless control is associated with improved academic performance but further research investigating the effects of this style on other aspects of child development, particularly emotional and psychological health, is needed. Factors affecting care and overprotection need to be studied in more detail so that parenting workshops and interventions are tailored to our population. Results also suggest that fathers should play a stronger role in parenting of adolescent students. School policies should make it mandatory for both parents to attend parent-teacher meetings and assigned home activities should include both parents.



Limitations

Since the study is based on the urban population of Peshawar, results may not be generalizable to the adolescent students of the country which includes large rural populations. Academic performance was judged on latest internal examinations, the marking criteria for which may vary across schools. The use of external examinations would have standardized grades across schools but limited the sample to students of grade 9 and 10.



Conclusion

Our study concludes that socioeconomic status, father’s level of education and high care scores for fathers are associated with improved academic outcomes in adolescent students in Peshawar, Pakistan. Affectionless control is the most common parenting style as perceived by the students and when adapted by the father, contributes to better grades. Further research investigating the effects of demonstrating affectionless control on the emotional and psychological health of students needs to be conducted. Parenting workshops and school policies should include recommendations to increase involvement of fathers in the parenting of adolescent children.
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The study of school effectiveness and the identification of factors associated with it are growing fields of research in the education sciences. Moreover, from the perspective of data mining, great progress has been made in the development of algorithms for the modeling and identification of non-trivial information from massive databases. This work, which falls within this context, proposes an innovative approach for the identification and characterization of educational and organizational factors associated with high school effectiveness. Under a perspective of basic research, our aim is to study the suitability of decision trees, techniques inherent to data mining, to establish predictive models for school effectiveness. Based on the available Spanish sample of the PISA 2015 assessment, an indicator of the school effectiveness was obtained from the application of multilevel models with predictor variables of a contextual nature. After selecting high- and low-effectiveness schools in this first phase, the second phase of the study was carried out and consisted of the application of decision trees to identify school, teacher, and student factors associated with high and low effectiveness. The C4.5 algorithm was calculated and, as a result, we obtained 120 different decision trees based on five determining factors (database used; stratification in the initial selection of schools; significance of the predictor variables of the models; use of items and/or scales; and use of the training or validated samples). The results show that the use of this kind of technique could be appropriate if mainly used with correctly pre-processed data that include the combined information available from all educational agents. This study represents a major breakthrough in the study of the factors associated with school effectiveness from a quantitative approach, since it proposes and provides a simple and appropriate procedure for modeling and establishing patterns. In doing so, it contributes to the development of knowledge in the field of school effectiveness that can help in educational decision-making.
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INTRODUCTION

Identification of educational factors associated with academic performance is a key aspect in educational research into school effectiveness (Rutter and Maughan, 2002; Murillo, 2007; Muijs et al., 2014; Creemers and Kyriakides, 2015). Within this context, we propose an innovative approach to the analysis of good educational practices associated with school effectiveness. This study proposes the application of data mining techniques to identify the main factors that characterize and differentiate high- and low-effectiveness schools.

In contrast to traditionally used techniques (inferential and multivariate correlational statistics), data mining is not based on previous assumptions or theoretical distributions to obtain predictive models. In addition, these techniques are applied with minimal intervention by researchers, which, together with the aforementioned, represent a great advantage for the identification of valuable information in massive databases (Xu, 2005). More specifically, the algorithm proposed in this study is the decision tree (classification algorithm), since it simplifies the analysis and interpretation of the predictor variables and their relationships (Martínez-Abad and Chaparro-Caso-López, 2017).

The main aim of this study, therefore, is the analysis of the fit and predictive power of data mining techniques, specifically decision trees, for the identification of factors associated with school effectiveness in secondary education.

Given this main objective, we can set the following specific objectives:


•Analyze and identify school effectiveness based on cross-sectional data from large-scale assessments.

•Promote methodological alternatives for the study of factors associated with school effectiveness based on mass data.

•Analyze the effectiveness of decision trees (algorithm C4.5) in the study of the process factors associated with school effectiveness.

•Present the possibilities of decision trees for the study of good educational practices in effective schools.




Conceptual Framework

The publication of the Equality of Educational Opportunity Study, better known as the “Coleman Report” (Coleman et al., 1966), had a major impact on the educational research field. The study’s main conclusions were that socio-economic and demographic conditions (contextual factors) provided a decisive explanation of the differences in academic performance between students and schools. It questioned the impact that educational practices carried out in schools could have on student performance. These hard-hitting results fueled an in-depth debate about the contribution of the education system and educational policies to the knowledge and skills acquired by students.

In response to the Coleman Report, the Effective School Movement (ESM) emerged during the 1980s (Lezotte, 1989; Martínez et al., 2009). The ESM began with the aim of identifying and studying the most effective school environments in order to define good educational practices associated with variables over which the education system has control. Since that time, school effectiveness has increased its presence in the educational research field, and today has an important impact on work and scientific dissemination internationally (Rutter and Maughan, 2002; Wrigley, 2013; Muijs et al., 2014; Creemers and Kyriakides, 2015; Chapman et al., 2016; Martínez-Garrido and Murillo, 2016).

In the 1990s, thanks mainly to improvement in the computing capacity of computer systems and to the widespread use of large-scale assessments, research into school effectiveness experienced strong growth and evolution (Chapman et al., 2016). Multivariate statistical analysis based on linear hierarchical models (also called multilevel models) emerged as the fundamental statistical technique for the identification and analysis of school effectiveness (Bryk and Raudenbush, 1992; Creemers and Scheerens, 1994; Goldstein, 1995). These models respect the nested nature of educational data from large-scale assessments and allow the identification of educational groups that show clearly higher or lower performance than expected, taking into account only contextual factors. In this way, based on the study of the residuals of the school in these contextual models, we are able to identify high- and low-effectiveness schools (Gamazo et al., 2018). While some research works propose the carrying out of a qualitative case study of schools identified as high- or low-effectiveness for the analysis of good educational practices (Murillo, 2007; Joaristi et al., 2014), others that are quantitative in nature study these factors by adding to the multilevel models the process variables of interest and analyzing their individual behavior and interaction with other variables (Cordero et al., 2015; Costa and Araújo, 2017; Pitsia et al., 2017; Tan and Hew, 2017). From a methodological point of view, this quantitative perspective faces some problems: the existence of previous assumptions in the analysis that are rarely met or that are not directly taken into account (homocedasticity, normality of distributions, inexistence of non-linear relationships, multicollineality, etc.); difficulties in the estimation of typical errors when dealing with excessively complex models (lack of parsimony) and/or with an excessive number of subjects; and difficulty in studying the multiple interactions between the predictor variables given their high complexity, or the impossibility of doing so when working with fixed-effects models to simplify the computation and interpretation of the data.

That is why this work is interested in proposing a quantitative alternative for the study of process variables associated with school effectiveness that does not have the above-mentioned limitations. Specifically, based on the perspective of educational data mining (EDM), we apply decision trees to establish the predictive models of high- and low-effectiveness schools that have a better fit to the data, and we analyze under which determining factors these techniques achieve better performance.



Literature Review

The current calculation capacity of computers allows the development and application of appropriate statistical techniques for the analysis of massive data. In this regard, data mining emerges as a set of techniques that add value to large-scale data analysis (Martínez-Abad and Chaparro-Caso-López, 2017). These techniques enable the identification of patterns in the data without proposing previous assumptions or starting models, and with minimal intervention by the researcher (Xu, 2005). Thus, the nature of some of the data mining algorithms, compared to other classic multivariate techniques, can promote significant progress in the identification of factors associated with school effectiveness, guiding decision-making and the operation of the education system at macro, meso, and micro levels (Bronfenbrenner, 1979).

Despite the potential that these statistical techniques may hold, their use in the establishment of performance prediction models in compulsory education is sporadic (Hung et al., 2012; Oskouei and Askari, 2014; S̨ara et al., 2015), and their use for the exploration of large-scale assessments is extremely limited (Liu and Ruiz, 2008; Liu and Whitford, 2011; Kılıç et al., 2017; Asensio et al., 2018). A significant presence of EDM can, however, be observed in the study of performance in university education (Guruler et al., 2010; Kasih et al., 2013; Romero et al., 2013; Kirby and Dempster, 2014; Akçapinar et al., 2015; Tan and Shao, 2015; Asif et al., 2017; Casey and Azcona, 2017; Costa et al., 2017).

Given the characteristics of the statistical techniques of data mining, many of these works focused on non-university levels propose a dichotomous variable as a criterion variable in their models, referring to whether a student reaches a minimum performance (Costa et al., 2017; Kılıç et al., 2017) or if he or she abandons his or her studies (S̨ara et al., 2015). In this regard, although there are data mining techniques that allow the use of ordinal or quantitative criterion variables, and that this dichotomization causes a reduction in the information contained in the original variable (Jacobucci, 2018), the inclusion of dichotomous criterion variables promotes the obtaining of decision trees that have simpler structures and are, therefore, more easily interpretable.

As for the statistical technique applied, although numerous works are carried out with the aim of comparing classification algorithms (Jamain and Hand, 2008; Oskouei and Askari, 2014; Yu et al., 2014; Akçapinar et al., 2015; Asif et al., 2017; Costa et al., 2017; Kılıç et al., 2017), there is no agreement in the scientific community on which ones are more appropriate for the prediction of academic performance. “The literature review suggests that in general there is no single classifier that works best in all contexts to provide good prediction” (Kirby and Dempster, 2014).

In this regard, Jamain and Hand (2008) performed a meta-analysis in which they compared 5807 results of research papers in which classification algorithms were applied. In total, the fit of nine classifiers was compared (linear discriminant analysis, logistic discrimination, kernel methods, naive Bayes, k-nearest-neighbors, CART decision tree, C4.5 decision tree, CN2 rule induction, and multilayer perceptrons). The best fit indices in the models with dichotomous criterion variables were obtained in the decision trees using the C4.5 algorithm.

Oskouei and Askari (2014) established predictive models for the performance of secondary school students based on C4.5 classifiers, Naive Bayes, multilayer perceptrons, RBF neural networks, bagging meta-classifiers, and AdaBoost. Incorporating the educational level of parents contextual variable, the best classifier turned out to be C4.5.

Regarding the application of data mining in the prediction of performance at university levels, in a work by Costa et al. (2017), the C4.5 algorithm achieved the best levels of accuracy in online learning and accuracies similar to the best algorithm (support-vector machine) in classroom learning. In all cases, this algorithm is more accurate than neural networks and naive Bayes. A study by Asif et al. (2017) identified the naive Bayes algorithm as the most accurate in predicting the performance of a university graduate from the initial information provided by the student during enrolment. Other works on university education focus on online learning. A work by Romero et al. (2013) established a predictive model for student performance based on their participation in discussion forums. The naive Bayes classifier and the EM clustering algorithm achieved the best levels of fit, above C4.5. Finally, a study by Akçapinar et al. (2015) analyzed the predictive power of interactions in online environments relating to student performance. Again, the naive Bayes classifier achieved the best levels of fit, slightly higher than those obtained with decision tree C4.5.

In an analysis of large-scale assessments, Kılıç et al. (2017), based on TIMSS 2011 data, established predictive models for mathematics performance based on decision trees (random forest and C4.5), Bayesian networks (naive Bayes), neural networks (multilayer perceptron), and logistic regression. The C4.5 decision tree achieved higher levels of fit than random forest, remaining at levels similar to logistic regression and Bayesian neural networks. For their part, Liu and Whitford (2011) used data from the PISA 2006 assessment to establish predictive models for performance in science. They initially categorized performance in science as a dichotomous variable (satisfactory and unsatisfactory performance), and included predictor variables related to opportunities to learn at home. The levels of accuracy in cross-validation of the models applied were around 70%.

Although the use of data mining has been significantly extended in educational research, no applied works that include a comprehensive study of the stability of the models beyond the report of overfit normally from the cross validation have been found. Stability can be defined as the degree to which an algorithm returns constant results from different samples of the same population (Turney, 1995). Since stability is inversely related to the size of the tree obtained (Jacobucci, 2018), it needs to be studied together with the goodness of fit indices in the analysis of the models.

We should point out that all of the works cited in the state of play use the gross performance of the student as a criterion variable for the predictive models, and only include in a few cases, among their predictor variables, some contextual factors. If we define school effectiveness as “the relation between the observed outcomes and the expected outcomes given the socio-economic context of education systems” (Lenkeit and Caro, 2014, p. 147), we can affirm that these studies do not take into account the fundamentals of the ESM. This argument justifies the proposal that we make in our research. Instead of using gross performance as a study criterion variable, which skews the models in favor of students and schools with higher socio-economic levels (Chapman et al., 2016), we use the identification of the level of effectiveness of the school obtained from the residuals of the schools in the multilevel models applied initially (Gamazo et al., 2018).



METHODOLOGY

Based on an analysis of secondary data from the PISA 2015 assessment (OECD, 2019), this research used a cross-sectional non-experimental research design. To avoid bias in the data related to differences in socio-economic level and the structure of educational systems between countries, we decided to select data from a single country. Spain was the sample selected for several reasons:


•Multilevel models with contextual variables applied to OECD countries based on PISA 2009 data show that Spain is one of the countries with the smallest difference between observed and estimated scores in both reading and mathematics (Lenkeit and Caro, 2014). These results suggest that the Spanish educational system, in relation to other countries assessed in PISA, reaches higher levels of equity. Therefore, data mining models obtained using as criterion variable both gross performance and school-level residuals will be more similar to each other than models obtained in other countries. Given the main objective of this study, it is interesting to be able to compare the fit of the obtained decision trees with other models based on gross performance.

•The size of the Spanish sample in PISA 2015 was much larger than that of most of the sampled countries since each of its 16 autonomous communities is taken as a stratum.




Participants

Taking into account the aforementioned, our starting point was the population of Spanish students who at the time of the 2015 PISA assessment were 15 years old, their teachers, and the schools in which they studied. In Spain, students who had undergone standardized schooling were at that time in the final year of compulsory secondary school.

From this population, the initial sample obtained was 32,330 students, 4286 teachers, and 976 schools. However, to obtain more stable estimates of the aggregated variables at the school-level (obtained from the calculation of the average score of the first level variables), and to get better estimates of multilevel model parameters, we removed from the sample all schools with less than 20 students (Hox, 2010; McNeish and Stapleton, 2016). After this filtering, the sample on which the multilevel models of the first phase of the research were applied had 871 schools, 31,105 students, and 3682 teachers.

As will be discussed later, the results of the multilevel models enabled the selection of high- and low-effectiveness schools.

The sample weights proposed in the PISA 2015 data served to weigh the data in both phases.



Variables and Instruments

The instruments included in the 2015 PISA tests, which we used in this study, were obtained from two sources:


•Performance tests in reading, mathematics, and science. The PISA tests used a sampling of items from which the ability of each student in the three areas was estimated using the item response theory (IRT). Thus, PISA assessment includes an estimate of 10 plausible values of the achievement of each student in the three main assessed areas.

•Questionnaires used with management teams (school information), teachers, and students. These questionnaires included abundant information on socio-economic context, educational processes and organizational issues, cognitive and personal aspects of students, etc.



While the reliability and validity of the achievement tests included in PISA are evidenced extensively in the technical reports (OECD, 2017), with there being general agreement in the academic community about their relevance (Hopfenbeck et al., 2018), this same level of agreement does not exist in relation to the context questionnaires obtained at student, teacher, and school level (Rutkowski and Rutkowski, 2010; González et al., 2012; Fernandez-Cano, 2016; González-Such et al., 2016). Although estimation of the dimension scores is obtained from psychometric procedures based on IRT, lower reliability is observed on these estimates, evidenced by the low correlation between the responses of students and families on similar matters (Rutkowski and Rutkowski, 2010). We should not forget that the context questionnaires in PISA include several self-perception scales and self-report measurements. Thus, there are broad criticisms on several fundamental matters:


•Social, cultural, and economic significance of the defined constructs: Cultural differences between countries make it difficult to compare the significance of these constructs and, therefore, to make cross-cultural comparisons (Hopfenbeck et al., 2018).

•Lack of stability in the definition of indicators, items, and constructs: Several items and scales change from one edition to another, others are discarded, and some others are included (Fernandez-Cano, 2016).

•Poor translations of the questionnaires into languages other than English: The versions of these questionnaires (including in this case the achievement measurement tests) in the different languages make their comparability difficult (Huang et al., 2016).

•Missing data: Contrary to what happens with the achievement measurements, which rarely include missing data in the student database, the measurements and constructs of the context questionnaires include missing data on a regular basis (Hopfenbeck et al., 2018).



As a result, although the OECD is making significant efforts in the latest editions of PISA for the improvement of these aspects (Jornet, 2016), we need to be cautious when interpreting the results obtained from these scales in their transfer to educational policies.

Regarding variables, the following were used:


•In the application of the multilevel models, the criterion variables used were gross performance in the three areas assessed at student level (Level 1) and the average performance of the school (Level 2). Unfortunately, although a teacher database is included in PISA 2015, we could not include classroom-level variables in the models since these data do not allow to associate teachers with students in their classroom.

•The predictive variables used, which were exclusively contextual in nature, were the following:


∘Level 1: Gender; birth month; academic year; index of economic, social, and cultural status (ESCS); migratory status; repetition of academic year; number of school changes; mother tongue.

∘Level 2: Size of the school; classroom size; shortage of resources; shortage of teachers; school ownership; student/teacher ratio; average ESCS; repeater rate; immigrant student rate; proportion of girls.



•The decision trees included as a criterion variable the identification of the school as high or low effectiveness (dichotomous variable). The predictor variables included in the decision trees were all non-contextual items and scales included in the PISA 2015 databases, both in schools and in teachers and students. In total, the decision trees used included 232 variables (39 of teachers, 139 of students, and 54 of school).



Selection of the variables included in the multilevel models draws from the focus of this research, which is based on the context-input-process-output (CIPO) model. This model (Creemers and Scheerens, 1994; Creemers and Kyriakides, 2015) raises the need to differentiate between the variables on which schools and their educational communities can exert influence (process variables) and those on which it has no decision-making power (context and input variables). Thus, while context variables refer to the socio-economic and cultural environment that surrounds the school and its members, input variables are related to the personal and economic resources available and to the background of the students. From this categorization of variables, it is possible to speak about two types of school effects (Raudenbush and Willms, 1995): the first, or type-A effects, are defined as the difference between the achievement of a student and what would be obtained if he or she went to a school with certain contextual characteristics; the second, or type-B effects, can be defined as the difference between the achievement of a student in a certain school and what is expected to be obtained if that student attended a school with the same contextual conditions but with different procedural conditions (school organization, teaching methodologies, leadership process, decision-making, etc.). Thus, in the multilevel models applied in the first phase of this study, type-B effects (residuals of Level 2 of the models) are tried to be detected after controlling the type-A effects (by introducing the input and context variables as co-variables in the models).

In particular, selection of the context and input variables used in the multilevel models is based on the literature review carried out both theoretically (Creemers and Scheerens, 1994; Chapman et al., 2016) and from previous studies in similar contexts (Murillo, 2007; Joaristi et al., 2014).



Procedure and Analysis of the Data

HLM7 software was used to calculate the multilevel models, which were applied taking into account the 10 plausible values provided by PISA 2015 in each of the three areas assessed. HLM 7 computes an independent model for each of the available plausible values and returns the parameters averages. Since HLM7 does not allow the use of sample replicate weights, to minimize bias in error estimation this software employs robust estimators using the Huber-White adjustment. This adjustment compensates for the biases associated with the omission of replicate weights (Lavy, 2015; Lopez-Agudo et al., 2017).

From a significance level of 5%, we included only significant predictor variables in the multilevel models. Since the three models obtained from each achievement measurement were clearly different in terms of the predictor variables included (Gamazo et al., 2018), we consider it more appropriate to calculate three independent models.

Finally, we computed the significant models, with random intercepts and fixed slopes in school level, and calculated the residuals of the school level using empirical Bayes estimation (Raudenbush et al., 2016). In all of the cases, the values we obtained in the intraclass correlation coefficient (ICC) were greater than 10% in the null models (Eq. 1), considered as the minimum acceptable value to consider multilevel methods (Roberts et al., 2011):

[image: image]

where yij refers to the performance achieved by student i of school j in the corresponding area. Thus, in the null models, yij represents the sum of the overall average performance in the corresponding area (γ00), the distance of average school performance j from the overall (u0j), and the distance of student performance i with respect to the school j (eji).

The final models obtained in each area are specified in Eq. 2:

[image: image]

where γ0s and γqj, respectively, represent the main effects on the variables of school and student level, Wsj variables s of school, j, and Xqij variables q of student i of school j.

After obtaining the residuals of the schools in the three final models, we carried out the selection of high- and low-effectiveness schools. To do so, we carried out a first selection of schools (non-stratified selection), in which the schools that were placed in the first quartile in the three computed models (schools of negative residual, low effectiveness) and the schools that were placed in the last quartile in the three models (positive residual schools, high effectiveness).

Given the extensive educational competence of the autonomous communities in Spain, we made a second selection of schools (stratified selection). In this second case, we used the same criteria indicated above in each of Spain’s 16 autonomous communities, implementing 16 separate selective processes for high- and low-effectiveness schools. The residuals used in this selection were the same residuals used in the original selection. We opted for this procedure because ICC levels were below 10% in the null models of the specific samples in some autonomous communities. The decision to create a dichotomous variable from the residuals obtained in school level addresses two fundamental questions:


•The use of dichotomous criterion variables in obtaining decision trees simplifies the interpretation of the rules obtained in the models.

•The residuals used are indicators with estimation errors associated with them, so the use of their absolute values is not appropriate.



The decision trees were computed using Weka 3.8.1 free software. Given the results shown in the state of play, we decided to use the C4.5 algorithm in the construction of the models. This algorithm is an extension of ID3 (Quinlan, 1986, 1992), and its use is widespread in EDM to model student performance (Martínez-Abad and Chaparro-Caso-López, 2017; Rodrigues et al., 2018). The fit of this algorithm allowed the use of variables of all types (categorical and scale), and uses the information gain ratio for their selection. This facilitates the computation of simple models (Quinlan, 1986). With the intention of obtaining reduced trees and avoiding problems of readability and overfitting, we decided to limit the maximum number of branches to 30 (Kieskamp, 2015) to ensure that the trees obtained were easily interpretable and not overfitted. The overall fit of the decision trees was assessed based on true positive (TP), accuracy (percentage of correctly classified instances), area under the ROC curve, and kappa indicators. According to previous studies (Mitchell, 2009; Martínez-Abad and Chaparro-Caso-López, 2017), 70% of correctly classified instances were established as the cut point to determine an acceptable fit index.

As an additional control measure, we include the study of the stability of the trees obtained (Jacobucci, 2018). Taking into account that the variance of the cross-validation accuracy estimators is higher if the algorithm is unstable (Liu and Motoda, 1998), we will evaluate the internal stability of the decision trees (Aluja-Banet and Nafria, 2003) from the standard deviation and the coefficient of variation of the accuracy levels obtained in cross validations with 100-folds.

To take a known point of reference that allows the fit level of the models obtained to be assessed, logistic regression models are applied. Selection of the predictor variables included in these models is automated through the use of the LogitBoost algorithm (Landwehr et al., 2005).

It was necessary to generate a total of 120 different databases based on different determining factors:


•Informant of predictor variables (Database—five categories): Predictor variables from the student database; predictor variables from the teacher database; predictor variables from the school database; student and school variables with student scores aggregated at school level (aggregate data); student and school variables with the school scores included in the student level (non-aggregate data).

•Type of predictor variables included (Items-scales—three categories): Only items, not including scales; only scales; both items and scales.

•Stratum by Spanish region (Stratum—two categories): Identification and selection of high- and low-effectiveness schools in one step from the complete sample of schools in Spain; identification and selection of high- and low-effectiveness schools independently in each of the 16 regions, taking into account stratification by region.

•Significance level of the predictor variables (Significance—two categories): All predictor variables, both significant and non-significant, were included; only significant predictor variables were included.

•Type of sample to obtain the model (Validation—two categories): The models were computed from the training sample; the models were computed from a cross-validation with 10 sub-samples.



This made it possible to compute a total of 120 different decision trees based on these five determining factors (for example, one of the 120 trees calculated included as predictor variables the significance scales of the student database and as a criterion variable the identification of high- and low-effectiveness schools taking into account stratification by region, estimating the fit indices from the training sample).

After this process, we were able to compare the fit of the trees obtained based on these five determining factors. To do so, we calculated the average scores and typical overall deviations and by interest groups and used the appropriate hypothesis contrasts to compare the groups. This procedure made it possible to identify the categories or groups with best and worst fit in the predictive models.



RESULTS


Multilevel Models

The initial ICC in the three models applied was acceptable (science = 12.41%; reading = 12.04%; mathematics = 12.26%). The ICC of the final models achieved acceptable levels (science = 5.60%; reading = 5.07%; mathematics = 4.55%), since in the three models the variance explained at school level accounted for more than 50% of the total variance. The most explanatory model was the competence in mathematics predictor, in which the predictor variables accounted for 62.99% of the total variance of the second level.

The breakdown of selected schools, based on the two procedures described in the methodology, can be seen in Table 1. The non-stratified selection method returned a larger and more balanced sample of high- and low-effectiveness schools, while, with the stratified method, more low-effectiveness schools were selected. In no case did the selection of a school by one of the methods produce an inverse result to the other method.


TABLE 1. Breakdown of high- and low-effectiveness schools according to the selection procedure.

[image: Table 1]Table 2 shows the breakdown of the student and teacher sample according to school selection based on stratification or without taking it into account. In this case, the use of the two methodologies returned a sample with a similar breakdown in terms of size in high- and low-effectiveness schools.


TABLE 2. Breakdown of students and teachers according to selection procedure.

[image: Table 2]


Decision Trees: Stability and Fit

The average accuracy levels obtained according to each of the determining factors are shown in Table 3. Under parentheses are presented the accuracy levels obtained in the logistic regression models. Regarding Database, it can be observed that the highest levels of accuracy, both in the training and validated samples, are found in the samples that include school and student data, with them being higher in the aggregate data of the training sample and non-aggregate data of the validated sample. Except in the aggregate data, the models predict low effectiveness better. No significant differences were obtained regarding the use of items and scales. While the validated sample was more accurate if data with significant variables were used, in the training sample, trees in which significant and non-significant variables were used were slightly more accurate. Finally, slight differences were obtained in the training sample in terms of the use of stratified or non-stratified selection, which increased in the validated sample in favor of the stratified sample. In general, better predictive levels were maintained for low-effectiveness schools in both the training and validated samples.


TABLE 3. Average accuracy of the decision trees according to determining factors (under parentheses accuracy of logistic regression models).

[image: Table 3]Although the level of general accuracy of the logistic regression models is slightly higher, mainly in the validated data, we should bear in mind that a maximum number of predictor variables is not set in these models. It should be remembered that a maximum size of 30 branches is set in the decision trees. Thus, while the logistic regression models reach an average number of 47.12 predictor variables included (reaching a maximum of 174 variables in one of the models), the decision trees feature, on average, 15.10 rules (with a maximum of 30 rules). Therefore, this fact significantly affects the fit levels of the models.

Table 4 shows an analysis of the stability of the decision trees obtained. In general, average instabilities slightly below 40% are obtained, meaning that the level of accuracy of each repetition of the cross validation of a tree, on average, is 40% away from average accuracy. The only factor in which significant differences are found is in the databases, where it is observed that non-aggregate student and student + school data are noticeably more stable, while, in school data, high levels of instability are reached.


TABLE 4. Stability of obtained decision trees (100-folds cross-validation) according to determining factors.

[image: Table 4]In general, decision trees were obtained with highly variable levels of fit depending on the determining factors proposed (Table 5). Certain acceptable average accuracy and TP indices can be observed in the training sample both in total prediction and the prediction of high- and low-effectiveness schools. The models were, however, significantly more accurate for low-effectiveness schools. The average fit indices in the validated data were insufficient, although, in the maximum values, acceptable scores were achieved.


TABLE 5. Overall fit of the decision trees proposed.

[image: Table 5]An example of two of the very different decision trees obtained in this study is presented in Figure 1. It can be observed that the models are simple and intuitive. The tree on the right was the one obtained from the following determining factors: Aggr. School + Stud, Scales, All, Stratified. The accuracy obtained was 0.93 in the training sample and 0.87 in the validated sample, with very similar accuracy in the prediction of high- and low-effectiveness schools. The second tree was obtained from the following factors: Teachers, Items, Significant, Stratified. It obtained an accuracy of 0.71 in the training sample (0.63 in the validated sample). In this case, accuracy in predicting low-effectiveness schools is around 10 points higher than prediction of high effectiveness.


[image: image]

FIGURE 1. Example of two trees obtained in the study.


The rhombuses show the predictor variables included in the models and the ellipses the accuracy of each rule established by the tree. While the arrows provide information on the range of scores of the previous variable included in the rule, each ellipsis provides information on the level of accuracy of the rule (the first letter represents the prediction of schools that meet that rule as high or low effectiveness, the first number indicates the number of elements included in the rule, and the second the elements whose level of effectiveness does not match the prediction). Thus, in the right-hand tree, it can be observed that very low levels of teacher experience and job satisfaction are the fundamental variables that predict low effectiveness. Meanwhile, in schools that have teachers with higher levels of experience and job satisfaction, it is also necessary to have a staff committed to decision-making in the school and to their own teaching development.



Decision Trees: Accuracy Comparisons

Comparison of the fit of the models according to the determining factors was carried out in the validated samples through the ANOVA test, using accuracy as a dependent variable. Therefore, the determining factors Database, Items-scales, Stratum, and Significance were compared, including all of these variables as fixed factors and only the significant interactions. In Table 6, we can see the result obtained for the overall accuracy of the decision trees. The model obtained achieved a very high general fit (adjusted R2 = 89.4%). Significant determining factors were observed in Database and Stratum, with a very high effect size in the first. Significant interactions resulted between Database and Significance, Database and Stratum, and Significance and Stratum. The first two interactions achieved average effect sizes.


TABLE 6. Decision tree fit comparison ANOVA table—overall accuracy.

[image: Table 6]Figure 2 shows the average accuracy in data divided by the interaction variables. Taking the school and teacher data, we can observe that the trend is different to the rest of the data, which includes student information. When student information is included, it seems preferable to use the data with all of the variables, while with data from teachers and, mainly from schools, the use of significant variables improves the accuracy of the models. If we compare Database with Stratification, we observe that it is preferable to use stratified data, unless we have data exclusively from students, in which case the improvement is significant in the non-stratified sample. Finally, a slight interaction between Significance and Stratum can be observed: With stratified data, the incorporation of all variables is preferable.
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FIGURE 2. Interaction between determining factors—overall accuracy.


Table 7 shows the results obtained in the models for accuracy in high- and low-effectiveness schools, respectively. Significant determining factors varied in both models. While Database was significant in both cases with large effect sizes, Stratum was only significant in the case of low effectiveness, with a medium–low effect size. Significant interactions resulted between Database–Significance and Database–Stratum. The models achieved a high overall fit both in the high-effectiveness model (adjusted R2 = 87.8%) and in the low-effectiveness model (adjusted R2 = 83.6%).


TABLE 7. Decision tree fit comparison ANOVA table—high and low effectiveness.

[image: Table 7]The significant interaction between Database and Significance is further analyzed in Figure 3. We observe an interaction with a trend similar to that obtained in the overall data. However, in the low-effectiveness data, teachers achieved a better fit, with a similar fit in the data with significant variables and all variables.
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FIGURE 3. Interaction between Database and Significance—high and low effectiveness.


Finally, Figure 4 presents the graphs of interaction between Database and Stratum. While the trend in low effectiveness was similar to the overall one, in high effectiveness, differences were observed: In the teacher data, the use of stratified data improved the accuracy, and in the school data, no great differences were observed between the two Stratum cases.


[image: image]

FIGURE 4. Interaction between Database and Stratum—high and low effectiveness.




DISCUSSION AND CONCLUSION

The main aim of this work was to study the relevance of the use of decision trees for the study of educational factors associated with school effectiveness using data from large-scale assessments. We decided to use the C4.5 algorithm since it allows the use of variables of all kinds (Quinlan, 1986) and facilitates the obtaining of simple and easily interpretable models (Martínez-Abad and Chaparro-Caso-López, 2017). In addition, evidence from previous studies shows that it is an algorithm with highly satisfactory levels of fit both in the study of secondary school performance (Oskouei and Askari, 2014) and in the prediction of performance in large-scale assessments (Kılıç et al., 2017), higher than other classification algorithms when the criterion variable is dichotomous (Jamain and Hand, 2008). The results obtained allowed us to affirm that the fundamental aim proposed in the work was satisfactorily fulfilled thanks to the analysis performed.

On the one hand, a descriptive study of the level of fit of the decision trees was carried out based on several important determining factors. The results seem to indicate that the factor that creates the most differences in the accuracy achieved and in the stability is the Database used. As expected by the increase in the number of available variables, it seems that the use of school and student data combined produces better levels of fit. Observing the validated models, it seems that the use of non-aggregate data is preferable since it returns results with no overfitting in the training sample. For its part, as the previous evidence pointed out (Martínez-Abad and Chaparro-Caso-López, 2017), school data show high overfitting in the training sample. According to this evidences, stability levels were higher when students were established as the unit of analysis. Both the inclusion of significant variables and the selection of high- and low-effectiveness schools based on the stratification of the sample also result in less overfitted data, with better fit indices in the validated sample. These results coincide with the state of play, which shows significant improvements in the fit of the models when adequate pre-processing of the data is performed (Romero et al., 2013; Costa et al., 2017).

Taking into account that in this study decision trees with a very small size (maximum 30 branches) were selected, the levels of average accuracy achieved, which were above 0.76 in the training sample, were satisfactory. Other previous works that did not limit the size of the decision trees achieved overall accuracy levels of between 0.7 and 0.8 (Oskouei and Askari, 2014; Akçapinar et al., 2015; Costa et al., 2017; Kılıç et al., 2017). The study by Liu and Whitford (2011) is particularly interesting since they developed a predictive model of performance from the data of students in PISA 2006 using the C4.5 algorithm. They obtained a tree with more than 100 branches, achieving an accuracy in the validated sample (10-fold cross-validation) of 0.70. Our results achieved similar levels of accuracy using trees of a significantly smaller size and from a criterion variable to which the variability of contextual factors was previously eliminated.

Also notable in the results obtained was the superior fit of the models for the prediction of low-effectiveness schools. The calculated models achieved a TP rate almost 15% higher in these schools than in those of high effectiveness in the validated results (and 5% higher accuracy). Since other works seem to point to this trend based on more applied analysis (Martínez-Abad et al., 2018), it is worth delving deepen into its explanation and practical implications.

In addition, an inferential study was carried out both on the significance of the main effects of the determining factors analyzed and on the interactions between these factors. The results reflected those indicated above, highlighting that the strongest determining factor in the accuracy of the models was Database. Stratum, the other significant factor identified, reflected the importance of performing good pre-processing of the data. In contrast to the works of Romero et al. (2013) and Costa et al. (2017), in which a prior reduction in the number of variables produced an improvement in the fit of the predictive models, in our study, this factor did not achieve significant main effects. This difference may have to do with the criterion variable used in our study, which was qualitatively different to gross performance.

The interactions studied show interesting trends not assessed in previous works: on the one hand, Databases with better fits work worse when only significant variables are used as predictors. These effects are maintained in the independent prediction of high- and low-effectiveness schools. Regarding the interaction with Stratum, the student database is the only one with better levels of fit with non-stratified data. In high-effectiveness schools, however, teachers show this same trend. There is no clear pattern in these last results, and a more detailed study of them is necessary.

Several consistent strengths and contributions in our study are, therefore, confirmed, mainly in relation to the good fit shown by a good number of the models applied in general, and especially by one of them in particular. It seems that the use of decision trees from correctly pre-processed data, which includes abundant and combined school, teacher, and student information, returns predictive models of school effectiveness with good fits both in the training and validated samples. Some weaknesses inherent to this work should, however, also be highlighted. On the one hand, we find the restrictive nature of the categorization performed in the criterion variable to obtain a dichotomous variable. This decision eliminates much of the variability of this variable, limiting the possibilities of pattern identification in the data. In this regard, we decided to prioritize the obtaining of easily interpretable decision trees over trees that are very tight fitting but difficult to apply to educational reality and decision-making. We believe that this is the most appropriate procedure to facilitate the transfer of the results obtained given the level of development and current possibilities of the techniques used. In this sense, we must also point out that the computation of small trees, easily interpretable, could make it difficult to obtain trusted trees (Jacobucci, 2018). On the other hand, a more in-depth study of the implications of using aggregate data from the averages for the use of classification algorithms, or incorporating data from higher levels (school) to databases of lower levels (students) should be carried out. Comparison of the fit obtained in the database achieved by each of these two procedures shows that both methodologies have their advantages and disadvantages, with it being necessary to clear up any uncertainties about the biases that go with each one of them. Finally, it should be noted that in the first phase of the study, three independent multilevel models were calculated, one for each subject assessed by PISA, so the calculations do not take into account the covariance between the three achievement variables. Although this decision is justified by the clear differences between the variables included in the three final models, future studies could focus on the obtaining of models that integrate all of the information from the three dependent variables (e.g., from MIMIC models).

Many future research lines of great interest for the educational scientific community, mainly in two areas, are therefore opened up for the near future. Regarding the carrying out of more basic studies similar to this one, we need to increase the volume of evidence and contributions, since there are no similar studies that use school effectiveness as a criterion variable: Works that compare the operation of various classification algorithms; systematic analysis of the implications of using combined aggregate and non-aggregate data; and studies similar to this one in which the gross residual of school effectiveness (scale variable) or politomic categorization is used. With respect to the use of studies closer to that used, there is an undeniable potential regarding the use and interpretation of specific decision trees in various databases to try to identify factors associated with effectiveness, thereby contributing to the educational characterization of high- and low-effectiveness schools.
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Gamification methods adapt the mechanics of games to educational environments for the improvement of the teaching-learning process. Serious games play an important role as tools for gamification, in particular in the context of software engineering courses because of the idiosyncratic nature of the topic. However, the studies on the improvement of student performance resulting from the use of gamification and serious games in courses with different contexts are not conclusive. More empirical research is thus needed to obtain reliable results on the effectiveness, benefits and drawbacks. The overall objective of this work is to study the benefits generated by serious games in the teaching-learning process of Computer Engineering degrees, analyzing the impact on the motivation and student satisfaction, as well as on the learning outcomes and results finally achieved. To this end, an intervention is proposed in the subject of Computer Architecture based on two components covering theoretical and practical sessions. In the theoretical sessions, a serious game experience using Kahoot has been introduced, complementing the master classes and class exercises. For the practical sessions, the development of projects with groups of students has been proposed, whose results in terms of computer performance can be compared through a competition (hackathon). Evaluation of the serious game-based intervention has been approached in terms of student satisfaction and motivation, as well as improved academic performance. In order to assess student satisfaction, surveys have been used to assess the effect on student motivation and satisfaction. For the evaluation of academic performance, a comparative analysis between an experimental and a control group has been carried out, noting a slight increase in the experimental group students’ marks.

Keywords: gamification, serious games, motivation, teaching-learning, computer engineering


INTRODUCTION

The present work aims to contribute to the study of the potential benefits of serious games on the teaching-learning process in a higher education context, and specifically in relation to computer engineering studies. A dual experience is proposed which considers the particularities of the theoretical and practical components. The impact on student motivation and satisfaction of a serious game-based learning experience using Kahoot is analyzed, as well as on the learning outcomes finally achieved.

Gamification has become more relevant at the end of the first decade of the 21st century. Some authors define it as the use of typical elements of games in contexts outside the game environment (Deterding et al., 2011). According to Villagrasa et al. (2014) the main objective of gamification is to increase commitment and motivation. Gamification has been widely and successfully used in marketing to influence consumer behavior (Zichermann and Cunningham, 2011). In education, gamification techniques transfer the mechanics of games to educational environments with the aim of improving motivation, and consequently the teaching-learning process (Lee and Hammer, 2011; De-Marcos et al., 2017). The aim is to encourage interaction between teacher and student in order to increase motivation, leading to an improvement in the capacity to assimilate knowledge and acquire skills.

Experiences based on gamification have had an impact on basic and intermediate levels of education and are gradually being incorporated into university environments (Wiggins, 2016) as a response to a demand to understand the learning processes of younger generations. The work of Subhash and Cudney (2018) conducts an extensive review of gamification in the higher education environment. Moreover, the use technology in education may be a way of improving overall performance of Higher Education Institutions (HEI), due to possibly also improving professors’ satisfaction and motivation (Lytras et al., 2019); and may have an impact on the overall broad question of HEI sustainability (Visvizi and Daniela, 2019).

The work by Caton and Greenhill (2014) shows how awards motivate students to produce higher quality results and attempt challenging tasks. The methods most commonly used in gamification in the context of higher education are those based on points, badges, leader boards, levels, missions or challenges. The work of Mayer et al. (2014) explores the contributions and weaknesses of Game Based Learning (GBL) and Serious Games (SGs). Serious games play an important role as components for gamification in learning process. Tools to perform interactive quizzes like kahoot have proven their effectiveness on student motivation (Orhan Göksün and Gürsoy, 2019). However, studies on the improvement of student performance resulting from the use of gamification and serious games in different subject contexts are not conclusive (Subhash and Cudney, 2018).

The work of Alhammad and Moreno (2018) provides a systematic mapping of the state of the art in gamification in software engineering studies. This study introduces a number of interesting conclusions highlighting the greater importance of gamification in the educational process of software engineering due to the idiosyncrasy of the subject area. This study concludes that more empirical research is needed to arrive at reliable results on the effectiveness, benefits and drawbacks of gamification. It is worth remembering Gartner’s warning that around 80% of gamification applications will not meet business objectives, mainly because the processes have been inappropriately adapted to gamification. Moreover, the works performed by Petri et al. (2018) and Marín et al. (2019) highlight the relevance of serious games especially in this area.

From the review of the state of the art we can infer an interest to contribute with empirical studies to the clarification of the benefits of gamification and serious games, especially in the context of the higher level studies of computer engineering where the idiosyncrasies of the subject area create a case of special application interest.

For these reasons, an intervention in the subject of Computer Architecture within the Computer Engineering Degree at the University of Alicante is proposed as an objective. It is further proposed to use a double method to consider the specificities of the theoretical and practical sessions. In the case of the theoretical sessions, a serious game with interactive questionnaires is proposed by using “Kahoot” (Licorish et al., 2018), an online free game-based learning platform which allows the creation of different questions types like multiple choice quizzes, discussion questions, or surveys. The gamification method of the practical sessions is based on competitions in “hackathon” format, specifically the “CUDATHON” competition. Once the intervention has been developed, the benefits of the serious game-based experience in terms of student motivation and satisfaction, as well as in terms of learning outcomes, can be analyzed.

The rest of the paper is structured as follows: in the second section “Materials and Methods” the context is explained and the participants of the intervention, the instruments of the proposal and the procedure are also detailed. In the third section “Results,” the data obtained in the intervention are reported. Finally, in the fourth section “Discussion and Conclusion” the data obtained are analyzed and the conclusions reached are summarized.



MATERIALS AND METHODS

Once the state of the art has been reviewed and the general and specific objectives of the research defined, this section explains the methodology of case of study (Wohlin et al., 2003) that uses the satisfaction survey as a tool to obtain student feedback. It describes, in detail, the teaching context and objects of study, the instrument to be used and the procedures planned for its development, including the proposed serious game tool.


Description of the Context and Participants

The subject in which the serious game experience is developed is “Computer Architecture” from the “Degree in Computer Engineering” at the University of Alicante. This course is compulsory in the second semester of the second year. It has six ECTS credits (1.2 theoretical, 1.2 practical, and 3.6 non-presential load). This means 30 classroom hours of theory and 30 classroom hours of practice, organized into 15 sessions of 2 h for both theoretical and practical elements.

The 15 2-h theoretical sessions aim to provide the student with knowledge on computer performance assessment, computer concepts and models, instruction set design, instruction level parallelism, segmentation, memory, and I/O performance. To this end, content is organized into six topics. The teaching methodology combines traditional resources such as master classes with highly experimental mechanisms and student participation. In this context, in the academic year 2018–2019 games have been introduced into the theoretical sessions using “gaming” tools (Kahoot) to encourage student participation and motivation. The theoretical part is evaluated by means of tests during the course and a final examination of problems. In the academic year 2018–2019, gaming leader boards have been incorporated into the theoretical evaluation with the possibility of students obtaining up to one extra point for participating in the games.

The 15 2-h practical sessions aim to provide the student with the skills to be able to implement test programs to evaluate specific aspects of the computer; to use standard benchmarks to make performance reports; to design optimal software solutions taking advantage of the parallelism provided by the architectures (80 × 86, SIMD, MMX, SSE, CUDA). For the development of the practices, a project organized in three phases is proposed. Phase I deals with performance evaluation. Phase II is about taking advantage of the parallelism of the architectures through the use of 80 × 86, SIMD, MMX, SSE technologies. Phase III deals with the use of massively parallel architectures with technologies such as CUDA. Individual work is carried out to guarantee the individual acquisition of skills, along with group exercises to develop organization and integration capabilities within a work group. In this context, since the academic year 2015–2016 a “hackathon” competition has been introduced to encourage student participation and motivation. Different groups of students compete with the solution then implemented using CUDA technology which achieves a better performance in solving a given problem. The competition is organized in a day called “CUDATHON.” The individual part of the student’s work is evaluated by means of multiple-choice tests. The group part is evaluated by means of reports and classroom exhibitions. Since 2015–2016 the “CUDATHON” has been incorporated into the practical evaluation with the possibility of obtaining an extra point.

The number of students enrolled in Computer Architecture is usually around 140 organized into four theory groups and seven practice groups. The theory groups are taught in different languages: two in Spanish (morning and afternoon), one in Valencian and one in English (HAP: High Academic Performance). Of the seven practice groups there are five in Spanish (three in the morning and two in the afternoon), one in Valencian and one in English (HAP: High Academic Performance).



Instruments

At this point, it is appropriate to recall the specific measurement objectives of the intervention. On the one hand, it is intended to measure the effect of Kahoot-based intervention on motivation and academic performance; on the other hand, to measure the effect of CUDATHON-based experience. These last results are not detailed in the present work, given that the CUDATHON experience began the 2015–2016 academic year, requiring comparison with data from previous courses in which practices with assimilable CUDA were not developed. For this reason, in this paper we focus on detailing the effects of Kahoot-based experience with the following objectives:


(1)To measure the effect of Kahoot-based intervention on student motivation through satisfaction surveys – To cover this objective, a satisfaction survey has been prepared using the Kahoot platform itself. This survey has been carried out in the tenth theoretical session, with nine Kahoots carried out, which allows the student to formulate their own opinion on the interest and details of the use of Kahoot in the classroom. Specifically, the satisfaction survey asks seven questions with the following answers that appear in Table 1.

(2)To measure the effect of Kahoot-based intervention on learning outcomes by analysing the results of theoretical evaluation: To measure the effect on academic outcomes it is proposed to compare the results of the theoretical evaluation of the present academic year 2018–2019 with the results of the previous academic year 2017–2018 in which the experience with Kahoot was not developed. Therefore, the proposal contemplates the comparison of the marks of this test with respect to the previous course.




TABLE 1. Satisfaction survey questions and answers about Kahoot use.

[image: Table 1]The statistic Alfa de Cronbach has been chosen to carry out the reliability analysis of the survey. According to the recommendations of Gliem and Gliem (2003), Cronbach alpha coefficients can be evaluated as follows: alpha > 0.9 excellent; alpha > 0.8 good; alpha > 0.7 acceptable; alpha > 0.6 questionable; alpha > 0.5 poor; and alpha < 0.5 unacceptable. On the other hand, Nunnally (1978) mentions that in a standard exploratory analysis, an estimated alpha coefficient of 0.7 is considered adequate. The reliability result, after applying Cronbach’s Alfa statistic with the instrument items was 0.75 which is acceptable considering the low number of items and the previous considerations.

Regarding the validation of the instrument, it was carried out by means of the Content Validity Index (CVI) proposed by Lawshe (1975). Under this validity index, the variables or items of an instrument are subject to expert review and are quantified as follows:

[image: image]

ne: number of experts who rate the item favourably; N: total number of experts valuing the item.

In this research, nine professors from outside the research validated the instrument. In this sense, eight experts rated all the items favourably and one expert rated all the items positively except for Q5 item. In order for the instrument to be validated with nine experts, a CVI of 0.75 or higher is required for all of its items and in this case the CVI was 0.78 for all the items. Therefore, the instrument was validated under this index.



Procedure

As mentioned, in the academic year 2018–2019 the incorporation of games into the theoretical sessions was formalized using serious games tools such as Kahoot. The aim is to complement the masterclass method by incorporating quizzes to encourage student participation and motivation. In previous courses this type of activity was already carried out but in an unplanned way, nor generalized in relation to the subject area. In the present 2019 academic year the systematized realization of “quizzes” has been planned in all the theoretical sessions of all the groups of the subject. The Kahoot tool is an online platform that allows the development by the teacher of questionnaire “quizzes” that can be raised interactively during class sessions, to get feedback from students on the assimilation of some concept previously exposed. The Kahoot platform enables students to answer a series of questions with answers in the form of options, so that during the game everyone can observe for each question the number of student answers to each of the options, as well as the ranking achieved by the participants according to the points obtained by correct answers.

Through the use of the Kahoot tool, an interactive questionnaire linked to each of the 15 theoretical sessions has been proposed. These questionnaires are designed to be developed in the last 15 min of each theoretical session. The questions are short statements (about 20 words) and four answer options. Depending on the topic explained in class, the questions may or may not require calculations, so response times can range from 10 to 90 s. The number of questions ranges from 5 to 12 depending on the length of the response times.

A total of 15 Kahoots (with their corresponding translations into Valencian and English) have been prepared for use in each of the 15 theoretical sessions. Table 2 shows the titles of the 15 Kahoots proposed and their links to thematic units:


TABLE 2. List of Kahoot quizzes for each theoretical session.

[image: Table 2]The theoretical part represents 50% of the overall mark for the subject. This part is assessed by means of two multiple-choice tests (30% of the theoretical assessment) with theoretical questions test1 (topics 1 and 2) and test2 (topics 3, 4, and 5) and a final exam of problems (70% of the theoretical assessment). In the academic year 2018–2019, gaming leader boards have been incorporated into the theoretical evaluation through the possibility of obtaining one extra point for participating in the games. In each Kahoot of the theoretical sessions the students accumulate kahoot-points for the leader board, depending on the number of correct answers. The one who accumulates the most kahoot-points, once all the kahoots have been completed, gets the extra point. The rest of the students obtain a fraction of the extra point calculated according to their kahoot-points in relation to the kahoot-points for the first classified. The leader board of accumulated kahoot-points is shown in each session.



RESULTS

The following section presents the results of the research. First, the effect of Kahoot-based experience on student motivation is analyzed through their responses to the satisfaction survey. This survey was carried out during the 10th theoretical session and was answered by a total of 65 students.

It is observed that most students (88%) “have fun and learn” when they play Kahoot (Figure 1), which is a clear positive indicator of motivation. In addition, does making Kahoots reinforce what you have learned in class? Most of them (54%) (Figure 2) answer that it helps them.


[image: image]

FIGURE 1. Percentage distribution of responses to the question 1.
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FIGURE 2. Percentage distribution of responses to the question 2.


To the direct question about motivation, does Kahoots motivate me to learn the subject? The majority answer is “Quite a lot” (48%) (Figure 3).


[image: image]

FIGURE 3. Percentage distribution of responses to the question 3.


Questions 4 and 5 refer to the dynamics of the questionnaires, asking for the best time to perform them Q4 and the preferred duration Q5. It is observed that the students prefer to ask the questionnaires at the end of each session (58%) (Figure 4). It can also be seen that the length preferred by the students for the questionnaires is between 5 and 15 min (Figure 5).
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FIGURE 4. Percentage distribution of responses to the question 4.
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FIGURE 5. Percentage distribution of responses to the question 5.


The students also show a clear preference for a teaching methodology that makes use of theoretical explanations combined with Kahoots and practical exercises (88%) (Figure 6).


[image: image]

FIGURE 6. Percentage distribution of responses to the question 6.


Regarding the generic assessment question on the use of Kahoot, it should be noted that 61% of students consider the use of Kahoot to be essential or necessary (Figure 7).


[image: image]

FIGURE 7. Percentage distribution of responses to the question 7.


Finally, in order to measure the effect of Kahoot-based experience on learning outcomes, average results are provided by theory group for the current academic year 2018–2019 (called experimental group) in relation to the results for the previous academic year 2017–2018, in which the serious game experience was not developed (called control group). In both experimental and control groups, the assignment of tasks and the assessment methods were the same.

To assess the program’s impact on student performance, two grades obtained by both groups were compared: prior to (pretest) and after the experiment (posttest). The pretest consisted of the assessment of a preliminary examination made in the very beginning of the course (first week) to test the initial knowledge of the students for facing the subject. The posttest consisted of the final examinations of the course (after week 15). Belonging to one group or the other was the independent factor or variable, and the scores obtained by the students in these examinations were the criteria or dependent variables.

The statistical procedure used the general linear model with repeated measures, with the score obtained for the examinations being taken as the dependent variable. The time of assessment (pretest and posttest) was used as the intra-subject factor; and participation in the experiment (belonging to the experimental or control group) was the inter-subject factor. All statistical analyses were conducted using SPSS (version 24.0).

The values of the inter-subject test (see Table 3) indicate that the means of all observations differ from 0 because the tests have been shown to be significant (p < 0.000) for intersection but not for group belonging (p = 0.244). This finding confirms that there are no initial significant differences between the two groups of students.


TABLE 3. Test of inter-subject effects.

[image: Table 3]For the implementation of the program, Table 4 shows the test for intra-subject effects. The values resulting from the test show that the effect of the interaction between the time of assessment (pretest and posttest) and the intervention is significant (p = 0.000). The observed power is 0.989, rejecting the null hypothesis of equality of means. The effect size (η2), proportion of total variability attributable to a factor (Gardner, 2003), or the magnitude of the difference between one time and another (Ledesma et al., 2008), resulting from the interaction between the time of the assessment and the implementation of the program is 0.105.


TABLE 4. Test of intra-subject effects.

[image: Table 4]Finally, to test whether there is any difference between the experimental group and control group, at the time of pretest and posttest, a Student’s t-test on the difference in means was conducted, Table 5, which shows that there were no significant differences at the time of pretest (p = 0.343). This finding could mean that both groups began in comparable situations, which was already suggested by the inter-subject test. For the posttest, the test shows a significant difference between the two groups (p = 0.000); this difference is 1.08 out of 10 points higher in the experimental group.


TABLE 5. Student’s t-test on the difference of means between the experimental and control groups.

[image: Table 5]Figure 8 shows the scores obtained by both groups before and after the intervention. In the posttest, the experimental group, who had used the gaming strategy, had higher scores, whereas the control group who had had no gaming interaction had worse performance.
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FIGURE 8. Academic performance score (out of a maximum of 10) of the groups at pretest (PRE) and posttest (POST).




DISCUSSION AND CONCLUSION

The purpose of this case study was to evaluate a game-based intervention designed to improve student motivation and satisfaction, as well as the results and outcomes of learning and the evaluation of student satisfaction after the intervention (Wieringa, 2010).

According to all measures the introduction of Kahoot in theory classes appears to have been succeeded. Most students reported a positive perception and a positive attitude toward learning (56% believe that it reinforces what have been learned and 48% believe that it motivates a lot to learn, Figures 2, 3). In general, students felt that the use of Kahoot is essential or necessary (61% according to Figure 7). Students overwhelmingly showed preference in sharing theoretical lesson with Kahoot and practical exercises (88% according to Figure 6). In addition, the improved academic performance in the experimental group into which Kahoot was introduced further supports the success of the intervention.

This work proposes a game-based experience applied in the higher educational environment of Computer Engineering based on a double method that contemplates the particularities of the theoretical and practical components of the subject. The aim of the study is to measure the improvement in student motivation and academic performance as a result of introducing the game-based experience.

In the theoretical sessions a serious game-based experience has been introduced. Specifically, interactive quizzes using the Kahoot tool have been used, incorporating questionnaires for each of the theoretical sessions. In addition, leader boards have been used to encourage participation. The result allows us to state that the serious game experience is clearly positive from the point of view of the motivation and degree of satisfaction of the student, which is clearly observed in the satisfaction survey carried out on them. This conclusion is consistent with most of the gamification and game-based experiences reviewed in the state of the art, in which a clear impact on motivation is observed (Villagrasa et al., 2014).

The gamification experience of the practical sessions is based on the proposal of competitive practices, in which groups of students compete to find the best solution to some of the problems proposed, interacting with other groups that solve the same problem. This competition called CUDATHON culminates with a hackathon format. Nevertheless, the analysis of the data provided in the results section have not been influenced by CUDATHON, since this experience has been developed in the same way in the two academic courses that are compared in the study. Although our perception in the classroom allows us to qualitatively affirm the positive acceptance of CUDATHON by students, we cannot infer or quantify its effect on motivation or academic performance.

Regarding the impact of the serious game experience on learning outcomes, the experimental results show different findings for the experimental group and the control group. First, when focusing exclusively on traditional teaching (control group, and experimental group before the pretest), a worse group performance can be observed. This decrease is significant in comparison with the experimental group, as shown in the intra-subject test in Table 4. This decrease may be due to the fact that the posttest is more difficult than the pretest, which is conducted at a time when student knowledge is still limited. For the experimental group, the usual tendency of obtaining lower scores than the initial test is not seen. Despite the difficulty of the posttest, there was a mild improvement, and the relatively improved results achieved by the experimental group are considered to be relevant.

Studies on the improvement of academic performance as a consequence of the use of gamification and serious games differ depending on the application context (Subhash and Cudney, 2018). The main contribution of this paper is to reinforce the idea of the improvement of learning outcomes as a consequence of introducing a serious game experience in the context of computer engineering courses at the higher education level.

Because Kahoot is widely used, the experience can be easily extrapolated to other educational fields. The benefits in other areas such as social sciences or humanities can be comparable to those obtained by this research. In this way it is proposed as future work to replicate this experience in other degrees and make a comparison with the results obtained in this research.
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Over the past decades, the relationship between family socioeconomic status (SES) and academic achievement in school-age children has been well documented. However, the underlying mechanism of how family SES works on academic achievement remains unclear. In this study, we examine the possible role of self-concept in the relationship between SES and school academic achievement among 345 junior high school students in China. The results showed that both family SES and self-concept were significantly associated with the children’s Chinese and mathematics performance, and family SES was also significantly correlated with self-concept. The mediation analysis showed that self-concept partially mediated the relationship between SES and school academic achievement. These findings suggest that interventions targeting self-concept may be an effective way in which to improve children’s school academic achievement.
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INTRODUCTION

Socioeconomic status (SES), an index of one’s overall social status or prestige in society, is one of the most widely studied constructs in the social sciences. It is usually measured alongside education, occupational status, and income (Conger and Donnellan, 2007). Over the past decades, the relationship between SES and child development has been well documented (Bradley and Corwyn, 2002; Hackman et al., 2010; Aizer and Currie, 2014). Compared to children and adolescents growing up in families with high SES, those growing up in families with low SES demonstrated an increased health risk (Chen et al., 2002), higher rates of anxiety, depression, and conduct disorders (Wadsworth and Achenbach, 2005). Numerous studies also associated SES with the IQ level and academic achievement of children and adolescents (National Institute of Child Health and Human Development [Nicdh], 2005; White et al., 1993).

Over recent decades, the relationship between family SES and academic achievement in school-age children has been well documented across different sociocultural contexts. As early as 1966, the well-known Coleman Report revealed that family SES explained most variances in academic achievement (Coleman et al., 1966). Sirin (2005) conducted a comprehensive meta-analysis of 58 studies. For a sample from the United States, Sirin confirmed a medium to strong relation between SES and achievement with an average effect size of 0.27 (95% CI: 0.28–0.29). Similarly, Liu et al. (2019) conducted a meta-analysis based on 215,649 students from 78 independent samples. The sample from Mainland China demonstrated a moderate relation between SES and academic achievement (r = 0.243). However, the mechanism underlying the relationship between SES and child development remains unclear.

Several explanations have been proposed to interpret how family SES impacts child development. The most influential are the social causation model, social selection model, and sociocultural self model. The social causation model argues that social and economic conditions may influence children’s functioning and development (Conger et al., 2002). Some empirical studies supported this view, demonstrating that family economic hardship negatively affected parent emotion, relationship, and parenting behavior, which influence child development (Conger and Conger, 2002). Likewise, the investment of resources (including financial, social, and human capital) by families promotes the development of their children (Bradley et al., 2001). The social selection model takes a different approach to the relationship between SES and child development, arguing that individuals’ characteristics or attributes may influence their social and economic status (Mayer, 1997; Rowe and Rodgers, 1997). Some empirical research supports the social selection argument, showing that the positive characteristics of parents will reduce exposure to economic pressure in the family; decrease the likelihood of parents’ emotional, interparental, and parenting problems; and improve child well-being (Linver et al., 2002).

The sociocultural self model integrated and extended the key tenets of the social causation and social selection models (Stephens et al., 2012). It proposed that (1) social economic conditions and individual characteristics or attributes are interdependent forces that influence each other, and (2) both social economic conditions and individual characteristics or attributes indirectly influence individuals’ behavior through the self. In this model, self is defined as “a product of the ongoing mutual constitution of individuals and structures and serve to guide people’s behavior by systematically shaping how people construe situations” (Stephens et al., 2012, p. 733). Compatible with this view, recent studies indicated that academic self-efficacy mediated the relationship between SES and anticipated and actualized school performance (Wiederkehr et al., 2015). Interventions targeting the self and identity have been effective in reducing the racial/ethnic achievement gap for college (Cohen et al., 2006, 2009) and high school students in the United States (Sherman et al., 2013; Goyer et al., 2017).

Although there is evidence that improving family economic conditions reduces children’s risk of psychiatric disorders (Costello et al., 2003), and that interventions targeting individual attributes (e.g., attention) can significantly facilitate child development in low SES families (Neville et al., 2013), SES and individual characteristics remain relatively stable over a certain period. The sociocultural self model proposed a new and promising perspective in facilitating child development in families with low SES by changing the selves of students that emerged in a certain situation. However, previous studies on the mechanism of self mediating the relationship between SES and child development focused on western samples.

To our knowledge, no study has examined the role of self-concept in the relationship between SES and child development using a Chinese sample. It is well known that cultural experiences influence and determine one’s self. In China, under the influence of the Confucian culture, parents tend to pay much attention to their children’s learning activities and academic achievement. In most families, parents do their best to provide good learning conditions regardless of SES (Wong et al., 2012; Wang et al., 2014). Relevant research has shown that this type of parent support may influence the self-concept of children, which influences their school achievement (Xiao and Liu, 2017). Accordingly, some studies indicated the relation between good academic achievement and the praise and respect children received (Zhou et al., 2010). Whether this difference in cultural value influences the relationships between SES, self-concept, and school achievement remains unclear.

Therefore, in this study, we investigate the relationships between family SES, self-concept, and school academic achievement of Chinese junior school students in Mainland China. We hypothesized that family SES measured through parents’ education, occupation, and income would be significantly associated with children’s self-concept, which will influence their school achievement.



MATERIALS AND METHODS


Participants

In total, 345 first-year students (age range = 9–17 years, Mage = 13.40 years, SD = 0.73; 52.4% female) at a junior middle school in Lanzhou, China were recruited as participants in this study. This school is a medium to large-sized community-based public elementary school with approximately 40–50 students in each class and approximately 3,000 students in total in grades 1–3. All students are native Mandarin speakers and native to Mainland China. We also followed ethics guidelines and obtained permission from the school principals, teachers, parents, and children. Consent was first obtained from the school principals and teachers. Then, parents indicated their consent by signing a form distributed at a parent meeting or brought home by their children.



Measures and Procedure

All children completed a demographic question (age, gender, parents’ level of education, parents’ occupational status or what jobs the parents held, and annual household income) and a self-concept scale in the middle of the second semester. Children completed the demographic questions by taking the questionnaire home and consulting with their parents. The children were asked to complete the self-concept scale by themselves. At the end of the semester, we obtained their final exam scores for two subjects (Chinese and mathematics) as indicators of their school academic achievement.


SES

Although there is no consensus on how to measure SES, it is agreed that a stable measure thereof should incorporate education, occupation, and income (Bradley and Corwyn, 2002). Therefore, in this study, we used parents’ level of education, occupation, and annual household income to estimate the children’s family SES. Parents’ level of education was measured on a seven-point Likert scale: 1 = primary grade 3 or below, 2 = primary grade 4 to 6, 3 = middle school, 4 = high school, 5 = 3 year college, 6 = 4-year university, 7 = postgraduate. Parents’ occupation was measured using the Occupational Prestige Scale (Li, 2005), in which 81 occupations are rated and their scores standardized as 0–100. A higher score represents the higher prestige of that occupation. Annual household income was measured on a ten-point Likert scale: 1 = less than 10,000; 2 = between 10,000 and 30,000; 3 = between 30,000 and 50,000; 4 = between 50,000 and 100,000; 5 = between 100,000 and 150,000; 6 = between 150,000 and 200,000; 7 = between 200,000 and 300,000; 8 = between 300,000 and 500,000; 9 = between 500,000 and 1,000,000; 10 = more than 1,000,000 Chinese Yuan per year.



Self-Concept

Children’s self-concept was assessed using the Children and Adolescents Self-Recognition Scale (CASRS) developed by Dong and Lin (2011). This scale includes 18 items, which assess the children’s perceived self through their past experience and understanding of this past experience (Shavelson et al., 1976). Sample items are: “Most of my courses are very good,” “I did well in most of my courses.” Children were asked to rate all items on a four-point Likert scale (1 = strongly disagree, 4 = strongly agree). The sum of the scores of each item was the final score of this scale, with higher scores indicating a more positive perceived self-concept. Previous studies confirmed the high validity and reliability of the CASRS (Dong and Lin, 2011). In this study, the internal consistency reliability coefficient (Cronbach’s α) of the scale was 0.82.



School Academic Achievement

School academic achievement in this study was defined as the children’s performance in school subject areas such as language literacy and mathematics. Because there are no standardized language and mathematics tests in China, following previous studies (Donnelly et al., 2016; Xiang et al., 2017), we collected the children’s final exam scores for two subjects (Chinese and mathematics) as indicators of their school academic achievement. In China, school achievement is usually assessed through a Teacher-Edited Test, which examines students’ learning and understanding in school subject areas such as mathematics and language literacy in the middle and at the end of each semester. In this study, the test raw score for each subject area ranged from 0–150, with higher scores indicating higher performance in that subject area.



Data Analysis

First, descriptive statistics (mean scores, standard deviations, and range) and Pearson’s correlations were calculated using SPSS 22.0 for each variable. Then, the mediation model was tested in Mplus 7.0 (Muthen and Muthen, 1998/2012). In mediation model, we use latent construct to estimate the SES with five observed variables (father’ level of education, mother’ level of education, father’s occupational prestige, mother’s occupational prestige, and annual household income).



RESULTS


Descriptive Statistics, Internal Reliability, and Inter-Correlations

Table 1 shows the means, standard deviations, and ranges of all measures in this study. Table 2 shows the inter-correlations for all measures controlling for sex and age. As Table 2 shows, most SES measures (parents’ level of education, occupation, and annual household income) were significantly correlated with the self-concept as well as performance in Chinese and mathematics, respectively. In addition, self-concept was also significantly correlated with performance in Chinese and mathematics.


TABLE 1. Means, standard deviations, range, and reliability for all measures (n = 345).
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TABLE 2. Correlations among SES measures, self-concept, Chinese, and mathematics performance controlling for sex and age.
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Mediation Model

To examine the possibility that the relationship between SES and school academic achievement was mediated by self-concept, we conducted two mediation analyses. The first analysis tested the hypothesis that self-concept mediated the relationship between SES and performance in Chinese. The second tested the hypothesis that self-concept mediated the relationship between SES and performance in mathematics.


Performance in Chinese

Figure 1 shows the results for performance in Chinese. As shown in Figure 1A, first, a direct model was used to test the relationship between SES and school Chinese achievement. As expected, the direct effect (β = 0.23, p < 0.01) from SES to school Chinese achievement was significant. Then, the mediation model was used to examine the potential mediating effects of self-concept on the relationship between SES and school Chinese achievement. As shown in Figure 1B, when self-concept entered as a mediator, the direct effect (β = 0.20, p = 0.01) from SES to school Chinese achievement was still statistically significant, and the indirect effect of self-concept was also significant (β = 0.027, p < 0.05). These results confirmed that self-concept partially mediated the relationship between SES and Chinese achievement.


[image: image]

FIGURE 1. (A) The relationship between SES and Chinese performance. (B) Self-concept mediate the relationship between SES and Chinese performance. SES = socioeconomic status. ∗p < 0.01; ∗∗∗p < 0.001; n = 345.




Performance in Mathematics

The same analyses were repeated for performance in mathematics. As shown in Figure 2A, the direct model showed that the direct effect (β = 0.20, p < 0.01) from SES to school mathematics achievement was significant. The mediation model showed that when self-concept entered as a mediator (Figure 2B), the direct effect (β = 0.17, p < 0.01) from SES to school mathematics achievement was still statistically significant, and likewise, the indirect effect of self-concept was also significant (β = 0.042, p < 0.05).
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FIGURE 2. (A) The relationship between SES and mathematics performance. (B) Self-concept mediate the relationship between SES and mathematics performance. SES = socioeconomic status. ∗∗p < 0.01; ∗∗∗p < 0.001; n = 345.




Moderation Model

The possible moderating effects of self-concept in the relationship between SES and academic achievement (in both Chinese and mathematics) were examined using hierarchical regression analyses. The interactions of SES with self-concept were represented by multiplying the standard SES score with the standard score of the self-concept measures. However, these interactions demonstrated no significant effects after sex, age, SES, and self-concept were put into previous blocks in the corresponding models (all p > 0.05).



DISCUSSION

Social inequalities have profound effects on the development of children and adolescents. Reducing social class disparities in their development is on the global research agenda (Adler et al., 1993; Cohen et al., 2006; Stephens et al., 2012). However, the mechanism underlying the relationship between SES and child development remains unclear. This study was designed to explore the possible mediating role of self-concept in the relationship between SES and academic achievement among junior high school students in China. We found a moderate relation between SES and academic achievement (Chinese: r = 0.18; mathematics: r = 0.23). This finding is aligned with that of Liu et al. (2019), which reported that the overall relationship between Chinese students’ SES and academic achievement was moderate (r = 0.24). However, our finding differs from that of the PISA report (r2 = 0.18 is about r = 0.42) in the B-S-J-G area (Beijing-Shanghai-Jiangsu-Guangdong) of China (OECD, 2016). One reason for the differences in the results of studies may be related to the level of socio-economic and cultural development of the selected sample. B-S-J-G are among the top four provinces in China in terms of economics, residents’ incomes, and school education, whereas Gansu (in the current study) is among the bottom provinces in terms of these aspects (NBSC, 2016). Compatible with this explanation, relevant studies showed that the relationship between SES and academic achievement in developing countries, especially in low-income countries, was weaker than that in developed countries (Heyneman and Loxley, 1983; OECD, 2016). Further studies are needed to examine how the levels of socio-economic and cultural development modulate the relationship between SES and academic achievement in different provinces or regions of China.

One important implication of this study is that SES predicted academic achievement partially through the mediating effect of self-concept. This is generally consistent with previous studies using a western sample, which revealed that self-efficacy mediated the relationship between SES and anticipated and actualized school performance (Wiederkehr et al., 2015). The overall findings support the theoretical framework that children’s academic achievement is indirectly associated with SES through the mediating effect of self-concept across cultures. These results suggest that families with a high SES should help children form and sustain a positive self-concept, which is associated with better academic school performance. Indeed, research has documented that children from families with low SES usually experience more economic hardship, a lack of various resources, and higher threats to social identity such as negative stereotypes regarding their intellectual ability (Croizet and Claire, 1998) and social belonging (Veland et al., 2009). These disadvantaged economic and psychological conditions may pose a chronic threat to children’s self-integrity, undermining their academic performance (Cohen et al., 2006; Walton and Cohen, 2011). These results were also consistent with the view of the sociocultural self model, namely that socioeconomic conditions influence individuals’ behavior through how they define themselves in a certain situation (Stephens et al., 2012).

In addition to the significant indirect effect of family SES on school achievement through self-concept, we also found that family SES directly affects school achievement. This implies that self-concept may not completely explain the relationship between family SES and school achievement. This finding differed somewhat from that of a study by Wiederkehr et al. (2015) on French children that identified the fully mediating role of self-concept in the relationship between family SES and school performance. Differences in other important factors closely related to family SES such as learning materials available in the home and parents’ stimulation of their children to learn may also play important roles in the link between family SES and the school achievement of Chinese children. According to the family investment model, parents’ material and interpersonal investment in their children may at least partially explain the association between family SES and children’s development (Kalil and Deleire, 2004; Conger and Donnellan, 2007). Nevertheless, the results of this study demonstrated the important role of self-concept in the relationship between family SES and the academic achievement of Chinese children.

The findings of this study have important implications for possible interventions to improve academic school achievement. Although SES is a relatively stable condition and difficult to change, our results suggest that helping children form and sustain a positive self-concept may improve their academic school achievement and reduce social inequalities in child development. Accordingly, recent studies based on the sociocultural self model showed that interventions targeting the self and identity were effective in reducing the racial/ethnic achievement gap for college and high school students in the United States (Cohen et al., 2006, 2009; Sherman et al., 2013; Goyer et al., 2017). Further studies are needed to examine whether these interventions are also an effective way to reduce the social class (SES) disparities in academic achievement in China.

Finally, some limitations of this study should be acknowledged. First, convenience sampling may hinder the generalizability of the results. Second, the cross-sectional design of the study may have caused difficulties in establishing the causal relationships between variables. Previous studies showed a reciprocal relationship between self-concept and academic achievement (Marsh et al., 1999; Marsh and O’Mara, 2008). Longitudinal studies are needed to examine the dynamic relationship between SES, self-concept, and school academic achievement.

In summary, the findings of this study confirmed the role of family SES in academic achievement among junior high school students in northwest China. Furthermore, the current study also extended the extant literature by demonstrating that family SES influences children’s academic school achievement partly through their self-concept in China. These findings suggested that disadvantageous family backgrounds may have a negative impact on how children defined themselves in school situation, and ultimately influence on their academic school achievement. Intervention target on help low SES students to maintain self-integrity may an effective way in reducing the social stand achievement gap for middle school students in China.
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Background: The primary aim of the current study was to develop a multi-methodological teacher training program based on emotional intelligence (EI) as a key competency in order to improve student academic achievement based on two methods: face-to-face instruction and game-based e-learning instruction.

Methods: Seventy-four primary education teachers and their 2069 students were randomly assigned to three groups. The first group of teachers (n = 23) were trained to use a face-to-face method. The objective of the training was that the teachers would be able to implement EI into their teaching to improve academic achievement in their students (n = 645) using face-to-face instruction. For the second group (n = 28), the teachers were trained to use an e-learning gamification method. Similar to the first group, the objective of the training was that the teachers would be able to implement EI into their teaching to improve academic achievement in their students (n = 758) using e-learning gamification instruction. The third group of teachers (n = 23) served as the controls and did not receive any special training, nor did they implement EI into their teaching (n = 666).

Results: Implementation of EI into classroom teaching effectively improved academic achievement in primary school students using both methods. However, there was a greater increase in academic achievement and higher teacher satisfaction in the game-based e-learning group. No significant differences in student achievement were observed in the control group.

Conclusion: Emotional intelligence as a key academic competency.

Keywords: primary school, academic achievement, emotional intelligence, teacher continued training, methodology and didactics, satisfaction


INTRODUCTION


Theoretical Framework

Emotional intelligence (EI) was first defined by Mayer and Salovey (1993) as a “type of social intelligence that involves the ability to monitor one’s own and other’s emotions, to discriminate among them, and to use the information to guide one’s thinking and actions” (p. 433). Since then, numerous studies have been carried out to conceptualize the topic, develop an EI measure, and explore EI as a key competency in education and training to improve performance in different areas (Schutte et al., 1998; Petrides and Furnham, 2000; Mayer et al., 2001; Caruso et al., 2002; Hall et al., 2019).

The use of EI as a key competency to improve academic achievement in primary education has been the subject of many studies (Pangiras et al., 2012; Temple-Harvey and Vannest, 2012; Pozo et al., 2014; Morente et al., 2017; Gilar-Corbi et al., 2018; Howard and Cogswell, 2018; Petrides et al., 2018). However, it is necessary to investigate applied programs with effective methodologies in order to train teachers to serve as enterprising leaders of EI educational projects in the classroom.

In addition, emerging evidence indicates there may be an association between EI as a key competency and school performance (Viguer et al., 2017; Petrides et al., 2018; Wolf et al., 2018) and as a competency with a mediating effect on well-being (Pangiras et al., 2012), happiness (Karavasilis et al., 2010; O’Connor, 2012), positive relationships, and a democratic and tolerant environment in the classroom (Morente et al., 2017; Ferres et al., 2018; Macias Garcia et al., 2018).

In the same way, solid evidence in the scientific literature link competencies with a behavioral approach to emotional, social, and cognitive intelligence (Boyatzis, 2008). Additionally, several studies link competencies with a behavioral approach to emotional EI and as behavioral manifestations of talent (Boyatzis, 2006, 2009). In fact, this robust perspective of the EI behavioral approach provides a more holistic theory of EI because it explains how recognizing, understanding, and using emotional information leads to effective or superior performance (Boyatzis, 2018). So, the findings of previous studies raises three key research questions:

Research Question 1: Does academic performance measured by student school records improve after the 7-week teacher training program on EI as a key competency in primary school education?

Research Question 2: Is there a difference in the change in academic performance between face-to-face instruction and game-based e-learning instruction?

Research Question 3: How does the 7-week teacher training program affect teacher satisfaction?

This study’s hypotheses were as follows: (1) academic performance improves (according to student school records) after the 7-week teacher training program, (2) both of the proposed methods (face-to-face instruction and game-based e-learning instruction) improve academic performance in primary school students, and (3) teachers are satisfied with their participation in the 7-week teacher training program.



The Content, Methods, and Characteristics of the 7-Week Teacher Training Program

The 7-week teacher training program was designed to provide multi-methodological training to primary school teachers on implementing EI into their teaching as a key competency to improve academic achievement in their students. As explained above, there were two training modalities:


(1)Implementation of EI into teaching as a key competency to improve academic achievement through face-to-face instruction.

(2)Implementation of EI into teaching as a key competency to improve academic achievement through game-based e-learning instruction.



Although the methods were different, the objectives and contents of the programs were the same. The two programs were both delivered in seven sessions (one 5-h session per week, for a total of 7 weeks). The design of the program was based on Mayer and Salovey’s four-branch model (1997): (1) understanding emotions; (2) identifying emotions; (3) expressing and using emotions; and (4) managing emotions. The session topics were as follows: (1) EI as a key competency in primary school, (2) understanding emotions, (3) identifying emotions, (4) expressing emotions, (5) using emotions, (6) managing emotions, and (7) conclusions.

After each session, an education project was completed in the classroom with the primary school students in order to transfer the knowledge on EI from teacher to student and capacity building was focused on to improve academic achievement. In addition, application of the two different methods were as follows:


•First session: EI key concepts were taught in order to improve academic achievement in primary school students through face-to-face lessons in the first method and a virtual learning environment in the second method.

•Second session: Understanding emotions (and also academic self-esteem, self-realization, and emotional self-consciousness) was taught in order to improve academic achievement in primary school students through roleplay illustrating the importance of understanding emotions. A final theater performance on understanding emotions was conducted for the families of students in the face-to-face group, and an understanding emotions video game created by the students for playing with their families was used for the game-based e-learning group.

•Third session: Identifying one’s own emotions and the emotions of others (along with intrapersonal and interpersonal relationships, empathy, and social responsibility) was taught to the primary school students. In the face-to-face method, the students participated in an assembly in which they drew pictures of their classmates with different facial expressions that reflected different emotions and played a game that involved identifying emotions. In the game-based e-learning method, the activity involved virtual painting of classmates.

•Fourth session: Throughout the academic year, expressing emotions was taught to the students by having them use self-drawn pictures of their own facial expressions to communicate with the teacher or with the other students about their feelings, especially in conflict situations, in dealing with anxiety before exams, or for frustration over grades. A weekly assembly was used for the face-to-face group, and a weekly e-learning discussion forum was used in the game-based e-learning group.

•Fifth session: Using the power of positive emotions in order to improve one’s own positive feelings and the positive feelings of others and using emotions to solve problems was taught in order to improve academic achievement in the students through the emotional roadmap mural painting in the face-to-face method and a virtual mural painting upload in a learning environment in the game-based e-learning method.

•Sixth session: EI strategies and their effectiveness were taught to the teachers in order to improve academic achievement in the students through theory and group discussion on the analysis and solution of real EI difficulties in class. The students participated in activities that involved positive reappraisal through roleplay and drills in which families participated. A video recording was created and delivered to families by students in the face-to-face group or uploaded and made available online in the game-based e-learning group.

•Seventh session: A summary of the program, questions, and conclusions were discussed with the students through a weekly assembly in the face-to-face method and a weekly e-learning discussion forum in the game-based e-learning method.



Finally, for further clarification, the content, methods, and characteristics of the 7-week teacher training program have been summarized (see Table 1).


TABLE 1. Content, methods, and characteristics of the 7-week teacher training program.

[image: Table 1]


MATERIALS AND METHODS


Participants

A total of 74 primary school teachers (with their 2069 students) participated in this study. They participated voluntarily in this research study and were randomly assigned to three experimental conditions. The first group (n = 23) participated in the teacher training program with the objective of implementing EI into their teaching to improve academic achievement in their students (n = 645) through face-to-face instruction. The second group (n = 28) participated in the teacher training program with the objective of implementing EI into their teaching to improve academic achievement in their students (n = 758) through game-based e-learning instruction. The third group (n = 23) served as the control group and did not receive an special training, nor did the members of the group implement EI into their teaching (666 students). Of the entire sample of 74 teachers, 48.6% were women and 51.4% were men, and the average age of the teachers was 42.5 years, with a standard deviation of 1.48. There were 2069 students, 51.1% were girls and 48.9% were boys. The average age of the students was 8.48 years, with a standard deviation of 1.49.



Instruments

Two forms of data were collected in this study: (1) scores obtained by the students to appraise their academic achievement, and (2) data from a survey on teacher satisfaction with the program. Therefore, the following instruments were used:


(1)Academic performance according to student school records. Scores were assessed in seven areas: Natural Science, Social Science, Spanish Language and Literature, Mathematics, Foreign Language, Regional Language, Physical Education, and an average grade (an average of the scores obtained in each area of knowledge).

(2)Satisfaction survey. The survey was administered with the objective of determining teachers’ degree of satisfaction with the 7-week training program upon its completion. The survey consisted of 10 statements for which subjects rated the extent to which they agreed or disagreed with each on a 5-point Likert scale [1 (“strongly disagree”) to 5 (“strongly agree”)]. The statements were as follows:

(1)The program has facilitated my understanding of the use of EI as a key competency to improve academic primary school achievement.

(2)The objectives were appropriate for the planned duration and the established work schedule.

(3)I consider the method used to be effective.

(4)I consider the transfer of knowledge to my teaching practice understandable.

(5)I believe the knowledge that I have gained will positively affect my methods in the classroom.

(6)I believe that the competencies that I have gained from the program will help me to better understand my emotions (and the emotions of my students) and to manage them successfully.

(7)The 7-week teacher training program met my expectations.

(8)My motivation and interest during the 7-week teacher training program was high.

(9)I consider this teacher training program a good stimulus for teacher performance improvement.

(10)I consider the training engaging and beneficial for the improvement of academic achievement in primary school.





Procedure

All the teachers were fully informed of the details of the study (including the objectives, the responsible team, the confidentiality of their answers on the survey, and the confidentiality regarding the grades obtained by their students) prior to participation, and their written informed consent was obtained. This study was conducted in accordance with the Declaration of Helsinki.

The participants were randomly assigned to one of two experimental groups or the control group. The first experimental group participated in a 7-week teacher training program designed to improve academic achievement in their primary school students through a face-to-face method. The second experimental group participated in a 7-week teacher training program designed to improve academic achievement in their primary school students through a game-based e-learning method. The control group consisted of primary school teachers who did not participate in the program or receive any other intervention during the 7-week period.

The grades obtained by the students were recorded before and after the 7-week teacher training program in all experimental conditions. In addition, after the 7-week teacher training program, the two experimental groups completed a survey to assess their satisfaction with the program.



Experimental Design and Data Analysis

To analyze the effect of the 7-week training program on primary school academic achievement, within the general linear model procedure, the univariate split-plot variance was analyzed. Data from the students’ school records were analyzed using repeated-measures analysis of variance (factors: group and time). Tests of within-subjects interaction effects (time × group) were used to identify the effects of the transfer of EI knowledge by the teacher on academic achievement in the students after the 7-week training program. Subsequently, a comparison of means was performed to analyze whether there were significant differences in academic achievement among the experimental (in the two modalities) and control groups. In addition, teacher satisfaction with the 7-week training program was analyzed. Finally, graphs of interactions, illustrating the differences found and their meanings, were created for the experimental groups (in their two modalities) and for the control group in the pre-test and post-test settings. For all statistical analyses, SPSS, version 21.0 (IBM Corporation, Armonk, NY, United States) was used.



RESULTS

To analyze whether there were differences in academic primary school achievement between the three groups before the intervention, mean contrast for the independent samples was completed. The results showed that there were no significant differences in any of the measured variables between the two groups in the pre-training. In addition, results of a Box’s M test did not show homogeneity of the variance-covariance matrix for the Natural Science student records (M = 96.25; F = 16.02; p ≥ 0.00), Social Science student records (M = 104.17; F = 17.33; p ≥ 0.00), Spanish Language and Literature student records (M = 119.25; F = 19.84; p ≥ 0.00), Mathematics student records (M = 98.21; F = 16.34; p ≥ 0.00), Foreign Language student records (M = 104.13; F = 17.33; p ≥ 0.00), Regional Language student records (M = 91.56; F = 15.23; p ≥ 0.00), Physical Education student records (M = 75.14; F = 12.50; p ≥ 0.00), or on the average grade (M = 397.67; F = 66.18; p ≥ 0.00). It should be noted that a violation of this assumption has a minimum effect if the groups are approximately equal in size (Hair et al., 1999).

Next, contrast tests using analysis of variance showed a significant time × group interaction, as seen in Table 2, of intra-subject and inter-subject effects. The resulting grades from the student school records indicate that the effect of the interaction between the time of evaluation (pre-training and post-training) and the implementation of the program was significant (p = <0.01) between the face-to-face instruction group and the game-based e-learning instruction group compared with the control group. Differences between the experimental (in the two modalities) and control groups as reflected by changes in the average grade (and in the score in all knowledge areas) after the 7-week training program.


TABLE 2. Summary of intra-inter subject univariate analysis of variance.

[image: Table 2]In addition, this improvement is clear in the two experimental groups, but the best results are achieved in the game-based e-learning group. Table 3 presents the pre-training and post-training means of each of the groups.


TABLE 3. Marginal means.

[image: Table 3]Figure 1 presents interaction graphs that illustrate directions of the differences by subject and, as a conclusion, for average grades. It is important to state that there were just two tests (before and after the training) for each of the subjects and for the average mark. In this way, the results show that after the 7-week training period, significant changes were observed in students’ school records overall for the face-to-face instruction and game-based e-learning instruction groups, compared with the control group, demonstrating the enhancement of coping strategies after completion of the 7-week program.
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FIGURE 1. Changes by subject and average grade for group 1 (face-to-face methodology), group 2 (e-learning gamification methodology), and control group with the implementation of a 7-week training program and administration of two tests (before and after the training).


With regard to teachers’ degree of satisfaction with the 7-week training program, the two experimental groups demonstrated high scores for all the statements. Ninety-seven percent of the teachers in the two groups strongly agreed with all the survey items. However, the game-based e-learning instruction group demonstrated significantly high scores for statement 3 (“I consider the method used to be effective”) and statement 5 (“I believe the knowledge that I have gained will positively affect my methods in the classroom.”). In that group, 100% of teachers strongly agreed with both items.



DISCUSSION

In recent decades, there has been growing evidence of the importance of EI competency in primary school (Karavasilis et al., 2010; O’Rourke et al., 2010; Kopecki and Katavic, 2011; O’Connor, 2012; Pangiras et al., 2012; Baumeister et al., 2014; Barmpouti et al., 2015; Ferres et al., 2018). The new competencies needed for academic achievement in primary school are no longer exclusively academic (Aslam, 2018; Howard and Cogswell, 2018; Vahabzadeh et al., 2018; Vasilieva, 2018). Other types of skills such as EI and everything that EI implies (e.g., self-esteem, self-realization, emotional self-consciousness, positive relationships, empathy, and social responsibility) are also factors in academic achievement.

In addition, the EI behavioral approach demonstrates that competencies and talent can be developed across the right training programs in different contexts (education, organizations, etc.) and improvement can be sustained for years (Boyatzis, 2006, 2008). Therefore, it is important in EI training to provide evidence for the relationships between EI competencies and a person’s actions, life outcomes, performance, engagement, citizenship, and innovation beyond general mental ability and personality traits (Boyatzis, 2018).

This study showed that academic performance, measured by student school records, improved after teacher participation in a 7-week teacher training program on the implementation of EI as a key competency in teaching, across two different methods: (1) face-to-face instruction and (2) game-based e-learning instruction. The findings of this study indicate that it is possible to improve academic achievement across the two methods; however, similar to other studies (Mysirlaki and Paraskeva, 2015; Ros-Morente et al., 2018; Gray et al., 2019; Nikolaou et al., 2019), the improvement was found to be more significant when game-based e-learning was used. In addition, teacher satisfaction with the 7-week training program was very high for both methods.



CONCLUSION

In conclusion, EI is a key factor for educational achievement. Therefore, teachers must be qualified to teach EI in the classroom. These findings suggest that EI can be taught with different training methods using new pedagogical designs. However, one limitation of the present paper is that no follow-up survey was administered until some time had passed after the training had ended; therefore, the time period for realizing positive results of the training is not known. For this reason, further research on this topic is warranted to improve the quality of teaching in primary school.
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This study examined the stability of reading difficulties (RD) from grades 2 to 6 and focused on the effects of measurement error and cut-off selection in the identification of RD and its stability with the use of simulations. It addressed methodological limitations of prior studies by (a) applying a model-based simulation analysis to examine the effects of measurement error and cut-offs in the identification of RD, (b) analyzing a non-English and larger sample, and (c) examining RD in both reading fluency and reading comprehension. Reading fluency and reading comprehension of 1,432 Finnish-speaking children were assessed in grades 2 and 6. In addition to the use of single cut-off points on observed data, we used a simulation approach based on an estimated structural equation model (SEM) in order to examine the effect of measurement error on RD identification stability. We also examined the effect of single cut-offs by using a simulation-based buffer zone. Our results showed that measurement error affects the identification of RD over time. The use of a simulation-based buffer zone could control both the effects of measurement error and the arbitrariness of single cut-offs and lead to more accurate classification into RD groups, especially for those with scores close to the cut-offs. However, even after controlling for measurement error and using buffer zones, RD was not stable over time for all children, but both resolving and late-emerging groups existed. The findings suggest that reading development needs to be followed closely beyond the early grades and that reading instruction should be planned according to individual needs at specific time points. There is a clear need for further consideration of the mechanisms underlying the stability and instability of RD.
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INTRODUCTION

Studies on reading difficulties (RD) have mainly focused on reading development during the early grades, and long-term longitudinal follow-up studies are scarce. The customary assumption about the persistence of RD is contested by findings in recent studies on the stability of RD. These studies indicate that in addition to persistent RD cases, there are those with resolving RD (i.e., normal reading skills in later grades despite RD being identified during early grades) and those with late-emerging RD (i.e., RD identified during the later grades despite normal early reading skills) (e.g., Catts et al., 2012; Torppa et al., 2015; Etmanskie et al., 2016). These unstable groups are of particular interest because they may provide more understanding on the developmental risk and supportive mechanisms in RD. Such knowledge is useful for more accurate identification of children with RD and for planning support for children and youth with RD. But do these groups truly exist, or are they simply a result of measurement error? When we categorize continuous reading distribution at two time points using arbitrary cut-offs, is it possible that the changes in RD classification are actually due to measurement error?

We cannot answer these questions based on the previous studies on RD stability because of methodological limitations. Such limitations include the use of (arbitrary) cut-offs in reading skill distributions to identify RD cases (Francis et al., 2005; Branum-Martin et al., 2013), not examining the role of measurement error played in the stability of diagnosis across time, small sample sizes (Leach et al., 2003; Lipka et al., 2006), and the use of very lenient 20–25% cut-offs in RD identification (e.g., Lipka et al., 2006; Etmanskie et al., 2016). Furthermore, nearly all studies except for Torppa et al. (2015) have been conducted in English, which constrains the generalization of the findings to other orthographies. Torppa et al. (2015), however, involved only a small number of Finnish children with RD from a specific sample with family risk for dyslexia and examined only reading fluency. Our study examines the effects of measurement error and cut-offs in the longitudinal stability of RD identification across two time points, grades 2 and 6, by using a structural equation model (SEM)-based simulation approach. Examining the effects of measurement error with the use of observed data is not possible because measurement error is constant in observed variables and cannot be manipulated. It can be manipulated though with the use of simulations (Schatschneider et al., 2016). In addition to the use of single cut-off, we examined the stability of RD identification by using a simulation-based buffer zone in order to handle both the effects of the use of single cut-off on continuous distributions (Shankweiler et al., 1999) and the effects of the measurement error. In our study, we used a large-population-based sample of Finnish-speaking children and included both reading fluency and reading comprehension.


Reading Fluency and Reading Comprehension Difficulties

One of the main aims of education is to teach young children to read and use reading for learning. To be considered a skilled reader, an individual must be able to read accurately and fluently and comprehend the meaning of what was read. Reading accuracy, fluency, and comprehension are closely linked skills, particularly in the early phases of reading development, and reading comprehension can only develop after some basic word identification skills have been achieved (e.g., Florit and Cain, 2011). According to the verbal efficiency theory (Perfetti, 1985), good reading fluency skills facilitate reading comprehension because automaticity in decoding reduces the resource demands of cognitive processes (e.g., memory and attention), which can then be allocated to comprehension. The strength of the relationship between reading fluency and reading comprehension diminishes over time (Florit and Cain, 2011; Torppa et al., 2016; Santos et al., 2019) as children become “fluent enough”. This finding is in accordance with the Simple View of Reading (SVR) model (Gough and Tunmer, 1986; Hoover and Gough, 1990), which states that reading comprehension is a product of two separable abilities – decoding and linguistic comprehension. Several studies over the past 30 years have supported the SVR model (e.g., Catts et al., 2006; Tunmer and Chapman, 2012; Torppa et al., 2016; see García and Cain, 2014, for a meta-analysis). Based on SVR, it is thus expected that, although decoding and reading comprehension are highly related skills, four discrete groups of RD can be identified: only decoding difficulties, only reading comprehension difficulties, both decoding and reading comprehension difficulties, and no RD. Evidence for the dissociated reading skill development in decoding (accuracy and/or fluency) and reading comprehension has been shown repeatedly (e.g., Catts et al., 2003; Torppa et al., 2007; Florit and Cain, 2011).

As reading fluency and reading comprehension are associated, but difficulties with either can emerge; the examination of RD stability should include both. We base our RD stability analysis on a model that includes reading fluency and comprehension, their stability in time, their correlations at both time points, and cross-lagged effects. We do not include reading accuracy in our model because in transparent orthographies (Aro and Wimmer, 2003; Seymour et al., 2003; Aro, 2017) acquisition of high accuracy is a fast process and because almost all children read accurately after 1 year of formal instruction of reading (Lerkkanen et al., 2004; Landerl and Wimmer, 2008; Soodla et al., 2015).



RD Stability Over Time and the Challenge With Measurement Error in Cut-Off-Based RD Identification

Five studies have addressed the stability of RD classification over time (Leach et al., 2003; Lipka et al., 2006; Catts et al., 2012; Torppa et al., 2015; Etmanskie et al., 2016). Overall, these studies suggest that while some children have stable RD, many also show difficulties only in later grades despite good early reading skills (late-emerging RD). Some studies have also reported that there are individuals whose RD resolve over time (Catts et al., 2012; Torppa et al., 2015). One of the most cited studies of late-emerging poor readers was conducted by Leach et al. (2003), in which 161 grade 4 and grade 5 students were assessed based on school and parental reports. As a cut-off, they used a combination of the research-based estimation that 10–20% of children have RD and the range of reading abilities (including both word reading and reading comprehension measures) of the group with early school-identified and persistent RD. Thirty-one children with late-emerging RD were identified: 11 with word RD, 10 with reading comprehension difficulties, and 10 with both word reading and reading comprehension difficulties. In another longitudinal study, Lipka et al. (2006) examined word reading among 44 children with early RD, of which 22 had RD in grade 4 and 22 were typical readers. Using the 25th percentile as a cut-off in a standardized oral reading test, three subgroups of RD were identified: persistent RD (N = 7), borderline RD (N = 7), and late-emerging RD (N = 8). However, in their studies Leach et al. (2003); Lipka et al. (2006), and Torppa et al. (2015) used single cut-off points on raw variables with measurement error included. Consequently, it is possible to include false-positive and false-negative cases, which can affect the reliability of the results and the prevalence of each group.

Setting a cut-off value in reading ability distribution is a practical tool for identifying RD. However, it causes uncertainty in research findings because of measurement error (Francis et al., 2005; Branum-Martin et al., 2013; Schatschneider et al., 2016). When we use a reading test, there is going to be some measurement error, and as a result, setting a cut-off based on the raw scores will lead to misclassifications. If an individual’s score is slightly above the cut-off, the measurement error could cause his/her observed score to fall below the cut-off, leading him/her to be falsely identified as having RD. Measurement error can thus affect the accurate identification of children with RD. It can also affect the stability of RD, because changes in RD status can reflect either a true change or be due to the effect of measurement error at either or both time points.

The effects of the use of cut-off points on raw variables with measurement error included were tested in the only non-English RD stability study (Torppa et al., 2015). In this Finnish study, the stability of RD status was examined from grades 2 to 8. In the study, 182 children participated, of which 101 had family risk for RD and 81 had no risk. Three reading speed tasks were used for the identification of RD in grades 2 and 8, and the 10th percentile was used as a cut-off point in the distribution of the children without family risk. Four groups were identified: no RD (N = 127), late-emerging RD (N = 18), resolving RD (N = 15), and persistent RD (N = 22). In addition to the cut-off-based identification of RD groups, a simulation approach was used to examine how many children would have changed their group due to the unreliability of the measurement. The simulation results showed that 10 out of 33 RD children were misclassified. While the simulation did confirm that RD seem not to be stable for all participants, it also showed that measurement error had a clear effect.

A different methodology was used by Catts et al. (2012), who examined the prevalence of late-emerging RD with a form of latent transition analysis (LTA) in a sample of 493 children followed through grades 2, 4, 8, and 10. Importantly, they examined RD in both word reading and reading comprehension. The LTA provides a good solution for modeling the transitions between latent classes over time. At each time point, four latent classes were allowed in the model: typical reader, word RD, reading comprehension difficulties, and both word reading and reading comprehension difficulties. The cut-off of 1 standard deviation below the weighted sample mean was used for the identification of RD at each time point. In their analysis, six groups were identified across time, two stable over time, and four with transitions. This study controlled measurement error in the LTA mover–stayer model by using multiple binary indicators. Although measurement error was controlled, the actual effects on transitions were not addressed. In addition, although all possible combinations for late-emerging RD were examined (late-emerging word RD, late-emerging reading comprehension difficulties, late-emerging word RD and reading comprehension difficulties), the persistent and resolving classes were not examined.

It is possible though that the single cut-offs contribute to false impressions of the distinctness of the RD groups if many resolving and late-emerging individuals are scoring just above the cut-off value. Shankweiler et al. (1999) argued that using a buffer zone instead of simple cut-off points divides better those with and those without RD. The latest edition of the American Psychiatric Association (2013) Diagnostic and Statistical Manual of Mental Disorders (DSM-5) includes severity ratings, which reflect the idea of continuous reading distribution. Developmental disorders are the results of many risk factors and are better seen as dimensional disorders rather than diagnostic categories (Pennington, 2006; Snowling and Hulme, 2012; van Bergen et al., 2014). This is also in line with the notion of the arbitrariness of cut-off points for the classification into learning disorder groups (Moll et al., 2014). Etmanskie et al. (2016) used a buffer zone in their examination of the prevalence and persistence of late-emerging and early identified RD in a sample of 964 children. They used the 25th percentile as a cut-off for the identification of RD (word reading and/or reading comprehension), but to be considered a typical reader, a child’s score needed to be at or above the 35th percentile (a buffer zone between the 25th and 35th percentiles). In grade 4, five groups were identified: typical reading skills (N = 694), word RD (N = 7), reading comprehension difficulties (N = 121), word reading and reading comprehension difficulties (N = 24), and borderline reading skills (N = 118). The children with poor word reading and/or reading comprehension difficulties were further regrouped into early identified, late-emerging, and inconsistent readers based on their performance in grades 1, 2, and 3.



The Present Study

The aim of the current study is to examine the effects of measurement error and the effects of single cut-offs in the stability of RD identification from grades 2 to 6. The study aims to address the methodological limitations of the previous studies on RD stability by (a) applying a model-based simulation analysis to examine the effects of measurement error and single cut-offs in the identification of RD, (b) analyzing a non-English and larger sample relative to previous ones, and (c) examining RD in both reading fluency and reading comprehension. The advantages of the use of simulation are threefold: we can examine the effects of measurement error and the effects of single cut-offs on transitions; we can examine all possible combinations for reading fluency and reading comprehension between grades 2 and 6 for all the groups (persistent RD, late-emerging RD, resolving RD); and our larger sample allows us to identify more groups that probably would not have been identified in observed data because some of these groups might not have been big enough. In addition, in our study, we focus on the beginning and the end of primary school in Finland. Because in grade 1 (during which formal instruction of reading begins), it would be difficult to assess accurately reading comprehension, our first assessment point was grade 2. Grade 6 is the last grade of primary school. After that, children enter junior high school and high school where they are taught by subject teachers instead of the classroom teacher.

The research questions of the present study are as follows:


1.How stable are reading fluency and reading comprehension RD from grades 2 to 6?

2.What is the effect of measurement error on the estimation of RD stability over time from grades 2 to 6?

3.What is the effect of using single cut-offs compared with a buffer zone when examining RD stability over time from grades 2 to 6?



We expect that cases of late-emerging and resolving RD would also emerge in the present data (e.g., Leach et al., 2003; Catts et al., 2012; Torppa et al., 2015; Etmanskie et al., 2016). We also anticipated that the simulation approach would reveal an effect of measurement error (Schatschneider et al., 2016) and that the use of a buffer zone would lower the percentages of changing RD groups (resolving and late-emerging).



MATERIALS AND METHODS


Participants and Procedure

The present study is part of the longitudinal First Steps Study (Lerkkanen et al., 2006), a follow-up of approximately 2,000 children from kindergarten to grade 6. The aim of the First Steps Study is to examine the development of children’s learning and motivation in the family and school contexts. The sample was drawn from four municipalities: two in central, one in western, and one in eastern Finland. In three of the municipalities, an invitation was sent through schools to the whole age cohort of children, and in the fourth (urban) municipality, the invitation for participation was sent to approximately half of the age cohort. At the beginning of the study, the children’s parents and teachers were asked for written consent. Of the parents who were contacted, 78–89%, depending on town or municipality, agreed to take part in the study. Of the children’s mothers, 7.6% had no education beyond secondary school, 30.2% had a vocational school degree, 23.8% a vocational college degree, 9.9% a bachelor’s degree, 24% a master’s degree, and 4.6% a doctoral degree. Of the children’s fathers, 7.9% had no education beyond secondary school, 33.2% had a vocational school degree, 23.7% a vocational college degree, 9.9% a bachelor’s degree, 19% a master’s degree, and 6.3% a doctoral degree. Parental education distribution was very close to the national distribution of Finland (Statistics Finland, 2007). The sample was highly homogeneous in ethnic and cultural background (e.g., Finnish-speaking schools and students). The study was approved by the Ethical Committee of the University of Jyväskylä and at the beginning of the study the children’s parents, and teachers provided informed written consents for participation. During the study, also the children gave their written consent to participate.

The present study involved assessments at two time points – the end of grade 2 (Spring 2009) (8 years) and the end of grade 6 (Spring 2013) (13 years). Only children (N = 1,432; 662 girls and 770 boys) for whom data were available for both the grade 2 and grade 6 assessments were included in the analyses. All participants who were assessed in grade 6 were included in the current sample. In grade 6 spring, 1,824 12- to 13-year-old children participated: 863 girls (47.31%) and 961 (52.69%) boys. Of them, 1,458 participated also in grade 2 spring (8–9 years old): 680 girls (46.64%) and 778 (53.36%) boys. The sample size of the First Steps Study changed somewhat each year due to factors as shifts in teaching groups or absences during the testing days. In the present study, data from 72 schools and 147 classrooms were used. The SEM described below for the development of reading fluency and reading comprehension from grades 2 to 6 was also constructed using full grade 6 data. There were only minor differences to some of the path estimates ranging from 0.01 to 0.05.

Conducting such a long-term follow-up study is challenging, and some changes in the sample from one assessment time point to another are inevitable. We conducted a missing value analysis in order to examine if missingness was random for the data we used at the current study (z-scores for reading fluency composite and reading comprehension in grades 2 and 6). We used the Little’s (1988) tests of missing completely at random (MCAR), which showed that the data were not MCAR, χ2(14) = 62.29, p < 0.001. Reading fluency composite score and reading comprehension in grade 2 had 20.34 and 21.27% of the cases missing. Reading fluency composite score and reading comprehension in grade 6 had 0.22 and 0.16% of the cases missing. The one-way ANOVA analysis comparing the reading fluency and reading comprehension performance of the sample included in this study (only those who were assessed in both grades 2 and 6; N = 1,432) and the whole sample (N = 1,824) showed that those who participated in both grades were somewhat better readers than those who participated only in grade 6 [for reading fluency: F(1,1,812) = 47.08, p < 0.001; for reading comprehension: F(1,1,819) = 7.46, p < 0.01]. However, the effect sizes were small for reading fluency (d = −0.39) and negligible for reading comprehension (d = −0.15).

The comprehensive education, grades 1–9, starts at the fall from the year in which the child turns 7 years of age, which is rather late compared with other countries. Before entrance to elementary school, all 6-year-olds attend 1-year kindergarten education. One goal of kindergarten education is to arouse children’s interest in texts and reading and to support emerging pre-reading skills, instead of a systematic instruction of decoding (Lerkkanen, 2018). However, children are read to, and they are also encouraged to play with letters, phonemes, and words (Lerkkanen, 2019). Reading instruction begins at grade 1, and it is based on grapheme–phoneme correspondence (phonics) and a highly transparent Finnish orthography, which makes reading acquisition relatively easy and quick for children (Lerkkanen, 2007). At the end of kindergarten, around 30% of the children can read fluently, around 30% can decode easy words while around 30% of the children show no sign of reading (Lerkkanen et al., 2010; Soodla et al., 2015). Largely due to the consistent nature of the highly transparent orthography of the Finnish language (Aro, 2017), reading accuracy hits a ceiling after a few months of formal reading instruction in grade 1 (Lerkkanen et al., 2004), and basically all children can read accurately by the end of the first school year (Soodla et al., 2015). However, even a highly consistent orthography does not guarantee efficient reading acquisition for all children. RD are typically identified for approximately 5–20% of children in either reading fluency or comprehension, depending on the criteria (Lerkkanen et al., 2010).

In basic education, children do not need to have an official diagnosis in order to have access to special educational services. Teachers and parents along with the students assess the need for extra support (Björn et al., 2016). The most common form of special educational services is the part-time special education provided by a special education teacher (Statistics Finland, 2005). In this form of special education, students study in general education classes and receive support 1–2 h/week from a special education teacher. This kind of support focuses on reading, spelling, and math difficulties. It is implemented in small groups (typically three to four students) or individually if the student faces long-lasting or more severe difficulties or if the student faces difficulties in more than one learning areas (Holopainen et al., 2018).



Measures


Reading Fluency

There were three group-administered tests for the assessment of reading fluency: a word reading fluency task, a word-chain task, and a sentence reading task. Cronbach’s alpha reliability coefficient for the fluency composite was 0.79 in grade 2 and 0.77 in grade 6.


Word reading fluency task

The word reading fluency task is a subtest of the nationally normed reading test battery [ALLU–Ala-asteen lukutesti (ALLU–Reading Test for Primary School); Lindeman, 2000]. Each of the 80 items consisted of a picture with four phonologically similar words attached to it. The child silently read the four words and then drew a line to connect the picture with the word, semantically matching it. The words and pictures were frequently used words familiar to young children. For example, there was a picture of a bunny (pupu in Finnish) and the correct word along with three distractors (English word is in parentheses): pipo (cap), papu (bean), and apu (help). Completing the test requires fluent decoding. The score was the number of correct answers within a 2-min time limit. Because of the nature of this timed test, the score reflects both the child’s fluency in reading the stimulus words and accuracy in making the correct choice from among the alternatives. According to the test manual (Lindeman, 1998), the Kuder–Richardson reliability was 0.82 in grade 2 and 0.97 in grade 6.



Word-chain task

The word-chain task (Nevala and Lyytinen, 2000) is a timed test with 10 rows of word chains comprising four to six words written together without spaces. The child silently read the words in the chains and, while reading them, indicated the word boundaries by drawing a division line between words. The score was the number of correct responses (maximum 40) within the time limit (1 min 25 s in grade 2). In our sample, the Pearson correlation coefficient between grades 2 and 6 was 0.52.



Sentence reading task

The Test of Silent Reading Efficiency and Comprehension (TOSREC; Wagner et al., 2009; Finnish version by Lerkkanen and Poikkeus, 2009) was used to assess silent reading efficiency in grade 2. Respondents were given 3 min to read 60 sentences and verify the truthfulness of as many sentences as possible. In grade 6, a similar task was used, the Salzburg Sentence Reading Test (Landerl et al., 1997, translated into Finnish by Sini Huemer; Pichler and Wimmer, 2006). Respondents were given 2 min to read 69 sentences and verify the truthfulness of as many sentences as possible. The sum score was based on the number of correct items. In our sample, the Pearson correlation coefficient between grades 2 and 6 was 0.67.



Reading Comprehension

A group-administered subtest of a nationally normed reading test battery (ALLU; Lindeman, 2000) was used to assess reading comprehension. The children silently read a fiction story and then answered 11 multiple-choice questions and one question in which they had to arrange five statements in the correct sequence based on information gathered from the text. The text contained 114 words in grade 2. The child received 1 point for each correct answer (max = 12). Each child completed the task at his or her own pace, but the maximum time allotted was 45 min. Lindeman (2000) reported Kuder–Richardson reliability coefficients of 0.80 in grade 2 and 0.74 in grade 6.



Analysis Description

First, we identified the RD groups using cut-off points on the observed data in a similar fashion as previous RD stability studies. We first calculated z-scores for reading comprehension and z-scores for the three reading fluency tasks in grades 2 and 6 separately. Based on the z-scores for reading fluency, we calculated mean composite scores for each grade. We used the 10th percentile as the cut-off value and dichotomized the reading fluency and reading comprehension z-score variables accordingly. The four variables were coded at each time point as 0 = typical reader (above the 10th percentile) and 1 = RD (below the 10th percentile) for each case (Table 3).

The simulation analysis on the effects of measurement error on the RD grouping started by building a SEM for the development of reading fluency and reading comprehension from grades 2 to 6 (see Supplementary Appendix A). The model was constructed using four latent variables consisting of separate factors for reading fluency and reading comprehension in grades 2 and 6 (see Figure 1). The use of latent variables for reading fluency (composed of three measures) and reading comprehension provide reading measures that do not include measurement error. Because reading comprehension had only one measure at each time point, we calculated the correction of attenuation using the Kuder–Richardson reliability estimates for reading comprehension in each grade from the test manual (Lindeman, 2000). In this way, we can set measurement error also in reading comprehension. The model included the stability paths within the reading constructs, the cross-lagged paths between reading fluency and comprehension across time, and correlations between reading fluency and comprehension at both time points.


[image: image]

FIGURE 1. Standardized path estimates of the cross-lagged model. The figure presents standardized estimates using listwise analysis.


The structural equation model analyses were carried out using Mplus 7.4 software. Maximum likelihood estimation with robust standard errors (MLR) was used for the analysis. To evaluate model fit, chi-square values and a set of fit indexes were used as follows: (a) the comparative fit index (CFI); (b) Tucker–Lewis index (TLI); and (c) the root-mean-square error of approximation (RMSEA). Good model fit is indicated by a small, preferably non-significant χ2, CFI > 0.95, TLI > 0.95, and RMSEA < 0.06 (Hu and Bentler, 1999). Since the chi-square test depends on sample size and is sensitive to a large sample size, the chi-square statistics were not regarded as conclusive.

Next, we estimated model parameters of the SEM model to produce two simulated datasets with 200,000 cases. The first dataset was simulated using parameters related to latent factors, hence corresponding to true scores without measurement error (see Supplementary Appendix B). The second dataset used all the parameters in the model to produce data that include also the measurement error (see Supplementary Appendix C). In this dataset, the error covariances were also included in the simulation equations to correspond to the observed situation. The simulations were produced using the Statistical Package for the Social Sciences (SPSS). We used the estimates for the stability paths, the cross-lagged paths, and the correlations between reading fluency and reading comprehension variables. For each simulation, we entered four discrete variables into the model: fluency in grade 2, fluency in grade 6, comprehension in grade 2, and comprehension in grade 6. The scores for each of the four variables were coded at each time point as 0 = typical reader (highest 90%) and 1 = RD (lowest 10%) for each case. Next, we calculated the frequencies of RD groups in each simulated dataset. By comparing the percentages of RD groups in the simulated samples without and with measurement error, we can examine the effect of measurement error on RD identification and RD identification stability.

The final step of our analysis was to examine RD stability with the use of a buffer zone. We used the same procedure described above, but the four discrete variables that were entered into the model were coded at each time point as 0 = typical reader (highest 75%), 1 = RD (lowest 10%), and 2 = borderline score (lowest 10–25%) for each case. Those with scores in the lowest 10% of the reading fluency and/or reading comprehension distribution were identified as manifesting reading fluency and/or reading comprehension difficulties. Those with scores in the lowest 10–25% range were identified as borderline readers, and those with scores above 25% were identified as having no RD (Tables 7, 8). In this analysis, we focused specifically on the late-emerging and the resolving RD in order to examine how far the scores are from the cut-off and how distinct the two groups are that were identified using the single cut-off.



RESULTS


Descriptive Statistics

See Table 1 for descriptive statistics and Table 2 for the correlations between reading fluency and reading comprehension measures in grades 2 and 6. For the reading measures, the stability correlations between grades 2 and 6 ranged from moderate to high (0.49–0.67).


TABLE 1. Descriptive statistics for reading fluency and reading comprehension measures in grades 2 and 6.
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TABLE 2. Correlations between reading fluency and reading comprehension measures.
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Identification of the RD Groups With Observed Data

First, RD groups in reading fluency and reading comprehension in grades 2 and 6 were calculated from observed data using the 10th percentile as the cut-off value (Table 3). There was a statistically significant association between RD in grade 2 and RD in grade 6 [χ2(9) = 441.71, p < 0.001].


TABLE 3. Number and percentage of children in each group based on the observed data for those who were assessed in both grades 2 and 6 using the 10th percentile as a cut-off point.

[image: Table 3]Approximately 10% of the participants had persistent RD, most of whom had persistent single reading fluency or reading comprehension difficulties. Most of those with either reading fluency or reading comprehension difficulties in grade 2 continued to have the same difficulty in grade 6, or they developed both reading fluency and comprehension difficulties in grade 6. Most of those with both reading fluency and reading comprehension difficulties in grade 2 continued to have only reading fluency difficulties or both reading fluency and reading comprehension difficulties in grade 6. It was rare for those struggling with any type of RD in grade 2 to move to no RD group in grade 6 and the other way around.

The percentage of children with no RD in grade 2 but some type of RD in grade 6 (late-emerging cases) was quite high (12.71%), and two-thirds of these cases had late-emerging reading comprehension difficulties. Only 2.79% of the children had only late-emerging reading fluency difficulties. The percentage of resolving difficulties (some kind of RD in grade 2 but no RD in grade 6) was smaller (6.42%), and the prevalence of resolving reading fluency and resolving reading comprehension difficulties was quite similar. Both resolving and late-emerging profiles were rare among children with both reading fluency RD and comprehension RD.

In order to describe the severity of RD in each group, we calculated means and standard deviations of the RD groups in reading fluency and reading comprehension in grades 2 and 6 (Table 4). Those with persistent RD performed 1.5 or more standard deviations below the average level in either fluency, comprehension, or both. Similarly, those with resolving RD performed 1.5 or more standard deviations below the average in grade 2, and those with late-emerging RD performed 1.5 or more standard deviations below the average in grade 6. However, in the resolving RD groups, the grade 6 skill performance was still below average, particularly for reading fluency (as low as −0.88 in the combined group). Similarly, the grade 2 reading levels of late-emerging RD groups were also somewhat below average (as low as −0.76 in the combined group).


TABLE 4. Descriptive statistics for the groups based on the observed data.

[image: Table 4]Gender was unevenly distributed in the groups, χ2(3) = 15.32, p < 0.05: there were less boys than expected in the group with no RD in both grades (68.38% of boys compared with 77.80% of girls with adjusted standardized residual = −3.43) (Table 5). In the RD groups, there were no significant differences. Of the boys, 11.55% belonged to the persistent RD groups, 14.39% to the late-emerging group, and 5.68% to the resolving group with adjusted standardized residuals of 2.69, 2.50, and −0.29, respectively. Among the girls, 6.72% belonged to the persistent RD groups, 9.37% to the late-emerging groups, and 6.11% to the resolving groups.


TABLE 5. Prevalence of boys and girls in each group based on observed data.

[image: Table 5]


Simulation-Based Identification of the RD Groups: The Effect of Measurement Error

In order to examine whether measurement error affects the identification and stability of RD across time, we produced one simulation without and another with measurement error.


SEM Model

Latent factors for reading fluency and reading comprehension were built in grades 2 and 6 (see Figure 1). In addition to the regression paths across time (grades 2 and 6) and across constructs (reading fluency and reading comprehension), residual covariances for each measure of reading fluency across time were added to the model based on the inspection of modification indices. The model showed good fit with the data, χ2(14) = 117.163, p < 0.001, RMSEA = 0.072, CFI = 0.977, TLI = 0.954, standardized root mean square (SRMR) = 0.032. The model indicated that reading fluency was very stable across time while reading comprehension was less stable. Of grade 6 reading fluency variance, 60.8% was explained by grade 2 reading fluency and an additional 2% by grade 2 reading comprehension. Of grade 6 reading comprehension variance, 32.5% was explained by grade 2 reading comprehension and an additional 1.2% by grade 2 reading fluency.

Next, based on the model, we produced a simulated dataset without measurement error. We simulated 200,000 cases and identified cases with RD as the lowest 10% of the reading fluency and/or reading comprehension distribution (Table 6). In the simulated data without measurement error, 86.45% were in the stable groups (76.52% no RD; 9.93% persistent RD) and 13.55% demonstrated instability in RD across grades. Of the cases demonstrating instability, 6.50% had resolving RD and 7.05% were identified as manifesting late-emerging RD; most of these manifested late-emerging reading comprehension difficulties.


TABLE 6. Percentages and number of individuals in reading difficulty (RD) groups identified with the use of a single cut-off.

[image: Table 6]Next, we produced a simulated dataset with 200,000 cases with measurement error. Overall, 82.53% of the cases were in stable groups from grades 2 to 6 (73.92% no RD; 8.61% persistent RD) (Table 6). The remaining 17.48% of the cases demonstrated instability in RD across grades. Of the cases demonstrating instability, 8.52% had resolving RD, and 8.96% were identified as manifesting late-emerging RD; most of these manifested difficulties in reading comprehension.

Finally, the group sizes produced by the two simulations were compared in order to examine the effects of measurement error. For the simulation without measurement error, the percentage of the stable groups was slightly higher, and the percentage of the cases with instability in RD was somewhat lower. The results, thus, suggest that 1.32% of the children would have not been identified as having persistent RD due to the inclusion of measurement error in the analysis. In other words, in the observed data of 1,432 children, approximately 19 children would be wrongly classified. Similarly, 3.93% of the children would have changed groups due to the inclusion of measurement error in the analysis, which means that in the observed data, 56 out of 1,432 children would be wrongly classified. More specifically, 28 children (1.91%) would have been misclassified as having late-emerging RD and 28 children (2.02%) misclassified as having resolved their RD.



The Effect of the Use of a Single Cut-Off

The final step of our analysis was to examine RD stability with the use of a buffer zone. In this analysis, we focused particularly on the late-emerging RD (Table 7) and resolving RD groups (Table 8). Similar to the use of a single cut-off, we produced two simulated datasets, one without and one with measurement error. We simulated 200,000 cases for each dataset and identified RD for those cases located in the lowest 10% of the reading fluency and/or reading comprehension distribution. Cases with scores in the lowest 10–25% range were identified as having borderline scores, and cases with scores above 25% were identified as having no RD.


TABLE 7. Percentage and number of individuals in late-emerging groups identified with the use of a buffer zone (bz).

[image: Table 7]
TABLE 8. Percentages and number of individuals of the resolving groups identified with the use of a buffer zone.

[image: Table 8]The results from the use of the buffer zone suggest that most of the cases from the late-emerging and resolving RD groups actually land in the buffer zone. For the late-emerging group, the simulation without measurement error and with the buffer zone showed that only 33 cases would be identified as having late-emerging RD compared with the 101 that were identified with the use of a single cut-off. Of the 33 cases, 28 were identified with late-emerging reading comprehension difficulties and five with late-emerging reading fluency difficulties (Table 7). For the resolving group, the simulation without measurement error and with the buffer zone showed that 28 cases would be identified as manifesting resolving RD compared with the 94 identified with the use of a single cut-off. Of the 28 cases, 19 would be identified with resolving reading comprehension difficulties, 8 with resolving reading fluency difficulties, and 1 with resolving reading fluency and comprehension difficulties (Table 8).



DISCUSSION

The main focus of the present study was to examine the longitudinal stability of RD identification across two time points, grades 2 and 6 including both reading fluency and reading comprehension. We examined whether RD identification was stable over time even if we control for measurement error and the use of single cut-offs. Our results showed that for some children RD are not stable but also revealed a clear effect of measurement error and the selection of the cut-off in the identification of RD. The findings highlight that measurement error affects the accurate identification of children with RD by causing misclassifications and that the simplicity of the single cut-offs can contribute to false impressions on instability of RD over time.

All the previous studies, except the study conducted by Catts et al. (2012), examining the stability of RD identification, used cut-off points on raw variables with measurement error included (Leach et al., 2003; Lipka et al., 2006; Torppa et al., 2015; Etmanskie et al., 2016). This means that conclusions may be biased by false-positive or false-negative cases due to measurement error causing misclassifications. In this study, we used simulations with models that do and do not include measurement error to estimate the magnitude of this problem. Our findings comparing the results of the simulations with and without measurement error showed the impact of measurement error but still aligned with prior findings suggesting RD instability for a group of children (Leach et al., 2003; Lipka et al., 2006; Catts et al., 2012; Torppa et al., 2015; Etmanskie et al., 2016). In our study, 74–77% of participants were typical readers across time, and each RD group consisted of 7–10% of the participants (depending on the group and the model). Most of the participants (86.45% in the simulation without measurement error and 82.53% in the simulation with measurement error) demonstrated stability in their RD status (no RD and persistent RD). The simulation without measurement error revealed, however, larger proportions of the stable groups (persistent RD and no RD) and smaller proportions of late-emerging and resolving RD compared with the simulation with measurement error. These differences were expected because the results from the simulation with measurement error include false-positive or false-negative cases because of the effect measurement error, which affects the reliability of the estimation of the prevalence of each RD group. Although the differences in the prevalence of the groups were small, they show that measurement error has an effect on the longitudinal stability of RD identification. Overall, though, the findings supported that the unstable groups exist, even if we control for measurement error, which has been a problem in most previous studies.

Catts et al. (2012) study is the only previous study comparable to the present simulation analysis as they used LTA, which relied on multiple indicators for each reading class, and their findings were thus less affected by measurement error. Our results from the analyses using single cut-offs were in line with Catts et al. (2012) in that there was a higher prevalence of late-emerging reading comprehension than late-emerging reading fluency difficulties, but the findings show differences in the proportion of children in each RD group. More specifically, the present study identified a smaller proportion of late-emerging cases (7.05% compared with 13.40%) and more resolving cases (6.50% compared with 1.90%). Of the children with RD in the Catts et al. (2012) study, 42% had late-emerging RD and 6% had resolving RD; in our study, the percentages were 30 and 28%, respectively.

It is possible that differences in orthography, in assessment ages of children, or differences in the criteria used for the identification of RD, explain the differences between the present study and that by Catts et al. (2012). Finnish orthography is highly transparent, with one-on-one correspondence between phonemes and graphemes (Seymour et al., 2003; Lyytinen et al., 2015; Aro, 2017). Due to the transparency of Finnish orthography, most Finnish children learn to read accurately after few months of reading instruction in grade 1 (Lerkkanen et al., 2004), and by the time of grade 2 assessment [which was also the first assessment time point in the Catts et al. (2012) study], most are fluent readers and have a good command of reading comprehension skills (Lerkkanen et al., 2010). It is possible, then, that orthographic transparency could explain why there seem to be fewer cases of late-emerging RD among children learning to read in a context of transparent orthography as the differences in higher-level reading skills are visible already in grade 2. It is also likely that in a transparent orthography, it is possible to develop a resolving pathway more often despite early learning difficulties, as decoding task is cognitively less demanding. Additionally, Catts et al. (2012) followed the children until grade 8, whereas the present analysis extended only to grade 6. The longer gap between assessments may also increase the number of unstable RD cases. Finally, in our study, a somewhat stricter cut-off was used (10th percentile), while Catts et al. (2012) used the criterion of 1 standard deviation below the weighted sample mean (approximately 16th percentile).

Although the use of cut-offs is likely to lead to uncertainties in research findings because of measurement error (Francis et al., 2005; Branum-Martin et al., 2013), it is also a practical tool for the identification of children with RD. However, where and how we set the cut-off affects the identification of the RD groups and could possibly contribute to false impressions about the distinctness of the groups and about the risk of children for developing RD. Therefore, we need to find a way to use cut-offs without the evident problems accompanying them. One precaution against biased conclusions is the use of buffer zones around the single cut-offs (Shankweiler et al., 1999). The use of the buffer zone in the present study revealed a more complex picture than the one of the use of single cut-offs. For instance, the simulation without measurement error and without a buffer zone suggested that 4.38% of the children had late-emerging reading comprehension difficulties. However, when we use the buffer zone, we see that many of the children identified with late-emerging RD actually had borderline skills (lowest 10–25%) in reading fluency and/or reading comprehension already in grade 2. In other words, although many children passed the strict RD criterion, they nevertheless were still at the lower end of the skill distribution. Similarly, the simulation without the measurement error or buffer zone suggested that 2.48% of the children had resolving reading fluency difficulties, leading to the impression that these children were fluent readers in grade 6; in fact, most of them still scored in the borderline zone, just above the strict cut-off. The use of cut-off points is a practical tool for the identification of children with RD, but they can be problematic. Their use would be rational if we did not have a normal skill distribution, but this is not the case in reading achievement (Francis et al., 2005). Consequently, setting an arbitrary cut-off on the continuous distribution of reading achievement can lead to false or biased estimations of the prevalence of instability of the RD groups.

There are certain limitations in this study that need to be considered. First, we used only one measure for the assessment of reading comprehension in grades 2 and 6. Although we calculated the correction of attenuation in each grade in order to control measurement error, having more measures for the assessment of reading comprehension would have increased the strength of our model. Also, more measures and several time points would have allowed a more thorough and reliable assessment of reading comprehension.

In conclusion, this study shows that the use of measures with measurement error and the use of single cut-offs affect the longitudinal stability of RD identification across two time points. Comparing the prevalence of the groups arose from the use of single cut-off and those from the use of the buffer zone, it is evident that the use of single cut-off contributes to false impressions, such as how distinct the RD groups are. However, even after controlling for measurement error and using the buffer zone, our results suggest that RD are not stable over time for all children. Although many children manifest RD in the beginning of their school life and continue to have difficulties across grades, some children do not demonstrate difficulties until mid-primary school, and others may resolve their earlier difficulties by the end of primary school. Given that reading fluency and reading comprehension were not stable over time, the question arises about which additional factors affect the development of reading fluency and especially the development of reading comprehension, which was less stable. Further studies are needed to better understand the factors that could lead to late-emerging RD, either in reading fluency or in reading comprehension, as well as the factors that help children resolve their RD. Closer examination of the resolving cases could provide important information on the mechanisms that trigger protective factors. These insights could be used for the development of support systems and intervention programs, which will help children at risk for RD.

These results raise several clinical and practical implications. First, it seems that a change in the child’s RD status can occur both because of the effect of measurement error and because of the instability of RD identification. Consequently, because of the presence of measurement error in every assessment tool, it is not sufficient to diagnose RD based on only one assessment. Although some children may pass the strict cut-off, the results of the buffer zone show that they may still be in jeopardy for RD. Second, the use of a buffer zone along with continuous follow-ups of children’s reading development could facilitate more accurate identification of the children with RD. This is especially important in education systems in which access to remedial support or special needs interventions depends on an official diagnosis. Third, the accumulation of evidence for the instability of RD classification from this study and prior literature suggests a need for careful consideration of practices and permanency of diagnosing of RD. This is needed especially in cases where diagnostic practices deprive children with late-emerging RD of interventions or support and where individuals with resolving RD may continue to carry an inaccurate label or perception of one’s skills.
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A review of the scientific literature shows that many studies have analyzed the relationship between academic achievement and different psychological constructs, such as self-concept, personality, and emotional intelligence. The present work has two main objectives. First, to analyze the academic achievement, as well as the self-concept, personality and emotional intelligence, according to gender and cultural origin of the participants (European vs. Amazigh). Secondly, to identify what dimensions of self-concept, personality and emotional intelligence predict academic achievement. For this, a final sample consisting of 407 students enrolled in the last 2 years of Primary Education were utilized for the study. By gender, 192 were boys (47.2%) and 215 girls (52.8%), with an average age of 10.74 years old. By cultural group, 142 were of European origin (34.9%) and 265 of Amazigh origin (65.1%). The academic achievements were evaluated from the grades obtained in three school subjects: Natural Sciences, Spanish Language and Literature, and Mathematics, and the instruments used for data collection of the psychological constructs analyzed were the Self-Concept Test-Form 5, the Short-Form Big Five Questionnaire for Children, and the BarOn Emotional Quotient Inventory: Youth Version-Short. Based on the objectives set, first, the grades in the subject of Spanish Language and Literature varied depending on the gender of the students. Likewise, differences were found in self-concept, personality, and emotional intelligence according to gender. Also, the physical self-concept varied according to the cultural group. Regarding the second objective, in the predictive analysis for each of the subjects of the curriculum of Primary Education, the academic self-concept showed a greater predictive value. However, so did other dimensions of self-concept, personality and emotional intelligence. The need to carry out a comprehensive education in schools that addresses the promotion of not only academic but also personal and social competences is discussed. Also, that the study of the variables that affect gender differences must be deepened.

Keywords: academic achievement, self-concept, personality, emotional intelligence, gender, cultural group


INTRODUCTION

A review of the scientific literature has shown that many studies have analyzed the relationship between academic achievement and different psychological constructs such as self-concept (Susperreguy et al., 2018; Wolff et al., 2018; Sewasew and Schroeders, 2019), personality (Janošević and Petrović, 2019; Perret et al., 2019; Smith-Woolley et al., 2019), and emotional intelligence (Corcoran et al., 2018; Deighton et al., 2019; Piqueras et al., 2019). In this work, these psychological constructs are analyzed together with primary school children by gender and cultural group. Gender has been a highly studied variable since there are differences between boys and girls in academic performance as well as in the psychological constructs mentioned above (Chrisler and McCreary, 2010; Voyer and Voyer, 2014; Carvalho, 2016; Herrera et al., 2017; Janošević and Petrović, 2019). There are also studies that analyze the possible differences that may exist in the school context between children from different cultures (Schmitt et al., 2007; Strayhorn, 2010; Cvencek et al., 2018; Min et al., 2018). In this sense, there is a disadvantage in the school context for children of minority culture. The present study has been developed in Melilla, a Spanish city located in North Africa, close to Morocco. In their schools, children of European culture and children of Amazigh culture (also known as Berber) have been together from early childhood education. In addition, the predictive value of each of the dimensions that integrate self-concept, personality and emotional intelligence regarding the grades in three subjects of the Primary Education curriculum are analyzed. The psychological constructs analyzed in the present study are described below.


Self-Concept

Many research studies have highlighted that the psychological construction of a positive self-concept by the students, during their academic stage, leads to success in educational environments and social and emotional situations (Eccles, 2009; Harter, 2012; Nasir and Lin, 2012; Chen et al., 2013). Therefore, the positive self-concept acquired in the formative years could help in the development of the strategies and skills needed for confronting life challenges (Huang, 2011). It has also been found that self-concept is positively associated with different factors such as the individual experiencing greater happiness (Hunagund and Hangal, 2014); a greater and better academic performance (Salami and Ogundokun, 2009); greater and more pro-social behaviors (Schwarzer and Fuchs, 2009); and lastly, an overall greater well-being (Mamata and Sharma, 2013).

Among the different models that link self-concept and academic performance, we found the Reciprocal Effects Model (REM), with a theoretical, methodological and empirical review conducted by Marsh and Martin (2011). This model argues that academic self-concept and performance mutually re-enforce themselves, with one producing advances in the other.

Starting with the evolution perspective, the Developmental Equilibrium Hypothesis has also been highlighted. The objective of this hypothesis is centered on achieving equilibrium between two factors that are directly related: self-concept and academic performance (Marsh et al., 2016a, b). Hence, achieving a state of equilibrium has important implications for the development of the individual, but it cannot be ignored that each individual’s development of self-concept is different depending on the personal, emotional, and social characteristics surrounding them (Eccles, 2009; Murayama et al., 2013; Paramanik et al., 2014).

The studies that relate self-concept with school or academic performance are exhaustive in the first educational stages as well as higher education (Guay et al., 2010; Möller et al., 2011; Skaalvik and Skjaalvik, 2013). The student’s self-concept, and the academic self-concept within it, has a strong influence on student self-efficacy (Ferla et al., 2009). Additionally, academic self-concept significantly correlates with school adjustment in Primary Education (Wosu, 2013; Mensah, 2014) and predicts academic achievement (Marsh and Martin, 2011; Guo et al., 2016). Therefore, in this research it is expected to find such predictive value.

The results from cross-cultural studies have shown that a negative self-concept had detrimental effects on the academic performance of the students from the different samples and countries (Marsh and Hau, 2003; Seaton et al., 2010; Nagengast and Marsh, 2012). Cvencek et al. (2018), when analyzing primary school students from a minority group and a majority group in North America, found that the academic performance, as well as the academic self-concept of the children from the minority group, were lower as compared to those from majority group. Similar results that show the disadvantage of minority groups in schools are found in other studies (Strayhorn, 2010). According to these results, it would be expected that in the present study children of Amazigh cultural origin obtained lower scores than those of European cultural origin in their academic performance and academic self-concept.

Another variable that has been analyzed along with self-concept and academic performance has been gender (Chrisler and McCreary, 2010; DiPrete and Jennings, 2012). Thus, in the meta-analysis study by Voyer and Voyer (2014), it was shown that a certain advantage in school performance existed in women, with their results showing differences in favor of the women for the Language subject. Differences according to gender were also found in self-concept (Nagy et al., 2010). Huang (2013), in a meta-analysis study, identified that the women had a greater self-concept in the subject matter or courses related to language, as well as the arts as compared to the men. Therefore, in this study we expect to find that girls obtain higher grades than boys in Spanish Language and Literature as well as academic self-concept.



Personality

In general terms, personality and self-concept predict satisfaction with life (Parker et al., 2008). Also, personality moderates the effects of the frame of reference that are central for the shaping of self-concept (Jonkmann et al., 2012).

Within the models of personality, the Five Factor Model (McCrae and Costa, 1997) has been the most developed (Herrera et al., 2018), and it represents the dominant conceptualization of the structure of personality in current literature. It postulates that the five great factors of personality (emotional instability, extraversion, intellect/imagination, agreeableness, and conscientiousness) are found at the highest level in the hierarchy of personality.

Among the strongest arguments utilized to show that the measurements of personality, based on the Big-Five Factor Structure (Goldberg, 1990, 1992), correlate with academic performance, we find the evidence that supports the importance of the personality factors to predict behaviors that are socially valued and the recognition of personality as a component of the individual’s will (Chamorro-Premuzic et al., 2006). In this respect, the scientific literature shows studies that relate personality, through the five-factor model, with academic performance. Thus, agreeableness, and intellect/imagination (also known as openness) are related to academic performance (Poropat, 2009; Smith-Woolley et al., 2019). Specifically, conscientiousness predicts academic achievement (O′Connor and Paunonen, 2007), which is expected to be found in the present study.

Personality has been analyzed in different cultures (Allik et al., 2012). A good example of a broad study, which included 56 countries, is the one conducted by Schmitt et al. (2007). Among the main results, it was found that the five-factor structure of personality was robust among the main regions of the world. Also, the inhabitants from South America and East Asia were significantly different in their intellect/imagination characteristics as compared to the rest of the world regions. Thus, while the South American and European countries tended to occupy a higher position in openness, the cultures from East Asia were found in lower positions. This is attributed, among other factors, in that the Asian cultures are more collective, so that the openness dimension could be difficult to clearly identify, as proposed in the starting theoretical model. Based on these results, differences in personality dimensions are expected to be found among children of European and Amazigh cultural origin.

As for gender, differences have also been found. For example, the academic achievement in Primary Education is related to a higher conscientiousness in girls than in boys (Janošević and Petrović, 2019).



Emotional Intelligence

Another factor that should be taken into account, as related to the academic achievements and school adjustment, is the emotional intelligence (EI). The models or theoretical approaches of EI are different (Cherniss, 2010; Herrera et al., 2017). On the one hand, models have been identified that are based on the processing of emotional information, which are focused on basic emotional abilities (Brackett et al., 2011). On the other hand, mixed models of EI have also been identified, which involve both intellectual and personality factors. The socio-emotional competence model by Bar-On (2006) forms part of the second group. In it, different dimensions are identified: intrapersonal, interpersonal, stress management, adaptability, and general mood.

Numerous research studies have examined the relationship between EI and academic performance (Pulido and Herrera, 2017). They have also analyzed their relationship with other variables such as adjustment and permanence in the school context (Hogan et al., 2010; Szczygieł and Mikolajczak, 2017), coping styles (MacCann et al., 2011), the degree of social competence (Franco et al., 2017), and school motivation (Usán and Salavera, 2018).

Emotional intelligence has also been analyzed in groups with different ethnic or cultural origins (Dewi et al., 2017; Min et al., 2018), and according to gender, differences were found in EI as well. Thus, for example, Herrera et al. (2017) obtained results that showed that girls in primary schools in Colombia exceeded the boys in the interpersonal dimension, while the boys stood out in the adaptability dimension. Similarly, Ferrándiz et al. (2012) identified that Spanish girls had higher scores in the interpersonal dimensions and the boys had higher scores in adaptability and general mood. Accordingly, we expect to find differences in emotional intelligence based on the cultural origin and gender of primary school children in this study.

As a function of what has been described until now, the present work has two main objectives. Firstly, to analyze the academic performance, as well as self-concept, personality and emotional intelligence, as a function of gender and cultural origin (European vs. Amazigh) of the participants. It is important to mention that the research study took place in the autonomous city of Melilla, a Spanish city that neighbors Morocco, with unique social, cultural and economic characteristics. In it, people from different cultures co-habit: European, Amazigh (also known as Berber, and who come from the Moroccan Rif), Sephardic and Hindu, although the majority of the population is of European and Amazigh descent and culture. The children with an Amazigh culture origin cohabit live and grow between their maternal culture, which counts with the Tamazight (a dialect that is orally transmitted) as a means of communication, and the European culture, with Spanish being the language employed at school and administrative environments of the city (Herrera et al., 2011).

Secondly, to identify which dimensions of self-concept, personality and emotional intelligence predict academic performance.

In addition, different hypotheses are raised based on the results found in the scientific literature that addresses the research topics described above.

Hypothesis 1. Academic grades differ depending on the gender and cultural origin of students. Thus, for example, as indicated by Voyer and Voyer (2014), girls will achieve higher grades than boys in the subject of Spanish Language and Literature. Likewise, children of cultural origin different from the school (i.e., children of Amazigh culture) will obtain lower grades than Spanish children (Strayhorn, 2010).

Hypothesis 2. The psychology constructs evaluated (self-concept, personality and emotional intelligence) differ according to gender and cultural origin. Among other issues, it is expected to find that girls have a higher academic self-concept than boys (Chrisler and McCreary, 2010), higher scores in the personality dimension of conscientiousness (Janošević and Petrović, 2019) as well as in the interpersonal EI dimension (Ferrándiz et al., 2012; Herrera et al., 2017). Likewise, children of European cultural origin are expected to obtain higher scores than those of Amazigh cultural origin in academic self-concept (Cvencek et al., 2018), intellect/imagination (Schmitt et al., 2007) and in the intrapersonal and interpersonal EI dimensions (Dewi et al., 2017; Min et al., 2018).

Hypothesis 3. Academic self-concept (Marsh and Martin, 2011; Guo et al., 2016), conscientiousness (O′Connor and Paunonen, 2007) and adaptability (Hogan et al., 2010) predict academic achievement.



MATERIALS AND METHODS


Participants

A non-probabilistic sampling was used. Initially, 422 Primary school students were included in the research study. Nevertheless, once the non-valid cases were eliminated, defined as those who did not complete the evaluation instruments, or whose scores did not comply to what was set, the final sample was comprised of 407 students. These students were enrolled in eight of the twelve public early childhood and primary education centers in the autonomous city of Melilla, Spain (see Table 1), with a minimum age of 10 and a maximum of 12 years old. The description of the participants according to cultural origin, gender, grade and age is presented in Table 2.


TABLE 1. Distribution of participants according to the center of early childhood and primary education.

[image: Table 1]

TABLE 2. Distribution of participants according to cultural origin, gender, grade, and age.

[image: Table 2]The children of European cultural origin are mainly of Spanish nationality and Catholic religion. They were born in the autonomous city of Melilla or elsewhere in the Iberian Peninsula. Their parents were born in Melilla or have changed their residence to this city for professional reasons (mainly to work in public administration or in the army). Children of Amazigh cultural origin were born in the autonomous city of Melilla, so their nationality is Spanish, or they reside in that city. Many of them are Muslims and have family in Morocco so, given the short distance away, they usually travel at weekends or holidays to Moroccan cities close to Melilla. Rearing practices of children in families of each cultural group developed, among other things, based on cultural values and identities that define them. Thus, for example, the raising of children of Amazigh cultural origin is similar to that of children in the Rif region of Morocco. However, these same children socialize not only with children of their own cultural group but also with children of European cultural origin in a Spanish city, that is, the autonomous city of Melilla. The same can be indicated for children of European cultural origin.



Instruments


Academic Achievement

The final grades of the students of the school subjects Natural Sciences, Spanish Language and Literature, and Mathematics were obtained through a registry, provided by the student’s teachers. These were classified as insufficient (0–4.9 points), sufficient (5–5.9 points), good (6–6.9 points), notable (7–8.9 points) and outstanding (9–10 points).



Self-Concept

A Self-Concept Test-Form 5 (AF-5, García and Musitu, 2001) was utilized. It is composed of 30 items that evaluate the self-concept of an individual in academic (e.g., “I do my homework well”), social (e.g., “I make friends easily”), emotional (e.g., “I am afraid of some things”), family (e.g., “I feel that my parents love me”) and physical (e.g., “I take good care of my physical health”) contexts. This form has to be answered according to an attributive scale ranging from 1 to 99, according to how the item adjusts to what the individual evaluated thinks of it. For example, if a phrase indicates “music helps human well-being” and the student strongly agrees, he/she would answer with a high number, such as 94. But if the student disagreed, he/she would choose a low number, for example 9. Esnaola et al. (2011), when analyzing the psychometric properties of this test in the Spanish population from 12 to 84 years old, indicated that its total reliability was α = 0.74. The index of internal consistency, Cronbach’s alpha, calculated for the present work, had a value of α = 0.795. Also, its factorial or construct validity was corroborated in other research works (Elosua and Muñiz, 2010; Malo et al., 2011).



Personality

For the evaluation of personality, the Short-Form Big Five Questionnaire for Children (S-BFQ-C, Beatton and Frijters, 2012) was utilized. It is based on the model of personality structured by five factors (Big-Five Factor Structure), formulated by Goldberg (1990, 1992). These factors are denominated as emotional instability (e.g., “I am often sad”), extraversion (e.g., “I make friends easily”), intellect/imagination (e.g., “When the teacher explains something, I understand immediately”), agreeableness (e.g., “I share my things with other people”) and conscientiousness (e.g., “During class I concentrate on the things I do”), creating the Big Five Questionnaire-Children (BFQ-C). This questionnaire, is directed at children aged between 9 to 15 years old, and was designed and validated by Barbaranelli et al. (2003). In its initial version, its psychometric properties were analyzed with Italian children, although there are studies that have analyzed them in other populations such as for example the German (Muris et al., 2005), Spanish (Carrasco et al., 2005) or Argentinian (Cupani and Ruarte, 2008) populations. Nevertheless, one of the problems of this instrument is its length, given that is composed by 65 items, 13 for each scale. This is the reason why Beatton and Frijters (2012), in a broader study that sought to measure the effects of personality and satisfaction with life on the happiness of Australian youth aged from 9 to 14 years old, reduced the BFQ-C to a shorter version. This shorter version, named S-BFQ-C, is composed by 30 items, so that each of the scales is composed by 6 items. In this version, the questions have to be answered using a Likert-type scale with 5 response options (1 = Almost never; 5 = Almost always). The reliability, measured with Cronbach’s Alpha, was found to be between 0.60 and 0.80 for each of the five scales. For the present study, the total reliability found was α = 0.783.



Emotional Intelligence

The BarOn Emotional Quotient Inventory: Youth Version-Short (EQ-i: YV-S, Bar-On and Parker, 2000) was used. It is directed at children aged from 7 to 18 years old, and is composed of 30 items which have to be answered with a Likert scale with four possible responses (1 = Very seldom or Not true of me, 4 = Very often or True of me). Six items shape each of the following scales: intrapersonal (e.g., “It is easy to tell people how I feel”), interpersonal (e.g., “I care what happens to other people”), adaptability (e.g., “I can come up with good answers to hard questions”), stress management (e.g., “I can stay calm when I am upset”), and positive impression (e.g., “I like everyone I meet”). This last scale is useful for eliminating the cases of high social desirability. The sum of the first four scales provides the total EQ.

The reliability or internal consistency of the EQ-i YV-S scale oscillates between 0.65 and 0.87 (Bar-On and Parker, 2000). For this study, the total reliability was α = 0.745. Its internal structure was confirmed in Spanish (Esnaola et al., 2016), Hungarian (Kun et al., 2012), Mexican (Esnaola et al., 2018b), English (Davis and Wigelsworth, 2018) and Chinese (Esnaola et al., 2018a) populations.



Procedure


Information Collection

In the first place, the participation of the management teams of the 12 early childhood and primary school education centers in Melilla was solicited. Of these, eight centers answered affirmatively. Afterward, within each center, the professor-tutor from each class or classes interested were contacted. A group meeting was conducted with the parents from each group-class, where information was provided about the objectives of the research study. The authorization of the children’s parents for the exclusive use of the results obtained, for educational and scientific purposes, was requested.

Once this process was finished, a document was provided to the teachers-tutors of each participating class which explained how to access the web program utilized for the management of the student’s grades in order to download this information in pdf format. Once this information was downloaded, they were asked to write down, in a double-entry table provided for each student, the final grades obtained in the subjects of Natural Sciences, Spanish Language and Literature, and Mathematics, using the scoring system of insufficient, sufficient, good, notable or outstanding. Teachers provided students’ grades to researchers at the end of the academic year.

The AF-5, the S-BFQ-C and the EQ-i: YV-S questionnaires were administered in the first school term to the students in fifth and sixth grade of Primary Education, collectively according to group-class. The maximum time provided for this was 55 min. Previously, the students were told that there were no right or wrong answers, and that they should answer with total sincerity, given that the test was anonymous. Also, that they should not write their name; and that what they were about to answer did not have any relation with the school grades; and lastly, that they should read the questions, and if they had any doubts (for example, not understanding a term), they should raise their hand so that the question could be resolved.

In order to be able to relate the results of the evaluation of the different psychological constructs and the academic grades, the teacher of each class assigned a number to each student. This number was recorded both in the grades provided by him/her and on the first page of each of the questionnaires administered.



Statistical Analysis of the Data

Before proceeding with the statistical analysis, from the 422 students who participated, it was determined if there were students who had not completed the three evaluation tests, and also if they obtained high scores in the positive impression scale of the EQ-i: YV-S. This resulted in the elimination of 15 individuals, resulting in a final sample of 407 students.

The statistical program IBM SPSS Statistics 23 was used to carry out the statistical analysis. Descriptive statistics were utilized to describe the data (frequencies, percentages, mean and standard deviation). In other words, to answer the first research objective and the first two hypotheses, two Analysis of variance (ANOVA) were performed in which the Academic achievement was used as the dependent variable in one case, and self-concept, personality and EI as dependent variables in the other. In both cases, the independent variables were gender (boy or girl) and cultural group (European vs. Amazigh). The effect size was calculated with the partial eta-squared as the post hoc test, through the use of the Bonferroni test.

To address the second objective and the third hypothesis, three multiple linear regression analysis (with the enter method) were conducted, in which each subject was introduced as the dependent variable, with the predictive variables being the different dimensions which comprised the self-concept, personality and EI constructs. To justify the method used, the non-autocorrelation of the data was determined, using the Durbin Watson test, and the non-existence of multicollinearity, through the Variance Inflation Factor.



RESULTS


Academic Achievement by Gender and Cultural Group

All the subjects had a maximum of five points, and were scored as: 1 = Insufficient, 2 = Sufficient, 3 = Good, 4 = Notable, 5 = Outstanding. The mean grade in Natural Sciences was 3.26 (SD = 1.33), for Spanish Language and Literature it was 3.33 (SD = 1.24) and in Mathematics, it was 3.19 (SD = 1.25).

Academic achievement as a function of the student’s gender and cultural group is presented in Table 3. The analysis of variance performed as a function of gender and cultural group showed that there were differences according to gender for the subject Spanish Language and Literature, F = 5.812, p = 0.016, Eta2p = 0.014, so that the girls obtained higher grades than the boys, t = 0.313, p = 0.016. No differences were found neither in Nature Sciences, F = 0.763, p = 0.383, Eta2p = 0.002, nor Mathematics, F = 1.692, p = 0.194, Eta2p = 0.004. On their part, no differences were found as a function of the cultural group, FNatural Sciences = 0.376, p = 0.540, Eta2p = 0.001; FLanguage and Literature = 0.565, p = 0.453, Eta2p = 0.001; FMathematics = 0.576, p = 0.448, Eta2p = 0.001.


TABLE 3. Academic achievement by gender and cultural group.

[image: Table 3]


Self-Concept, Personality and EI by Gender and Cultural Group

The analysis of variance results (see Supplementary Table S1) showed that there were significant differences as a function of gender for self-concept, more specifically in academic self-concept, with the girls achieving higher grades in post hoc comparisons using the Bonferroni test, t = 0.667, p = 0.007, and self-esteem, t = 1.139, p < 0.001, where the boys stood out. Likewise, differences were found in personality in favor of the girls within the conscientiousness, t = 1.136, p = 0.018, and agreeableness dimensions, t = 1.641, p = 0.001. Also, with respect to the EI, the girls had a higher score in the interpersonal scale, t = 1.016, p = 0.007, while the boys had a higher score in the stress management, t = 1.513, p < 0.001, and adaptability, t = 1.110, p = 0.008. Lastly, with respect to the analysis according to cultural group, there were only significant differences in the physical self-concept, with higher scores reached by the children of Amazigh cultural origin, t = 0.420, p = 0.036.



Predictive Value of the Different Dimensions Evaluated With Respect to Academic Achievement

In first place, a linear regression analysis was conducted, where the dependent variable was the subject Natural Sciences and the predictive variables were the five dimensions of the self-concept, the five dimensions from personality and the four dimensions from EI (see Table 4). The model was significant with values F = 11.003, p < 0.001. Likewise, the coefficient of determination was R2 = 0.311 (adjusted R2 = 0.282). Durbin–Watson’s d test showed that there was no auto-correlation in the data (d = 1.583). Values of the Durbin Watson test between 1.5 and 2.5 indicate that the data are not correlated (Durbin and Watson, 1951). Also, the Variance Inflation Factor (VIF) obtained values lower than 5, so multicollinearity was not present (Berry and Feldman, 1985; Belsley, 1991).


TABLE 4. Regression analysis of the different dimensions analyzed with respect to the natural sciences subject.

[image: Table 4]In the order from greater to lesser predictive value, the dimensions were: academic self-concept, physical self-concept, intrapersonal, intellect/imagination, and family self-concept. The physical self-concept, as well as intrapersonal intelligence, negatively predicted the grades in Natural Sciences.

In second place, as related to the subject Spanish Language and Literature (see Table 5), the model was significant with values of F = 10.442, p < 0.001 and with a coefficient of determination of R2 = 0.299, adjusted R2 = 0.271. The data was not correlated (d = 1.672) and no multicollinearity was found.


TABLE 5. Regression analysis of the different dimensions analyzed with respect to the Spanish language and literature subject.

[image: Table 5]Once again, the academic self-concept dimension had the greatest predictive value, followed by the physical self-concept, intrapersonal intelligence, and intellect/imagination dimensions. The negative predictions remained the same.

In third and last place, for the subject of Mathematics (see Table 6), the model had a statistical significance, as shown by F = 10.790, p < 0.001. The coefficient of determination obtained was R2 = 0.306, adjusted R2 = 0.278. The data was not correlated (d = 1.600) and multicollinearity was not present.


TABLE 6. Regression analysis of the different dimensions analyzed with respect to the mathematics subject.

[image: Table 6]The predictive dimensions were academic self-concept, physical self-concept (in a negative manner), adaptability, intellect/imagination, and conscientiousness.



DISCUSSION

Based on the hypotheses set, first, the grades of the Spanish Language and Literature school subject varied depending on the gender of the students, which coincided with the results from other studies, which highlighted the girls’ higher grades (Huang, 2013; Voyer and Voyer, 2014). In this regard, it could be argued that academic and social expectations are different depending on gender (Voyer and Voyer, 2014). Likewise, the influence of socialization on the formation of gender behaviors must be taken into account in accordance with the cultural norms of masculinity and femininity (Gibb et al., 2008). Gender differences in academic achievement remain between different countries, regardless of their political, economic or social equality (Stoet and Geary, 2015). However, it is noteworthy that in adulthood women occupy fewer representations of political, economic and academic leadership than men.

Contrary to expectations (Strayhorn, 2010; Whaley and Noël, 2012), children of Amazigh origin did not obtain lower grades than those of European origin. These results may be due to the fact that in the city of Melilla children of both cultures are educated from early childhood education in schools where the language used is Spanish. Thus, the academic performance at the end of Primary Education does not differ depending on the cultural origin of the students. However, it is necessary to show that early childhood teachers dedicate great efforts so that children of Amazigh cultural origin develop the linguistic skills necessary for the correct learning and use of the Spanish language (Herrera et al., 2011). Therefore, hypothesis 1 is partially confirmed. That is, the results found indicate that academic achievement varies according to gender but not the cultural origin of the students.

Likewise, differences were found according to gender in self-concept, specifically in the academic self-concept and self-esteem; for personality, within the factors of conscientiousness and agreeableness; in addition to emotional intelligence, particularly in the interpersonal, stress management and adaptability scales. As for the differences found for self-concept according to gender (Nagy et al., 2010), the results found for academic self-concept showed differences in favor of the girls (Malo et al., 2011). Nevertheless, other factors should be taken into account, such as the academic responsibilities associated to school success and failure, given that, for example, the boys in Compulsory Secondary Education attribute their academic success to their skills, while the girls attribute them to their effort (Inglés et al., 2012). As for emotional self-concept or self-esteem, the boys exceeded the girls (Xie et al., 2019). Cross-cultural studies show that differences in self-esteem according to gender are maintained in different countries, although their magnitude differ according to the cultural differences found in the socioeconomic, sociodemographic, gender equality and cultural value indicators (Bleidorn et al., 2016). In this respect, the emotion literacy programs, based on the development of emotional intelligence, could be a useful tool for the development of self-esteem (Cheung et al., 2014).

As for the differences in the personality dimensions conscientiousness and agreeableness in favor of the girls, the results were in agreement with previous studies (Rahafar et al., 2017; Janošević and Petrović, 2019). Within the differences in EI according to gender, the girls scored higher in the interpersonal scale, while the boys did so in stress management and adaptability (Ferrándiz et al., 2012; Herrera et al., 2017). In this way, the girls showed competencies and skills that were higher than the boys in empathy, social responsibility, and interpersonal relationships. On the contrary, the boys stood out in stress tolerance and impulse control (stress management), as well as in reality-testing, flexibility, and problem-solving (adaptability). These differences, as a function of gender, could be due to cultural factors and family rearing practices differentiated as a function of gender (Joseph and Newman, 2010).

Also, the physical self-concept varied according to the cultural origin, where children from the Amazigh culture obtained higher scores than children of European culture origin. This may be due to the influence of cultural values (their own, meaning Amazigh, as well as the context in which they live in, given that the children are socialized in a European context), with respect to body image and physical self-concept (Marsh et al., 2007).

Based on the results found, the second hypothesis is partially confirmed. The three psychological constructs evaluated differ according to gender in the expected direction but only in the self-concept are differences found according to the cultural origin. Although it was expected to find differences in favor of children of European cultural origin in academic self-concept (Cvencek et al., 2018), they have been found in physical self-concept in favor of children of Amazigh cultural origin. As previously indicated, children of European and Amazigh culture develop in the same school contexts from the early educational stages. Thus, educational policies developed in schools may have contributed to eliminating the possible socio-cultural disadvantages of children of Amazigh cultural origin. This implies, therefore, that there are no differences depending on the cultural group in the academic self-concept.

In the predictive analysis developed for each of the school subjects of the curriculum of Primary Education, with the aim of answering the second objective and the third hypothesis of the study, the academic self-concept showed a greater predictive value (Marsh and Martin, 2011; Jansen et al., 2015; Guo et al., 2016; Lösch et al., 2017; Susperreguy et al., 2018). This result confirms the third hypothesis. That is, the relevance of academic self-concept in school performance. However, so did other dimensions of self-concept. More specifically, the physical self-concept negatively predicted the academic results in the three subjects evaluated (Lohbeck et al., 2016). Children who participated in the study are in the process of transition from childhood to adolescence. Biological changes in their bodies due to this stage of evolutionary development as well as greater attention to appearance and physical abilities may interfere at the end of Primary Education in their academic performance. Furthermore, the family self-concept predicted the grades of the Natural Sciences school subject. This last result points to the influence of the family on self-concept as well as academic results (Corrás et al., 2017; Mortimer et al., 2017; Häfner et al., 2018).

Personality also predicted the academic results in the three school subjects from the Primary Education curriculum analyzed (O′Connor and Paunonen, 2007; Spengler et al., 2016; Bergold and Steinmayr, 2018), i.e., the intellect/imagination dimension for the three subjects and conscientiousness for Mathematics. In the first case, it may be because intellect/imagination or openness is a personality dimension that reflects cognitive exploration (DeYoung, 2015). It refers to the ability and tendency to find, understand and use complex patterns of both sensory and abstract information. Therefore, those children who score higher in intellect/imagination will get better academic results than those with lower scores. In the second case, conscientiousness relates to responsibility, persistence, trustworthiness, and being purposeful (Conrad and Patry, 2012). Children with high conscientiousness can develop a variety of effective learning strategies, which may be associated with higher academic performance in Mathematics.

Likewise, EI predicted academic achievement in every case (Salami and Ogundokun, 2009; Hogan et al., 2010; Brackett et al., 2011; MacCann et al., 2011). More specifically, the intrapersonal scale predicted it for the subjects of Natural Sciences and Spanish Language and Literature. Intrapersonal intelligence involves the knowledge and labeling of one’s own feelings. This ability may contribute to achieving better grades in both subjects of the curriculum. For example, in the subject of Spanish Language and Literature it can facilitate the communicative skills related to the reading of different kinds of texts, their reflection and their understanding. On the other hand, in the subject of Nature Sciences it can contribute to interpret reality in order to address the solution to the different problems that arise, as well as to explain and predict natural phenomena and to face the need to develop critical attitudes before the consequences that result from scientific advances. In the case of the Mathematics subject, the adaptability scale predicted the academic achievement. Adaptability implies abilities such as being able to adjust one’s emotions and behaviors to changing situations or conditions, which is closely related to mathematical thinking.

In general, scientific literature shows that academic achievement is related to self-concept (Susperreguy et al., 2018; Wolff et al., 2018; Sewasew and Schroeders, 2019), personality (Perret et al., 2019; Smith-Woolley et al., 2019), and EI (Corcoran et al., 2018; Deighton et al., 2019; Piqueras et al., 2019). Also, that within these construct, academic self-concept (Ferla et al., 2009; Guay et al., 2010; Chen et al., 2013; Marsh et al., 2014), intellect/imagination (Poropat, 2009; Smith-Woolley et al., 2019), and adaptability (MacCann et al., 2011; Szczygieł and Mikolajczak, 2017) correlate significantly with academic achievement. In this research the predictive value of the dimensions of self-concept, personality and EI regarding the academic grades obtained in three subjects of the Primary Education curriculum has been established. One of its strengths is that it analyzes the predictive value of these psychological constructs together, not separately as in other studies.

In addition, the study has been developed in a multicultural context where children of European and Amazigh cultural origin coexist. Children of Amazigh cultural origin usually have access to early childhood education centers with a lower knowledge of the Spanish language than children of European cultural origin (Herrera et al., 2011). Although studies carried out with groups of cultural minorities show differences in their school performance (Strayhorn, 2010; Whaley and Noël, 2012), in the present study they are not at the end of Primary Education. This fact may be due to the linguistic policy developed in Melilla educational centers, which means that the mother language of children of Amazigh origin does not represent a disadvantage for academic achievement.

Further, gender differences found in the study seem to be more relevant than cultural differences. In fact, they are only in the physical self-concept in the latter case. Personality can mediate in adapting to school demands, so that girls are more conscientiousness than boys and follow norms in a more adaptive way (Carvalho, 2016). Moreover, since girls excel in their academic self-concept, their self-efficacy may also be superior to that of boys, which contributes to a better school adjustment (Ferla et al., 2009). Girls also have greater interpersonal intelligence, indicating better empathy, social responsibility and interpersonal relationships (Ferrándiz et al., 2012). Such non-cognitive abilities can stimulate the development of positive interpersonal relationships in the classroom with both the teachers and their peers. These individual differences may be due to family and social influences where, for example, girls are expected to be more emotionally expressive than boys (Meshkat and Nejati, 2017). In this same direction it could explain why children have greater self-esteem and stress management that girls.


Practical Implications for Education

In light of the results obtained in the present research study, the need to carry out a comprehensive education in schools that addresses the promotion of not only academic but also personal, social and emotional competences, are underlined (Cherniss, 2010; Hunagund and Hangal, 2014; Herrera et al., 2017; Szczygieł and Mikolajczak, 2017; Corcoran et al., 2018; Cvencek et al., 2018). For this, the application of the principles derived from Positive Psychology in the education field would be an adequate strategy (Suldo et al., 2015; Chodkiewicz and Boyle, 2017; Domitrovich et al., 2017; Shoshani and Slone, 2017). Thus, intellectual, procedural and emotional aspects have to be worked on in learning, the latter being clear drivers of learning. The pleasant emotions experienced by children in educational settings will allow greater happiness and emotional well-being in them (Gil and Martínez, 2016). For it, teachers must be trained in good teaching practices that allow the interest of students to learn as well as guide them in the emotional domain (Castillo et al., 2013; Oberle et al., 2016; Conners-Burrow et al., 2017).

Likewise, schools must respond to the gender and cultural differences of students (Chrisler and McCreary, 2010; DiPrete and Jennings, 2012), particularly the first based on the results of this study. Thus, for example, the development of greater self-esteem in girls (Bleidorn et al., 2016; Xie et al., 2019) should be encouraged. As indicated by Cheung et al. (2014), emotional literacy programs that are based on emotional intelligence are an appropriate strategy for promoting self-esteem. Similarly, gender differences must be taken into account in response to other factors such as cultural group, family beliefs and parenting practices (Chrisler and McCreary, 2010; Joseph and Newman, 2010; Nagy et al., 2010; Allik et al., 2012; Marsh et al., 2015).



Study Limitations and Proposal for Future Research

The present study has been developed taking into account only the last two school years of the education stage of Primary Education, just before the transition to Compulsory Secondary Education. Given that the scientific literature shows evolutionary changes in the development of the constructs analyzed (Huang, 2011; Murayama et al., 2013; Marsh et al., 2015; Bleidorn et al., 2016), longitudinal studies could be conducted in future research studies from Primary Education to Compulsory Secondary Education in order to determine the magnitude and direction of these changes.

On the other hand, all the instruments for data collection used to evaluate the psychological constructs analyzed in the present study are based on self-report measures. Different types of measuring instruments (self-report measures and performance measures) should be combined in future studies (Petrides et al., 2010; Mayer et al., 2012).

Gender differences in academic achievement as well as the psychological constructs analyzed have been revealed. However, it has to deepen the analysis of personal variables, family, social and cultural factors that contribute to that, even though women get better scores on their school performance across the different educational stages, at adulthood that reach fewer representations than men in leadership positions (Stoet and Geary, 2015).

Finally, given the cultural diversity in schools it is necessary to develop studies that analyze academic achievement as well as its relationship with different psychological variables in students of different cultural groups. Cross-cultural studies comparing different countries are necessary (Marsh and Hau, 2003; Nagengast and Marsh, 2012; Bleidorn et al., 2016; Min et al., 2018) but teachers have to know how to deal with coexistence and cultural diversity within the classrooms.
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In addition to attempting to verify gender differences, this study aims to examine the explanatory potential of boys’ and girls’ attitudes toward mathematics on their performance. The sample comprised 897 students in the 5th and 6th years of primary education (450 boys and 447 girls). The results confirm what previous research has suggested, that girls tended to exhibit less positive attitudes about mathematics than their male classmates, in particular lower motivation, worse perception of competence, and higher rates of anxiety, although in all cases the effect sizes were small. Even though there no significant gender differences in academic performance, as expected, the explanatory power of attitudes toward mathematics was clearly more significant in boys than in girls (R2 = 0.194 and R2 = 0.103, respectively). The results of the regression analysis for each sample reinforce the well-known positive impact of perceived self-efficacy on mathematics performance and introduce the effect of achievement emotions of academic performance. Test anxiety in mathematics seems to only have a negative effect on boys’ grades, as this variable does not appear in the regression equation when explaining girls’ performance. In the light of control-value theory, we discuss the contingency of perceived competence and its involvement in anxiety and academic performance. Boys’ results could be affected by the levels of anxiety inasmuch as they tend to be confident in their abilities, motivated to stand out, and interested in mathematics. Whereas despite girls reporting high rates of anxiety, what may have a negative impact on their results might have more to do with a higher value placed on mathematics, as their perception of control may be low.
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INTRODUCTION

Spanish students’ scores in the mathematics tests in Programme for International Student Assessment (PISA) 2015 (Ministerio de Educación Cultura y Deporte [MECD], 2016) do not help us to be optimistic about the teaching and learning in this subject in our country. The score in the mathematics test from May 2015, which evaluated 37,205 of the 414,276 15-year-old students in Spain, was 486 points, significantly lower than the OECD average of 490 points. In a ranking of the 36 member countries, Spain is in 26th position, and only 7.2% of Spanish students reached high levels of achievement (5 and 6) in mathematics, which is 3.5 percentage points less than the OECD average (10.7%).

These results seem to reflect a problem that continually calls into question the effectiveness of teaching–learning processes for mathematics content. Motivational and emotional variables, which involve beliefs, emotions, and attitudes, seem to be important when it comes to fully understanding and explaining the results. In fact, everything points toward math achievement being related to variables such as perceived competence and self-efficacy (Randhawa et al., 1993; Pajares and Graham, 1999; Fast et al., 2010; Williams and Williams, 2010; Parker et al., 2014), interest (Köller et al., 2001; Lee et al., 2014; Jansen et al., 2016) and anxiety (Ashcraft, 2002; Ashcraft and Ridley, 2005; Lyons and Beilock, 2012; Ramirez et al., 2016).

In this context, when we look at the results of PISA 2015 (Ministerio de Educación Cultura y Deporte [MECD], 2016), the difference in mathematics performance between boys and girls aged 15 is an average of 8 points in OECD countries and 11 points in the European Union (EU) overall, with boys scoring higher than girls. In Spain, boys scored 16 points higher than girls, much higher than the OECD average. Various meta-analyses in the 1970s and 1980s demonstrated a slight male advantage in mathematics in secondary students (Hyde et al., 1990; Hedges and Nowell, 1995), at least in complex problem-solving tasks. However, this varies by country (Else-Quest et al., 2010; Mullis et al., 2012; Ministerio de Educación Cultura y Deporte [MECD], 2016), and more recent data suggest that this gender gap may be disappearing (Hyde et al., 2008; Hyde and Mertz, 2009; Lindberg et al., 2010).

It is an established fact that beliefs and attitudes can have a significant impact on the decision to choose a professional career related to mathematics (Colbeck et al., 2001; Ceci and Williams, 2011; Sadler et al., 2012; Kanny et al., 2014; Legewie and DiPrete, 2014; Wang and Degol, 2017). In addition, women are often underrepresented in STEM programs (science, technology, engineering, and mathematics programs), particularly in engineering, physical sciences, and computational sciences in western universities (e.g., Larivière et al., 2013; Hyde, 2014). With that in mind, it is essential to include this topic in the research agenda of educational psychology in order to thoroughly understand the interaction between motivational constructs and each group’s performance (girls and boys). In addition, research suggests that gender differences in mathematics ability are minimal during early childhood and do not consistently arise until middle to late adolescence (e.g., Lindberg et al., 2010; Robinson and Lubienski, 2011). The current study addresses the need to delve into the affective-motivational dimension of students in the final years of primary education, as girls may be losing their motivation for mathematics as they advance through this particular educational stage.


Academic Motivation and Performance in Mathematics

Motivational research in mathematics has addressed constructs such as self-efficacy, which indicates students’ judgments of their abilities to perform specific mathematical tasks, and interest in mathematics, as positive affective experiences in activities related to mathematics. As laid out in expectancy-value theory, both expectations of success and subjective values related to the task directly influence performance, attainment, effort, and persistence (Wigfield and Eccles, 2000). Various studies have shown that perceived self-efficacy positively predicts academic achievement in mathematics (Randhawa et al., 1993; Pajares and Graham, 1999; Stevens et al., 2006; Fast et al., 2010; Williams and Williams, 2010; Parker et al., 2014). Similarly, students’ interest in mathematics is associated with a strong preference for mathematics content, which translates to sustained commitment over time and better performance (Köller et al., 2001; Hidi and Renninger, 2006; Lee et al., 2014; Jansen et al., 2016) in both childhood and adolescence (Lepper et al., 2005; Aunola et al., 2006; Denissen et al., 2007; Viljaranta et al., 2009).

There is also evidence that math anxiety is negatively related to performance, leading to avoidance and diminishing working memory resources needed to deal with mathematical tasks (Ashcraft, 2002; Ashcraft and Ridley, 2005; Lyons and Beilock, 2012; Ramirez et al., 2016). The nuances of the research must be understood when it comes to operationalizing the measure of math anxiety, as must the fact that the full spectrum of emotional reactions may be associated with it (Goetz and Hall, 2013; Pekrun and Linnenbrink-Garcia, 2014) and affect academic performance (Pekrun et al., 2014, 2017). For that reason, in this study, we address negative emotions associated with mathematics and math anxiety separately. In accordance with the control-value theory of achievement emotions (Pekrun, 2006), students who enjoy mathematics are assumed to focus their attention on the tasks, making better use of deep learning strategies and, therefore, getting better results. Students who are, for example, bored in mathematics classes pay less attention and make less use of learning strategies or use more superficial strategies, which leads to them having lower achievement (Pekrun, 2006; Pekrun et al., 2017; Putwain et al., 2018).



Gender Differences in Mathematics Motivation

Research has confirmed gender differences, even in primary education, in mathematics self-concept, self-efficacy, and interest, suggesting that boys generally have better motivational profiles in mathematics than have girls (Eccles et al., 1993; Kurtz-Costes et al., 2008). The study of gender differences in mathematics motivation in these first educational phases is of particular interest. In this way, the most could be made of female students’ potential, improving the gender balance of participation in future STEM courses, which have been recognized as a critical filter for highly qualified and highly paid jobs.

According to previous research (Fredricks and Eccles, 2002; Jacobs et al., 2002; Preckel et al., 2008; Else-Quest et al., 2010; Frenzel et al., 2010; Guo et al., 2015; Ganley and Lubienski, 2016), girls report lower levels of individual interest and perceived mathematics competence. The most significant differences are in secondary school and university students rather than students in lower educational levels.

Demonstrating the need to explore gender differences in academic motivation, previous research has concluded that, for example, mathematics self-concept could be positively linked to achievement in boys but could even have a negative effect on girls’ achievement (Yoon et al., 1996). It has also demonstrated that the impact of interest on mathematics achievement may be slightly more important for girls than for boys (Ganley and Lubienski, 2016). On this point, although expectation-value theory does not develop a theoretical framework to address gender differences in particular, it may be used to facilitate the interpretation of the differential impact of self-beliefs and values (Wigfield et al., 1991, 1997; Eccles et al., 1993).

In terms of gender differences related to emotions provoked by mathematics, among which studies on math anxiety stand out, research indicates (albeit with small effect sizes) the existence of greater rates of anxiety in girls than boys during tasks involving mathematical reasoning (Hyde et al., 1990; Else-Quest et al., 2010). Assuming the possibility that these differences start as early as primary school (Yüksel-şahin, 2008; Griggs et al., 2013), research suggests the existence of a higher rate of math anxiety, and also more negative feelings and attitudes in boys than girls (Hyde et al., 1990; Nagy et al., 2008; Goetz and Hall, 2013; Goetz et al., 2013; Bieg et al., 2015). According to the principles of control-value theory, studies addressing the different impact suggest that positive emotions associated with mathematics could have a more pronounced effect on girls’ dedication (Pinxten et al., 2014) and that the rates of anxiety and negative emotions may not affect girls’ achievement as negatively as might have been expected (Goetz et al., 2013).

Based on these considerations, and apart from attempting to verify gender differences, the primary purpose of this study is to analyze the possible differential impact of the variables used to explore mathematical motivation on the academic achievement of boys and girls in primary education. Firstly, we hypothesize that there will be statistically significant differences in mathematical motivation between boys and girls. We expect the boys’ motivational pattern, in terms of perceived competence and intrinsic motivation for mathematics, to be more positive than the girls’ (Fredricks and Eccles, 2002; Jacobs et al., 2002; Preckel et al., 2008; Else-Quest et al., 2010; Frenzel et al., 2010; Guo et al., 2015; Ganley and Lubienski, 2016), and the girls to exhibit more negative feelings and greater anxiety toward mathematics than do the boys (Hyde et al., 1990; Nagy et al., 2008; Goetz et al., 2013; Bieg et al., 2015). We will examine the explanatory potential and differential incidence of competency beliefs and intrinsic motivation, along with negative feelings and anxiety over mathematics performance in boys and girls, assuming that perceived competence will have an impact on academic achievement in both cases (Randhawa et al., 1993; Pajares and Graham, 1999; Stevens et al., 2006; Fast et al., 2010; Williams and Williams, 2010; Parker et al., 2014). We will also explore the possibility that the impact of intrinsic motivation on performance will be more significant when it comes to explaining girls’ achievement rather than boys’ (e.g., Yoon et al., 1996; Ganley and Lubienski, 2016). Finally, we will also look at whether anxiety is more important when explaining boys,’ compared with girls,’ mathematics achievement (e.g., Goetz et al., 2013).



MATERIALS AND METHODS


Participants

The sample was composed of 897 students from 13 public primary schools in the Spanish province of A Coruña. Half (50.2%) were boys and half (49.8%) were girls. They were aged between 9 and 13 years (M = 10.77; SD = 0.69). Out of the total, 437 were in the 5th year of primary education (223 boys and 213 girls) and 460 were in the 6th year of primary education (227 boys and 233 girls).



Instruments

To measure students’ attitudes toward mathematics, we used the IAM (Inventario de Actitudes hacia las Matemáticas/Inventory of Attitudes Toward Mathematics). This instrument is the result of expanding the Fennema–Sherman Mathematics Attitude Scale (FSS) by Fennema and Sherman (1976). It is an extended version of the scale, with some modifications, adapted into Spanish and including new dimensions aimed at measuring more accurately students’ attitudes and motivation for mathematics (Silva, 2005; González-Pienda et al., 2012; Cueli et al., 2014). In this study, we used the following IAM dimensions:


•Intrinsic motivation toward mathematics (four items; α = 0.72): this evaluates motivation toward learning and understanding mathematics content for the pleasure and personal satisfaction that comes from working with this type of content (example item: “I find mathematics enjoyable and stimulating”).

•Perceived competence in mathematics (four items; α = 0.75): this evaluates the level of confidence in oneself for learning and getting good mathematics results (example item: “I think I can do even more difficult math tasks”).

•Negative feelings caused by mathematics (three items; α = 0.71): this evaluates the presence and intensity of sadness and unease caused by studying, homework, or attending math classes (example item: “In math class I am sad and unhappy”).

•Math anxiety (three items; α = 0.77): this evaluates the level of students’ fear and nervousness with math tests and tasks (example item: “I feel uncomfortable and nervous about mathematics”).

The items in each dimension were in a Likert-type format with five response options from 1 (completely false) to 5 (completely true).

The evaluation of academic performance in mathematics was obtained via the final school grades that the participating students received in this subject. The following grades were used: 1 = poor, 2 = satisfactory, 3 = good, 4 = very good, and 5 = outstanding.





Procedure

The data were collected during school hours by personnel external to the school with the prior consent of the school management and the students’ teachers. Prior to participating in the study, the teachers, students, and parents (depending on school regulations) were informed of the study content and procedure. Before data collection, which was done on a single occasion, the participants were reminded of the importance of answering the various questions honestly.

Data about the target variables were collected in accordance with the recommendations of the ethical standards established in the Research and Teaching Ethics Committee of the University of A Coruña and the Declaration of Helsinki. Confidentiality of data was ensured, and participation was voluntarily such that withdrawal from the study was possible at any time.



Data Analysis

In addition to descriptive and correlational analyses, analysis of variance (ANOVA) was also used to examine gender differences in mathematics motivation. A stepwise linear regression analysis was performed to examine the predictive capacity of the motivational variables on achievement in mathematics between boys and girls. In both cases, the predictor variables were intrinsic motivation, perceived competence, negative feelings, and math anxiety, with the criterion variable being the students’ final academic grade in mathematics. Firstly, the analysis aimed to understand the contribution of each of the variables added to the regression equation when it came to predicting mathematics performance. In addition, we wanted to ascertain the weight and specific significance of the predictor variables in each sample. Effect sizes were calculated according to the criteria in Cohen (1988) classic work: d < 0.20 = non-significant effect; d ≥ 0.20 and d < 0.50 = small effect; d ≥ 0.50 and d < 0.80 = moderate effect; and d ≥ 0.80 = large effect.



RESULTS

The analysis of results first looks at determining whether there are significant differences in intrinsic motivation, perceived competence, negative feelings, and math anxiety by gender. Following that, we examine the contribution of this set of affective-motivational variables on students’ academic performance.

Table 1 shows the correlation coefficients as well as descriptive statistics of central tendency, distribution, and dispersion for the variables in this study. Considering the correlations, academic achievement in mathematics had a positive, statistically significant relationship to intrinsic motivation toward mathematics (r = 0.19, p < 0.01) and perceived competence (r = 0.28, p < 0.01). Anxiety and negative feelings toward mathematics had a negative association with performance (r = −0.29, p < 0.01, and r = −0.33, p < 0.01, respectively).


TABLE 1. Means, standard deviations, asymmetry, kurtosis, and correlation matrix.

[image: Table 1]The relationship between perceived competence and both negative emotions and math anxiety was negative and significant (r = −0.43, p < 0.01, and r = −0.49, p < 0.01, respectively). Similarly, negative feelings toward mathematics and anxiety were both significantly, negatively correlated with intrinsic motivation toward mathematics (r = −0.50, p < 0.01, and r = −0.49, p < 0.01, respectively). As one might expect, there was a significant, positive association between negative feelings toward mathematics and math anxiety (r = 0.47, p < 0.01).


Differences in Mathematics Motivation Between Boys and Girls

We found statistically significant differences in mathematics motivation between boys and girls in primary education, with a moderate effect size, even though the differences in mathematics performance were not significant [F(1,895) = 1.174, p = 0.279]. Girls reported lower levels of self-efficacy [F(1,985) = 11.227; p < 0.01; ηp2 = 0.012; d = 0.71] and intrinsic motivation [F(1,895) = 6.522; p < 0.05; ηp2 = 0.007; d = 0.61] for mathematics than did boys. On the other hand, whereas both boys and girls had similar levels of negative feelings toward mathematics [F(1,895) = 1.272, p = 0.260], the girls exhibited higher rates of math anxiety than did their male classmates [F(1,895) = 11.018; p < 0.01; ηp2 = 0.012; d = 0.70].



The Impact of Motivation on Mathematics Performance in Girls and Boys

We performed two identical stepwise regression analyses, one for the sample of boys (n = 450; Mage = 10.79; SD = 0.70) and one for the girls (n = 447; Mage = 10.75; SD = 0.68), with the aim of determining the predictive value of the motivational variables on mathematics performance in each sample.

As Table 2 shows, in the boys’ group, both negative feelings and anxiety associated with mathematics, along with perceived competence in the subject, contributed significantly to the prediction of academic performance [F(3,446) = 36.914; p < 0.001], explaining almost 20% of the variance (R2 = 0.194) in the criterion variable.


TABLE 2. Explained variance (R2), change in R2 (ΔR2), regression coefficients (β), and associated statistical significance [t(p <)] in the prediction of boys’ and girls’ mathematics performance.

[image: Table 2]In the girls’ group, intrinsic motivation, negative feelings toward mathematics, and perceived competence in the subject were also predictor variables of mathematics performance [F(3,443) = 18.093; p < 0.001], although in this case the percentage of explained variance was half of that in the boys’ sample (R2 = 0.103).

The results of the analyses confirm the explanatory potential of both negative feelings toward mathematics (β = −0.207; t = −4.156; p < 0.001 for the boys, and β = −0.267; t = −5.087; p < 0.001 for the girls) and perceived competence (β = 0.162; t = 3.301; p < 0.001 for the boys, and β = 0.225; t = 3.625; p < 0.001 for the girls) in mathematics performance (see Table 2). In both samples, negative feelings were associated with poor mathematics performance, whereas the positive regression coefficient for perceived competence in the subject indicates, as previous research has noted, the positive link between these types of beliefs and performance.

The results also indicate some differential aspects that should be underscored. Firstly, the contribution of math anxiety was only an explanatory factor for the boys (β = −0.192; t = −3.819; p < 0.001), whereas intrinsic motivation appeared as a significant variable in the explanation of girls’ performance (β = −0.159; t = −2.667; p < 0.05). The negative regression coefficient of this variable indicates that, for girls, commitment to mathematics for intrinsic reasons may negatively affect their performance in this subject. We discuss this result in light of Pekrun’s (2006) control-value theory.



DISCUSSION AND CONCLUSION

In line with previous research (Hyde et al., 1990; Else-Quest et al., 2010; Goetz et al., 2013; Bieg et al., 2015), we confirm that girls in the 5th and 6th years of primary education report higher levels of math anxiety than do boys, in this case, with moderate effect sizes. However, these gender differences in math anxiety may not be transferable to other negative feelings or emotions such as sadness or boredom, as previous studies have suggested (Hyde et al., 1990; Nagy et al., 2008; Goetz and Hall, 2013; Goetz et al., 2013; Bieg et al., 2015). Our results also replicate prior studies, showing that boys report greater intrinsic motivation and perceived competence for mathematics than do girls (Fredricks and Eccles, 2002; Jacobs et al., 2002; Preckel et al., 2008; Else-Quest et al., 2010; Frenzel et al., 2010; Louis and Mistele, 2012; Guo et al., 2015; Ganley and Lubienski, 2016), even though their performance in mathematics is similar (Skaalvik and Skaalvik, 2004; Else-Quest et al., 2010; Lindberg et al., 2010).

In general terms, as expected, our results confirm the well-known positive impact of perceived self-efficacy on mathematics performance at school (Zimmerman, 1995; Pajares and Graham, 1999; Valentine et al., 2004; Fast et al., 2010; Williams and Williams, 2010; Parker et al., 2014), found in both standardized tests and, as in our case, the grades awarded in class (Randhawa et al., 1993; Fast et al., 2010; Grigg et al., 2018).

In addition, as various perspectives have suggested, our results highlight the importance and influence of students’ emotions on their learning and performance. The explanatory power of negative emotions associated with mathematics has been shown to be even more important than the oft-quoted math anxiety when it comes to explaining performance in this subject. Research on emotions in mathematics has repeatedly focused on math anxiety, very probably ignoring a good number of different emotions such as sadness and boredom, which as “hot cognition,” may mark the path of learning and success. Even though studies indicate that the relationships between emotions and performance generally tend to have small or moderate effect sizes, it is possible that academic emotions end up having a significant cumulative long-term impact on performance. For this reason, we should not lose sight of their role in health, subjective well-being, choice and continuation of study, or in lifelong learning (Pekrun, 2006).

The differences in percentages of variance in academic performance explained by the motivational variables that we examined in boys and girls indicate the need to encourage research into gender differences in academic emotions and motivations in general and in mathematics in particular. Whereas negative feelings, anxiety, and perceived competence together explain almost 20% of the variance in boys’ performance in mathematics, the explanatory power of negative feelings, competence, and intrinsic motivation in girls is practically half of that. Producing a body of knowledge that would let us characterize differential motivational profiles, in contexts of achievement, would allow better adjustment of affective-motivational interventions. The gender gap in cognitive abilities could be reduced in the long term with the promotion of specific educational experiences in these first stages of formal education (Ganley and Lubienski, 2016).

In this study, the performance of the boys, who were more confident in their abilities, more motivated, and more interested in mathematics, was seen to diminish in relation to the appearance of negative feelings about mathematics, and there were high rates of anxiety. Nevertheless, and in line with observations by Goetz et al. (2013), our results seem to demonstrate that although girls reported higher levels of anxiety, their performance in mathematics tasks and tests was not affected as negatively as might have been expected. The state-trait discrepancy that research recognizes in these and other academic emotions (e.g., Porter et al., 2000; Frenzel et al., 2007; Bieg et al., 2013, 2014) suggests that gender differences found in math anxiety may not be reflected in day-to-day school learning processes. Emotional valuations may be strongly influenced by subjective beliefs such as expectations or attributional tendencies. The commonly accepted idea that in mathematics girls believe themselves to be less competent may be behind an erroneous anticipatory evaluation of their math anxiety (e.g., Skaalvik and Skaalvik, 2004; Ganley and Lubienski, 2016). These girls’ beliefs about their competence in mathematics, together with gender stereotypes (Wigfield and Eccles, 2000; Pekrun, 2006; Thoman et al., 2013; Bieg et al., 2015), contribute to an emotional evaluation that differs from the emotions really associated with the specific tasks or situations. This is why despite girls exhibiting higher levels of anxiety about mathematics than do boys, this variable is not an explanatory factor in girls’ performance.

With respect to the premises of the control-value theory, negative feelings such as sadness, unhappiness, and despair associated with mathematics tasks are surely the result of a pattern of low control with high value placed on success (Frenzel et al., 2007; Bieg et al., 2015). The inclusion of intrinsic motivation as a negative predictor of girls’ mathematics performance must be understood in this context, characterized by low perceived competence for the subject. Just as Pekrun’s (2006) theory determines, if negative emotions are the result of a pattern of low control together with high value placed on success, involvement for intrinsic reasons, indicating high value placed on mathematics, could end up decreasing girls’ performance inasmuch as it could contribute to negative feelings in this area.



EDUCATIONAL IMPLICATIONS

In terms of the potential of emotions associated with the classroom, it is worth suggesting longitudinal, experimental, and interventional research to examine the assumed causal relationships between discrete emotions, both negative (as we have done in this study) and positive (enjoyment, hope, and gratitude among others), and performance. Apart from incorporating knowledge about moderating and mediating variables of academic emotions and their background into the teacher training syllabus, teachers should also consider the impact of educational styles on their students’ academic emotions, and their role in encouraging positive emotions and reducing negative emotions associated with the classroom.

In terms of our results, and in line with Ganley and Lubienski (2016), mathematics interventions for girls should start early and deal specifically with perceptions of confidence and control. On the other hand, management of emotions, particularly anxiety, could be extremely important for mathematics interventions for boys. The identification and development of instruction strategies and intervention plans to improve the affective-emotional experiences associated with the learning process should be on the educational and research agenda.



LIMITATIONS

Apart from the inherent limitations of the research design, we must recognize the use of a self-report to measure emotions and the fact that boys and girls surely differ in their abilities and dispositions when reporting their emotions (Bryant et al., 1996). Information about emotions may be especially vulnerable to social desirability or to stereotyping in a context such as mathematics, which is perceived as a male domain.
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In recent years, important methodological attempts have been made to explore the comparability of examination standards, especially in the context of certifications and university entrance. The present study aimed to explore the use of a construct comparability approach through a comparative analysis of the academic scores on 15 subjects from Spanish University Entrance Examinations in the Valencian Community, with a sample of 22,996 students in the call of June 2018. We employed the Rasch partial credit model as an estimation method, counting each subject as the item of an instrument related to academic achievement. The results confirmed the unidimensionality assumption and the goodness of fit of the model in relation to all subjects, although no discrimination between high and low ability students was detected because of the lack of monotonicity of the score categories. We observed that the level of difficulty of the subjects was appropriate to the students’ ability levels. Important conclusions have been drawn for the improvement of the standard qualification process, and future research directions have been proposed.
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INTRODUCTION

Across different countries, standard examinations constitute a formal procedure to select high school students based on academic achievement in different courses. This type of procedure has served as a governance instrument to provide consistent required standards of achievement, objective examination conditions, and grading procedures (Neumann et al., 2011).

The use of improved measures of academic achievement can be considered a positive consequence of the desire to increase economic growth and competitiveness (Sahlberg, 2006). Moreover, there has been a notable research interest in understanding how students’ achievement can be improved with analysis of the cognitive, motivational, and contextual variables involved in causal or predictive models (Valle et al., 2008; Dicke et al., 2018). For these reasons, it is also relevant to study how different types of examinations (tests or written exams) use the required psychometric properties according to specific goals determined by educational administrations (Raykov and Pohl, 2013). This article aims to explore the measurement quality of the 2018 University Entrance Examinations in the Spanish territory of the Valencian Community, based on the construct comparability approach (Coe, 2008).


The University Entrance Examinations in Spain

In Spain, the University Entrance Examinations (known as PAU) are formal procedures for access to higher education, undertaken by those who have previously obtained the Spanish Baccalaureate certificate (Bachillerato); these are based on examination standards of mandatory and modality subjects that have been studied during the previous course. Depending on the subjects, examinations have different formats, such as essays (e.g., History of Spain and Spanish Language), analyzing visual images (Art History), texts on a specific topic of large or short extension (e.g., English Language and Latin Language), or solving problems (e.g., Economy), among others. Moreover, it must be noted that there is no unique examination for the whole country; rather, each community is autonomous and has the objective to design specific examinations for the students living within that community. The mean grade obtained from these examinations is weighted with the Baccalaureate grade, and a final evaluation is obtained to access the chosen undergraduate degree that may be located in any part of the country.

As the Spanish University Entrance Examinations are crucial for the future of thousands of students every year, it is necessary to consider the role of research assessment in the field of education. Within this context, the analysis of the process and the results obtained, as well as the employment of the distinct procedures, are relevant to ensure equality and equity of opportunities in higher education access.

In quantitative research, statistical methods have been applied to investigate the necessary conditions for measuring academic achievement objectively, with the correct design and use of measurement instruments – for example, value added models and multilevel models from a longitudinal perspective (Blanco et al., 2009; López-Martín et al., 2014).

With respect to the PAU, important research was conducted by Gaviria (2005), where different statistical techniques were applied – classic, ordinary least squares, multilevel, and mean and standard deviation equality methods – to match the grade obtained in the Baccalaureate with that obtained in the PAU; the last served as anchor, as the examination was the same for all participants. The results showed that the non-classical method produced worse results than classical methods, improving justice in student selection. Apart from this study, no other relevant research is found beyond quantitative analyses, which refer to group differences in a specific context (Ruiz et al., 2013). For this reason, this study aimed to fulfill the existing limitations by adding new comparability analyses of standard examinations.



Advances and Limitations of Standard Examinations Comparability

Traditionally, standardized achievement tests are considered the most objective procedure, as they reflect a unidimensional construct that is highly dependent upon students’ cognitive abilities (Hübner et al., 2019). Different international organizations have clarified the improvements in the design and implementation of international standardized tests such as TIMMS (Trends in International Mathematics and Science Study), PIRLS (Progress in International Reading Literacy Study), IALS (International Assessment of Literacy Survey), and especially PISA (Programme for International Student Assessment).

On the other hand, written examinations based on grades are considered a multidimensional construct, in which teachers use different criteria (Guskey, 2006). In this area, multiple studies have claimed the impact of various frames of reference. For example, Westphal et al. (2016) found that teachers’ judgments were associated with the socioeconomic composition of the classroom in a sample of 3,285 math fourth graders. Zimmermann et al. (2013) showed, in a longitudinal study of 1,045 students from Grade 5 to Grade 9, that external problems are reflected in teacher-given grades more than in standardized achievement tests.

Given the possible factors associated with grading, there have been several attempts to improve objective grading criteria in Europe, as written examinations are crucial in educational systems, especially for obtaining institutional certificates, or selecting students for higher education (Newton, 2005, 2010). For instance, the implementation of the central Abitur examination in Germany is remarkable (Kuehn, 2012). Although these examinations present differences in procedures or subjects between each German state, their higher level of standardization means that these grades are less affected by factors related to the schools or the teachers (Neumann et al., 2011). On the other hand, important methodological advances have been implemented in England for examinations used in academic qualifications such as the General Certificate of Secondary Education (GCSE, taken by students aged 16) and General Certificate of Education Advanced level (GCE A level, taken by students aged 18) (Coe, 2008; Newton et al., 2007). In this context, special attention has been given to inter-subject comparability using a variety of statistical procedures, including pair analyses, common examinee linear models, and item response theory models (Coe et al., 2008).

Inter-subject comparability of examination standards constitutes an educational need to apply statistical aligns when grades from different subjects are used for specific objectives. When this is possible, academic achievement can be measured as the level of an individual’s skill in a specific examination of a certain difficulty. In the context of comparing academic grades, it is also important to notice that we can only compare those measuring a shared construct. For this reason, the concept construct comparability approach constitutes a formal theoretical framework in which statistical applications are applied (Coe, 2010).



Use of the Rasch Model Within the Construct Comparability Approach

Different authors have developed advanced psychometric analyses for the comparison of subject examinations. In this context, more specifically, the Rasch measurement model was chosen as the most appropriate, given the theoretical framework and the complexity of data. Coe (2008) implemented it in a sample of nearly 6,000 candidates who took GCSEs in 2004, including the exploration of Differential Item Functioning (DIF). Recently, He et al. (2018) also applied the Rasch analysis to both the GCSE and GCE A levels over a period of 4 years, in order to establish the consistency of difficulty parameters and grade comparison in the same country. Other countries, such as Tasmania, have approved educational policies based on the formal application of the Rasch model to the alignment of statistical standards (Tasmanian Qualification Authority [TQA], 2006, 2007).

The Rasch (1980) model is regarded as the most renowned of IRT models, providing a method based on the calibration of ordinal data from a shared measurement scale and enabling one to test conditions such as dimensionality, linearity, and monotonicity. This model analyses the difficulty of items and individuals’ ability on the same scale, employing a logarithmic function to test the probability of a subject to correctly respond to an item. Use of the same measurement scale established homogeneous intervals, meaning that the same difference between the difficulty parameter of an item and the ability of a subject involves equal probability of success along the entire scale (Preece, 2002).

According to comparability criteria, we started by considering each of the courses as a specific item, with a range of grades from 1 to 10, which implies various degrees or categories of success. In this case, the partial credit model (PCM) (Wright and Masters, 1982) enabled the analysis of the difficulty in achieving a specific score for each of the subjects separately, following the Rasch methodology. In this study, the use of PCM is justified in the fact that, in Spain, the same grades obtained in different examinations are not necessarily related to the same level of effort (He et al., 2018).

The formula of the model is as follows:
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where:

P nij is the probability of subject n responding correctly to item i observed in category j;

B n is the measured ability of subject n;

D i is the measured difficulty of item i; and

F ij is the calibration measured for item i in category j compared to category j-1, the point at which categories j-1 and j are equally likely compared to the measurement of the item (Masters, 1982).



The Present Study

The use of the Rasch model for analyzing inter-subject comparability has been employed in different countries (Coe, 2008; Korobko et al., 2008). Based on the literature review, the present study aimed to apply the Rasch PCM in the Spanish University Entrance Examinations taken in the Valencian Community, according to the construct comparability approach, which was developed in England over the last decades. Concretely, three main objectives were followed, specifically (1) to analyze the unidimensionality of the measures; (2) to compare the fit statistics and difficulty parameters between the different subjects, and (3) to compare the distribution of difficulty level of the subject grades along the latent trait. Given that no previous IRT analysis has been conducted on these examinations in Spain, there are no directional hypotheses to be determined.



MATERIALS AND METHODS


Sample

The sample was taken from all students in the Valencian Community that participated in the Spanish University Entrance Examinations in the last call of June 2018. The community is located on the east coast of the country and comprises three provinces: Alicante, Valencia, and Castellón. A total of 22,996 students were considered: 10,015 students took the exam in the province of Alicante (43.55% of the total sample), 2248 students in the province of Castellón (9.77% of the total sample), and 10,733 students in the province of Valencia (46.77%). For each province, examinations were taken in different public universities or venues belonging to these universities (extension areas where specific degrees are taught). Approximately 60% were females.



Measures

The Spanish University Entrance Examinations from the call of June 2018 were considered for further analysis. A total of 24 subjects (described in the section “Results”) were first considered, accounting for both mandatory and modality subjects. All the examinations have correction standards previously approved by the qualification board. In this sense, corrections criteria are defined and given top scores for each specific question in each exam, together with a qualitative instruction that helps examiners ensure objectivity. For all the examinations, the lowest score is 0 and the highest is 10, with the sum of the grade obtained in each question based on raters’ assignments. These qualification criteria are public and available on the website of the Valencian Community Government (2019).



Procedure

Necessary permission was first obtained by the University Regulation Service, an institution belonging to the Valencian Community Government; it provided the grades from all students enrolled in the University Entrance Examinations in the three provinces of the Valencian Community – Alicante, Valencia, and Castellón – at the call of June and July 2018. For the present research, data from June 2018 were taken for the analysis. This study was approved by the Institutional Review Board and complied with the Ethical standards of the 1964 Helsinki Declaration and its later amendments, or comparable ethical standards.



Data Analysis

For the present study, the construct comparability approach was applied based on the assumption that it is possible to compare the qualifications obtained by the students for the subjects involved in the higher education selection process. The software Winsteps version 4.4.0 (Linacre, 2019) was employed to implement Rasch PCM, where a joint maximum likelihood estimation was realized. In this model, each of the included subjects was considered an item of the same instrument that contributes to the measurement of the construct academic achievement.

First, and according to the Rasch assumptions, unidimensionality was tested with a principal component analysis of residuals. According to Linacre (1998, 2002), the eigenvalues obtained for each contrast comparison should be no more than 2. Moreover, the estimation process of the item difficulty parameters (including their respective categories) and individuals’ abilities is iterative, by examining the relation with the probability of obtaining a specific score according to the individual’s ability. With this procedure, it is possible to obtain a value that better explains the achievement pattern registered. Simultaneously, it is possible to obtain the ability value for each individual according to the item difficulty pattern. This process was repeated by using the estimations of ability and difficulty until the iteration converged.

In the Rasch analysis, two basic fit statistics are employed: infit and outfit. These are calculated based on room mean squares, depending on the statistical value of Pearson’s chi-squared divided by the degrees of freedom, thus forming a scale with values ranging from 0 to infinity. Values below 1 indicate a higher than expected fit of the model, while values greater than 1 indicate a poor fit. Linacre (2002) suggested that those with values higher than 2 imply a bad fit to the model, making the conclusion of a reliable analysis impossible. For this reason, the authors of the present study used this value as a formal cut-off, both in items and subjects which, according to previous research, are also within the construct comparability approach (He et al., 2018). Moreover, the mean of individuals’ ability was set to 0 for the different subjects, as to allow the comparison of parameters estimations.



RESULTS

Before the implementation of the Rasch analysis, descriptive statistics of all subjects and participants for each province were observed. As seen in Table 1, the mean values are mostly located between 6 and 7.9, which is considered positive in terms of certification aptitude. Some exceptions are Geography and Greek Language, both from the humanities field, with 5.6 and 5.4, respectively.


TABLE 1. Examination grades by province: means and standard deviations.

[image: Table 1]It may also be noted that the number of participants presented an imbalance, due to the fact that students have to choose specific examinations. For example, the majority of students chose English Language, as it is mandatory for all educational centers. However, other languages, such as German or Italian, are not mandatory and are offered only by a few educational centers.

As the number of participants may affect the calculation parameter accuracy, there was a final selection that included those subjects with at least 1500 participants. For the Rasch PCM analysis, the subjects of German Language, Scenic Arts, Audiovisual Culture, Design, Fundamentals of Arts, French Language, Geology, Greek Language, and Italian Language were removed to improve accuracy.

The Rasch PCM analysis showed the summary statistics, including person reliability and separation indexes of 0.74 and 1.69, respectively. These values can be considered low, which indicates that the group of subjects was not sensitive enough to appropriately distinguish students with high and low achievement (Bond and Fox, 2007).

With respect to the unidimensionality of the model based on principal component analysis of residual scores, the results show a principal factor that explains 51.3% of the variance of the latent trait. With respect to a hypothetical second factor, it shows a value lower than 2 (Eigenvalue V2 = 1.4), which confirms the unidimensionality of the model.

In Table 2, examinations are ordered by their difficulty parameter (from high to low), together with their respective fit indexes. An optimal fit can be observed according to the established criteria. The examinations with a higher difficulty level were Chemistry, Geography, and Physics, whereas those with a lower difficulty level were Mathematics, History of Spain, and Economy.


TABLE 2. Difficulty parameters and fit statistics of the University Entrance Examinations.

[image: Table 2]Within the PCM framework, Table 3 shows the average of the category parameters that are used to estimate fit statistics, showing nearly perfect infit and outfit values. Moreover, the observed average of the measures – a description of the sample expected to increase with category value, as in this case – is computed and modeled to produce the responses observed in the category. Andrich Thresholds (also called step difficulty, step calibration or Rasch-Andrich threshold) are based on the calibrated measure of the transition from one category below to another adjacent category – the point on the latent variable at which adjacent categories are equally probable to be observed. For this reason, it indicates the difficulty to observe a specific category and not the difficulty to respond to this category (Linacre, 2019, p. 532). Step calibrations show that category ordering is interrupted only in the pair categories 3 and 4 (−0.86). However, this value is strictly influenced by the distribution of frequencies of observations in each category. As the average measures of the persons advance across categories, it can be assumed that the categories support monotonicity (Linacre, 2019, p. 532).


TABLE 3. Summary of category structure.

[image: Table 3]Figure 1 shows the “Wright map,” where persons and items are distributed along the ability and difficulty range, respectively. Persons are located on the left side of the graph, whereas examinations are located on the right side. It is noted that the difficulty of the examinations corresponded to persons’ abilities between log its 0 and −1. This may be positive, as most persons had sufficient ability to take the examinations. However, it also means that these examinations cannot accurately differentiate persons located at the top of the ability continuum.
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FIGURE 1. Item-Person map. EACH “#” IS 146: EACH “.” IS 1 TO 145. CHEM, chemistry; BIO, biology; PHY, physics; GEO, geography; APM, applied mathematics to social sciences; SPL, spanish language; TED, technical drawing; ARH, art history; HF, history of philosophy; LAT, lating language; VAL, valencian language; ECO, economy; HSP, history of Spain; ENG, english language; MAT, mathematics.




DISCUSSION

This study aimed to analyze an empirical estimation of the qualifications obtained in the Spanish University Entrance Examinations with the application of the Rasch PCM, following the theoretical framework of the construct comparability approach. It is assumed that the measurement of academic achievement is a latent construct, allowing the comparison of difficulty parameters obtained for each of the standard scores for the corresponding subjects. This model has been considered useful in the assessment field for access to higher education (Tognolini and Andrich, 1996). The measurement system produced has been employed in different certificate examinations in many countries, including Tasmania (Tasmanian Qualification Authority [TQA], 2007) and England (Coe, 2008).

Following the first objective, the analyses showed the accomplishment of criteria of unidimensionality, which is essential for the application of the Rasch model, and the possibility of using a defined latent construct, namely academic achievement, in the PAU context. However, it must be noted that the establishment of this operative construct cannot be interpreted as the existence of a unique global process. The scientific literature posits that the interpretation of this construct is not clear, as it does not serve as the basis for the specific purpose of each examination (He et al., 2018). For this reason, it is argued that, although all examinations require specific abilities, they also demand global cognitive processes related to the construct measurement.

With respect to the second objective, an optimal fit was observed in all the examinations, which led to considering the invariance properties assumed by the Rasch model in terms of person and item (or examination) comparison along the same latent construct (Bond and Fox, 2007). Therefore, the consequences of this type of estimation lie in the possibility of making inferences beyond the students’ sample employed. At the same time, the examination fit allowed a comparison among them in terms of the difficulty parameters obtained together with the ability levels required to attain each possible score. From these results, a key concept was formed in the context of PAU – the selection of examinations, a topic widely discussed in international literature (Lamprianou, 2009). Bell et al. (2007) indicated that the perceived difficulty of a student in one or various examinations could be an obstacle to university entrance; as a consequence, other subjects might be favored with a higher enrollment fee. Taking into account the results of the present study, this may be happening with the subject of History of Spain to the detriment of History of Philosophy, as the students have to choose one and the number of candidates in the former is three times higher than the latter.

The analysis of the third objective highlights the need to consider the qualification scale employed in PAU as typical. Disorder rating category is observed between grades 3 and 4, which means that the 10-point category does not discriminate in some points of the latent trait. However, fit values were good for all categories, and the observed average of the measures increased with category values. It must be mentioned that the majority of countries that use comparative analysis employ a minor number of qualification categories. In this case, a smaller sample size may interfere with Andrich Threshold estimations. For this reason, in order to make similar estimations, future studies should analyze the general category structure in all Spanish communities that conclude general psychometric strategies.

Finally, the person separation index is low, showing that these examinations do not accurately differentiate students with high and low achievement. However, the Wright Map indicated that the difficulty levels of all examinations are within the students’ ability range; therefore, there are adequate probability levels of obtaining positive results. The location of the examinations on the scale corresponds to a similar distribution of the categories on the latent construct. Again, these results showed the need to recodify the category system to improve the differentiation of individual levels, as a higher number of students might be included for each of the high and low categories.



CONCLUSION

In conclusion, the intention of this study was to initiate an effective analysis of standard scores comparison in Spain under the construct comparability approach, a theoretical and methodological framework used in other countries (Newton, 2012). Limitations and future directions should be addressed. First, the samples utilized in other countries are considerably larger, as data were collected throughout the country, which provides better estimations. This study is implemented within a single Spanish community, and it confirms the potential need for future studies similar to those conducted in England. In the Spanish context, it would be essential to draw a comparison between autonomous communities in order to find the appropriate equity measurement. This possibility has not been explored in the scientific literature in this field. However, considering that the majority of Spanish examinations have a written format, the differences between examiners in the interpretation of tasks and the evaluation categories by different raters, together with other possible effects (halo effect, gender, and cultural bias), may contribute to error measurement, validity and justice in evaluation (Frederiksen, 1984; Eckes, 2015). In this context, a multi-faceted Rasch model may adequately address these issues in the future.
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The movement for effective schools and school improvement has enjoyed a long history, at both the theoretical and practical level. The contextual variables focused on the educational process of the classrooms have been identified in numerous investigations, concluding that the improvement of academic performance is a key element of the movement. The main objective of this research is focused on verifying the effectiveness of the treatment based on collaborative/cooperative learning methodologies and projects to improve the linguistic and mathematical competence as an enhancing element of academic performance. The sample consists of 228 students belonging to two public schools located in the city of Murcia (Spain), selected through judgmental or discretionary sampling. A quasi-experimental design with pretest and post-test and control group was employed, verifying the effectiveness of the treatment, and how it influences the improvement of the academic performance of the students in the experimental group. It concludes by pointing out the importance of learning strategies and applied teaching methodologies, understanding both within the conglomerate of process factors in the improvement of academic performance.

Keywords: academic performance, effective schools, educational improvement, intervention program, quasi-experimental design, inclusive education


INTRODUCTION

An objective present in every government agenda is ensuring the development of an inclusive, equitable, and quality education that promotes lifelong learning opportunities. UNESCO (2015), in its enactment of the 2030 Agenda for Sustainable Development, proposes as one of its fundamental objectives the promotion of this type of education in order to promote success for all, as well as good levels of academic performance. To do this, schools must develop the necessary conditions and processes that realize this goal so that schools become “inclusive and effective learning environments within the framework of a school for all” (Arnaiz, 2012, p. 31).

Inclusive education is connected to the movement for effective schools and school improvement, making it clear that what happens in classrooms, in terms of organization, interventions, activities proposed by teachers, among other factors, has a critical value for the improvement of academic performance and success for all students, in short, for the attainment of expected educational achievement (Rutter et al., 1979; Brophy and Good, 1986; Mortimore et al., 1989; Davis and Thomas, 1992; Reynolds and Cuttance, 1992; Scheerens, 1992; Ramasut and Reynolds, 1993; Teddlie and Stringfield, 1993; Creemers, 1994; Reynolds et al., 1994; Castejón, 1996; Wyatt, 1996; Murillo, 2003a, b; Arnaiz et al., 2018).

An effective school is one that “achieves the comprehensive development of each and every one of its students, greater than would have been expected when considering their previous performance and the social, economic and cultural situation of their families” (Murillo, 2005, p. 25). The fundamental role of the school in improving academic performance, as considered by the movement for Effective Schools and Inclusive Educational, calls into question the decisive characteristic given to some variables in academic performance, such as the socioeconomic origin of families. An emblematic example of this was the Coleman (1968), which rejected any possibility of improvement and overcoming inequalities. Fifty years after its publication, research has shown that a school, through its interventions, procedures and actions, can promote the overcoming of inequalities and, therefore, facilitate educational success. In this line of argument, Flecha and Buslon (2016); Madigan et al. (2016), Marqués (2016); Muro et al. (2018), among others, indicate that successful educational interventions produce significant improvements in academic results, overcoming the determinative and deficient views present in said report.

Traditionally, the improvement of student academic performance has been focused on three main components: personal characteristics or individual factors (such as intelligence), contextual factors or improvement of the educational environment (such as school improvement) and factors related to one’s self-beliefs, understanding of self, and the environment (such as responsibilities, mentality, and personal experiences) (Van Mieghem et al., 2018). In other works, procedural factors such as school environment or leadership have been taken into account. Along the same lines, the works of Murillo (2007) and Jornet et al. (2012) classify these factors as entry (gender, socio-economic level, mother tongue, school resources, etc.), process (study habits, academic expectations, family support, school environment, teaching methodology, etc.) and product (academic performance). In turn, these factors can be divided into two areas or levels: students and educational centers.

Other authors have identified multiple individual components, such as cognitive ability (Lu et al., 2011), self-perspective (Miñano et al., 2012; Dedrick et al., 2015), gender (Miralles et al., 2012), expectations (Zimmerman et al., 1992; Miller et al., 1993), socioeconomic status (Miralles et al., 2012), opportunities for physical activity (Takehara et al., 2019), and motivation (Castejón et al., 2016; Muro et al., 2018), as predictive factors in academic performance. Likewise, Escarbajal et al. (2019) and Pulido and Herrera (2019) identified family status, cultural origin, and age as influential variables on the issue at hand. According to these authors, students of immigrant origin obtain lower academic results in relation to students of native origin.

Ruiz-Esteban et al. (2018) relate academic performance to academic goals and motivational patterns. Similarly, Rodríguez and Guzmán (2019) highlight the influence of academic goals and the variables of environment, support, and socio-labor status of families on academic performance.

Contextual variables have also been highlighted as important predictive factors in academic performance (Jeynes, 2010; Zuffianò et al., 2013). Notable among them is the orientation to learning goals (Hsieh et al., 2007), learning strategies (Preckel and Brunner, 2015; Veas et al., 2017), popularity (Schwartz et al., 2006), adaptation to the school context (McCoach and Siegle, 2003), early attention (Franco et al., 2017), the use of methodologies such as peer mentoring (Durán and Vidal, 2004; Dunn et al., 2017), the participation of families in the school (Wilder, 2014), or the relationships established between students and teachers (Ramberg et al., 2019).

Hincapie et al. (2018) relate academic performance to teaching methodology. In this case, good results are obtained when problem-based learning is used to improve academic performance and critical thinking. Likewise, Karrera et al. (2019) highlight the importance of using teaching strategies such as project work to improve academic performance in Primary Education. Similarly, the relationship between access to, and the use of, information and communication technologies and academic performance has been studied in depth. Various studies indicate an increase in academic performance in those schools where the use of these technologies is utilized (García-Martín and Cantón-Mayo, 2019; Hinojo et al., 2019). Several authors (Molina-López et al., 2018) have even pointed out that competition between schools shows a positive effect on the academic performance of students.

Other studies show empirical evidence of the influence of some variables on academic performance such as the mean socio-economic and cultural level of the school (Perry and McConney, 2010a, b), school size or teacher–student ratio (Nath, 2012), as well as school process factors such as grouping students according to their academic ability (Meunier, 2011; Kunz, 2014), teaching methodology (Nath, 2012; Payandeh-Najafabadi et al., 2013), or the learning environment (Payandeh-Najafabadi et al., 2013; Santos et al., 2013), among others.

Given the great diversity of factors influencing the academic performance shown in the scientific literature, in this article, we focus attention on some variables – teaching methodologies – that influence the academic performance of the students participating in a particular school. To that end, the recommendation made by Miralles et al. (2012) has been followed, which urges experience studies to be carried out that allow us to understand which factors contribute to the effective functioning of schools from the point of view of student academic performance.

This work is immersed in one of those schools that work daily to be effective in responding to the goals set in order to offer inclusive and quality education and thus improve the academic performance of all students by overcoming potential inequalities. This is due to the commitment of teachers to improve the quality of teaching-learning processes in the center and guarantee the principle of equity for all students. Being a center located in a marginal neighborhood, socially and economically deprived, with families experiencing unemployment and other vulnerable circumstances, the academic level of the students was very low. This situation leads to those families who have the possibility of not sending their children to this center, but to other schools in the area, will do so. This school thereby becomes marginal. The teachers set out to change this situation through innovation and improvement actions (included in the Center Educational Project) and are essentially focused on the areas of Language and Mathematics.

Explicitly, the purpose of this contribution is to analyze the improvement in student academic performance after introducing a series of changes in relation to the curriculum – linguistic and mathematical competence – and teaching–learning strategies used by teachers and students. In short, we are assessing the ability of variables focused on the educational process in the classrooms – didactic strategies – for the improvement of students’ academic performance.

As has been shown, there has been in-depth analysis of academic performance in research with personal and social variables, but there are fewer studies focused upon school variables in vulnerable contexts. In this way, the questions that guide this research are as follows: Can didactic strategies improve the academic performance of students in these contexts? Can an educational intervention treatment based on collaborative/cooperative learning and project work improve the performance of students in vulnerable contexts in the areas of language and mathematics?



MATERIALS AND METHODS


Participants

The population under study is composed of Primary Education students (6–12 years old) belonging to two public schools located in an urban area 7 km away from the city of Murcia (Spain). As the management team informed, their families’ socio-economic and cultural level is medium–low and they mostly work in the service sector. The expectation of families regarding the education of their children is centered on their children receiving a standard education, and only a small proportion of the parents aspire for their children to engage in higher studies.

Both schools have similar characteristics, are state run, and are accountable to the Ministry of Education. The school where the experimental group is based has 20 units, 6 of Infant Education and 14 of Primary Education, which represents a total of 476 students, distributed in the stages of Infants (148 students) and Primary (328 students). The control group school has 15 units, 5 of Infant Education and 10 of Primary Education, which represents a total of 367 students, 135 in Infants and 232 in Primary Education.

Discretionary non-probabilistic or judgment sampling was used (McMillan and Schumacher, 2005; Hernández-Pina and Maquilón, 2010), dependent on knowledge of the characteristics of both schools as well as their population. Finally, the actual sample was composed of 228 students, which, based on a total population of 560 students, is considered a 95% confidence level with 5% sample error (calculation made via surveymonkey.com).

Of this sample, 130 (57.01%) were part of the control group and 98 (42.99%) were part of the experimental group. Regarding its distribution by gender, 137 (60.1%) participants were boys, and the remaining 91 (39.9%) were girls, without knowledge of the sexual identity of any of the participants. The description of the participants is included in Table 1.


TABLE 1. Distribution of the participants.
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Measure

The measure used was the average score obtained in the assessment of language and mathematics in the first trimester, as well as those in the final evaluation in both centers (Table 2). These evaluations were not specifically designed for this project in respect of the performance and criteria of each of the centers, since both use the learning standards established in educational regulations at the national and regional level.


TABLE 2. Description of the measurement process.
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Procedure

The informed consent of the parents for the participation of the students in the proposed program was requested by the management team of the center by means of a signed letter. The program was carried out in the experimental group as a study/work activity in the center for the development of the curriculum in Language and Mathematics in which all students participated.

Both groups (experimental and control) used the same series of textbook for the development of linguistic and mathematical competencies (Ibarrola, 2017) covering first to sixth grade of Primary education. In addition, in the experimental group, the use of the textbook was combined with the program specifically designed to improve academic performance in language and mathematics.

Once the existing levels in Language and Mathematics of both groups, control and experimental, were established, the intervention procedure for experimental group was designed. This was focused on the process factors because they are the ones that have a significant impact on the academic performance of the students. In this sense, the objectives to be achieved were established and activities were designed according to the needs and characteristics of the students in order to improve their skills. In the same way, the teaching methodology and the didactic strategies, which most encouraged the students’ motivation and confidence toward learning, were established. To do this, we turned to cooperative learning, peer tutoring, and discovery learning methods that connect the curricular content with real-life experiences and the interests of the students, carrying out small research projects and problem-solving tasks (problem-based learning). In addition, the intervention prioritized that the teacher–student interaction be characterized by a safe and close environment.

Therefore, the treatment carried out for the improvement of academic performance consisted, in general, in the realization of a series of activities differentiated by courses. In the linguistic area, students presented suggestions for poems, short texts, newspaper articles, stories, comics, puns, oral expression exercises, etc., turning the classroom into a creative literary workshop with the aim of integrating the development of skills and multiple intelligences. In the mathematical area, the work undertook highlighted the development of logical reasoning, using puzzles and specific mathematical challenges for each cycle.

The time allocated to the intervention was three weekly sessions each of 45 min, from January to June. The coordination and development of each session as well as the final evaluation of the students fell to each of the classroom tutors.

In the case of the control group, the dynamics of the learning process undertaken up to that point in the areas of language and mathematics were not changed, consisting of reading through the lessons, teacher explanation, and carrying out the exercises (Ibarrola, 2017).



Design and Data Analysis

A quasi-experimental design with pretest and post-test and control group was adopted (Hernández-Pina and Maquilón, 2010; Campbell and Stanley, 2015). This type of design allows comparison between a group that has received intervention, called an experimental group, and another one called the control group to which no modification in the educational process has been applied. It is one of the most commonly used designs in socio-educational research because it does not require a random assignment of participants, but allows for the attainment of balanced groups.

Given the characteristics of the design used, the independent factor or variable belonged to one or the other group (experimental or control), while the criterion or dependent variable was the mean of the academic performance of the subjects (Williams, 1952; Box, 1971; Berenblut and Webb, 1974), obtained in the evaluations in the areas of mathematics and language.

For data analysis, the general linear model (GLM) of repeated measures has been used in order to assess the effectiveness of the treatment, through which, groups of related dependent variables that represent different measures of the same attribute are analyzed (Freeman, 1973; Bryant and Paulson, 1976; Wood et al., 1978; Vuchkov and Solakov, 1980; Defeo and Myers, 1992). To carry out the data analysis, the statistical package SPSS, version 21.0 was used.

The researcher must be conscious of the ethical responsibility involved in the conduct of an investigation, especially when it deals with human beings (McMillan and Schumacher, 2005). In this way, following the principles and norms published by the American Psychological Association [APA] (2010), the rights and dignity of the participants were guaranteed at all times in this investigation; this was endorsed by the favorable report issued for the realization of this research by the Research Ethics Commission of the University of Murcia.



RESULTS

The objective of this work is focused on verifying the effectiveness of the treatment of improving linguistic and mathematical competences as a favorable element of academic performance at a general level. In order to respond to this, our first step was to ensure the similarity of the experimental and control groups before the intervention; therefore, a comparative analysis of means was performed in the pretest phase, verifying that there were no statistically significant differences between these groups (Table 3).


TABLE 3. Test t of mean difference. Pretest.

[image: Table 3]The analysis of the sample demonstrated that the populations are distributed normally. The Box M test was applied, obtaining non-homogeneous variance–covariance matrices (F = 13,561; gl = 5749165.693 and p < 0.001), but, since the groups are approximately the same size [according to Hair et al. (1999), the size of the largest group divided by the size of the smallest group should be less than 1.5] and the highest variance ratio between the groups does not exceed the 10:1 ratio considered as the maximum limit in the analysis of profiles for Tabachnick and Fidel (2007), the violation of this assumption has a minimal impact.

To evaluate the effectiveness of the treatment in the sample, a GLM of repeated measures was also used. The dependent variable was the mean academic performance. Gender was included as covariate, obtaining a non-significant interaction. This implies that there is a significant effect of the intervention program on the academic performance of the experimental group, while the covariate was not significant.

Intra-subject factors are represented in the evaluation times (pre- and post-test) for the dependent variable. Inter-subject factors depended on the presence or absence of the treatment (i.e., the experimental group or the control group).

As shown in Table 4, the effects of the intra-subject and inter-subject test show that the effect of the interaction between the time of the evaluation (pretest and post-test) and the implementation of the program of activities is significant (p < 0.001). In addition, the observed power (the correct rejection of the null hypothesis of equality of means) is optimal.


TABLE 4. Summary of intra-/inter-subject analysis.

[image: Table 4]The effect size (η2), that is to say, the proportion of the total variability attributable to a factor (or the magnitude of the difference between one time and another, as a result of the interaction between the moment of evaluation and the application of the program), obtains the best results when the interaction is analyzed according to the experimental and control group, reaching values of 0.246.

Figure 1 presents the interaction graph, which illustrates the directions of the differences. The total score of the academic performance of the experimental group was significantly higher once the intervention program was completed, the mean score being 6.90 (SD = 2.03), while it was 4.97 (SD = 1.65) for the control group.
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FIGURE 1. Graphical representation of the means of academic performance of the two groups in pre- and post-test time.


Finally, it should be noted, in the analysis of the means obtained by both groups, that in each case statistically significant differences were found after the Student’s t test for related samples, although in the case of the experimental group, as observed in Figure 1, they were increased (p < 0.001), while for the control group, the mean values decreased (p < 0.001).



DISCUSSION AND CONCLUSION

The results presented above demonstrate the value and effectiveness of the program used given the good results obtained and the improvement in the academic performance of the participating students compared to those who did not benefit from the advantages of the said program. Since the main objective of this work was to verify the effectiveness of the implementation of an intervention program based on cooperative learning, peer tutoring, and problem-based learning, it has been possible to verify that the final scores have risen in the experimental group by almost 1 point, based on a global average score from 6.00 points before treatment, to a final overall average score of 6.90 points after the application of the program.

In this sense, we agree with other studies that highlight the importance of learning strategies (Preckel and Brunner, 2015; Dunn et al., 2017; Hincapie et al., 2018; Karrera et al., 2019), or the teaching methodology used (Nath, 2012; Payandeh-Najafabadi et al., 2013) in the improvement of academic performance. Consequently, we are able to demonstrate how important it is for the school to improve performance and overcome inequalities as indicated by Ainscow (2005), Arnaiz et al. (2018), Flecha and Buslon (2016), Madigan et al. (2016), and Murillo (2005).

The school where the intervention program was developed had the goal of developing the necessary processes to promote quality education so that the students’ language and math skills improved; desired to be more and more effective in achieving this end, as indicated by different experts, this is a basic requirement in achieving success for everyone and, consequently, good levels of academic performance (Murillo, 2008; Arnaiz, 2012; Van Mieghem et al., 2018).

This work has empirically proven the effectiveness of the implementation of a program for the improvement of skills in terms of academic performance. This program could be the start of a cycle of constant improvement, where the performance factor is eclipsed by other types of elements, such as the collective atmosphere of pursuing the enrichment of the teaching and learning processes, or the wider social recognition of the school’s efforts (Murillo, 2007; Jornet et al., 2012).

Ramberg et al. (2019) established the relationship between student and teacher as a performance-enhancing element. We believe that teacher satisfaction with innovations aimed at the improvement of educational quality, as well as the acceptance of common goals with the school, could be a differentiating element to take into account in future work. In this sense, we do not want to lose the opportunity to point out some of the contributions that have been given to us by professionals involved in the implementation of the program, and collected in our field notebooks during some of the conversations held with the teaching staff, which appear to verify, subjectively, those data that we presented previously.

“My personal assessment is that students enjoy playing with language, having fun and making us participants in their compositions, which in many cases are extraordinarily original, allowing the transmission of this poetic flow to their future school studies” (5th grade teacher of Education Primary).

“The overall assessment of the work done with the students of the 5th and 6th grade of primary school has been highly satisfactory” (6th grade Primary Education teacher).

“Throughout the course we have been able to constantly enjoy inventing, creating and recreating to find appropriate learning processes that will take us away from routine and preconceived ideas” (5th grade Primary Education teacher).

In spite of the good results obtained, it is possible to deepen the research carried out by incorporating new study variables, which would allow advancement in the identification of the factors that promote the improvement of academic performance and, consequently, the development of effective schools. In the same way, it would be interesting to use other measurement tests in order to access the improvement of student performance – different to teacher grading – such as standardized tests in order to eliminate elements of subjectivity or equivalence between teachers, classrooms, and educational centers (McCoach and Siegle, 2003). Together with this, new variables could be incorporated to measure the effectiveness of the programs used, an element such as students in disadvantaged contexts, to show if successful actions improve academic results and consequently contribute to overcoming inequalities, such as indicated by Flecha and Buslon (2016).

Ultimately, the study carried out indicates the importance of learning strategies and applied teaching methodologies, understanding both within the conglomerate of process factors in the improvement of academic performance (Brophy and Good, 1986; Davis and Thomas, 1992; Reynolds and Cuttance, 1992; Scheerens, 1992; Ramasut and Reynolds, 1993; Creemers, 1994; Reynolds et al., 1994; Castejón, 1996; Wyatt, 1996; Murillo, 2003a,b). Hence, obviously, we want to point out the importance of what we found and the implementation of it in other educational centers in order to promote effective schools capable of offering a quality, equitable, and inclusive education for all, as UNESCO (2017) reminds us.

Finally, it is possible to express the limitations present in this study, which reside in the fact that only two curricular subjects or areas (language and mathematics) have been taken into account, ignoring others that are equally relevant in the measurement of academic performance. Another aspect to consider could be the application of a retest to verify the effectiveness of the implemented program, although this would take on greater importance if the experience were isolated as an anecdotal implementation of the program. Similarly, the participation of only two centers limits the extrapolation of results obtained to other contexts with similar characteristics. All this being said, it invites us to carry out new studies that overcome these limitations and promote educational improvement in this and other educational centers.
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This paper addresses the relationship between student evaluation of teaching (SET) and academic achievement in higher education. Meta-analytic studies on teaching effectiveness show a wide range of results, ranging from small to medium correlations between SET and student achievement, based on diverse methodological approaches, sample size studies, and contexts. This work aimed to relate SET, prior academic achievement, and academic achievement in a large sample of higher education students and teachers, using different methodological procedures, which consider as distinct units of analysis the group class and the individuals, the variability between students within classes, and the variability between group-class means, simultaneously. The data analysis included the calculation of group-class means and its relationship with the group-class mean academic achievement, through correlation and hierarchical regression techniques; additionally, a multilevel path analysis was applied to the relationship between prior academic achievement, SET, and their academic achievement, considering the variability among group classes. A multisection analysis was also carried out in those course disciplines in which there was more than one class group (section). The results of individual and group-class analysis revealed that SET was moderately low but related to academic achievement in a significant way once the effect of previous academic achievement was controlled. In addition, multilevel path analysis revealed the effect of SET on achievement, both within and between group-class levels. The results of the analysis carried out in the course disciplines with different sections, according to a multisection design, yielded similar results to the individual and aggregated data analyses. Taken together, the results revealed that SET was low related to academic achievement, once the effect of previous academic achievement was controlled. From these results, it follows that the use of SET as a measure of teachers’ effectiveness for making administrative decisions remains controversial.
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INTRODUCTION

Student evaluation of teaching (SET) is a generalized practice in almost every institution of higher education around the world (Richardson, 2005; Zabaleta, 2007; Huybers, 2014) – from European countries (Husbands and Fosh, 1993) to Australian and North American universities (Richardson, 2005) and South American higher education institutions (Pareja, 1986).

However, this issue is contemporary and is a topic still open to question in higher education. Researchers working on SET have not yet provided a clear answer about some critical questions on the validity and utility of evaluations (Marsh, 2007; Spooren et al., 2013). Although the use of student evaluation as feedback for teachers is not so controversial, the utilization of student evaluation for measuring teaching effectiveness, based on the assumption that students learn better with highly rated teachers, is very controversial.

One of the central controversial points is the relation of SET ratings to their learning outcomes, such as academic achievement (Uttl et al., 2017). The evidence in support of SET as a measure of teachers’ instruction effectiveness comes from the studies showing a correlation between measures of student evaluation and student achievement.


Methodological Concerns/Questions

Initially, the validity of students’ judgments might be proven by the correlation between SET and academic achievement. However, the evaluation criteria for distinct course units may differ, and students’ grades cannot be considered a simple measure of teaching effectiveness (Richardson, 2005).

The key evidence provided in favor of SET as a measure of the effectiveness of teachers’ instruction is multisection studies (Uttl et al., 2017). Leventhal (1975) and Cohen (1981) defend that the stronger SET validation design implicates the designation of students to different sections of a multisection course. If the designation is random, between-section differences in student performance can be caused by differences in teachers. When students self-select into sections, it can be difficult to infer rating/achievement relationship. If this is the case, Marsh and Overall (1980) consider that, in these studies, they should provide adequate controls/measures for initial ability or prior achievement.

Some researchers (Cohen, 1981; Clayson, 2009; Uttl et al., 2017) point out that student achievement is highly dependent on factors such as intelligence or prior achievement and that to fully control these factors, it is necessary to randomly assign students to classes and teachers or, alternatively, use other control procedures of initial student ability or achievement, such as analysis of covariance using measures of prior academic achievement or capacity as covariates; using the change in grades based on pretest and posttest moments; or regressing individual students’ performance scores on measures of students’ prior achievement and using residual gains in performance, averaged across students within sections, as measures of learning. It is advisable to use a statistical procedure in which both ratings and performance are adjusted for initial student ability or performance.

An ideal multisection study design entails a course discipline or subject matter with many comparable group class – sections – taking the same program and assessment guidelines, in which students are randomly assigned to sections, with a different teacher in each section; all teachers are assessed through ratings before a final exam; and student academic achievement is evaluated by employing the same or an equivalent final exam. If a student shows better academic achievement due to highly rated teachers, a correlation between sections’ average SET and sections’ average final exam should be observed (Uttl et al., 2017).

This leads us to consider the appropriate unit of analysis in these types of studies (Cohen, 1981). Some researchers utilize the student as the unit of analysis, relating the student’s academic achievement with his/her teacher rating. Other researchers utilize the group class as the unit of analysis, correlating mean group-class achievement with mean class SET. Researchers using individual student data follow a design that allows them to establish whether students who perform better, regardless of the class they attend, score the teachers better. To analyze the association between SET and student academic achievement for respective teachers, the group class (or teacher) must be used as the unit of analysis in the validity design (Cohen, 1981; Abrami et al., 1990; Marsh and Roche, 2000; Clayson, 2005; Richardson, 2005).

Although this solution is widely accepted, criticism has recently emerged. It is argued that the variability between students, despite being averaged, could confuse the variation between group means. Consequently, it may be found that there are no relationships between SET and achievement for individual students, even as the between-class mean data show a significant relationship (Clayson, 2007; Weinberg et al., 2009). It is necessary to use statistical methods that consider both the individual variability within the group class and the variability between group-class means.

Another methodological issue that can affect the results on the relationship between SET and student academic achievement is the number of sections (Cohen, 1981; Uttl et al., 2017). Kulik and McKeachie (1975) indicated that big correlations often appear with small sample sizes, suggesting that to find a stable validity coefficient, at least 30 sections are needed in a multisection study. More recently, Uttl et al. (2017) presented specific results on this topic in their meta-analysis of faculty’s teaching effectiveness.



Revision Studies

To answer the question on the relationship between SET and academic achievement, a series of revision and meta-analytical studies have been carried out.

As early as the seventies, many researchers analyzed the association between SET and student achievement. However, as Kulik and McKeachie (1975) pointed out, “the most impressive thing about studies relating class achievement to class ratings of instructors is the inconsistency of the results” (p. 235).

Cohen (1981) performed the first meta-analysis based on 68 multisection studies, in which various equivalent sections/classes follow the same outline and the same or equivalent assessments; each section is instructed by a different professor, and these professors are evaluated using students’ evaluation of teaching ratings. Cohen’s (1981) results indicated that SET scores correlated moderately with academic achievement (r = 0.43), concluding that these results support the validity of SET as a measure of teaching effectiveness. However, recent studies have questioned some aspects of Cohen’s (1981) meta-analysis, referring to the repeatable search strategy followed by Cohen or the sample size of sections on which Cohen’s meta-analysis studies are based, with as few as five sections (Uttl et al., 2017).

The primary objective of Feldman’s (1989) meta-analysis was to extend Cohen’s analysis of the correlation between several specific dimensions of the evaluation of the teacher’s instruction. The four dimensions most correlated with academic achievement were, in this order, preparation and organization, clarity and understandableness, perceived outcome, and teacher’s stimulation of interest in the course and its subject matter. Feldman’s (1989) results showed that the correlation between preparation and organization, the dimension most strongly correlated with academic achievement, ranged from 0.36 to 0.57. However, this meta-analysis did not account for the size of individual studies, so the moderate to high correlations may be an artifact of small-study effects.

The objectives of Clayson’s (2009) meta-analysis were to address situational questions and methodological questions. Criteria for including studies were related to college instruction, data based on multiple sections of the same course discipline, a measure of learning common across sections, a learning measure based on actual testing results and not on student perception, and SET conducted before the students took their final exam. Overall, 17 articles were included, containing 42 studies and 1,115 sections. Considering the situational dependence of previous meta-analysis on educational and/or psychological disciplines, studies were coded according to the subject matter of study.

The raw averaged correlation coefficient between SET and academic achievement was 0.33, whereas the weighted average correlation was 0.13, using between-group-class data. When within-class individual student data were used, this correlation was found to be very close to zero (-0.03). Furthermore, their results also showed a negative relation between Z-transformed r and the size of the sample, indicating that as the number of sections increases, the value of the correlation decreases. A moderator variable was identified; the association was greater in education and liberal arts disciplines, but lower in business classes. The more control was used – for example, considering the effect of previous academic achievement – the less association was found. Clayson (2009) concluded that “a small average relationship exists between learning and the evaluations but that association is situational and not applicable to all teachers, academic disciplines, or levels of instruction” (p. 16).

One of the criticisms of Clayson’s (2009) work is that the number of articles included in the previous meta-analysis by Cohen (1981) exceeded 40 articles, while Clayson used 17 articles with 42 multisection studies. In addition, Clayson’s meta-analysis was based on different individual multisection studies, mixed in as if it were a multisection study (Uttl et al., 2017).

The most extensive revision work on the relationship between the results of SET and their academic achievement is the one recently carried out by Uttl et al. (2017). On the one hand, they reanalyzed the previous meta-analyses of Cohen (1981); Feldman (1989), and Clayson (2009); on the other hand, they updated the previous meta-analyses of SET/achievement correlations included in multisection studies to date.

Both in the reanalysis of the previous meta-analyses and in Uttl et al.’s (2017) meta-analysis, special attention is paid to the effects of small study size or small number of sections. Furthermore, in this study, correlations weighted by sample size were used, instead of averaged correlations. The third objective was to analyze the effects of prior achievement on the relation between SET and final achievement.

The results of the reanalysis carried out by Uttl et al. (2017) indicate that, in these studies, the moderate SET/achievement correlations are close to zero when the small-study-size effects are considered. As noted by Kulik and McKeachie (1975), large correlations usually appear with small sample sizes; more low correlations are found when larger samples are used.

In the reanalysis of Cohen’s (1981) data, Uttl et al. (2017) found that the SET/achievement correlation estimated by using only studies with 30 or more sections was 0.27. The reanalysis of Cohen’s (1981) data did not support Cohen’s conclusion that SET explains 18–25% of academic achievement variability (mean r = 0.47); instead, Uttl et al. (2017) conclude that SET explains at best 10% of variance in academic performance.

According to Uttl et al. (2017), the reanalysis of Feldman’s (1989) meta-analysis also showed that Feldman’s results were dependent on small-study effects and that the specific student rating dimensions do no correlate with achievement. Similarly, the reanalysis of Clayson’s (2009) work also points out that the correlations estimated were lower than reported, once the small-study effects were considered.

In the updated meta-analysis carried out by Uttl et al. (2017), the overall SET/achievement means correlation was 0.23. The values for correlations adjusted for prior achievement/ability were 0.16 and 0.25, eliminating two studies considered as outliers. In addition, when small sample bias is into account and after outliers are removed, the SET/achievement correlation was 0.08 for all correlations and −0.03 for correlations adjusted for prior ability. Thus, individual differences in knowledge, ability, and motivation influence the academic performance more than teaching ratings did.

In sum, the different analyses carried out by Uttl et al. (2017) – with the assumption of fixed and random effects, with and without prior achievement, with outliers eliminated, and considering or not considering the effect of size – found correlations that varied approximately between 0.08 and 0.30, which were significantly lower than the values found in previous studies.



The Present Study

The present study aimed to check the relationships between SET and academic achievement, starting from the knowledge offered by previous studies. This study is carried out in a different context to most previous works. It is based in the South American country Ecuador and analyzes SET in the National Polytechnic School—a higher education institution for the study of technical subjects, such as engineering, architecture, and biotechnology. If the association between SET and academic performance is situational and not applicable to all academic disciplines, appearing stronger in studies in the field of education and the liberal arts and less in other areas such as business classes (Clayson, 2009), it seems necessary to carry out new studies, focusing on technical areas different to previous studies where there are fewer studies on the subject.

Although there are no records on the beginning of the evaluation of teachers in higher education in Ecuador, this has been a widespread practice in Ecuadorian higher education institutions since the early 1980s (Pareja, 1986).

The Council of Ecuadorian Higher Education obligates the evaluation of the teaching staff of higher education institutions, both for their entry and for their promotion, in the Career and Ladder Regulations of the Professor and Researcher of the Higher Education System. Teachers’ professorships may even be removed if they obtain a negative SET twice consecutively or if they obtain four negative evaluations throughout their careers (Consejo de Educación Superior [CES], 2017).

The variable prior knowledge/ability is found to be a powerful moderator of the relation between SET and academic achievement (Cohen, 1981; Clayson, 2009; Uttl et al., 2017). When prior academic achievement/ability is considered, the correlations between SET and achievement correlation decrease, even coming close to zero. The present study includes a measure of previous academic achievement and statistical procedures that adjust both measures of SET and achievement for prior student achievement. Although prior achievement is one of the variables that most influence the final achievement, this study examines whether SET makes a significant contribution to the final achievement, after the effect of previous achievement is controlled for.

An open methodological question, which seeks to address this study, is the unit of analysis. Most of the researchers in this field use the group-class average as the unit of analysis, arguing that the individual differences within the group class are eliminated and the differences between the means of the group classes, sections, or teachers (Cohen, 1981; Abrami et al., 1990; Marsh and Roche, 2000; Clayson, 2005; Richardson, 2005; Uttl et al., 2017) are clearly reflected; other researchers defend the need to account for the individual variability within the group classes (Clayson, 2007; Weinberg et al., 2009). Some studies in this field have considered both aspects separately (Clayson, 2009), but to our knowledge, none have considered the variability within and between group classes or teachers jointly. In this study, we will use methods that consider both sources of variability, the students and the group class, for multilevel analysis.

In addition, since multisection designs are the ones that offer the most valuable estimate of the relationship between SET and academic achievement, an aggregated data analysis is carried out following the procedure of a multisection design, using the data from course disciplines with two or more sections.

From this theoretical context, the following objectives were established:


(1) Correlate the individual students’ teacher ratings and their academic achievement.

(2) Correlate the average of SET in the class-group means with the academic achievement means of each group class.

(3) Examine the relationship of SET with the final academic achievement, once the effect of the prior academic achievement has been controlled for, establishing the specific contribution of SET to the final academic achievement, using the group averages as the unit of analysis.

(4) Evaluate the joint contribution of the individual student and the group class evaluations of teaching to the final academic achievement, considering the previous achievement.

(5) Analyze the relationships between SET, academic achievement, and prior academic achievement, following the procedure of a multisection design, considering those course disciplines or subjects matters in which there are different sections.





MATERIALS AND METHODS


Participants

The sample included 1,538 students of the National Polytechnic School from Ecuador, enrolled in eight different faculties and schools and studying 28 different degrees. Of these students, 68.6% were male and 31.4% were female. The higher percentage of male students is representative of the population of students of polytechnic studies. The average age was 22.3 years (SD = 3.2). This sample was chosen from a larger sample of 6,100 students who rated the teachers during the 2016/2017 academic year. These 1,538 students attended 343 different course disciplines and were distributed into 453 class groups. Most of these course disciplines had only one class group, while 48 course disciplines had more than one class group or section (with 776 students in total). The number of sections ranged from 2 to 10, with a total of 158 sections across different course disciplines. The total number of students in the different sections was 776. The teachers’ sample consisted of 310 teachers, who represented a varied sample in terms of age, category, and teaching experience. More than half of these teachers were male (62.8%).



Measures

Student evaluation of teaching was obtained from the “Cuestionario de Evaluación de la Enseñanza del Profesor de la Escuela Politécnica Nacional del Ecuador” (Teacher Evaluation Questionnaire of the National Polytechnic School), approved by the teacher staff for the 2016/2017 academic year. The scale consisted of 33 items grouped theoretically into four factors: planning, mastery, and clarity in the explanation of the subject; methodology and resources; teacher – student relationship; and evaluation.

The results of the validation of this questionnaire in a large sample of 6,100 students (Sánchez et al., 2019) showed the permanence of these four theoretical factors in an exploratory factor analysis, with a high reliability of internal consistency – Cronbach’s alpha ranged between 0.94 and 0.86 and was 0.96 for the total scale. The results also show a high correlation between the four factors (0.78–0.88).

Two measures of student academic achievement were taken: previous academic achievement and academic achievement at the end of the semester. Previous accumulated achievements were a measure of the mean academic achievement reached by students on all previous subject matters, among those who were enrolled until the beginning of the current semester. This measure was obtained from computerized administrative records. Although strictly it cannot be considered a measure of prior performance in the particular subject matter, it can be seen as being indicative of the general knowledge or ability with which the student begins the study of the subject.

The measure of academic achievement at the end of the semester was operationalized by grades awarded by the teacher, based on a final exam, consisting of theoretical and practical written examinations. These final exams in some cases were the same across sections and in others were different for different sections. The different sections follow the same program and have the same assessment criteria. These criteria are specified in the study program of each course. There are also common general rules for all exams in the Polytechnic School. The measures of previous accumulated academic achievement and the final grades ranged from 0 to 40 for all courses.

Students’ age and gender as well as teachers’ age, gender, and experience were collected from administrative records.



Procedure

The data were collected from the existing computer records in the administration of the Polytechnic School and permission was granted for access to the records by the academic staff of the institution. The data provided by the institution were anonymous, with an identification code for each student.

The application of the SET scale was carried out at the end of the semester, before the students knew their final grades. All teachers were evaluated by the students in the same term. All students had to evaluate the teachers to be able to access their final grades. The SET was made through an electronic platform, in which the data were recorded.

The impact of faculty procedures of SET on response rates has been studied by several authors, especially focusing on electronic evaluations. A high response rate is important, which in the field of evaluation in higher education is estimated at 70% (Richardson, 2005). Young et al. (2019) found that the number of responses was significantly higher when students had time in class to complete the evaluation of teaching compared to the electronic form of administration. When the response rate in electronic administration was lower than that with paper-and-pencil questionnaires, this work followed the procedure of forcing all students to answer the evaluation survey in order to access their final grades. This procedure has proved useful and valid in some higher education institutions (Leung and Kember, 2005; Nair and Adams, 2009).



Data Analysis

The data analysis was performed according to the design and goals of this research.

On the one hand, average class group was employed as a unit of analysis; on the other, the individual data of the students were analyzed.

When the class-group average was employed as the unit of analysis, a correlation analysis and a hierarchical regression analysis were performed. Correlation analysis was calculated with Pearson’s product–moment correlation technique. The linear hierarchical multiple regression analysis included, in the first step, prior academic achievements and, in the second step, SET. This methodological approach establishes the specific contribution of a variable, which enters last in the analysis, to the prediction of the dependent variable – in this case, the academic achievement at the end of the semester. In addition, the extra amount of variance accounted for in the final academic achievement by SET can be estimated (Cohen and Cohen, 1983).

A multilevel path analysis was performed on the individual data, grouped into sections. This analysis accounts jointly for the variability among individual students within the class groups (level 1) and the variability between groups, taught by different teachers (level 2). A path analysis is established in which the influence of previous academic achievement on the final academic achievement and on SET is examined and in which the relation of SET with the final academic achievement is also included. All variables were observed; no latent variable was defined.

The program used was the structural equation modeling (EQS) by Bentler (2005). Parameter estimation was conducted on the basis of maximum likelihood (ML); ML estimation is based on the characteristics of multivariate normality that are used to produce optimal estimates of the population parameters, and thus, it requires relatively large sample sizes. Implementation of a diversity of fit indices is recommended when evaluating the model fit, including chi-square, chi-square relative to the degree of freedom, standardized root mean square residual (SRMR), root mean square error of approximation (RMSEA), and the comparative fit index (CFI) (Hu and Bentler, 1999).

The analysis of grouped data, although it may be considered more appropriate than the analysis of individual data (Cohen, 1981), raises some important methodological questions. An analysis of class groups mixing different course disciplines or subject matter and sections of the same courses raises questions about the validity of correlation coefficients estimated from a pooling of heterogeneous microarray data (Hassler and Thadewald, 2003; Almeida-de-Macedo et al., 2013). The effect of heterogeneous variance–covariances across a pool of data causes less efficient estimates of Pearson correlation coefficients across groups than does the approach of combining correlation coefficients of individual groups.

To overcome this question, an aggregated data analysis is carried out following the procedure of a multisection design, using the data from course disciplines with two or more sections. To consider the small-sample bias effect, correlations weighted by simple size were used.



RESULTS

The results presented are divided into two sections – those related to the aggregated data and those related to individual data – that consider the hierarchical nature of the data for the multilevel path analysis.


Average Group as Unit of Analysis

The data of the 1,538 students were averaged across the 453 class groups, from the same or different course disciplines.

Table 1 shows correlations between the mean group prior academic achievement, the mean group SET, and the mean group final academic achievement.


TABLE 1. Correlations between variables with data grouped into class groups.

[image: Table 1]As Table 1 shows, statistically significant correlations between mean prior academic achievement and mean final academic achievement were identified, as well as between mean SET ratings and final academic achievement. Prior academic achievement was not statistically correlated with SET.

To determine the specific contribution of SET on final academic achievement, a hierarchical multiple regression analysis was performed, in which independence of residuals was estimated (Durbin–Watson = 2.02).

A hierarchical linear regression analysis (see Table 2) was conducted in which prior academic achievement was entered in step 1 and SET in step 2.


TABLE 2. Hierarchical regression of prior academic achievement and student evaluation of teaching (SET) on academic achievement.

[image: Table 2]Model 1 was significant (R2 = 0.27, F = 145.95), and prior academic achievement significantly predicted the final academic achievement (β = 0.52, p < 0.001). In the second step (model 2), SET significantly predicted final academic achievement (β = 0.26, p < 0.001), beyond the effect of prior academic achievement. This model explained 34% of the variance of final performance.

The change between model 1 and model 2 was statistically significant (ΔR2 = 0.07, F = 100.42, p < 0.001), indicating that the specific proportion of variance in final academic achievement accounted for by SET was 7%, and it is statistically significant.



Individual Student as Unit of Analysis

Correlations between student prior academic achievement, SET, and student final academic achievement are shown in Table 3.


TABLE 3. Correlations between student individual variables.

[image: Table 3]The results of individual students were similar, although slightly lower, to those averaged by groups. Statistically significant correlations were found between individual students’ prior achievements and individual students’ final academic achievement, as well as between SET and final academic achievement. Prior academic achievement was not statistically correlated with SET.

As individual students were grouped into class groups, a multilevel structural equation analysis with observed variables was performed, with individual students within the section as level 1 and the difference between groups as level 2. The total student sample was 1,538, distributed into 453 class groups.

The model tested the influence of previous academic achievement on final academic achievement and SET, as well as the influence of SET on final academic achievement. Figure 1 shows the model and results of the multilevel structural analysis.


[image: image]

FIGURE 1. Standardized coefficients of the multilevel model with between prior academic achievement (V1), SET (V3), and academic achievement (V2). Path coefficients constrained to be equal. ∗∗p < 0.01; ns = not significant.


The ML method was employed for parameter estimation. This method assumes multivariate normal distributions, although the method of ML is robust for departures from normality, especially if the sample is large and the skewness is <2 and kurtosis <7, in absolute terms (West et al., 1995) – values that are below those obtained in this work.

Once the model displayed in Figure 1 includes relationships between all the variables, it is a saturated model in which the number of parameters to estimate is equal to the data; since it makes theoretical sense to consider the similarity of the individual (within) and section (between) parameters, the three path coefficients were constrained to be equals.

This model provided a very good fit to the data (Bentler CFI = 0.996, χ2 = 4.89, df = 3, p = 0.18; McDonald’s MFI = 0.999; SRMR = 0.020: RMSEA = 0.030) (see Table 4).


TABLE 4. Mean correlations between variables estimated with data grouped into sections.

[image: Table 4]Furthermore, for the test of equivalence of path coefficients across levels, the EQS reported a cumulative multivariate Lagrange multiplier (LM) test (χ2) and an incremental univariate χ2 value, along with their probability values, for each constraint. To find non-invariant parameters across groups, the probability associated with the incremental univariate χ2 values of <0.05 (Byrne, 2008) was checked; none of the equality constraints were significant (V3, V2, p = 0.30; V3, V4, p = 0.36; and V4, V2, p = 0.46), indicating the equivalence of the three coefficients across levels.

The relationships between the observed variables proposed in the model were significant (p < 0.05), except for the effects generated by prior academic achievement on SET. Both at the individual (within) and at the section levels (between), the highest regression coefficient was prior academic achievement on final academic achievement (β = 0.45, p < 0.01 for level 1; β = 0.55, p < 0.01 for level 2). SET also has an effect on final academic achievement, at both the student level (β = 0.21, p < 0.01) and group level (β = 0.13, p < 0.01). Conversely, prior academic achievement was not statistically related to SET, either at the individual level (β = 0.04, p > 0.05) or at the group level (β = 0.07, p > 0.05).

The total percentage of variance explained from the final academic achievement at the level of the students was 25%, while at the level of the sections, it was 33%.



Multisection Design Analysis

Sections’ average SET, sections’ average prior achievement, and sections’ average academic achievement were correlated for each course discipline; then the mean of the correlations weighted by the sample size was estimated. Specifically, we transform rs to Fisher’s Z scores, calculating average Fisher’s Z scores across all course disciplines and weighing Zs by each sample size, and transformed average Fisher Z scores back to r. These results are shown in Table 4.

Again, there will be a moderate but significant correlation between the previous academic achievement and the final academic achievement, although in this case with a lower value; there was also an average positive correlation between the means of the SET and academic achievement, based on the means of each section weighted by the sample size. SET averages were not related to the prior performance.

To control for the effect of prior achievement on the relationship between SET and academic achievement, the partial correlation between the means of the sections within each course discipline of the SET and the final achievement means was estimated, considering the means of the previous achievement. Then the mean of the partial correlations weighted by the sample size was estimated. The average value of the partial correlation coefficient between SET and final achievement, considering the effect of the previous achievement, estimated in the average of the different course disciplines, was r = 0.22.

To examine the effect of small samples in multisection studies, the correlation between the number of sections and the absolute value of the correlation between SET and final achievement was calculated, obtaining r = −0.18, indicating that there is a tendency to obtain higher correlations when these correlations are based on a smaller number of sections.



DISCUSSION

This work aimed to clarify several of the issues raised about SET as a measure of teacher effectiveness. For this, a large number of individual students and group class were included; a multisection design was used when course disciplines had more than one class group; previous academic performance was considered, since the random allocation of students to the sections was not assured; and statistical methods were used which consider both the individual student variability within sections and the variability between sections. Furthermore, the study was carried out in a geographical and disciplinary context different from that of most previous studies.

The results obtained with aggregated data, taking the group class as the unit of analysis, showed a moderate but statistically significant correlation (0.28) between SET and final academic achievement. This value corresponds to the value obtained in the meta-analysis of Uttl et al. (2017) when the data of Cohen (1987) were reanalyzed considering small-sized studies and effects (i.e., only the studies with a number of 30 or more sections).

These results also showed a moderately high correlation between prior academic achievement and final academic achievement. This finding is in accordance with previous meta-analytic studies on the variables associated with achievement in higher education, in which prior knowledge/abilities appear as one of the main determinants of academic achievement (Schneider and Preckel, 2017).

However, the correlation between prior achievement and SET was not statistically significant, suggesting that SET is not affected by previous academic achievements.

Control for prior academic achievement with the hierarchical regression analysis procedure continued to show a significant effect of SET on academic achievement; this effect was around 7%, which corresponds to a correlation of 0.27, similar to that found in the reanalysis of Cohen’s (1981) data, and is slightly higher than the value obtained in the meta-analysis of Uttl et al. (2017) based on nearly 100 multisection studies published to that date, which stood at 0.23.

The results obtained with the individual student data showed a statistically significant correlation (0.23) between SET and final academic achievement, which was a bit lower than that obtained with the data aggregated in sections. This result is consistent with previous studies about instructor’s teaching effectiveness, in which it is considered that multisection studies that use the grouped data of the sections are more appropriate to apprehend the true relationship between SET and academic achievement (Cohen, 1981; Uttl et al., 2017).

The results of individual data showed again a moderately high correlation between prior academic achievement and final academic achievement, as well as a non-significant relation of SET with prior academic achievement.

Following the suggestion of several authors regarding these types of studies, both the individual variability within the sections and the variability between sections (Clayson, 2007; Weinberg et al., 2009) of the data of the present work included a multilevel structural equation analysis.

The results of the multilevel analysis showed that there was a significant effect of SET on the final academic achievement, at both the individual and the section levels, even after controlling the effect of prior academic achievement. In addition, the magnitude of the effect was similar in both levels. The total percentage of variance explained from the final academic achievement at the level of the sections was 33%, while at the level of the individual students, it was 25%, with 8% of the explained variance of final academic achievement attributable to the sections: that is, to the effect of the teacher.

The results obtained with aggregated data, taking the section as the unit of analysis, following the guidelines of a multisection design, show that a significant, although low, relationship remains between SET and academic achievement when the sample size effect is considered (r = 0.26), even when the effect of the prior academic achievement is controlled (r = 0.22). Therefore, the results of the individual and the group analyses do not differ substantially from the results obtained in the analysis of the sections, supporting partially the results of the individual analysis and aggregated group analysis, in which biased correlations could appear due to pooling of heterogeneous samples, when the analysis of the data is carried out following the guidelines of a multisection design.

These results were similar to those found in studies carried out in different geographical and disciplinary contexts. The study was conducted in a Higher Polytechnic School of Ecuador, which teaches scientific and technological disciplines, which are different from the humanistic and social disciplines rated in most of the studies on teaching effectiveness (Clayson, 2009).

On the basis of the large-scale datasets from Australia, Canada, and the United States (N = 26,746 students) in the Programme for International Student Assessment (PISA), 2012, Scherer et al. (2016) find support for significant relations to the educational outcomes. Students’ achievement could be best predicted by perceived classroom management (β = 0.20 to 0.31).

Together, the results show the relation between SET and academic achievement, in a study where multiple sections are included, controlling previous academic achievement and considering both the student variability within sections and the variability between sections with different teachers, in subject matters of a scientific – technological nature.

However, the amount of influence of SET on academic achievement is lower than that found in some previous meta-analytic studies (Cohen, 1981; Feldman, 1989), but higher than that found in the meta-analysis of Uttl et al. (2017) carried out on the multisection studies published to that date; when small-study-size effects and prior academic achievement were considered, it was close to zero.

Although university student academic achievement depends mainly on various intellectual and non-intellectual factors (Richardson et al., 2012; Schneider and Preckel, 2017), the results of this work support the conclusion that SET has a modest, around 5%, but significant influence on academic achievement and is therefore related to teacher effectiveness.

However, taking into consideration our results and the results of previous meta-analyses, especially the comprehensive meta-analysis of Uttl et al. (2017), the influence of SET on academic achievement seems to be sufficiently limited to make relevant administrative decisions. Although use of SET as a feedback for teachers’ use and as a measure of student satisfaction is not problematic (Spooren et al., 2013; Uttl et al., 2017), the use of SET as a measure of teachers’ effectiveness for making administrative decisions about teachers’ hiring, firing, promotions, and merit pay is controversial (Uttl et al., 2017, 2019; American Sociological Association, 2019).


Limitations

The analysis that takes into account individual student and average group as units of analyses, mixing different subject courses and sections of the same courses, raises questions about the validity of correlation coefficients estimated from pooling heterogeneous microarray data, given that it causes less efficient estimates of Pearson correlation coefficients than does the approach of combining correlation coefficients of individual groups, as is done in the analysis that follows a multisection design, although, on the other hand, and the results obtained from the multisection analysis are consistent with the individual and group analyses.

Final exams in some cases were the same across sections; however, in others, they were not identical for different sections; although different sections follow the same program and have the same assessment criteria, the exams should be identical or equivalent, as required for a multisection study.

This study uses a low number of sections, ranging from 2 to 10, which can lead to the small section size effect, given the tendency to obtain higher correlations when these correlations are based on a smaller number of sections.

Prior academic achievement in the subject matter was not measured; the measure was of the accumulated academic performance in all subject matters in which the student had been enrolled before the beginning of the semester. However, in scientific–technological disciplines, the academic achievement accumulated previously is a measure that is usually related to the final achievement, and it also seems to be an adequate measure to study the possible influence on SET.

Another question that arises in relation to this study is the procedure of obtaining the SET. Although research shows that, in general, electronic evaluation procedures are as valid as traditional procedures (Spooren et al., 2013), more research is necessary on this procedure of forcing all the students to answer the evaluations of teaching, in terms of social desirability, acquiescence, and stereotyped answers, etc. From a methodological perspective, in the path analysis, all the variables are observed variables and not latent; therefore, the measurement error could not be estimated.
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A common approach for measuring the effectiveness of an education system or a school is the estimation of the impact that school interventions have on students’ academic performance. However, the latest trends aim to extend the focus beyond students’ acquisition of knowledge and skills, and to consider aspects such as well-being in the academic context. For this reason, the 2015 edition of the international assessment system Programme for International Student Assessment (PISA) incorporated a new tool aimed at evaluating the socio-emotional variables related to the well-being of students. It is based on a definition focused on the five dimensions proposed in the PISA theoretical framework: cognitive, psychological, social, physical, and material. The main purpose of this study is to identify the well-being components that significantly affect student academic performance and to estimate the magnitude of school effects on the well-being of students in OECD countries, the school effect being understood as the ability of schools to increase subjective student well-being. To achieve this goal, we analyzed the responses of 248,620 students from 35 OECD countries to PISA 2015 questionnaires. Specifically, we considered non-cognitive variables in the questionnaires and student performance in science. The results indicated that the cognitive well-being dimension, composed of enjoyment of science, self-efficacy, and instrumental motivation, as well as test anxiety all had a consistent relationship with student performance across countries. In addition, the school effect, estimated through a two-level hierarchical linear model, in terms of student well-being was systematically low. While the school effect accounted for approximately 25% of the variance in the results for the cognitive dimension, only 5–9% of variance in well-being indicators was attributable to it. This suggests that the influence of school on student welfare is weak, and the effect is similar across countries. The present study contributes to the general discussion currently underway about the definition of well-being and the connection between well-being and achievement. The results highlighted two complementary concerns: there is a clear need to promote socio-emotional education in schools, and it is important to develop a rigorous framework for well-being assessment. The implications of the results and proposals for future studies are discussed.
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INTRODUCTION

The effectiveness of an education system or a school is generally measured in terms of the impact that school interventions have on student performance, with the prevalent focus being on the cognitive elements, and mostly those associated with the requirements of the academic curriculum or competence areas. Following the definition of Murillo (2005), a school is considered effective when it achieves the maximum holistic development of every one of its students, and especially when this development is greater than might be expected considering the student’s previous performance and/or the social, economic, and cultural situation of his/her family. Although a student’s development is expected to be comprehensive, school effectiveness is traditionally estimated only through student attainment measures, such as the number or percentage of students who graduate (Grosskopf et al., 2014; Podinovski et al., 2014), standardized test scores in various subjects (Crespo-Cebada et al., 2014; Johnson and Ruggiero, 2014), scores on international and national assessments, or the percentage of students progressing to higher or further education (OECD, 2008c). However, it could be argued that the “results” of a school in terms of non-academic achievement should also be considered as educational objectives given that students with low levels of well-being are more likely to have a negative experience of school, as well as to suffer from depression and be involved in substance abuse or delinquency (Sun and Shek, 2010). As a result of the shared concerns of educational communities and families around the world, the latest trends aim to extend the focus of school effectiveness research beyond simple cognitive performance and also examine aspects such as well-being in the academic context. Some studies have focused on the effect of school on socio-emotional factors such as attitude to learning or academic self-concept (Opdenaker et al., 2002; Murillo and Hernández-Castilla, 2011; Belfi et al., 2012), although the results are not conclusive. Aware of the importance of socio-emotional development as an inseparable element of the integral learning process, the 2015 edition of the Programme for International Student Assessment PISA) incorporated a new instrument aimed at evaluating the socio-emotional variables related to the well-being of students, making it possible to assess school effectiveness in terms of improvements in student well-being at the international level.


Well-Being

In recent years, the importance of well-being and the quality of life concept has grown and has extended into many areas. There are numerous definitions of these, and other terms such as satisfaction and happiness, that, as Veenhoven (2000) points out, have traditionally been used interchangeably. There is, however, nowadays consensus that quality of life refers to both objective and subjective elements and reflects both the living conditions and the perceptions of individuals (Casas, 2004). Moyano-Díaz and Ramos-Alvarado (2007) also assume an integrative perspective based on a model where the quality of life measure is divided into an objective component that refers to a person’s ability to access goods and services and a subjective one that incorporates the concept of subjective well-being, which, in turn, is divided into a cognitive and an affective component. In this case, the cognitive focuses on satisfaction (both global and in terms of specific domains), while the affective includes both positive and negative affects.

Assessing the impact of well-being on academic performance has also been the objective of several studies, the results of which have been equally diverse. For example, Novello et al. (1992) proposed a possible relationship between health and performance in which well-being seemed to play an important role, and, in the same vein, Berger et al. (2011) found, through a multilevel analysis, a relationship between socio-emotional well-being, well-being, self-esteem, social integration, positive perception of a school’s ambience, and performance. Gutman and Vorhaus (2012) also found, in a longitudinal study, significant correlations between four dimensions of well-being (emotional, behavioral, social, and school) and performance. However, El Ansari and Stock (2010) found that the relationship between health, educational performance, and well-being, the latter operationalized in terms of motivation and satisfaction with the educational experience, was reciprocal.

However, the concept of well-being in childhood and adolescence in itself has been studied extensively (Casas, 2010). For instance, Pollard and Lee (2003) carried out a systematic review where they found that, although well-being has not been defined consistently and there is no agreement on the best way to measure it, five key dimensions are usually addressed (albeit not usually all at the same time), namely, physical, psychological, cognitive, social, and economic well-being. The physical dimension refers to health and physical habits; the psychological to emotions and mental health (often operationalized by the “absence” of negative indicators); the cognitive to intellectual and school-related elements; the social to relationships with others, support, and interpersonal or communicative skills; and the economic to economic resources of the family.

An international survey, PISA, in its addition of 2015, adopted a comprehensive model in the evaluation of well-being, which incorporates, in addition to the habitual evaluation of performance, items and scales aimed at measuring well-being. The PISA 2015 assessment formulates a model including indicators of five dimensions of well-being: psychological, social, physical, material, and cognitive (Borgonovi and Pál, 2016). The model differs from the proposals described above by incorporating in the material dimension aspects related to educational and cultural resources.

In the present study, we use the definition of well-being from the PISA theoretical framework, which describes it as “a dynamic state characterised by students experiencing the ability and opportunity to fulfil their personal and social goals. It encompasses multiple dimensions of students’ lives, including: cognitive, psychological, physical, social and material. It can be measured through subjective and objective indicators of competencies, perceptions, expectations and life conditions” (Borgonovi and Pál, 2016).

Furthermore, the OECD has published recently the unified framework for the assessment of social and emotional skills (Kankaraš and Suárez-Álvarez, 2019), one of the fundamental pillars of well-being, which reiterates the importance of socio-emotional development of individuals, crucial for students’ maturity. The OECD defines these skills as “…individual capacities that can be (a) manifested as consistent patterns of thoughts, feelings and behaviors, (b) developed through formal and informal learning experiences, and (c) important drivers of socioeconomic outcomes throughout the individual’s life” (OECD, 2015).



School Effectiveness

School effectiveness has been examined in hundreds of studies since the publication of the Coleman Report in 1966 (Coleman et al., 1966). The conclusions of this report highlighted the low impact of school factors on student performance in comparison with the strong effect exerted by family socioeconomic context, which educational institutions were ill-equipped to counter. That said, Coleman did also offer the first estimations of school effects, finding that the educational institution explains from 5 to 9% of the variance in mathematics results. Since then, a significant amount of work has been carried out that aims to identify the various factors related to performance and to quantify the magnitude of school effects on students’ results (MacBeath and Mortimore, 2001; Hanushek and Luque, 2003; Scheerens and Demeuse, 2005). Teddlie et al. (2000), in the International Handbook of School Effectiveness Research, summarized the most important evidence in this field, concluding that there is great variation in estimates of school effectiveness between countries and depending on the methodological approach taken. In general, 5–35% of the variance in academic achievement results between schools is explained by educational policies and practices, a school’s atmosphere, and learning climate, depending on the study involved (Martínez-Arias, 2009).

Studies that focus on school effectiveness in terms of the promotion of non-cognitive variables are much less common, although there are some notable exceptions. Murillo and Hernández-Castilla, 2011 performed a cross-country study in Latin America and Spain to estimate the magnitude of school, classroom, and country effects for non-cognitive variables such as self-concept, classroom behavior, social coexistence, and students’ satisfaction with their school. Belfi et al. (2012) conducted a literature review of the influence of class composition (ability and gender) in secondary education on students’ school well-being and academic self-concept. Lazarides and Buchholz (2019) studied the relationship between student-perceived teaching quality in mathematics classrooms and enjoyment, anxiety, and boredom, at both student and classroom levels, and estimated that these parameters accounted for 4–10% of school effects depending on the variable. Other studies in this area include those by Grisay (1996); Opdenakker and Van Damme (2000), Opdenaker et al. (2002); Sammons (1999), and Vandenberghe et al. (1994), all of which report schools’ minimal impact on non-cognitive educational results and attribute less than 5% of variation to the educational institution.

The present study has two main objectives. The first is to identify the well-being components that significantly affect student academic performance. The second consists in estimating the magnitude of school effects on the well-being of students in the OECD countries, where school effect is understood as the ability of schools to increase students’ subjective evaluation of their well-being. In addition, the relationship between socio-emotional variables and student- and school-level factors is examined.



METHOD


Sample

The PISA database developed by the OECD is the main source of information used in this study. PISA aims to evaluate the knowledge and skills acquired by students at the end of compulsory education in OECD member countries (35 countries at the time of the 2015 PISA report) and in non-member countries that have joined the project. The test systematically evaluates three areas of knowledge, reading, mathematics, and science. PISA evaluations are organized in such a way that in each cycle (PISA evaluations are carried out every 3 years), one of the evaluation areas is examined in depth. PISA 2015, the sixth edition of the study, focused on science achievement. In the present study, the full data set from all the OECD countries has been used, which comprises data collected from 248,620 15-year-old students. The summed data of all OECD countries were used to obtain the total OECD results, and the individual country data sets were employed for cross-country analysis. Table 1 reflects sample configuration by country (sample size and percentage of girls), along with the country abbreviation used throughout the study.


TABLE 1. Sample configuration.

[image: Table 1]


Instruments

The cognitive test in PISA 2015 aimed to evaluate the level of acquisition of competences in science, reading, and mathematics, and the student questionnaire collected information about the students themselves, their family background, and school and learning environment. Additionally, school principals completed a questionnaire about the school, its resources, and management practices, and in some countries, optional teacher and parent questionnaires were also used. In this study, only the data relating to the student and school questionnaires as well as the performance test results were analyzed since the teacher and parent data are not available for many OECD countries.

The cognitive performance scale in PISA has become a worldwide reference as it is based on internationally agreed-upon theoretical frameworks. PISA uses the concept of competences, which in this context refers to the ability of students to extrapolate what they have learned and apply their knowledge and skills in real-life situations, as well as their ability to analyze, reason, and effectively communicate their findings and interpret and solve problems in different situations. The full PISA cognitive performance test comprises 528 questions about science, mathematics, reading, problem solving in collaboration, and financial competence and in total constitutes 13 h of tests. However, the test is constructed using a matrix design such that each student only answers a specific and limited combination of questions, resulting in a test that lasts approximately 2 h. Since the PISA 2015 edition focused on science, this field of study was evaluated in greater detail, and hence, the number of items evaluating this area was higher than for other areas, a total of 184 items, which equates to about 6 h in terms of test time, although each student only answers a (different) subset of these questions (for more details on the design, see the PISA 2015 Theoretical Framework: OECD, 2016a).

The student questionnaire collected demographic data of the students and their perceptions of their school environment, their learning experience, the processes and practices employed by the school, and students’ behavior. Based on students’ self-reports, a number of instruments were constructed: simple indexes (i.e., gender, age, or repetition of the same school grade) and complex indexes (economic, social, and cultural status (ESCS), an index of the disciplinary climate in the classroom, index of instrumental motivation, etc.).

In terms of the new element added to the PISA study in 2015, that is, the assessment of both subjective and objective measures of student well-being, as mentioned earlier, five dimensions were examined in order to consider well-being as a multidimensional element.

The cognitive dimension comprises students’ self-beliefs about their acquisition of subject-specific skills. As science was the main domain in PISA 2015, the questions regarding self-beliefs related to this area of knowledge. The constructs measured were: science self-efficacy, broad interest in science, interest in broad science topics, and instrumental motivation to learn science.

The psychological dimension encompassed psychological functioning in relation to educational aspects such as students’ career and educational expectations, measured in terms of the expected job and the highest level of education each student aspired to, achievement motivation, and test and learning anxiety, along with the overall satisfaction with life.

The physical dimension in PISA 2015 measured two aspects of students’ lifestyle: the amount and frequency of physical activity and eating habits. Specifically, students were asked if they exercised or did any sport before or after going to school, how many days per week they had physical education classes in school, and how often they were engaged in moderate or vigorous physical activities outside school. Students also reported whether they ate breakfast before going to school and dinner in the evening after school.

The assessment of the social well-being dimension was particularly important, as the quality of 15-years old relationships with teachers and peers is strongly linked to subjective well-being perception. PISA 2015 assessed five aspects of social well-being: students’ sense of belonging at school; social learning experiences, assessed through the value given to and enjoyment of cooperative learning; the relationship with their teachers, assessed through the perception of teachers’ unfair treatment of students; the relationship with their peers, as measured by the constructs engagement with peers and bullying; and the relationship with their parents, assessed through the scales parental support and engagement with parents.

Lastly, the material dimension investigated both the material resources available in the students’ households and the infrastructure of their school. The material conditions at home focused on parental occupation status and physical resources at home, data that also contributed to the computation of ESCS. Moreover, the students were asked if they worked for pay or worked in households before or after school. Information about the quality of the material environment of the school was collected through the questionnaire directed at school principals, which sought to quantify human resources in terms of the professional profile of the teachers employed by the school and any staff shortages, material resources, measured as the availability of physical educational resources and computer availability, and lastly, the extracurricular activities offered by the school. Table 2 describes the well-being model based on the OECD well-being framework.


TABLE 2. Well-being model dimensions.

[image: Table 2]The original version of the student questionnaire can be found in Annex A of the PISA 2015 Theoretical Framework (OECD, 2016a), while the items of the specific well-being scales and constructs are collated in “A Framework for the Analysis of Student Well-Being in the PISA 2015 Study” (Borgonovi and Pál, 2016).



Procedure

The students participating in PISA 2015 took a computer-based test, with assessments lasting a total of 2 h for each student. They also answered a background questionnaire, which took around 35 min to complete. The data collected were processed and published by OECD.

To achieve the objectives of our study, we used OECD data to perform a two-step analysis. Firstly, the well-being model configured through the dimensions or components that significantly impact students’ performance in an international context was identified. As a preliminary step, each dimension of the proposed model was analyzed individually, discarding variables until the model adequately fitted the data. Then, the well-being-performance model was constructed by introducing science performance (the major domain of the 2015 edition of PISA) as the dependent variable. Science performance was estimated as the mean of the 10 plausible values, the estimators of student proficiency used in PISA. The proposed well-being model was configured for the whole sample of the OECD students.

Secondly, the magnitude of school effects in terms of the various measures of well-being were estimated at the international and country level. With this purpose, the gross variance of the well-being indicators accounted for by clustering as well as the variance adjusted by students’ characteristics were assessed.

In addition, the relationships between student/school-level factors and the well-being indicators at the international and country level were analyzed. With this purpose, the previous model was enriched with the predictor variables related to school characteristics.



Data Analyses

During the first step, the well-being model was evaluated using confirmatory factor analysis (CFA), where the latent variables were those represented by student responses to the student questionnaire. The estimation method employed was maximum likelihood with robust standard errors. The fit of the model was analyzed according to different criteria: the comparative fit index (CFI), the Tucker–Lewis index (TLI), the root mean square error of approximation (RMSEA), and the standardized root mean square residual (SRMR), taking into account the usual criteria as set out in Hu and Bentler (1999): CFI and TLI should be greater than 0.95, RMSEA should be below 0.06, and SRMR below 0.08. Then, the multiple regressions for the OECD countries as a whole and for individual countries were used to compute the standardized beta weights and the percentage of variance in academic achievement as a function of the studied variables. CFA was carried out using the lavaan package of R software (Rosseel, 2012), and multiple regressions using the rms package (Harrell, 2019).

The second step aimed to measure, at the OECD level and the individual country level, school effectiveness in the promotion of the well-being dimension, as well as those variables identified in step 1 as being important in relation to performance. At the country level, the PISA data have a hierarchical structure, where the individuals at level 1 (students) are nested in clusters at level 2 (schools). It is generally accepted that school effectiveness studies require multilevel techniques, such as those developed by Aitkin and Longford (1986), to be employed both in order to estimate the magnitude of school effects and to analyze the impact of student- and school-related factors (Aitkin and Longford, 1986; Hill and Rowe, 1996; Kennedy and Mandeville, 2000; Goldstein, 2003; Murillo, 2008; Gamazo et al., 2018). In this work, therefore, hierarchical linear modeling was used to estimate school effects on well-being indicators (Snijders and Bosker, 2012) whereby the two-level technique was applied in the cross-country analysis, the first level corresponding to students and the second to schools.

The estimation of the variance components of the model allows the calculation of the intraclass correlation coefficient (ICC), which represents the proportion of variation in dependent variables that is accounted for by clustering (Snijders and Bosker, 2012), i.e., ICC, is the ratio of the between-school variance to the sum of the between-school and within-school variance. ICC was calculated in two phases.


Phase 1. Null Model Estimation

In the first phase, gross school effects were estimated through the null model, which contained only the dependent variables and the constant. In this configuration, the model has random effects at both levels without taking into account any control variables. The null model is usually established as the starting point of multilevel analysis. It makes it possible to obtain the “gross” school effects, assessed through the ICC, i.e., those effects that are not adjusted for contextual variables (Lee, 2000; Hayes, 2006).



Phase 2. Estimation of the Model Incorporating Adjustment Variables

There is a consensus that school effects cannot be measured in terms of “gross” results but should be adjusted by relevant factors related to student progress (Goldstein et al., 1993; Mortimore et al., 1994; Goldstein and Thomas, 1996; Gray et al., 1996). To this end, in the second phase, the model was enriched with the control variables (Table 3), and the adjusted school effects measured in terms of ICC were estimated.


TABLE 3. Control variables.

[image: Table 3]The ESCS index at the student level and the mean ESCS at the school level were incorporated in the model. These indicators have continuously been demonstrated to be strong predictors of school outcomes in all OECD countries (Perry and McConney, 2010a, b; Cordero et al., 2014; Suárez-Álvarez et al., 2014; OECD, 2016b; Gamazo et al., 2018). In PISA, the ESCS index is constructed from three components: the occupational status of the parents, the educational level of the parents (selecting in both cases the data for the parent with the higher level), and home possessions.

The impact of student-level background information, like gender and immigration status, has also been widely studied, the results underlining the importance of gender as a predictor of achievement (Stoet and Geary, 2013; Karakolidis et al., 2016; Özdemir, 2016). The model used in this work also included information about repetition of the same grade. Although its benefits are not compared between OECD countries here (Jacob and Lefgren, 2004, 2009; Manacorda, 2012), this strategy is widely used in some countries, like Spain and Portugal. For categorical variables like gender and immigrant status, dummy variables were generated (as many as the number of categories of the original variable minus one).

At the last stage of the study, with the purpose of assessing the relationship between student and school factors related to well-being, the complete model was configured whereby the predictor variables from the previous step were widened to include school factors such as school type, class size, or teaching methodology. There is evidence that supports the notion that these factors influence educational outcomes. For instance, the meta-analysis by Hattie (2009) suggests that reduced class size is a determining factor for improving student achievement, along with a reduced teacher–student ratio (Nath, 2012).

The model was also enriched with the variables that evaluated teaching strategies and teacher support, concepts that have recently gained interest in the academic field (Hattie, 2009; Nath, 2012; Gil et al., 2018) with respect to measuring their effects on student well-being. The OECD classifications distinguish between teacher-directed and student-centered instruction methodologies. Teacher-directed instruction, assessed through the scale teacher-directed science instruction, is focused on the role of teacher leading and managing the activities taking place in the classroom. Student-centered instruction, referred to as inquiry-based science teaching and learning practices, is associated with the teacher facilitating students’ own learning by allowing them time to find solutions to problems on their own before the teacher confirms or demonstrates the solution (Hoad et al., 2007; Rowe, 2007; OECD, 2009).

Teacher support is also gaining importance (OECD, 2016b; Ricard and Pelletier, 2016). Following the PISA measurement construct, teacher support consists in the teacher showing an interest in every student’s learning separately, giving extra help when needed, helping students with their learning, continuing to work on a teaching point until all students understand the material, and giving students an opportunity to express their opinions.

The school-level variables, i.e., teaching methodology and teacher support, were calculated as the across-school average of these student-level indexes, constructed on the basis of student responses to the context questionnaires following PISA methodology (OECD, 2017b). The predictor variables of the complete model are shown in the Table 4. The package lme4 of R software was used for multilevel modeling (Bates et al., 2015).


TABLE 4. Predictor variables.

[image: Table 4]


RESULTS


Relationship Between Student Performance and Well-Being

As a preliminary step to data analysis, for each dimension of the proposed well-being model, a CFA was performed on the summed data for all OECD countries. The cognitive dimension, represented by the four constructs explained above, was the only one that achieved appropriate model fit according to the criteria of Hu and Bentler (1999). The material dimension, defined as the economic resources of a student’s household, represented through the home possessions index and the index of parental occupational, was also confirmed. Although psychological, social, and physical dimensions, assessed through the respective OECD scales, did not exhibit construct solidity, individual scales aimed at assessing these dimensions were introduced into the well-being-performance model in order to capture whether, and how, subjective non-cognitive well-being indicators predict performance in science.

Figure 1 presents the final well-being-performance model, which is the one that achieved the highest fit values. Table 5 indicates the values obtained for the CFA. In the model representing the relationship between well-being and performance, the cognitive dimension was finally reduced to three scales: enjoyment of science, instrumental motivation in science, and science self-efficacy. In the psychological dimension, the variables achievement motivation and test anxiety, considered individually, acted as good predictors of science performance. The material dimension, measured through the level of parents’ occupation and home possessions of students’ families, was strongly related to performance. Finally, although four social dimension variables (belongingness at school, teacher fairness, enjoy cooperation, and value cooperation) were demonstrated to have a significant impact on science achievement, the model that included all four of them did not fit the data well. However, the variable enjoy cooperation contributed positively to the final model. The variables of the physical dimension did not provide reliable information about the well-being-performance model, probably due to their dichotomous nature.


[image: image]

FIGURE 1. Confirmed well-being/performance model. Source, Prepared by the authors, based on Programme for International Student Assessment (PISA) Well-being Framework.



TABLE 5. Model fit test statistics of well-being-performance model.

[image: Table 5]Multiple regression (Table 6) indicated that well-being variables explained around 22% of the variance related to students’ achievement in science.


TABLE 6. Regression coefficients.

[image: Table 6]It can be observed that in the regression model performed for the overall OECD sample, the greatest weight corresponded to the material well-being dimension. Nevertheless, the impact of cognitive well-being is also both high and constant across countries: on average, an increase of 1 point in terms of cognitive well-being would result in an increment of 18 points on the PISA science achievement scale. In six countries (Australia, Canada, Finland, Iceland, Ireland, and Korea), the cognitive variables are able to predict achievement as much as, or in some cases better than, economic background does. Test anxiety was found to reduce science performance by up to 12 points, with the strongest negative relationship observed in Finland. These results are also constant across countries, excepting Korea, where higher test anxiety corresponds to higher performance in science. Achievement motivation and enjoy cooperation both also relate positively to the cognitive results in most of the countries, although their impact is weaker.



School Effectiveness in Well-Being Promotion

Once the well-being components that were strongly related to performance were identified, we studied the school effects on the well-being components that can be modulated by the school. These effects on science cognitive scores are also presented.

Table 7 summarizes the school effects for the null model and for the model adjusted for student background and ESCS information. Consistent with previous research, the results indicate that the school seems to have only a weak influence on student well-being, although there is some variation depending on the country analyzed and on the predictor variable considered. In the null model, the total OECD school-level variation in science performance was around 39%, while it barely reached 9% for the well-being components, indicating that the school’s role turns out to be much less important in promoting students’ well-being. School effects accounted for 9% of variation in the cognitive well-being dimension, 8% of test anxiety, and 5% of enjoyment of cooperation. The model adjusted to incorporate the control variables did not result in any significant differences in terms of school effects, explaining only 1% of variation for enjoyment of science and enjoyment of cooperation variables, while the school-level variation in science performance was reduced up to 25%.


TABLE 7. School effects in terms of ICC.

[image: Table 7]Figure 2 reflects cross-country school effects for the cognitive dimension and for the psychological and social variables (for the country-level results and for the variables that compose the cognitive well-being dimension, please refer to Supplementary Material). In comparison with the rest of the variables, the role of the school in cognitive well-being promotion is systematically higher than other dimensions in OECD countries. Adjusted school effects in Italy and Japan were around 10% in terms of cognitive well-being. Italy, along with Belgium, also showed higher variability in students’ perception of achievement motivation at the school level. Enjoyment of cooperation is the component of social well-being where schools had less impact, a result that is consistent across countries, with Switzerland being the only country where it exceeded 5%. Schools also do not seem to play any great part in test anxiety reduction. Italy was the only country where any great amount (10%) of variation in this dependent variable was accounted for by school nesting. In Iceland and Germany, no school variation in test anxiety was observed.
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FIGURE 2. Country-level school effects in terms of intraclass correlation coefficient (ICC).




Student and School Factors Related to Performance

Finally, the impact of student and school factors on well-being variables was assessed. The results for science performance are presented in order to reflect the differences in the influence of these factors on achievement results and well-being. Table 8 shows the estimates of multilevel modeling on each dependent variable for the overall OECD sample. Table 9 identifies the number of countries where the factors are significantly positively related to the dependent variables.


TABLE 8. Estimation of fixed effects and random effects of the complete model for the overall OECD sample.
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TABLE 9. Cross-country summary of fixed effects (number of countries with significant and positive impact).

[image: Table 9]ESCS has traditionally been positively related to performance, a tendency that, in this work, persists when well-being variables are taken into account. Students with higher ESCS exhibited higher cognitive well-being, with the strongest impact being on their perception of self-efficiency in science. More advantaged students also had higher achievement motivation and were more resistant to stress as a result of exams. This relationship was reproduced at the individual country level.

At the OECD level, girls demonstrated lower levels of cognitive well-being along with higher levels of test anxiety, although they enjoyed cooperation more than their male classmates and had higher levels of achievement motivation. At the individual country level, these results were repeated, except for achievement motivation, where, in 9 countries, no clear relationship with gender was observed, while in 14 countries, boys were more highly motivated to achieve academically.

Once ESCS was controlled for, students with immigrant backgrounds reported higher motivation to achieve than non-immigrant students. They also demonstrated higher levels of cognitive well-being, especially for enjoyment of science and instrumental motivation. On the other hand, being an immigrant was associated with higher test anxiety.

At the school level, the influence of school characteristics, along with teaching methods and teacher support, on the students’ subjective well-being was assessed. Although public schools consistently performed worse than private schools even after controlling for ESCS, this tendency was reversed in terms of students’ perception of their cognitive well-being. In public schools, students tended to demonstrate higher levels of self-efficiency and science enjoyment. Nevertheless, they were less motivated to achieve and more prone to feeling anxious about exams. The school and class size seemed to have a very low impact on students’ perception of well-being both at the OECD and at the individual country level.

Teaching methodology, measured as the use of teacher-directed or inquiry-based instruction, and teacher support are strongly and positively related to the well-being indicators, while they have an opposite effect in relation to science performance: the more frequent use of inquiry-based teaching and higher teacher support are associated with a decrease in science performance of around 25 points on the PISA scale. However, more inquiry-based instruction, when students are given opportunities to explain their ideas, spend time in the laboratory doing practical experiments, or are required to discuss science questions, increases students’ perception of self-efficiency and promotes intrinsic motivation by increasing science enjoyment. Furthermore, it reduces exam anxiety and raises achievement motivation. The positive relationship between inquiry-based teaching and the cognitive well-being dimension is confirmed individually in 17 OECD countries.

Enjoyment for science is higher when the teacher regularly explains scientific ideas, a whole class discussion takes place with the teacher, and the teacher addresses students’ questions and practically explains an idea. Teacher-directed instruction also increases students’ positive predisposition toward cooperation. The positive impact of teacher-directed methodologies on cognitive well-being and cooperation is observed in 19 separate OECD countries.

Teacher support was the school-level variable that demonstrated the strongest relationship with student well-being in the model proposed. Showing an interest in every student’s learning, giving extra help when students need it, and continuing with explanations until all students understand the material turn out to be extremely important for the promotion of achievement motivation and for positive predisposition toward cooperation. In addition, these practices reduce test anxiety in 7 of the 10 OECD countries where teacher support is significant.



DISCUSSION

The aim of the study was twofold. On the one hand, the present study sought to reach a global definition of well-being across the countries assessed for the PISA 2015 report and to assess its relationship with performance. On the other, we focused on ascertaining the impact of school effects on student welfare and identifying those factors positively related to well-being in the educational context.

The results evidenced the complexity of the well-being concept and the need for further research on its definition. Of the four dimensions described in the original model, only the cognitive dimension was confirmed as having an impact across all countries in PISA 2015. In the evaluation of the material dimension, only student-level variables contributed positively to the model, while school environment and resources did not demonstrate any significant effect once the students’ economic background was taken into account. Psychological and social dimensions were found to be multifaceted concepts represented by a variety of individual variables but not confirmed as solid constructs. Finally, the physical dimension did not provide reliable information with respect to the construct definition.

Consequently, in the well-being-performance model, well-being was finally defined by the cognitive and material dimensions, along with the individual psychological and social variables achievement motivation, test anxiety, and enjoyment of cooperation, i.e., the variables that were found to be good predictors of performance in science. The results showed that student well-being significantly impacts student performance. Higher cognitive well-being is associated with better achievement results, increasing science performance by up to 22 points on the PISA scale. In six countries, the promotion of cognitive well-being was even demonstrated to counteract the effect of socioeconomic background. Lower test anxiety is also linked to better results, along with enjoyment of cooperation.

Nevertheless, currently, school interventions do not appear strong enough to make an impact on subjective well-being. School effects explain barely 5% of the variation in well-being perception within schools, and school-level variation is highest for the cognitive well-being dimension, accounting for up to 9% of school effects on average across all the OECD countries. These results are consistent with previous studies (Murillo and Hernández-Castilla, 2011; Lazarides and Buchholz, 2019) and provide further evidence in support of these effects both in the across-OECD context as well as for each member country. Our results highlight that some countries, like Italy and Switzerland, are more successful with school-level interventions, while others, like Poland and Iceland, have a very limited school-level influence on well-being. There may be multiple reasons for this low school-level impact on well-being, the most likely being a lack of socio-emotional education within schools, the low availability of tools and policies for well-being improvement, or the limited time dedicated to achievement in non-academic aspects of learning (Murillo and Hernández-Castilla, 2011), although it is becoming more common to introduce school practices aimed at the promotion of cognitive, social, and emotional well-being and stress reduction (Jennings et al., 2013; Schonert-Reichl et al., 2015). Research findings provide evidence to support the notion that the implementation of such methods improves attention deficits, reduces stress, and promotes self-regulation among adolescents (Albrecht et al., 2012; Carboni et al., 2013).

The student and school factors associated with higher levels of cognitive well-being, motivation, and cooperation were also assessed. At the student level, the socioeconomic background was again a good predictor of student well-being, which clearly makes it difficult for schools to combat its substantial influence. However, on the positive side, the analysis provides evidence that teachers employing a methodology that combines the traditional teacher-led approach with more innovative practices based on inquiry and teamwork seems to be a powerful tool for improving non-cognitive educational achievement. Science teaching and learning practices that include experimentation and critical thinking increase students’ self-efficacy in science and reduce test anxiety. These insights are especially important given that student-oriented teaching methods seem to be negatively linked to academic achievement (Gil et al., 2018). A classic teacher-directed approach, where the teacher leads class discussions and explains ideas, is associated with higher levels of science enjoyment and better predisposition toward cooperative working. These results support the idea of the importance of an adaptive pedagogy that brings together innovation and teacher-directed instruction, rather than teachers opting exclusively for either one of these approaches (Rowe, 2007; OECD, 2008b).

Teacher support of pupils at the school level was initially negatively related to science performance in the multilevel model proposed here. This was probably due to the fact that teachers at schools in disadvantaged areas report supporting students in their learning more frequently than teachers in schools in more advantaged areas, as is also the case for teachers in rural as opposed to urban schools (OECD, 2017a). Schools in disadvantaged and rural areas tend to perform worse in the PISA assessments, and therefore, their students are in greater need of teacher support. Nevertheless, in this study, teacher support turned out to be the strongest predictor of student well-being, i.e., when the teacher works to ensure the students’ complete understanding of the problem, provides extra help when it is required, and aims to integrate learning, students report higher subjective well-being. Previous research (Ahmed et al., 2014) has also shown that student-perceived teacher support is negatively related to student anxiety and boredom at the student level, and positively related to enjoyment and negatively related to anxiety at the classroom level (Lazarides and Buchholz, 2019).

In the 21st century, the era of knowledge and innovation, the school has gained great importance in the development and learning of individuals, as well as it having become an extraordinarily complex and multidisciplinary facility. On the one hand, the purpose of schools is to promote knowledge acquisition, but on the other, they must help children build confidence and develop a variety of learning strategies for the future (OECD, 2008a). This research aims to contribute to the growing concern about students’ quality of life and happiness and to emphasize the importance of a comprehensive approach to education where socio-emotional development is integrated in a schools’ day-to-day functioning.

The principal limitation of the study lies in the need for improvement in the instruments available for assessing well-being in an educational context. Although the OECD provides a solid framework for the measurement of well-being, some dimensions, like physical well-being, still need to include reliable and unidimensional scales. Moreover, it should be taken into account that instruments based on self-reporting will never achieve the same level of sensitivity in measuring latent constructs such as those involved in well-being as do academic achievement tests (Murillo and Hernández-Castilla, 2011).

The results of this research should be considered with cautions, as there is no evidence of causality for the relationships observed. The reciprocal relationship between well-being and performance should be taken into account. For instance, previous research has shown that higher levels of achievement are positively related to enjoyment (Ma, 1997) and reduce exam anxiety (Ma and Xu, 2004). In addition, the impact of student and family characteristics should not be forgotten, as they are connected to the achievement and behavior of students at school, as García-Crespo et al. (2019) indicate. Nevertheless, the conclusions regarding teaching methodology are more consistent, although it would be interesting to study the persistence of the positive impact of teachers’ interventions with respect to students with different academic profiles (low/average/high academic performance, etc.). Future research within our research team will focus on expanding on the results obtained in this work by extending the analysis to primary education data, where it is expected that school involvement in socio-emotional variables is more common and efficient.
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Academic achievement in general, and in mathematics in particular, is positively associated not only with cognitive abilities, but also with emotional and motivational skills. The objective of this study was to analyze the prediction strength of cognitive, motivational, and emotional variables in mathematics achievement throughout high school, considering students’ gender and age. A large sample of 2,365 Spanish students from the 4 years of high school (12–16 years old) participated in the study. Students provided information about their intellectual skills, perceived competence in mathematics, perceived utility of mathematics, intrinsic interest in learning, mathematics anxiety, and their causal attributions (for failure and for success), and of their achievement in mathematics. Data showed differences according to gender and the school grade level. The motivational and affective variables did not seem to play an important role in this relationship as predicted in the current study. The results of this study are discussed in light of previous research.
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INTRODUCTION

Researchers’ growing interest in studying mathematical achievement is driven by the importance of mathematics in both formal education and people’s daily lives (Jansen et al., 2013; Namkung et al., 2019). Jain and Dowson (2009), for example, underlined the fact that mathematical comprehension is crucial for personal and professional success. Furthermore, Lipnevich et al. (2016) noted that success in mathematics is related to well-being, satisfaction with life, health, income, employability, and longevity.

Extant research has analyzed the influence of cognitive variables on mathematics achievement, but researchers have paid little attention to the role of emotional or motivational variables (see Miñano and Castejón, 2011). Specifically, these authors found that intelligence did not explain a higher proportion of academic achievement than that provided by variables of an emotional or motivational nature. More recently, García et al. (2016a) concluded that motivation and enjoyment of mathematics were powerful predictors of mathematics achievement. Similarly, Lipnevich et al. (2016) stated that although intelligence was a significant predictor of mathematics achievement, attitudes toward this subject were key to explanation students’ higher achievement. In short, and consistent with Zimmerman (2008), findings indicated that students’ skills and abilities did not offer complete explanations about the magnitude or nature of mathematics achievement. In sum, perceived competence, perceived utility, motivation, and academic achievement may be considered related constructs. For this reason, the present work is aimed to examine the prediction strength of cognitive, motivational, and emotional variables in mathematics achievement, considering students’ gender and age.


Perceived Competence, Perceived Utility, Motivation, and Emotions

Perceived competence in mathematics is defined as student perceptions about themselves as learners and of their capacity to successfully tackle mathematics tasks. This perception may fit reality to a greater or lesser extent, but in any case, it is a relevant source of students’ motivation (García et al., 2016b). Literature reports a close association between students perceiving themselves as more capable in a particular subject and them being more willing to commit themselves to tasks related to that subject (for example, Pajares, 2008; Cabanach et al., 2009; Rosário et al., 2009). For example, Peixoto et al. (2017) have reported perceived competence to be strongly, significantly, and positively related to mathematics achievement. Similar results have been found with Portuguese students from fifth to ninth grade (Rosário et al., 2012), with British adolescents (Tosto et al., 2016) and with ninth and tenth-grade students from the US (Stevens et al., 2004).

However, feeling oneself to be capable may not be sufficient to explain personal commitment with academic tasks. Furthermore, task commitment needs to be perceived as useful. Perceived utility of mathematics refers to students’ understanding about the applicability and benefits of learning that subject to their lives (Adelson and McCoach, 2011). Findings on the association between the perception of the value of the subject and their ability to learn new concepts and achieve higher in mathematics are mixed, while some researchers found positive relationships (Guy et al., 2005; Jordan et al., 2010). Other studies, did not find a positive association between perceived utility and the use of self-regulated learning strategies to improve the quality of learning (e.g., Cerezo et al., 2019). According to these authors, this could be because students often do not perceive a meaningful relationship between the use of cognitive strategies, high-quality learning, and their academic achievement.

As already noted, students’ involvement in deep learning need both actual and perceived cognitive abilities, but also a strong motivation on the task (Suarez-Alvarez et al., 2014). Motivation for learning may be defined as the initiation of a learning process, the direction set, and the perseverance in path chosen. The relationship between academic motivation and mathematics achievement has been well studied both in elementary (e.g., Mercader et al., 2017) and in high school (e.g., Moenikia and Zahed-Babelan, 2010). Recently, Hammoudi (2019) reported that students more motivated were more willing to find learning opportunities and achieved higher in mathematics than their counterparts. However, and regardless of the theoretical model considered, it is essential to distinguish between motivation for success, or the tendency to succeed in the realization of a task – achievement goals (Wigfield et al., 2015), and intrinsic motivation, or the will to improve mastery on the task – mastery goals (Rodríguez et al., 2001; Murayama et al., 2013). In fact, although both types of motivation are positively related to perceived competence for mathematics (Hammoudi, 2019), intrinsic motivation is related to higher enjoyment of mathematics, higher effort displaced (García et al., 2016a), and higher success rates, even when the difficulty level is high. Recent literature defended the idea that students can pursue both intrinsic and achievement goals. The focus chosen is related to their personal characteristics, the nature of the task, and contextual variables (Wormington and Linnenbrink-Garcia, 2017). In addition, more than 30 years ago, Weiner (1986) found that the strength of students’ motivation to learn was closely related to their reactions to academic successes and failures. Causal attributions may be defined as the explanations people ascribe to their successes and failures and play a determinant effect on students’ motivation and academic achievement (González-Castro et al., 2014). In general, it has been shown that the more adaptive attributional patterns, the more the school achievement (i.e., success is attributed to internal and stable causes, and failure is attributed to changeable, but also internal causes) (Miñano and Castejón, 2011; Miranda et al., 2012).

Finally, learning in general and mathematics tasks in particular are experienced with certain amount of anxiety and a variety of emotional reactions (Rosário et al., 2008). Recently, Chang and Beilock (2016) related motivation with anxiety about mathematics. Math anxiety is the sensation of unease and worry felt when thinking about mathematics or while doing a mathematics task (Buckley et al., 2016). More specifically, math anxiety is characterized by negative feelings toward mathematics, which is likely to result in avoiding mathematics classes and show low math skills (Pizzie and Kraemer, 2017). In summary, many authors have emphasized the strong relationships between math anxiety, motivation, and mathematics achievement, noting that the lower the student’s perceived competence in mathematics, the lower the motivation and the performance in mathematics (Lee and Stankov, 2013; Chang and Beilock, 2016; Passolunghi et al., 2016; Henschel and Roick, 2017).



Gender and Age

The relationship between cognitive, motivational, and affective variables and achievement in mathematics is significantly influenced by students’ gender and age. Achievement in mathematics seems to vary depending on students’ gender. However, although some researchers have indicated that for 30 years the gender gap in mathematics achievement has been in favor of boys (García et al., 2007; Williams et al., 2016), others have reported that, mainly in countries with equal education for both sexes, boys and girls exhibit few or no differences in mathematical achievement (e.g., Spelke, 2005). As far as our knowledge, there are no data about gender differences regarding the predictive power of cognitive, motivational, or affective variables in relation to mathematics achievement.

When it comes to age, both transversal (e.g., Roskam and Nils, 2007) and longitudinal studies (e.g., Pintrich, 2000; Peetsma et al., 2005), have systematically reported that mathematics results diminish throughout schooling during adolescence. In addition, various studies have indicated that the motivational and emotional variables related to mathematics tend to change over time (Dowker et al., 2016), with perceived competence, perceived utility, intrinsic motivation, and even anxiety diminishing as students go through their schooling (Dowker, 2005; Mata et al., 2012). Nonetheless, as occurs with the gender variable, there is still little information about the interaction between student age and the predictive power of cognitive, motivational, or affective variables in mathematics achievement (Namkung et al., 2019).



The Current Study

Prior research has been analyzing the relationships between perceived competence, perceived utility, and math anxiety together with motivational variables and academic achievement (Miñano and Castejón, 2011; Lambic and Lipkovski, 2012; Chang and Beilock, 2016). As already noted, literature has reported recurrently positive relationships between mathematics achievement and cognitive competence, perceived competence, motivation (both intrinsic and for success), and adaptive attributional patterns. In addition, negative relationships with anxiety have been reported. However, there is little information about the predictive power of these variables in mathematics achievement when analyzed together. Furthermore, literature lacks information on the effects of the interaction of gender and age while estimating the effect size for each of these variables in mathematics achievement.

Consequently, in this study, we analyze the prediction strength of cognitive, motivational, and affective variables in mathematics achievement, considering students’ gender and age. Grounded on data from previous research, the following hypotheses were set:


1.Cognitive variables (intellectual abilities), along with motivational variables (perceived competence, perceived utility, intrinsic and success motivation, and causal attributions for success and failure), and emotional variables (math anxiety) are good predictors of mathematics achievement.

2.The strength of the association between intellectual abilities and mathematics achievement is lower than that of the motivational or emotional variables.

3.The predictive power of the cognitive, motivational, and emotional variables in mathematics achievement varies depending on the students’ age and gender.






MATERIALS AND METHODS


Participants

Participants in this study were 2,365 secondary school students from various schools in Asturias in the North of Spain. The total high school population (9th to 12th grade) in Asturias is ∼30,000. Data from the international PISA (2018) indicate that adolescents in Asturias scored slightly higher in mathematics than the Organization for Economic Cooperation and Development (OECD) average (Asturias = 491; OECD = 489), but slightly lower than the European Union average (494). The PISA report also indicates that despite boys scored higher in mathematics achievement than girls, the differences were not statistically significant. It is estimated that in the Asturian population as a whole, 7% are immigrants. Data indicate that immigrant students score far below non-immigrants (about 15 points, which is equivalent to a school grade level gap). Concerning socioeconomic status, the PISA report presents Asturias on the OECD average level. There is no evidence of differences between the schools in Asturias (which may be interpreted as an index of educational equality).

The current sample selection procedure was not random; although schools were initially chosen at random, not all agreed to participate. In addition, within the schools, a small number of students declined to participate for various reasons (e.g., being absent in one or more of the evaluation sessions, lack of permission from the family).

The sample subgroups by gender were similar sizes [girls: n = 1180 (49.9%); boys: n = 1185 (50.1%); z = −0.145, p = 0.884], although there were significant differences with respect to school grade level [1st year: n = 465 (19.7%), 2nd year: n = 487 (20.6%), 3rd year: n = 731 (30.9%), 4th year: n = 682 (28.8%); χ2(3) = 92.462, p < 0.001]. The gender distribution in each school grade was balanced, with no statistically significant differences: 1st year (50.5% girls; z = 0.327, p = 0.743), 2nd year (47.8% girls; z = −1.345, p = 0.178), 3rd year (48.4% girls; z = −1.203, p = 0.229), and 4th year (52.5% girls; z = 1.843, p = 0.065). The study did not include students with special educational needs or learning difficulties.



Instruments


Intellectual Abilities

To evaluate students’ intellectual abilities, we used the Triarchic Intelligence Test (STAT). This is a test to measure intellectual abilities according to the Triarchic theory of intelligence (Sternberg, 1993). Its structure is the result of combining the three types of thinking (analytical, creative, and practical) with the content (verbal, numerical, and figurative). Although it is possible to get a score for each subscale, in this study, we only used the total test score. The test has adequate validity and reliability (Sternberg et al., 2001).



Motivational and Affective Variables

We measured perceived competence, perceived utility, intrinsic and success motivation, causal attributions, and anxiety from the responses of the students to the Spanish adaptation of the Inventory of Attitudes Toward Mathematics from Fennema and Sherman (1978). In this adaptation, the dimensions used show satisfactory reliability (Cueli et al., 2014): perceived competence (six items, e.g., I believe I can do even the most difficult mathematics tasks; α = 0.85), perceived utility (eight items, e.g., Mathematics is a valuable and necessary subject; α = 0.85), intrinsic motivation (eight items, e.g., I find mathematics enjoyable and stimulating; α = 0.77), motivation for success (five items, e.g., I would like to be one of the best at mathematics; α = 0.86), math anxiety (six items, e.g., Normally, mathematics makes me nervous and uneasy; α = 0.78), attribution of success to internal causes (two items, e.g., I am convinced that to get good grades in mathematics you have to be intelligent; α = 0.71), and attribution of success to external causes (four items, e.g., To get good grades in mathematics, above all you have to be lucky; α = 0.78).



Mathematics Achievement

Data about the students’ achievement in mathematics were gathered from the final grades in the subject. The secretaries of the participating schools with the permission of the parents provided data.




Procedure

The study was conducted in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki), which reflects the ethical principles for research involving humans (Williams et al., 2016). The study had the approval of the pertinent Ethical Committee of the Principality of Asturias (reference: CPMP/ICH/135/95, code: TDAH-Oviedo), and all procedures were performed in compliance with relevant laws and institutional guidelines. Data related to the predictor variables (cognitive, motivational, and affective) were collected 3 months before the mathematics tests were taken. Three qualified educational psychologists of the research project visited the schools and collected the data. Parents were informed about the study by the school authorities, and once they were assured of data confidentiality policy, they were asked to sign the informed consent document.



Data Analysis

Data were analyzed in two stages. Firstly, the descriptive data, correlation matrix, and distribution of means were examined, along with missing values (0.2%). Secondly, we performed various hierarchical regression analyses using SPSS 24. The strength of the associations and effect sizes were evaluated using R2 (where R2 <0.01 = null; R2>0.01 and <0.09 = low/slight; R2>0.09 and <0.25 = medium/moderate; R2>0.25 = high/strong) and Cohen’s d (1988), where d < 0.20 indicates a minimal effect size, 0.20 < d < 0.50 indicates a small effect size, 0.50 < d < 0.80 indicates a moderate effect size, and d > 0.80 indicates a large effect size.




RESULTS


Preliminary Analysis

Table 1 presents the descriptive statistics and the Pearson correlation matrix. The result of the KMO test indicated that the sampling was adequate (KMO = 0.733), and the Bartlett Sphericity test suggested that the matrix was suitable for multivariate analysis (χ2 = 16556.93, p <0.001). According to the values for asymmetry and kurtosis, and according to commonly accepted criteria, the variables in the study complied with the criteria for univariate normality (Gravetter and Wallnau, 2014).


TABLE 1. Descriptive statistics and Pearson correlation.

[image: Table 1]


Prediction of Mathematical Achievement: Overall Sample

The hierarchical regression analysis was performed in three phases: (a) firstly, only intellectual ability was included as the sole predictor (model 1); (b) secondly, gender and school grade level were added as predictors (model 2); and (c) thirdly, perceived competence, perceived utility, intrinsic motivation, motivation for success, attribution of success and failure to internal or external causes, and math anxiety were added (model 3). The results are shown in Table 2.


TABLE 2. Results of the regression analysis for the overall simple (N = 2365).
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Data show that intellectual abilities were strong, positive predictors of mathematics achievement (students with higher intellectual abilities tended to achieve higher results than students with lower intellectual abilities). Nonetheless, although the amount of explained variance was low (6.3%), the predictive capacity was similar in the two subsequent models, with a moderate effect size (d = 0.538). In fact, the predictive capability hardly suffered as a consequence of the inclusion of gender and school grade level (model 2) or the motivational and affective variables (model 3).

Gender and school grade level were also predictors of mathematics achievement, with a low percentage of explained variance (and both with small effect sizes: d = 0.307 and d = 0.257, respectively). This association was stable even after including the motivational and affective variables in the regression model (model 2 vs. model 3). Girls tended to show higher mathematics achievement than boys, F(1,2365) = 24.234; p < 0.001; η2 = 0.010, although the effect size for these differences was small (d = 0.20). As students progressed through the school years, their mathematics achievement tended to fall, F(3,2381) = 30.261; p <0.001; η2 = 0.037, again with a small effect size (d = 0.39).

Data indicated that including the motivational and affective variables in the model was statistically significant, F(2, 2354) = 63.341; p <0.001, with a moderate strength for the association: R2 = 0.14. From the seven variables included in the third model, the only predictors of mathematics achievement were perceived competence (albeit with a small effect size; d = 0.39), the perceived utility of mathematics (with a very small effect size; d = 0.17), intrinsic motivation (again with a small effect size; d = 0.29), and the attributions of successes and failures to external causes for which, although statistically significant at p < 0.05, the size of the coefficient of prediction was not significant (d = 0.08). Neither motivation for success, nor attribution to internal causes, nor anxiety were found to be predictors of mathematics achievement.

Finally, model 3 predicted a significant and relevant amount of the variability of mathematics achievement (with a large effect size: R2 = 0.27). Nonetheless, it is important to note, as the data in Table 2 shows, that while intellectual abilities explained a small amount of the variance in mathematics achievement (R2 = 0.063), the motivational and affective variables explained a moderate amount of the variability in achievement (R2 = 0.138).



Prediction of Mathematics Achievement by Gender

Table 3 presents the results of the regression analysis for the girls’ and boys’ samples. Data were similar for both subsamples and did not differ significantly from what has already been reported for the overall sample. Specifically, we learned that intellectual abilities, despite the low amount of variance explained (R2 = 0.050 girls; 0.080 boys), were good predictors of mathematics achievement in both samples, even after the inclusion of the other variables. Likewise, the perceived capability for mathematics explained academic achievement to the same extent for boys and girls, with similar results for intrinsic motivation. However, perceived utility has not significantly predicted mathematics achievement for the girls sample, which was not true for boys. Irrespective of the samples, for the other variables (i.e., motivation for success, attributional processes, and mathematics anxiety), data were not found to be significantly associated with mathematics achievement.


TABLE 3. Results of hierarchical regression models for the variable gender.
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Finally, analyzing the coefficients of determination, we found that the three models explained a higher quantity of the variance in the boys than in the girls sample, with the effect size being moderate for the girls (R2 = 0.228) and large for the boys (R2 = 0.306) sample. In both samples, the amount of variance explained by intellectual abilities was small, while the variance explained by the motivational and affective variables was moderate (R2 = 0.124 girls; 0.164 boys).



Prediction of Mathematical Achievement by School Year

Table 4 presents the results of the predictions of mathematics achievement in the four school grade levels. The following are some of the most interesting results.


TABLE 4. Results of hierarchical regression models for the variable school year.
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Firstly, as students’ progress through the school years, up to the third year, there was a significant fall in the importance of intellectual abilities while explaining mathematics achievement. In first and second years, the amount of variance was moderate (R2 = 0.162 in 1st year; 0.134 in 2nd year), but small in the third and fourth years (R2 = 0.067 in 3rd year; 0.062 in 4th year). At the same time, perceived competence was a significant predictor of mathematics achievement in all four school years, and there was no decrease over time. Secondly, we found that intrinsic motivation was also a good predictor of achievement, except in the first year, in which this relationship was not statistically significant. The remaining motivational and affective variables were not clear, consistent predictors of mathematics achievement in the four school years. Taken together, and considered as a trend, the variance explained by motivational and affective variables decreased as students progressed from the 1st to 4th year high school grades. For the four school grade levels, the size of the association between the predictor variables and mathematics achievement was moderate or medium (17.5, 16.9, 14, and 13% of the variance explained, respectively). Thirdly, we also found that, in general, the explained variance for mathematics achievement was higher for the first two school years (34.4 and 32.3% of the variance explained for mathematics achievement) than for the last two (22.3 and 20.6% of variance explained, respectively). For the first two school grade levels, the size of the association was large and moderate for the final two. Finally, regarding gender, with the exception of the first year, in which the association was not statistically significant, for the other three school grade levels, girls tended to be more likely in showing higher mathematics achievement than boys (although the effect size was small in all cases).




DISCUSSION

In this study, we aimed to assess the predictive capacity of a set of variables: cognitive variables (intellectual ability), motivational variables (perceived competence, perceived utility, intrinsic motivation, motivation for success, and attribution of causality for success and failure), and emotional variables (math anxiety) in determining students achievement in mathematics. Our goal was focused on determining not only their explanatory power but also to further understand their interactions with the variables gender and school grade level. Although vast research has examined the predictive capacity of one or more of these variables, there are not much data analyzing them together, nor addressing whether the resulting predictive models would vary depending on variables such as gender and school grade level.

We formulated various hypotheses based on previous research. Firstly, we hypothesized that cognitive variables, motivational variables, and affective variables are good predictors of mathematics achievement. We also hypothesized that the size of the association between intellectual abilities and mathematics achievement is smaller than the size of the association between the motivational and emotional variables. Current data partially supported this general hypothesis.

In general terms, we found that students tended to be more likely to perform well in mathematics tasks when they had better intellectual abilities, higher perceived competence for mathematics, higher intrinsic motivation (i.e., interest in understanding mathematics and becoming more expert), and when they perceived mathematics to be useful. In line with previous research (e.g., Stevens et al., 2004; Miñano and Castejón, 2011; Lambic and Lipkovski, 2012; Miñano et al., 2012; Rosário et al., 2012; Tosto et al., 2016; Hammoudi, 2019), data showed the relationship of intellectual abilities and motivational variables (particularly perceived competence and intrinsic motivation, and perceived utility to a lesser extent). In addition, similarly to other studies (e.g., Miñano and Castejón, 2011; Miñano et al., 2012; García et al., 2016b; Lipnevich et al., 2016; Gilar-Corbi et al., 2019), we also concluded that the motivational variables were stronger predictors of mathematics achievement than the students’ intellectual abilities.

In this regard, there are some aspects worth noting. Firstly, the fact that when it comes to explain student’s achievement, their perceived capabilities are as important as their actual abilities (see also, Erturan and Jansen, 2015). This is interesting because perceived competence is a personal construction, and therefore can be modified according to student’s experiences with mathematics. For this reason, teachers could consider helping students on their work, which offers the chance of successfully constructing confidence to tackle challenges and improve learning in mathematics. Secondly, it seems that at these ages, students still trust that what they learn in mathematics class will be useful; on the contrary, findings from Cerezo et al. (2019) indicate that college students fail to see the utility of what they are learning as a significant variable to organize their learning behaviors. For this reason, teachers and school administrators may wish to consider teaching learning strategies to help students link what they are learning with the near future (Cabanach et al., 2009; Rosário et al., 2015). Thirdly, as expected (e.g., Miñano and Castejón, 2011; García et al., 2016a; Lipnevich et al., 2016), the interest in learning a subject, such as mathematics, was associated with positive results. However, this did not happen, as our data showed, when learning mathematics was understood as an opportunity to outshine others or to gain some kind of reward. For this reason, the design of appropriate instructional strategies should include not only tasks focused on increasing students’ self-confidence, and likely to be perceived as useful, but also tasks likely to increase students’ interest and encourage them to deep their learning and compete with themselves rather than with their peers (Rosário et al., 2013).

Nonetheless, in contrast to some previous studies, the variables of a more emotional nature were not shown to be predictors of mathematics achievement (in either boys or girls samples), except in the second year of high school, in which anxiety and causal attribution processes significantly predicted mathematics achievement, thought. There may be various explanations for this.

When it comes to math anxiety, as mentioned in the beginning of this paper, prior data suggested a significant, strong, and negative relationship between anxiety and mathematics achievement (e.g., Rosário et al., 2008; Ashcraft and Moore, 2009; Miñano and Castejón, 2011; Maloney and Beilock, 2012; Miranda et al., 2012; Suárez-Pellicioni et al., 2015; Chang and Beilock, 2016; Passolunghi et al., 2016; Henschel and Roick, 2017). Firstly, and despite data from our study are not consistent with those results, they are in line with findings from Erturan and Jansen (2015), showing that when data are analyzed with regression equations, which include studying anxiety together with other variables (e.g., perceived competence for mathematics as predictors of mathematics achievement), anxiety is no longer predictive of mathematics achievement. Secondly, the magnitude of the relationship between anxiety and mathematics achievement could be affected by which dimension of anxiety is examined (Mammarella et al., 2018). Specifically, Dowker et al. (2016), and Henschel and Roick (2017) noted that the cognitive and affective dimensions of anxiety could be differently related to mathematics achievement. Similarly, Goetz et al. (2013) and Bieg et al. (2015) observed high levels of trait anxiety about mathematics, girls scoring higher, but this did not happen with state anxiety. Our findings could be related to the fact that the items of the questionnaire used, although not referencing very specific situations, could be understood as more related to state anxiety than to trait anxiety. Thirdly, another possible explanation may be related to the role of anxiety in the association with mathematics achievement and other variables such as perceived competence for mathematics (Erturan and Jansen, 2015). In a recent study, Pérez-Fuentes et al. (2020) attempted to learn whether mathematics anxiety, rather than directly predicting mathematics achievement, functioned as a mediating or moderating variable for other variables involved. In that study, they attempted to learn whether the relationship between perceived math ability and math achievement was mediated, at least partially, by anxiety, and whether it may even differ (in intensity or direction) depending on anxiety levels. Their results indicated that anxiety partially mediated, and moderated, the relationship between perceived competence and achievement. In terms of the moderating role, Pérez-Fuentes et al. (2020) found that when mathematics anxiety was high, the effect size of perceived competence for mathematics was large, whereas with low levels of anxiety, the effect was small. Authors suggested that when students experience high levels of math anxiety, the importance of their confidence in themselves grows significantly as a determinant of mathematics achievement. In contrast, when anxiety is low, students’ self-confidence is a much less strong determinant of achievement. However, more research is needed to confirm these findings.

The third hypothesis raised the possibility of the influence of gender and age on the predictors of mathematics achievement and of the magnitudes of these relationships. The direction of the impacts could not be further specified due to the limited available knowledge. In fact, to the best of our knowledge, available data only relates gender differences to some of the variables analyzed in the current study. For example, mathematics achievement (Spelke, 2005; García et al., 2007; Reilly et al., 2015; Fahle, 2016; Williams et al., 2016), achievement depending on the school grade level (Fahle, 2016), mathematics anxiety (Hill et al., 2016; Henschel and Roick, 2017) and perceived competence for mathematics (Henschel and Roick, 2017).

Regarding gender, data from our study add literature as follows. Firstly, there were no relevant gender differences regarding the predictor variables for mathematical achievement (i.e., intellectual abilities, perceived competence, or intrinsic motivation), although for boys, unlike the girls, the perceived utility of mathematics has shown to be a significant and positive predictor of mathematics achievement. Secondly, the variability in mathematics achievement that could be explained by the predictors was substantially higher in boys (large effect size) than in the girls (moderate effect size) sample. Thirdly, we found that in both samples, the predictive capacity of the non-cognitive variables (mainly perceived competence for mathematics and intrinsic motivation) was substantially higher than that shown by cognitive abilities (intellectual abilities). Whereas the non-cognitive variables exhibited a moderate predictive capacity, a small association was found for the cognitive abilities. Finally, it is worth noting that, consistent with recent studies (e.g., Erturan and Jansen, 2015), we did not find gender differences related to the magnitude of the association between anxiety and mathematics achievement, although there were differences in the direction of the relationship (positive for boys, negative for girls). As in the study by Erturan and Jansen (2015), in our research, perceived competence strongly and positively predicts performance in mathematics, for both boys and girls, but anxiety does not. So, we can conclude with Erturam and Jansen that “perceived math competence is more important in predicting performance than math anxiety” (p. 431).

With respect to the school grade level, this study adds literature by showing a decrease in the level of some of the variables taken as students’ progress (e.g., a decrease in perceived competence, motivation, perceived utility of mathematics, and mathematics achievement; Peetsma et al., 2005; Roskam and Nils, 2007; Mata et al., 2012; Regueiro et al., 2015; Dowker et al., 2016). To be specific, we found that as students’ progress throughout high school, the cognitive, motivational, and affective variables taken explain less of mathematics achievement. These findings indicate that mathematics achievement progressively depends less on the personal variables examined (e.g., intellectual abilities, perceived competence, motivation, anxiety, and attributional processes) and more on other variables: personal (e.g., personal engagement) and non-personal (e.g., school and family variables). In fact, despite the fact that it is reasonable to think that students’ learning and achievement depend to a certain extent on family, school, and teaching variables, it is also expected that the main strong factors would be those personal to the students themselves (cognitive, motivational, and emotional). Thus, although the cognitive, motivational, and emotional variables considered in this study explain a significant proportion of the variability in mathematics achievement (with a large effect size), 70% of the variance remains to be explained. Although it may seem like a key strength of this study, it is clearly a shortcoming, since the remaining 70% have cleared educational and research implications. It does not seem feasible that 70% of adolescents’ mathematics achievement can be explained by variables external to the student. It is reasonable to think that the different non-personal conditions (family, school, and teaching) may be important in students’ learning and development, but through their influence on student variables (e.g., mainly those that can be changed, such as perceived competence, motivation, attitudes toward mathematics, attributional processes, anxiety) rather than separately from them. Future research, perhaps through causal relationship models, preferably with longitudinal, or repeated measure designs, should examine this idea more deeply.

In sum, considering the results of the present work, there are some educational implications that is necessary to highlight. First, if teachers focus in the cognitive skills of students in order to analyze or predict their academic results, they would be omitting important factors as their motivational situation. In this sense, beyond other variables of emotional nature, working on the perceived competence, intrinsic motivation, and perceived utility of students could have a positive impact on their mathematics achievement, especially in the first years of high school. Also, teachers have to consider other variables in their professional practice (e.g., family environment, instructional processes or math, or practice implicit theories).

Finally, it is important to note that despite the fact data in this study collected data from a wide sample of students and were representative in terms of gender and school grade level, it should be taken with caution when generalizing to different educational communities or to societies with substantially different educational systems. Nonetheless, the fact that mathematics is important for all of the OECD countries might reduce the likelihood of bias in generalizing these results. It is also essential to bear in mind that data about motivational and affective variables were collected by self-reports, which may bring bias. However, most of the research reviewed also used self-reported data, which should facilitate comparison.
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Background: In recent decades, the amount of research on social and emotional learning programs in schools has increased significantly, showing a great number of positive student outcomes, including greater ability to perceive, understand and manage emotions, better attitudes about self and others, less aggressive and/or disruptive behavior, higher levels of psychological well-being and improvement in academic performance among others. The purpose of this research was the design and implementation of the OKAPI emotional education program. A multidimensional program based on cooperative learning methodology.

Methods: 86 students of Primary Education, from 3rd to 5th grade (45 students in the experimental unit and 41 in the control group).

Results: The implementation of the OKAPI has a positive impact on academic achievement.

Conclusion: This program shows the convenience of incorporating programs that can be integrated into school life and can be applied by the teaching staff using both social emotional learning and school climate approaches.

Keywords: emotional education, academic performance, primary education, cooperative learning, quasi-experimental design


INTRODUCTION

Emotional education programs have been related, in the last decades, not only to the improvement of social competences such as the ability to perceive, manage or understand emotions (Extremera and Fernández-Berrocal, 2004; Lópes and Salovey, 2004; Brackett et al., 2006), but also with better results in academic performance (Petrides et al., 2004; Gil-Olarte et al., 2005; Palomera and Brackett, 2006; Collaborative for Academic Social and Emotional Learning [CASEL], 2007; Pérez and Castejón, 2007; Nasir and Masrur, 2010; Fernández-Berrocal et al., 2012), the increase in positive behaviors (Mestre et al., 2006), and higher levels of students’ self-esteem (Salovey et al., 2002; Fernández-Berrocal et al., 2006), among others.

Unfortunately, the implementation of some social and emotional programs has not always yielded the expected results. This is due to the fact that the programs have not been fully incorporated into the school routine, or they are based only on direct instruction and without full and continuous support for teachers and school staff (Durlak et al., 2011; Jones and Bouffard, 2012). There are bidirectional relations between children and contexts in which they learn and nurture their social, emotional and academic competence (Bronfenbrenner and Ceci, 1994). Students’ social-emotional development is closely linked to the environment in which they develop. A positive school climate is required in order to support student learning and provide opportunities for social and emotional development. Both aspects have health benefits and a positive impact on students’ life (Osher et al., 2014; Greenberg et al., 2017).

School climate and Social Emotional Learning are essential components of effective schools (Osher et al., 2004). This trends shows that the most effective programs create safe conditions to practice the skills learnt in the program, engage multiple members of the school community, provide professional development for teachers and school staff. Furthermore, teachers are in charge of their application. The current research seeks to prove the effectiveness of the OKAPI program, a multidimensional program that uses both school climate and social and emotional learning approaches and also incorporates active methodologies, such as cooperative learning, to encourage interaction among students.


Emotional Education

Emotional education is a continuous and permanent educational process that aims to promote emotional development as a complement to the cognitive development of the child. Emotions can facilitate or impede children’s academic engagement and achievement (Zins et al., 2004; Gil-Olarte et al., 2006; Pérez and Castejón, 2007; Durlak et al., 2011; Blake et al., 2015). Effective mastery of social-emotional competences is associated with greater well-being and pro-social behavior (Greenberg et al., 2003). It can also reduce risk factors and prevent certain dysfunctions (Bisquerra, 2000, 2003).

According to Collaborative for Academic Social and Emotional Learning [CASEL] (2007), social and emotional learning programs (SEL) can be defined as the capacity to recognize and manage emotions, solve problems efficiently, and establish positive relationships with others. CASEL establishes five different competencies that reflect both intrapersonal and interpersonal spheres: self-awareness (the ability to recognize and comprehend one’s own emotions, personal goals and values), self-management (the ability to regulate emotions and behaviors), social awareness (the ability to understand the perspective of others, no matter their cultural background), relationship skills (the ability to establish positive relationships) and responsible decision making.

In the past two decades, research on emotional education has shown that the most effective programs are the ones that deliver explicit lessons that teach social and emotional skills, provide opportunities for students to use those competences throughout the day (Weissberg et al., 2015) and have multi-year and multicomponent approaches (Zins et al., 2004).

In addition, Durlak et al. (2011) found that programs are likely to be effective if they are taught by teachers, involve the school community and are also evaluated during the process and at the end of the program. They also need to follow step-by-step SAFE criteria (sequenced, active, focused, and explicit): use a sequenced training approach, use active forms of learning, focus sufficient time on skill development, and have explicit learning goals (Durlak, 1997; Bond and Hauf, 2004).

There are three main ways of socializing emotions: through direct exposure and observation; making use of direct teaching and/or coaching and fostering opportunities for practice (Brenner and Salovey, 1997). That is why it is crucial teachers’ emotional training. Teachers with high EI scores generate a more positive school climate (Extremera et al., 2003; Brackett et al., 2010) which helps the program implementation and gives more opportunities to practice the socials and emotional skills.



Cooperative Learning

From the perspective of social relationships, there are three different types of educational situations that take place in the classroom: individualistic, cooperative and competitive (Pujolàs, 2001; Johnson and Johnson, 2009; Arnaiz and Linares, 2010; Vega and Hederich, 2015). Students who work in a cooperative way can have higher levels of achievement because the collective production is higher in quantity and quality than individual production. It also allows students to develop their emotional intelligence through numerous socials interaction (Bisquerra et al., 2015) so they can develop social and interpersonal skills while they are working in teams (Díaz-Aguado, 2003; Linares, 2004).

The OKAPI program is based on a cooperative learning methodology. We define cooperative learning as: “a continuum of learners working together in a small group, so that everyone can participate in the collective task that has been clearly defined by the teacher. So students work together to learn and are responsible for one another’s learning as well as their own” (Slavin, 1995).

In cooperative learning, students work in small and heterogeneous groups. It involves students working together to achieve common goals and requires the contribution of all group members in order to fulfill individual and group objectives. Students are responsible for their own learning process and, at the same time, are responsible of their peers’ learning process. Peer interaction and peer tutoring are promoted. Knowledge is built collectively taking into account the classroom environment and social relationships.

Cooperative learning specifically contributes to the development of interpersonal intelligence, because the skills needed for social interaction are practiced on a daily basis and developed in an indirect way (Linares, 2004). In fact, there are important similarities between cooperative learning and training in social skills (León et al., 2014; Larraz et al., 2017). In cooperative learning students learn social skills through modeling, they practice those skills in real situations and they receive feedback concerning their behavior from their classmates (León et al., 2015). But the necessary socials skills for effective cooperative work need to be learned beforehand (Gillies and Haynes, 2011). So cooperative learning and social emotional programs are interdependent.

Over the past decade, cooperative learning has emerged as an one of the most effective approaches to classroom instruction. According to research, students who using cooperative learning methodology improve their academic achievement, have a greater number of positive social-skills and prosocial behavior, higher self-esteem and better motivation (Ovejero, 1993; Johnson et al., 1999; Pujolàs, 2001, 2005; Díaz-Aguado, 2003; Wilson-Jones and Caston, 2004).



OKAPI

The OKAPI Learning Environment program aims to create a positive classroom and school climate that enables the development of the socio-emotional competencies of all members of the educational community.

The program uses direct instruction to teach socio-emotional skills and it has different tools that are applied cross-sectionally and are incorporated into everyday routines. It also favors the creation of a positive environment where students, through interactions within the particular context, put into practice the socio-emotional competences. In order to implement the program, each class had to incorporate in their schedule 10 to 15 min during the morning to do an assembly, approximately 5 min to practice full attention after the recess and 30 min per week (3 times per month) to work in different activities related to the program.

The key components of the program respond to the Catalan acronym of OKAPI: O (Classroom Organization: routines, rules, operation, distribution of spaces, etc.), K (Cooperative Learning as a main methodology for the teaching-learning process) A (Positive classroom environment), P (Participation: Involvement of all members of the educational community) and I (Emotional intelligence: emotional education as a key point in the curriculum).

The main characteristics of the program can be summarized as follows:


Cooperative Learning

Cooperative learning has been used as a tool to improve the classroom climate. Every month, students do teambuilding activities and class building activities. These are specifically designed to stimulate peer interactions, promote social cohesion and to improve social skills. Cooperative learning was the main methodology used in the different subjects and it represents a basic tool for the program. Several cooperative learning strategies were used in the program such as Quiz, Quiz trade, Round Table or Rally Coach (Kagan, 1994) among others.



Positive Classroom Environment

Three aspects are emphasized to improve the classroom environment explicitly. First, effective and coherent plans to develop positive behaviors in a specific class and in the school. Second, strategies for conflict resolution: The VET technique (evaluates, explores, and transforms) to be used by teachers. And students put into practice the PiP technique (tool that encourages students to stop and think when they have a problem using questions to reflect on the situation) and MENU (tool to find strategies that guide students how to resolve conflicts with other people). Finally, the improvement of communication between families and schools using different strategies (student of the month, weekly self-report card, etc.).



Emotional Intelligence

Emotional competencies are taught through direct instruction, approximately two times per month in a 30 min class using the Bisquerra (2009) five block model: emotional conscience, emotional regulation, emotional autonomy, social competency, life skills and well-being. There were seven sessions of direct instruction. Also, after every recess, students perform full attention techniques and strategies for about 6 to 7 min (overall, at least 30 min per week).

Moreover, in the class schedule there is 10 to 15 min for classroom assembly, named in the OKAPI program as a “Start Circle,” at the beginning of the day. In the Start Circle the teacher explains the planning of the day, students work with the mood meter (a technique used to label, manage and understand emotions) and it is a time where students can talk and share their thoughts and feelings. Also, every Friday during the “Start Circle,” one word pertaining to emotions is introduced. The emotion is explained by the teacher, discussed in the assembly and associated to real situations. Students discuss that word with their families during the weekend and the following Monday, during the assembly it is explained again and introduced onto the mood meter.

Furthermore, in the language areas we use the strategy CiC (Tell and Share). After reading some stories, students, using a cooperative learning strategy, discuss the feelings of the character, consequences of their decisions and look for different alternatives.



Research Questions

This study seeks to prove the effectiveness of an emotional education and positive climate program based on cooperative learning methodology for primary school students. The purpose of this research is to analyze the contribution of the OKAPI program on academic achievement and the improvement of emotional competence in students.

The questions that guide this work are as follows: Can an emotional educational and positive climate program based on cooperative learning such as the OKAPI program improve the academic performance of students?

We hypothesize that we will observe statistically significant differences in academic performance and in social competence between the experimental and the control group.



METHODS


Participants

A non-probability convenience sampling was used to select the participants. Two different schools from Alicante Province participated in the current study. The selection of these schools were based on knowledge of the characteristics of both schools as well as their populations, and their willingness to participate in the study. Both schools have similar characteristics: they are public schools, they have a similar size and they use the same textbooks. The total sample was composed of 86 students from two different primary schools.

Students from 3rd grade (9 to 10 years old), 4th grade (10 to 11 years old) and 5th grade (11 to 12 years old) participated in the current study. Overall, six different classrooms: three in the control group and three in the experimental group.

The experimental group consisted of 45 students: 15 from the third grade, 14 from the fourth grade and 16 from the fifth grade. In the control group there were 41 students: 14 from the third grade, 14 from the fourth grade and 13 from the fifth grade. In total, 61.7% were boys and 38.3% were girls.



Instruments

The following instruments were utilized in this study:


(1)Emotional Quotient Inventory: Young Version (EQ-i:YV) (Bar-On and Parker, 2000). This questionnaire measures the level of emotional and social functioning in children and adolescents providing an estimate of their underlying emotional and social intelligence. It consists of 30 items with values on a 5-point Likert-type scale and it evaluates five general factors of EI. The EQ-i:YV (s) has adequate internal reliability in every dimension: interpersonal scale (a = 0.67), intrapersonal scale (a = 0.84), stress management (a = 0.84), adaptability (a = 0.83) and the EQ-i total scale (a = 0.77). Emotional intelligence was measured through the student’s self-report and through the teacher’s evaluation of each of the students.

(2)Academic performance: This was evaluated using the average grades in the main subjects (Maths, Catalan language, Spanish language, Social science, and Natural science). These scores are the result of assessment tests designed by the teaching staff in accordance with the guidelines established by the competent authority in education.





Procedure

Prior to the implementation of the study, the researcher was given permission by the principals of each school, as well as teachers and parents of each and every participant in the study. We guaranteed confidentiality relating to all of the data obtained from both teachers and students. This study was carried out in accordance with the recommendations of the University of Alicante Ethics Committee. All participants gave informed written consent in accordance with the Declaration of Helsinki.

Teachers who would participate in the study received training during the previous school year. This training was part of an Innovation project named Cooperative Learning as a tool to develop emotional competencies. Teachers received conceptual training in Cooperative Learning, emotional intelligence and OKAPI components in 10 sessions, with a total of 20 h. Moreover, monthly supervision and training sessions during the intervention were implemented to ensure the accuracy and quality of the program.

The quasi experimental study was conducted over a period of 6 months, during a school year. The pre-test was administrated to the experimental and control group in November. The implementation of the Okapi program in the experimental group took place from December to May while the control group received normal classroom instruction. In June, the post-test was administered to both groups.

The OKAPI program was applied by the teachers although the person in charge of the research was in each classroom for at least 3 h per week in order to support teachers and carry out the more complex activities. At the same time, on a monthly basis, training sessions for teachers were conducted and also the teachers carried out self-evaluations as part of the program implementation.



Design

A quasi-experimental design with non-equivalent control-group and pre-test/post-test was used (Garcia Gallego, 2001). Quasi-experimental design was used because students weren’t randomly assigned to classes by the researcher. The research was conducted over a period of 6 months. The interval between the pre-test and the post-test was 8 months.



Data Analysis

A robust statistical and methodological treatment based on the principles of the General Linear Model is used to analyze the data (Leon et al., 2003; Ganju, 2004).

The data were analyzed as follows. First, to ensure homogeneity between groups, a comparative analysis was carried out at the beginning of the research. The differences between the experimental and control group were assessed by using Student’s t-test. This is used in order to know how significant the differences between the means of two groups are.

Second, to measure the effect of the intervention we used the GLM repeated measure. This statistical technique tests the main effects within and between subjects. Groups of related dependent variables are analyzed which represent different measures of the same attribute (Freeman, 1973; Vuchkov and Solakov, 1980). At least one of the factors is based on independent observations and another one is based on correlated observations. A multivariate variance analysis (MANOVA) and a repeated-measure univariate analysis of variance (ANOVA), in which the measures of dependent variables are treated as variables within subjects (intrasubjects) and groups are treated as variables between subjects, are done (Lavori, 1990; Stemmler, 1994; Keselman et al., 1998; Woodrow, 2014).

A comparison of means was performed to analyze if there were significant differences between dependent variables among control and experimental groups (Duby et al., 1977; Deleon and Atkinson, 1991). Null hypotheses are contrasted in terms of the effects of both intersubject and intrasubject factors, and the interactions between individual effects and factors are investigated (Gabriel and Hopkins, 1974).

Finally, we graphically represent the differences between the experimental and control groups in the pre-test and the post-test situations to interpret the differences. The analysis and graphical representation of the data were performed using SPSS v.20 with a license from the University of Alicante.



RESULTS


Initial Situation: Experimental and Control Groups

First, to analyze whether there were differences in EI levels (measured using the EQ-i:YV) in the two groups before the intervention, mean contrast for the independent samples was completed using independent t test (continuous-variables). The result showed that there were initial differences in some dimensions of the EQ-i:YV scale answered by the students. Results for the intrapersonal dimension shows differences between control and experimental groups [t(80,74) = −2.23, p = 0.03]. The control group obtains higher scores than the experimental group. In the stress management dimension there were also initial differences. In this case, the control group also has higher scores [t(84) = 3.31, p = 0.00]. The EQ-i:YV scale answered by the teachers referring to the students shows differences between the control and the experimental group in the intrapersonal dimension [t(84) = 3.84, p = 0.00]. So that we can see that the control group has higher scores.



Analysis of the Effects of the Program

Results of a Box’s M test did not show homogeneity of the variance-covariance matrix for the global average academic performance of the five subjects’ scores used in the research. The value of The Box’s M test was significant (F = 3.02; gl = 1777031.77; p = 0.03). The violation of this assumption has a minimum effect if the groups are approximately equal in size (Hair et al., 1999). Because there are only two levels, sphericity is assumed.

To evaluate the impact of the program on academic performance, the scores obtained by both groups were compared before and after the intervention. As can be seen in Table 1, the interaction between the evaluation time (pre-test and post-test) and the program is significant (p ≤ 0.05).


TABLE 1. Summary of intra-inter subject univariate analysis of variance: Academic Performance.

[image: Table 1]There are significant differences between the students’ average scores. Students in the experimental group slightly improve their academic performance once the intervention program has been completed. Nevertheless, the observed power (testing the null hypothesis of no effect) doesn’t have a high value (0.69), so the size of the effect (η2) is not as desired. The differences in the averages of the scores can be seen in the Figure 1.
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FIGURE 1. Academic Performance scores of the experimental and control groups at the pretest (1) and posttest (2) times.


To evaluate the effectiveness of the program in students’ emotional competence, a GLM of repeated measures was also used. The effects of the intra-subject and inter-subject show that the effect of the interaction between the time of the evaluation (pre-test and post-test) and the implementation of the program is significant (p ≤ 0.05) (Table 2). There are significant differences between the students’ scores in the EQ-i: YV (S) as can be seen in Figure 2. However, the effect of the size (η2) is not as high as desired, maybe it is because of the small size of the sample.


TABLE 2. Summary of intra-inter subject univariate analysis of variance: Total EQ-i:YV(S).
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FIGURE 2. Total EQ-i: YV(S) scores of the experimental and control groups at the pretest (1) and posttest (2) times.




DISCUSSION

During the past two decades the interest in social-emotional learning (SEL) has increased exponentially. Schools and teachers are aware of the importance of social-emotional competence in students’ cognitive development and their link to academic outcomes (Durlak et al., 2011). Despite that, SEL is not fully incorporated in every school. The lack of time and resources and the increasing demands on schools in terms of their requirements (diversity, inclusion, etc.) on a daily basis present an obstacle which is difficult to overcome.

According to Jones et al. (2017) in their review of effective SEL programs, it is not unusual that some schools, after implementing a SEL program, do not see the results they expected based on previous research. This could be due to the superficial implementation of the program in the school without being part of the school life.

OKAPI program has been designed to be integrated into the classes’ routines, to be taught using the existing curriculum (Bear et al., 2017) and with an approach that is positive and sensitive to the school environment. The purpose of the program was to be a unique tool to help teachers to improve class climate, student well-being, social competence, and academic performance.

Several studies have found that SEL programs have better results if they are conducted by teachers (Durlak et al., 2011). That’s why the design of the program, activities and strategies used were created as purposefully uncomplicated to facilitate their implementation.

The results of the study provide preliminary data supporting the effectiveness of the OKAPI program on students’ academic performance and emotional competence. The profile graphs show the differences obtained by the groups (experimental and control) in the pre-test and post-test situations, allowing us to visualize the meaning of the differences in favor of the experimental group in the variables studied. In reference to academic performance, the students’ average scores have risen in the experimental group from 7.2 points in the pre-test to almost 7.6 points on the post-test. It is a small improvement on the overall scores but it shows a tendency. In every subject evaluated the experimental group has increased their scores.

The OKAPI program uses different strategies that have been associated with different studies to an improvement of academic performance such as the use of cooperative learning methodology (Johnson et al., 2014; Santos et al., 2018).

Cooperative learning offers a simple method to facilitate the daily SEL practice. When students work together they improve their social competence through the interaction with their peers. At the same time they perform positive personal relationships and live the experience of building their social emotional competence in real situations. We believe this supports the creation of warm and supportive ties which are linked to better school performance (Osher et al., 2018). Moreover, research points out that cooperative learning increases students’ motivation and levels of self-esteem and self-efficacy (Johnson et al., 2014).

Several researchers have worked in programs with both social-emotional and school climate approaches which had a positive impact on school achievement (Cohen et al., 2009). The school and classroom environment has a role in shaping students’ emotions and influences school performance (Divecha and Bracket, 2020). The circumstances in which students’ learning take place matter (Suàrez et al., 2011). We agree with other studies that highlight the importance of developing a caring and supportive learning community in school (Issen, 2008). Strategies such as the Start Circle (the daily classroom meetings) or the different techniques used in the program to solve problems and manage their own emotions contribute to this objective.

Schools traditionally establish norms, lists of undesirable behaviors and consequences (Divecha and Bracket, 2020). To develop students’ emotions we need to go beyond that and offer strategies to help them to transform those undesirable behaviors for others that will help the construction of a safe and positive environment.

This research analyses the impact of an emotional education program, that has been created with a positive classroom climate approach, on academic performance. Although it uses direct instruction to teach emotional competences, the main elements of the program are integrated during the routines of the school day. This aspect is essential to develop emotional competences and to facilitate the implementation of the program. The OKAPI program is aligned with research that highlights that emotional education programs should be integrated from a school-wide perspective and in collaboration with positive school climate initiatives (Jones et al., 2017).

Although the results of the program’s effectiveness are positive, the effect size was relatively small. Further research is needed to determine the longer-term effect and it is also desirable to test it in larger samples. On the other hand, it would be interesting to use a standard test in order to obtain standardized date to the improvement in students’ performance.



LIMITATIONS

This research has various limitations, including: the exclusive use of self-reporting as the method for collecting data (such methods are not very robust against possible bias in responses introduced by the subjects themselves), the impossibility of an accurate control over the variables in real situations in primary classrooms or the size of the sample used. Moreover, the participation of only two schools limits the extrapolation of results to other settings.
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Time is an interesting concept. For some cultural groups, time is an entity that exists only in the here and now, whereas for others it can be linear, emphasizing a person’s past, present, and future. Many of us, while living in the “present moment,” may also anticipate and project future goals, dreams, hopes, and ambitions. Indeed, from a positive point of view, future orientations are healthy and may direct one’s focus, instill motivation and persistence, and mobilize the expenditure of effort. Existing research has provided empirical evidence to support the promotion and encouragement of a positive future time orientation. From an educational point of view, the study of time may be useful for calculating achievement, given that a student may use future time orientation to guide and direct his/her academic and/or non-academic future. One notable question for consideration, in this case, relates to the importance of timespan – that is, how far into the future should one project? There may be a significant difference between, say, a timespan that scopes a 6-month period as opposed to a timespan that scopes a 2-year period. By the same token, over the past few years we have delved into an interesting line of inquiry, namely, the nature of optimal best – for example, what facilitates and/or causes a person to achieve an optimal level of best practice in particular subject matter? Our theory of human optimization, consolidated and recently published in Frontiers in Psychology, provides an in-depth theoretical account of an underlying process, which we postulate could help explain the achievement of optimal best. Optimization, in this case, is intimately linked to a person’s achievement of optimal best. We rationalize that within the context of academic learning, cognitive complexity of particular subject matter could serve as an important source of motivation in the anticipation and projection a student’s extended future timespan. In this analysis, the extremely complex nature of a learning task or a suite of tasks may compel a student to consider a longer future timespan for successful completion. We also argue, in contrast, that the specific duration of a future timespan (for e.g., 6 months vs. 2 years) could play a significant role in the successful optimization of a student’s state of cognitive functioning.

Keywords: time, future time orientation, extended timespan, optimal best, optimization, positive psychology


INTRODUCTION

Time is an interesting and mysterious concept. For Albert Einstein, space and time are merged inextricably into a four-dimensional space-time continuum. Buddhist philosophy holds the philosophical position that there is no past and there is no future; only the present moment. This belief means that we should not ponder past events, nor consider and plan for the future. Rather, in tandem with Eastern understandings of mindfulness and meditative practice (Nyanaponika, 1972; Master, 2010) everything is here and now. We live in the present moment. The authors appreciate this philosophical premise, but contend that our own personal beliefs, research development, and professional experiences differ from Buddhist philosophy and we acknowledge and recognize the importance for modern physics of time being linear. But in this study, the personal experience of time is the essence for consideration; like when people ask which nation will next win the next FIFA World Cup; when are we likely to experience another financial crisis; what will the next iPhone look like; and so on? When people pose questions like these, for example, then they are rejecting a viewpoint of life being lived in just the present moment.

Time perspective, commonly known as TP, is an interesting theoretical concept that has received considerable research interest over the years (e.g., Zimbardo and Boyd, 2008; Milfont et al., 2012; Janeiro et al., 2017). Consideration of time perspective, from our synthesis and review of the literature, can explain in part the relevance and personal significance of life experiences. Time perspective, in this case, considers time a non-singular entity (Zimbardo and Boyd, 1999) through which a person self-reflects upon his/her past experiences to shape their present moment, which in turn informs his/her future actions. The future, in this sense, indicates different possible outcomes, both positive and negative, depending on personal estimations of past and present life experiences. Flowing from this, the authors acknowledge that time, in terms of its continuity, has relevance, significance, and applicability in relation to the achievement of both educational and non-educational outcomes. A student’s previous negative experiences in mathematics, for example, may give rise to his/her present state of anxiety when learning this academic subject, which would also be likely to deter him/her from choosing a mathematics-related career in future. In a similar vein, an adolescent’s positive feelings when working with senior citizens may motivate him/her in future to enroll in a social work degree.

With reference to the study of TP, future time orientation is an interesting timepoint for analysis and examination. As individuals, both in academic and non-academic spheres, we are always curious and interested to know what the future holds. Will we achieve exceptional grades; will we have enough savings for retirement? In the context of schooling, in the case under consideration here and according to several commentators, future time orientation plays a meaningful role in motivating students to seek new frontiers and to strive for successful accomplishments (Lens et al., 2002; Simons et al., 2004a, b). With this in mind, one interesting element of enquiry is the specific extended timespan into the future that would be considered optimal. What is the most adequate timespan into the future that would yield productive and enriching outcomes for a person? There are individual variations in perceptions of future time, for example: a 2-week timespan into the future for a 4-year-old child is quite lengthy as they anticipate their birthday present (e.g., “What will I get for my birthday?”), as opposed to a 5-year timespan into the future for a 17-year-old teenager who wishes to become a medical doctor. From the motivational literature, anticipating and setting forth a specific timespan into the future is a valuable consideration. How briefly or deeply into the future we anticipate appears to influence our internal motivational state. It becomes motivational and proactive for a person to anticipate and set forth an extended timespan into the future for attaining positive yields.

One focus of enquiry to consider is the establishment of different pathways and means for encouraging the contemplation and projection of specific timespans into the future. At the same time, of course, there is the need of directing a person’s focus toward actually seeking achievement of future ambitions. In considering both these needs, a possible line for development is motivating people to achieve optimal best (Martin, 2006; Liem et al., 2012; Phan and Ngu, 2019a). Optimal best, that is, the attempted maximization of a person’s state of functioning, may enhance the active processes of human agency. We contend that striving to achieve optimal best in school subjects, for instance, could assist a person to project a specific and definitive timespan into the future. In a similar vein yet conversely, a developing a specific timespan for future achievement could help galvanize a person’s focus and motivation to achieve optimal best.

We acknowledge that to date very little, if any, focus in the relevant literature has been given to considering the relationship between TP and the achievement of optimal best. Do the two theoretical concepts relate to each other and/or to what extent do these two theoretical concepts explain proactive human behaviors? This line of inquiry, theoretically and conceptually, is innovative for its positive nature, reflecting our recent research into the study of optimal best (e.g., Phan and Ngu, 2017a; Phan et al., 2019a,b, c). As a working hypothesis, we could argue that optimal best is necessarily reliant on a point of reference structured into the future. In other words, unlike a person’s historical optimal best, which is past, optimal best as a positive outcome requires time for achievement, i.e., achievement in the future. In that case and as one consideration, how much time is needed to achieve optimal best may depend on the cognitive complexity of the subject matter. Furthermore, having an extended timespan into the future is, perhaps, a necessity for the achievement of optimal best. Overall then, we contend that a focus on TP within the context of optimal best is significant, contributing to advance the research into the optimization of optimal best.



THE IMPORTANCE OF TIME

Time, as we briefly described, is an interesting concept that has implications for society and individuals. Why does a local government need to plan ahead in terms of policy development? Why is a secondary school student being asked to reflect on his/her previous academic performance in mathematics? Why does a footballer have to focus on her/his current state of physical functioning? These questions are significant for this study since they place emphasis on a linear trajectory and, more importantly, suggest potential interrelations between past, present, and future events. Some individuals, of course, may simply fixate upon past situations and experiences, whereas others may choose to ponder their future. This diversity is interesting as it acknowledges that to a large extent our lives are intricately linked to the nature of time. Erikson’s (1968) psychosocial theory of personality with its eight stages, for example, places emphasis on a linear progression from one level to the next. For Erikson (1968) completion and success at a particular stage form the basis for continuing onto the next stage. This theory emphasizes the importance of time as a linear trajectory, as a pathway and pattern of development, where past experiences contribute to influencing the present moment and, likewise, the future.

It is interesting, however, that other viewpoints do not necessarily concur with the notion of the continuation of time. Let us delve into this positioning a bit. Our research development in mindfulness from an Eastern perspective (Hanh, 1976; Yeshe and Rinpoche, 1976; Goldstein and Kornfield, 1987; Loden, 1996; Kabat-Zinn, 2015) has offered a different viewpoint about the concept of time. That viewpoint is that time is a non-linear entity. Time is not thought of as continuous and there is no associated discourse of temporal linearity. Mindfulness, according to Taiwanese colleagues known to the authors who are practicing Buddhist nuns and monks, is concerned solely with the present moment – everything is here and now. Buddhist scholars, for example, believe that the past does not matter and, likewise, we do not plan for the future since we do not know what it holds. Life in the present moment is straightforward and has few complications. Thus, the personal experience of the present moment is said to reflect a state of mindfulness; a state of clearness, calmness, and enlightenment. This philosophical position, derived from Buddhist sutras (Yeshe and Rinpoche, 1976), places emphasis on concentrating on the essence of the context as the “here and now.”

Indeed, we acknowledge that “situating” life in the present moment appears to be “simple” and straightforward. Why worry and stress about the future when one does not know what this future may hold? Similarly, why reflect upon and ponder the past when it is impossible to amend events, situations, and/or experiences? Buddhist teaching, in this sense, is related to the notion of a person living and leading a simple, healthy, and happy life. We acknowledge, however, that this viewpoint is largely incompatible with Western theorizations and understandings of temporal linearity. For example, Nuttin’s (1964) article, entitled “The future time perspective in human motivation and learning,” provides an interesting reference to time: “A simple analysis of human behaviors calls attention to the fact that man [and woman], in his [/her] dealing with a given situation, is usually directed toward something which is not yet there, something which is still to come, something different, even something new…, are all oriented toward something ahead, something that they are looking for: their behavior is ‘future bound’….” (p. 60). This conceptualizing of time emphasizes the importance of a linear trajectory that connects a person’s past experiences, that is, his/her current state of functioning, into considerations about the future. Moreover, Nuttin (1964) proposes a mysterious and unknown nature to future specific timepoints.

We do not discount the possibility that everyone could, if so inclined, perceive time as something “singular” (i.e., limiting itself to the present moment). The benefit of such a viewpoint is its straightforwardness – that is, it encourages a person to free himself/herself from the complexities and perplexities of life and, from this, perhaps to live “a happy, healthy life in the present moment.” Having said this, however, we acknowledge that in the modern world with its particular type of economic development and perpetuation of certain types of social arrangements, and the associated expectations of personal growth, require in many circumstances the rejection of this viewpoint and the acceptance, in contrast, of a viewpoint that time is continuous. The associated psychological state is that people expect to reflect, envisage, and anticipate different timepoints in their lifetimes. The study of the psychology of time by different researchers (e.g., Lewin, 1942; Nuttin, 1964; Mehta et al., 1972; Zimbardo and Boyd, 1999, 2008) is insightful as this line of inquiry makes a concerted effort to explain the differing patterns in cognition, motivation, and behavior of individuals in both educational and non-educational contexts. Mehta et al.’s (1972) writing provides a brief historical summary of other writers’ understanding of time (e.g., Israeli, 1934; Frank, 1939; Lewin, 1942; LeShan, 1952; Fraisse, 1963; Nuttin, 1964). So, to propose a technical definition of what is time perspective, commonly known as TP, we can turn to Zimbardo et al. (1997) who define TP as “the manner in which individuals, and cultures, partition the flow of human experience into the distinct temporal categories of past, present, and future. The boundaries, extension, salience, and utilization of any of these categories may vary considerably as a function of learned preferences that become stabilized into a functional cognitive style, and also as a consequence of situational, structural, and task demands” (Zimbardo et al., 1997). Extending this, TP perhaps takes on its most important aspect, from a layperson’s point of view, as the ability to anticipate future situations and events by reflecting on his/her past experiences (Lennings et al., 1998). This common-sense understanding proposes that a person’s life experience and growth are “sequenced” in a linear trajectory. A student’s past experience of racism at school, for example, is likely to shape his/her current thinking and behavior, which may then link with deliberations about future actions (e.g., avoid attending school). In contrast, likewise, a student’s current enjoyment of Industrial Arts (e.g., woodwork) may determine his/her choice of a career choice later on.


The Nature of Future Time Perspective (FTP)

One notable timepoint that is of interest for discussion is the unknown future. Future time perspective, commonly known as FTP, is defined as “the timing and ordering of personalized future events” (Wallace, 1956). Nevertheless, there are differing definitions of FTP. For example: “FTP is the degree to which and the way in which the chronological future is integrated into the present life-space of an individual through motivational goal-setting processes” (Husman and Lens, 1999); or “the totality of the individual’s views of his psychological future and psychological past existing at a given time” (Lewin, 1951); or “a general concern for future events” (Kastenbaum, 1961); or “a general capacity to anticipate, shed light on and structure the future” (Gjesme, 1983); or “the present anticipation of future goals” (Simons et al., 2004b). These differing definitions, according to Seijts (1998), emphasize the complex nature of FTP. A point of commonality in these definitions is that FTP is related to and espouses the importance of a person’s current envisaging of future events, situations, tasks, etc., in his/her present timespace – for example, while writing up this manuscript, we envisage and anticipate its completion in a few weeks from now.

Seijts (1998) definitional overview is interesting for its description of five major facets of FTP: (i) extension, which is concerned with the length of the future timespan that a person conceptualizes; (ii) coherence is the degree of organization of envisaged events in the future timespan; (iii) density is defined as the number of events that are expected in a person’s future – that is, his/her goals, hopes, fears, and wishes; (iv) directionality, which is the extent to which a person perceives himself/herself to be moving forward from the present moment into the future; and (v) affectivity relates to the extent to which a person feels gratified by anticipated events. These five facets, in totality, play a central role in the operational functioning of FTP. For example, as existing research has shown, the extension of a person’s FTP is closely related to his/her cognition and motivational patterns (Simons et al., 2004a,b). Indeed, developments in research over the past seven decades have produced clear and consistent evidence highlighting the significant impact of FTP on different types of adaptive outcomes (e.g., Zimbardo et al., 1997; de Bilde et al., 2011; Lens et al., 2012; Phan, 2015; Husman et al., 2016; Janeiro et al., 2017).

From a motivational perspective, FTP may operate to encourage a person to be purposive and self-regulated and to flourish in the course of academic learning and schooling (Zimbardo and Boyd, 1999; Barber et al., 2009; Janeiro et al., 2017). It is important, in this analysis, for a person to consider a specific future timespan in terms of envisaging different types of endeavors for accomplishment. This notion of varying extensions of future timespan may serve as a significant source of motivation (Simons et al., 2004a). In general, we may have either short or long (or deep) extended timespans into the future (Simons et al., 2004b). This variation of FTP (e.g., say, 4 weeks into the future vs. 2 years into the future), as the literature has shown, is intricately linked to a person’s state of motivation, cognition, commitment, and behavior. Academically, for example, two fourth-year undergraduate students may aspire toward obtaining Ph.D. degrees in 5 years’ time. One student, Chou, has a long FTP, whereas David, his best friend, has a short FTP. Consequently, the psychological distance toward this future goal of obtaining a Ph.D. is experienced differently by both students – Chou, in this case, is likely to perceive having a Ph.D. as being closer in time than David because of the latter’s short FTP. For David, the same future goal may not be part of his life space. Obviously, there is a negative correlation between an individual’s FTP extension and his/her perceived psychological distance toward the self-set future goal (in this case, obtaining a Ph.D. degree) (Moreas and Lens, 1991). What is of interest also, however, is that the length of a person’s FTP does not affect his/her perceived psychological distance from the goal when this goal is set in the very near or very far future. In this sense, tomorrow or Friday is very near for all of us regardless of the various lengths of our FTPs, whereas 20 or 25 years from now may be chronologically too far away to matter.

Simons et al.’s (2004b) overview of FTP highlights an interesting theoretical aspect from De Volder and Lens’ (1982) research – namely, the distinction between the cognitive component and the dynamic component in FTP. Consider the aforementioned example of Chou and his best friend, David. Chou, with his extended FTP, is likely to perceive his present behavior as being more instrumental as this would help him achieve a broad range of both immediate and future goals. This is the cognitive component. At the same time, Chou also values his present task-engagement more strongly because the anticipated value of the future goal of obtaining a Ph.D. is higher. This is the dynamic component. David’s case, by contrast, may be somewhat different. Because of his relatively short FTP, David perhaps does not anticipate more-distant future goals and, consequently, his present actions are perceived as less instrumental and/or containing less utility.

In sum, from the forgoing discussion, extended timespans into the future play a significant role in helping to determine and explain individuals’ motivational beliefs and patterns in learning, cognition, and behavior. In this analysis, the study of FTP is not simply limited to the notion of “setting forth future goals for accomplishment” This line of reasoning, we contend, is too narrow and does not reflect the complex nature of a future timespan. A timespan into the future, as we described it, may be relatively short and indicate a simple goal or focus for consideration – for example, what will a person get for her birthday next week? We would contend that it is instead of more value, both in academic and non-academic pursuits, for individuals to consider extended timespans. Individuals with extended FTPs, the literature strongly suggests and we concur, are more likely to be motivated to engage closely with their learning (De Volder and Lens, 1982). These individuals (the example of Chou) perceive their present behavior as being more instrumental in achieving immediate and future goals. Likewise, individuals with extended FTPs value their present task-engagement more strongly because the anticipated value of the future goal is higher (Simons et al., 2004b). The pervasive question of course, arising from this analysis, is the appropriate and optimal extension of FTP.

We contend that it is noteworthy for educators and researchers to develop and explore pathways, means, and/or opportunities that could encourage and foster a healthy extension of FTP. This line of inquiry reflects the importance and benefits of a purposive extended timespan into the future. We do not consider there to be much value in having a short future timespan (e.g., preparing for the class quiz scheduled for next Friday) as this “briefness” would not have any meaningful impact on an individual’s growth. From the perspective of formal education, we believe that it is an important feat for a student to contemplate the different types of positive outcomes that could arise from him/her having an extended FTP. As noted previously, it is probably more significant to focus on and think about university in 3 years’ time than to think about the final exam at the end of this year. Contemplating something that is “deep” into the future is, we believe in concordance with the literature, motivational and may operate to guide and direct a person to plan and strive for successive accomplishments. Career advice and university open days in Australia, for example, play a central role in helping secondary school students think about their futures post-secondary school. Aside from this opportunity, what else is available to help students envisage an extended timespans into the future? Of course, interlocutors could have students write down and discuss both their short-term and long-term future plans. It is also plausible to use vicarious information (Bandura, 1986, 1997), such as observation and role modeling, to facilitate in-depth understanding and appreciation of extended FTPs. Watching and/or observing a credible model who is timely in decision making and who is successful with his/her future endeavors (an ideal example may be someone saying to students the following: “I was successful by the age of 24 to achieve […]. I planned this when I was 18…”) may, in this analysis, provide vicarious information that the individual, too, may succeed with his/her future.

Our research interest, in this case, relates to the development of a conceptualization that could inform and facilitate the extension of an appropriate timespan into the future. Specifically, our focus of inquiry makes attempts to consider the theory of optimization (Phan and Ngu, 2017a, 2019b; Phan et al., 2017, 2019c) as a means by which one could extend his/her FTP. This consideration, we contend, is significant as it places emphasis on the tenet of optimal achievement best (Phan and Ngu, 2017a; Phan et al., 2017, 2019c) and relating this optimal best to a person’s extended FTP. One particular aspect that we rationalize and argue for is that a deep timespan into the future is more advantageous than a short timespan. We incorporate theoretical understandings of optimal achievement best to support this proposition – that is, for example, the cognitive complexity of optimal achievement best would closely associate with a person’s specific timespan into the future. An extremely complex level of optimal achievement best would extend a person’s timespan (say, 6 months), whereas a low complex level would shorten his/her timespan (say, 2 weeks).



BIDIRECTIONAL ASSOCIATIONS BETWEEN FTP AND OPTIMAL BEST

We rationalize the potential bi-directional interrelationship between FTP and the nature of optimal achievement best. This conceptualization, which we explore in detail in this section and subsequent sections, is innovative as it draws attention to two lines of research: (i) the stipulation of an extension in FTP in order to achieve optimal best; and (ii) the complexity of optimal best, which, we have asserted, closely aligns with an extension in FTP. Our conceptualization, in general, proposes the promotion and fostering of an extended FTP and the setting of an optimal best that has high cognitive complexity.


The Framework of Achievement Bests

Our first stipulation is that an extended FTP could coincide with and operate within the process of optimization in order to facilitate the achievement of optimal best. Optimization, extensively mentioned in the literature (e.g., Freund and Baltes, 1998; Fraillon, 2004; Ziegelmann and Lippke, 2007; Eguizábal et al., 2018), is an underlying process that serves to optimize an individual’s state of functioning (Phan and Ngu, 2017a). Drawing from Fraillon’s (2004) and Phan et al.’s (2017) seminal papers, we recently provided a comprehensive discussion of the Framework of Achievement Bests, which is a theoretical model that makes attempts to explain the process of optimization (Phan et al., 2019c). Optimization is like a “vehicle” that optimizes an individual’s state of functioning from one timepoint (e.g., T1) to that of another timepoint (e.g., T2). The Framework of Achievement Bests emphasizes two levels of best practice: (i) realistic best, or actual best (Fraillon, 2004), concerned with “a person’s current, realistic level of cognitive ability” (Phan et al., 2016) – for example, what is it that I am capable of at present in mathematics?; and (ii) optimal best, or notional best (Fraillon, 2004), concerned with “the maximum of a person’s cognitive capability” (Phan et al., 2016) – that is, what is my optimal best in mathematics? A notable inquiry arising from this focus is this: what causes and/or facilitates a person to progress from realistic best, L1, to optimal best, L2? Specifically, the totality of the process of optimization involves the active operation of three major pathways (see Figure 1):


i.Pathway A: the activation and enactment of different types of agents: educational (e.g., an instructional design for effective learning: Ngu et al., 2014), psychological (e.g., personal belief in efficacy: Bandura, 1997), and psychosocial (e.g., the importance of teacher-student social relationship: Roorda et al., 2011), which then act as sources of “energy.”

ii.Pathway B: the impact of energy on the stimulation of buoyancy of different types of psychological attributes – for example, intrinsic motivation, personal resolve, effective functioning, mental strength, and effort expenditure.

iii.Pathway C: the buoyancy of psychological attributes (e.g., mental strength) that may then arouse and sustain a person’s state of functioning and its improvement from T1 to T2.
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FIGURE 1. Conceptual model for consideration. Note: this conceptualization is derived from Phan et al.’s (2019c) theoretical model of optimization. According to this theoretical model of optimization, the activation and enactment of different types of optimizing agents (e.g., educational agent being an appropriate instructional design) would create a perceived sense of positive energy (E), which would then stimulate the buoyancy of different psychological attributes (e.g., personal resolve). This process of optimization, in turn, would differ in terms of its magnitude (i.e., its strength: Phan and Ngu, 2019b), consequently as a result of the level of cognitive complexity of optimal best (e.g., Δ(L1 –L2A) is not as difficult, cognitively, as Δ(L1 –L2B), etc.). In this conceptualization, however, we propose that aside from optimization, a person’s future timespan (i.e., short vs. deep) would correspond to the cognitive level of optimal best – denoted as path “1,” path “2,” path “3,” etc. For example, the achievement of L2A at T2, which is a relatively simple modeling, would perhaps be associated with a short future timespan.


According to Phan et al.’s (2019c) theorization, the combination of Pathway A, Pathway B, and Pathway C constitutes an “optimizing effect,” which the authors term “γ.” Aside from this positing of γ, the authors also proposed as an “Index of Optimization” (IO) where this equates with the following: Δ(L2–L1) × γ, where Δ(L2–L1) = quantitative difference between L1 and L2. Phan et al.’s (2019c) theoretical model of optimization, capitalizing on previous research developments (Fraillon, 2004; Phan et al., 2016, 2017, 2019a,c), is innovative for proposing a quantitative nature – that is, the possibility of measuring and quantifying the process of optimization. Furthermore, this consideration emphasizes the importance of the magnitude of optimization – that is, how “much” optimization is needed to facilitate the achievement of L2 from L1? This notion of magnitude, or strength, of optimization is interesting from our viewpoint since it places a focus on three major facets: (i) an individual’s state of motivation, personal experience, and level of L1; (ii) the quantitative and qualitative complexity of L2; and (iii) the difference or range between L1 and L2. Consider this example of L1 and L2A where a secondary-school student is learning equation solving (Ngu and Phan, 2016):


•L1: the student knows how to solve one-step linear equations, for example: x + 10 = -4, solve for x.

•L2A: the student believes that he/she is able to solve multi-step linear equations, for example: 4 (x + 5) = 3 (x – 7), solve for x.

•L2B: the student believes that he/she is able to solve quadratic equations, for example: 4 (x + 8)2 = 6, solve for x.



As stated from the example, L2B is more complex than L2A, which in turn, is more complex than L1. Hence, referring to our previous contention, it would require a greater magnitude of optimization to help in the achievement of L2B from L1 (i.e., L1 → L2A) than of L2A from L1 (i.e., L1 → L2B). As an example in school contexts, the magnitude of optimization (e.g., how much optimization is needed for me to understand something?) for understanding instructional material may involve a student’s reliance on and/or use of different instructional designs and/or pedagogical practices (Ngu and Yeung, 2012; Ngu et al., 2014). Comparative pedagogical practices (e.g., the use multimedia information such as a YouTube video vs. an in-depth text), in this case, may inform a student’s L1 to L2 differently.

In a similar vein, educationally, a native speaker of English may find it difficult to study and learn Chinese Mandarin as a foreign language. Hence, similar to the case of L2B, a student learning Chinese Mandarin as a foreign language would require significant optimization, especially if he/she does not have prior experience of Chinese, intrinsic motivation, etc. With reference to FTP, in this analysis, the student may be counseled to envisage a long future timespan (e.g., 2 years to provide adequate time) for successful accomplishment. A short future timespan (e.g., 2 months), by contrast, we think would not provide an adequate timeframe for the student to achieve optimal best in learning Chinese. By the same token, in terms of educational resources for the purpose of optimization, we would expect to find the student relying on multimedia presentations, personal one-on-one scaffolding, etc. Hence, as a point for consideration, let us consider two different scenarios.


•L1: the student has elementary knowledge of Chinese Mandarin, which enables him/her to have a basic conversation with another person (Note: in this case, for the sake of argument, assume that the student can read and write about 50 Chinese characters).

•L2A: the student believes that he/she is able to read and write at least 150 Chinese characters. At the same time, L2A may also stipulate the combination of different Chinese characters to have new meanings.

•L2B: the student believes that he/she is able to read and write at least 300 Chinese characters, with some of these being sophisticated in nature (e.g., the character of 孝, xiào, which means filial piety). L2B may also stipulate the combination of different Chinese characters to have new meanings.



Similar to our previous example of mathematics, progressing from L1 to L2A is easier than achieving L2B from L1 for Chinese Mandarin learning. Knowing how to read and write 300 Chinese characters, some of which are sophisticated in nature, would require much more time (e.g., a future timespan of 2 years for accomplishment) and a sustained effort at optimization (e.g., the reliance on many multimedia sources).

Optimization, in its totality, is positive in nature and reflects the paradigms of positive psychology (Seligman and Csíkszentmihályi, 2000; Seligman et al., 2009) and motivation (Franken, 2007). The enactment and/or the operational functioning of optimization is postulated to result in and to account for the achievement of optimal best, whereas inactive optimization is likely to give way to ineffective learning and sub-optimal achievements. Optimization, in this case, is more than just testament of an association between two variables (Phan et al., 2019c). A positive correlation (r), in this case, is somewhat limited and does not explain and/or reflect the full scope of the process of optimization. The proposition of an “optimizing effect,” denoted as γ, as Phan et al. (2019c) propose, is interesting and may depict and explain the complex nature of achievement of optimal best. Empirical research into the underlying mechanisms of optimization is somewhat limited to date with the exception of a few correlational inquiries that we have undertaken (e.g., Phan et al., 2018, 2019a,b, 2020; Phan and Ngu, 2019b). One possible reason for this limitation, we contend, is related to the “appropriateness” of a specific methodology that could assist the accurate measurement and assessment of optimization – we refer to this as “methodological appropriateness.”



An Extended FTP and the Achievement of Optimal Best (FTP → OB)

How does an extended FTP assist in the achievement of an optimal level of best practice? In this analysis, we rationalize that a deep or long timespan into the future may act in tandem with, and/or form part of, the process of optimization (Fraillon, 2004; Phan and Ngu, 2017a; Phan et al., 2017, 2019c). Our conceptualization, illustrated in Figure 1, shows a person’s FTP acting as a psychological agent of change. This conceptualization, developed from our recent revision (Phan et al., 2019c) of the theory of optimization (Phan and Ngu, 2017a; Phan et al., 2017), shows the potential impact of FTP on the process of optimization.

As shown in Figure 1, we propose that a deep future timespan would correspond to the achievement of a complex level of optimal best – denoted in Figure 1, in this case, as path “1,” path “2,” and path “3.” With reference to this proposition, let us consider three different possibilities: (i) the achievement of L2A from L1; (ii) the achievement of L2B from L1; and (iii) the achievement of L2C from L1. As depicted visually, the difference between L1 and L2C (L1 – L2C) is “larger” than the difference between L1 and L2B (L1 – L2B) and this difference, in turn, is larger than the difference between L1 and L2A (L1 – L2A). Referring back to our previous discussion, the complexity of L2C is greater than that of L2B and L2A (and the complexity of L2B is greater than L2A). The achievement of L2C therefore would require “more” time and optimization (i.e., the magnitude of optimization is relatively high). Our rationalization posits that envisaging and planning a deep future timespan would facilitate and encourage the striving of a more complex level of optimal achievement best. For example, a Year 11 student envisaging a timespan into the future about university life would, perhaps, strive to achieve more difficult and ambitious endeavors at present (e.g., obtaining consistent A and A+ grades for different subjects). Envisaging a shorter future timespan, from our point of view, would negate a student’s motivation and their desire to seek out complex endeavors for accomplishment (e.g., personal contentment with C and C+ grades for different subjects). As such, a relatively non-complex cognitive level of optimal best would require a lesser period of time for accomplishment.

As Simons et al. (2004b) explain, individuals with long or deep FTPs set goals that are situated in the distant future, whereas individuals with short FTPs set most of their goals in the near future (p. 122). Moreover, we would contend that an extended FTP is indicative of personal maturity, thoughtful deliberation, and well-measured ambitions. From this understanding, an investment in a long or deep FTP is noteworthy and in terms of academic pursuits, for example, a deep FTP could help students anticipate the following: (i) consider spending a longer period of time seeking assistance by consulting with others and/or utilizing different resources (e.g., going to the library); (ii) consider spending a longer period of time on personal reflection; and (iii) plan, organize, and develop a myriad of objectives and goals to assist in achieving a complex optimal best. A purposively extended FTP is more likely to direct a student’s attention, cognition, and motivation toward achieving specific complex optimal bests in life. Having a deep FTP is advantageous as this extended timespan (e.g., I need to spend the next 2 months studying this) would act as a source of energy, guiding the student’s behavior, personal resolution, and personal belief to recognize that anticipating long futures is beneficial and not wasteful.

We argue that conceptualization of an extended future timespan is not wasteful but may enable a student to consult others, engage in different types of cognitive strategies, and work on problems that could help improve his/her optimal level of best practice. As Lens et al.’s (2012) writing suggests, many of us have long FTPs whereas others, in contrast, may have relatively short FTPs. Those with short FTPs envisage and set most of their goals in the near future. They do not take into consideration what will come later on in life. Coupled with previous descriptions (Simons et al., 2004b; Zimbardo and Boyd, 2008; Lens et al., 2012), we contend that a short FTP is ineffective as this would negate the motivation, personal belief, and achievement of complex optimal best. In other words, a short FTP is intrinsically linked with a modest level of cognitive complexity. What this means then, of course, is that we do not expect a person with a short future timespan to achieve successfully a high level of cognitive complexity – for example, a relatively short future timespan of 2–3 weeks is unlikely, in this case, to be sufficient for preparing a student to plan, organize, and accomplish a complex level of optimal best. By contrast, however, a deep future timespan is more meaningful and advantageous as this would provide sufficient time (i.e., duration) for a person to reflect, contemplate, plan, seek help, etc (Zimbardo and Boyd, 2008; Husman et al., 2016).

Moreover, we contend that an extended future timespan is important as this duration provides adequate time to help facilitate and enact the process of optimization. In this sense, enactment of optimization is not instantaneous, but rather requires some timeframe for development, depending on the level of cognitive complexity of a given task. Something that is easy, for instance, would not require too much optimization – and hence, a shorter period of time in this case would be needed. Aside from this understanding, we also theorize that future timespan could fundamentally relate to a person’s perceived sense of subjective task value for learning (e.g., how important is this task?), and his/her expectation to succeed at the given task. In this analysis, with reference to this postulation, there are two considerations:


i.Positive task values (e.g., a student perceives that learning algebra is important for her/his future mathematics-related career plan), acting as a psychological agent, would motivate a person to persist and, likewise, to expend more effort into his/her studying and learning experiences (Eccles et al., 1983; Wigfield, 1994; Wigfield and Eccles, 2000). Valuing a particular task for significant personal reasons, we suggest, necessarily calls for an investment of time, planning, effort, resources, etc. In contrast, of course, a perceived minimal value of a learning task would not act as an optimizing agent of change.

ii.Expectation of achieving a complex optimal best would, likewise, act as a psychological agent in the process of optimization. A high level of expectation to succeed, which, in this case, a person is confident of achieving would energize and motivate the expenditure of time, effort, personal resolve, etc. A low level of expectation to achieve complex optimal best, by contrast, would deter the process of optimization.



Moreover, a perceived sense of subjective value and high expectation to succeed in the achievement of optimal best would, from our point of view, necessary require consideration of an appropriate future timespan. In this analysis, we would expect to find an association between a deep future timespan and a high level of subjective value and expectation – for example, a student who values Chinese Mandarin (i.e., perceives its importance for his/her future plans) and expects to succeed is likely, in this case, to recognize that a prolonged future timeframe would be needed to accomplish the task. A low level of expectation and the perception of low subjective value, by contrast, would not necessarily equate to a deep future timespan – in other words, a low level of expectation and low subjective value would instead correspond with a short future timespan. Time would be considered a minor factor as there would be a perception of its minimal value, reinforced by a low expectation of success and, hence, from the student’s point of view, envisaging a deep future timespan would be non-logical to the point of irrelevancy. Having said this, however, we also acknowledge the importance of cost-benefit factors (e.g., time spent vs. intensity – or anticipations of either or both) with reference to a person’s perceived subjective interests and well-being. Does envisaging a deep future timespan for the sake of achieving optimal best seem justified in all cases, especially when one considers the potential cost involved (e.g., the amount of effort, personal resolve, etc.)?



Complexity of Optimal Best and Its Impact on an Extended FTP (OB → FTP)

How does optimal best in a subject matter assist in the development of a deep FTP? Unlike our first stipulation, we rationalize that in this case, a person’s striving to achieve a complex optimal level of best practice would construct a deep timespan into the future. As existing research inquiries have noted, we all differ in our FTPs – some of us have long and deep FTPs, while others have short FTPs. Moreover, those of us who have long FTPs tend to set most of our future goals in the distant future, whereas those with short FTPs set future goals in the near future (Simons et al., 2004b). A near future can be next month whereas, by contrast, a distant future may consist of a timespan that is 5–7 years from now.

Common-sense thinking about human nature, suggests, of course, that we all have different timespans. Why is it that some of us have long FTPs and not others? Motivation, academic capability, personal ethos and philosophical belief, and/or confidence, in this case, may account for individual variations in the setting of a particular timespan. A pervasive question is, how do we encourage students to develop and sustain deep FTPs? Chou, from our previous example, may envisage a future timespan of 5–7 years for the completion of his Ph.D. Another student, by contrast, may not have this ambition and instead project a future timespan of a couple of months maximum. This example of disparity in future timespans has implications for educators, stakeholders, and policymakers. In particular, let us explore the topical theme of optimal best (Fraillon, 2004; Martin, 2006; Phan et al., 2016) and consider how this feat could serve as a means to encourage and promote an extended FTP.

Achievement of optimal best is subjective and, indeed, reflects a person’s personal best (Fraillon, 2004; Martin, 2006; Liem et al., 2012; Phan et al., 2016). Optimal best in a academic subjects, for instance, is not static but may improve over time, as a result of cognitive maturity, increasing effort expenditure, in-depth understanding, and personal growth. For example, at present, a Year 8 student may indicate that her optimal best in “essay composition” is the capacity to write a scholarly 2000-word essay about the life of Erik Erikson. By the time this student is in first-year university, she would reflect and realize that her previous optimal best is now somewhat “low” in terms of cognitive capability. No doubt, at this stage of cognitive maturity, composing and writing a 2000-word essay about Erikson’s life would be perceived as being easy. As has been discussed previously (Phan and Ngu, 2017a), a person’s optimal best at the present time (i.e., L2) eventually becomes prior cognitive experience (i.e., L1) and forms part of his/her repertoire of knowledge. What this entails is that there is no definitive limit to a person’s optimal best. However, an “unrealistic” level of optimal best would not be conducive, giving rise to inaccurate results.

To date, to our knowledge, there has been very little study of the importance of timespan with reference to the added factor of a person’s optimal achievement best. This line of inquiry, for us, is innovative and stipulates the notion that cognitive complexity of optimal best could act as a catalyst to encourage and facilitate the setting of deep FTPs. We propose that for a high level of cognitive complexity of optimal best to develop requires a certain amount of time into the future for its development. In terms of schooling, for example, we can consider different levels of cognitive complexity (van Merriënboer et al., 2003; van Merriënboer and Sweller, 2005) – for example: (i) a Year 8 student, Thomas, striving to achieve a maximum-scoring football season; (ii) a Year 9 student, Melissa, seeking to overcome a health issue; or (iii) a group of Year 12 students wanting to enroll in a postgraduate medical degree program. Clearly, some tasks and activities are less complex and require only a modest range of focus, motivation, persistence, and effort expenditure, whereas others are more complex and demand much more time, effort, persistence, etc. A deep future timespan, we suggest, is healthy and as such, it is sufficient to encourage individuals to consider a more complex optimal best – for example, within the context of academic learning, a student may choose to strive to achieve an “A” grade for algebra (Phan et al., 2020).

Achieving optimal best is a personal endeavor. In school contexts, there is a difference between the problem of “4 (x + 5) = 3 (x – 7), solve for x” and the problem of “4 (x + 8)2 = 10, solve for x” for L2. Likewise, there is a difference between knowing how to compose a two-page essay and knowing how to write a 100-page thesis dissertation in Chinese Mandarin. The level of cognitive complexity of L2, as we explained, is dependent on a number of factors, such as a student’s current level of understanding and knowledge and their state of motivation. Our argument is that setting a complex optimal best is a desirable feat, as this could stimulate and encourage a student to envisage an extended timespan into the future. This rationalization is logical as more time and effort would be needed for a student to achieve a complex level of optimal best. How long would it take a person to solve the “Collatz Conjecture” problem? How much time does a senior citizen need in order to achieve and experience a state of self-actualization? Likewise, for an extremely knowledgeable student, how much time would he/she need to achieve a moderate level of cognitive complexity of optimal best? These questions, for us, emphasize the important need for a person to contemplate and strive for complex optimal bests in different academic subjects, given this feat would then form the premise for him/her to consider a correspondingly appropriate future timespan. In essence, this postulation considers the potential influence of the cognitive complexity of optimal best in facilitating a person’s projection of a future timespan.

Achieving optimal best, we contend, may also reflect a person’s perceived sense of subjective task value for the given task. Successful achievement of optimal best in an academic subject would highlight the perceived interest, appreciation, and/or placement of importance that the person has for the subject itself – for example, the student sees this learning as relevant for their future career plans. Some task that is relatively simple, by contrast, could instead indicate a non-meaningful subjective value and insignificant concern for the subject matter. Indeed, a relatively simple task would not hold any significance and, more importantly, a person would not have much expectation about its importance. This consideration differs somewhat from the discussion in the preceding section, where we argued that the perceived subjective task value and high expectation would act as psychological agents (Phan et al., 2017, 2019c) in the optimization of achievement best. Here, in this section, we postulate that cognitive complexity of optimal best could influence the perception of the relevance, significance, and/or importance of a learning task. Something that is perceived as being difficult for optimal achievement is likely to instill a strong sense of belief in its subjective value. In the context of schooling, for example, the creation of high cognitive complexity in a topical theme for optimal best achievement would convey to students the message that the subject matter itself is of value. Such discourse (i.e., cognitive complexity of optimal best → value), in turn, would connote a specific future timespan for consideration. In contrast, of course, cognitive simplicity of the subject matter would indicate subjective perceptions of unimportance and insignificance.



In Summary

The preceding sections have provided theoretical and conceptual accounts of the interrelationship between FTP and optimal achievement best. Our conceptualization, we contend, indicates a potential cyclic system, as shown in Figure 2. This cyclical system depicts the potential effect of a complex level of optimal achievement best on a deep extended future timespan and, in turn, this deep extended future timespan is observed as positively influencing the complex level of optimal achievement best. What does this conceptualization depict? We can consider the following:


•A deep timespan into the future is advantageous and beneficial, providing subjective grounding and opportunities for the successful enactment of optimization in order to facilitate in the striving of complex optimal bests (i.e., deep extended future timespan → complex optimal best).

•Achieving complex optimal bests requires adequate effort and time and, hence, a deep timespan into the future for a person to envisage what would be needed (i.e., complex optimal best → deep extended future timespan).




[image: image]

FIGURE 2. Cyclic relationship between extended timespan and cognitive complexity of optimal best.


The research into FTP is clear and consistent (Lewin, 1951; Nuttin, 1964; Gjesme, 1983; de Bilde et al., 2011; Taylor and Wilson, 2019), while the study of the nature of optimal achievement best is still progressing (e.g., Phan et al., 2018, 2019a,b). One notable line of inquiry regarding optimal achievement that is of interest, at present, is related to its methodological account (Phan et al., 2019c) – for example, how do we measure, assess, and evaluate the true nature of optimal best? To do so our research has established a conceptualization that attempts to integrate two independent research inquiries into one holistic model. This consideration is innovative as it places emphasis on the positive interrelation of the potential for achieving optimal achievement best and extended future timespans. Arising from our description is a desirable proposition for development: a high level of cognitive complexity of optimal best and a deep, meaningful future timespan (Figure 2).



CONCLUSION AND FUTURE DIRECTIONS

Time is a mysterious concept. We cannot go into the past and change our past behaviors, feelings, experiences, etc. What we can do, though, is reflect upon and use past experiences to inform the present moment and set future goals for accomplishment. The future is unknown and, in many cases, we will never truly know what the future holds. Motivational research into the proactivity of human agency has led to extensive research inquiries emphasizing the interconnections between a person’s time experiences and his/her performance outcomes, academically and non-academically. Future time perspective is an interesting psychological concept for study, given that the future is always unknown and uncertain. One interesting aspect for development, in particular, is related to the promotion of the projection of deep, meaningful future timespans. Deep FTPs are healthy as they facilitate a heightened state of personal resolve, motivation, and effort expenditure.

It is not always easy for a person to spend time anticipating his/her future. Many of us, in this case, are content with our lives in the present moment. Thinking about future trajectories often appears to people as being somewhat meaningless, especially in light of day-to-day work demands and personal commitments, etc. By the same token, of course, it is uncertain whether a person’s anticipation of future goals, aspirations, etc., would be accurate or realistic enough to have a credible meaning. Despite this plausible criticism, we have proposed from an educational point of view that a focus on extended future time goals is a useful point for encouragement. We usually have to make plans anyway (e.g., “What I would like to do in the next 12 months”), organize our time schedules, work through our finances, etc. On this basis, anticipation of a positive future should be encouraged as this would direct a person’s focus and commitment toward something that is tangible. Accordingly, we need to consider the stipulation of an appropriate timespan. How “much” time into the future should one think about, anticipate, and/or project? As existing research (e.g., Simons et al., 2004a, b; Zimbardo and Boyd, 2008) has shown, an extended FTP is more healthy and robust than a short FTP, as this directs and motivates a person to work harder toward achieving his/her future goals. At the same time, a deep FTP may reveal and reflect a person’s state of seriousness, degree of commitment, and ambition. Having said this, of course, we also raise the issue whether a deep extended FTP could give rise to negative outcomes. How much time into the future should one anticipate before that timespan causes problems?

Our discussion has provided an in-depth examination of how FTP could relate to the nature of optimal achievement best. Specifically, within the context of educational application, our proposition emphasizes two major interrelated paths for further development: (i) whether variations in a person’s future timespan and, more importantly, increasing temporal distances of FTP (say, from 5 months to 5 years) motivate or detract from the achievement of cognitively complex optimal bests; and (ii) whether the types of complex optimal bests found in different academic subjects necessarily impact upon the extent of projection of FTPs. This proposal for a line of inquiry is both conceptual and philosophical, but also, we feel, requires empirical data to validate and affirm its value. What we have established so far is a preliminary inquiry; theoretically derived from existing independent research in the areas of FTP and optimal achievement best. There is a need for researchers to develop appropriate methodological designs that could measure, assess, and validate these proposed lines of inquiry (the nature of the relationships: Extended FTP → Complex OB and Complex OB → Extended FTP). For example, in relation to our proposed conceptualization, we suggest it would be worthwhile for researchers to develop different types of cognitive tasks, learning activities, etc., and to explore how these associate with a person’s projection of a future timespan. Is there a direct correlation, which could/would then result in a statistically-derived equation, pattern, etc., for general application?

When we refer to time then, methodologically, research in this area necessarily would rely upon the collection of longitudinal data. An extended FTP places emphasis on a time duration or a time period into the future and, as such, it is sufficient to say that there is a “time difference,” denoted as Δ(T1–T2), between now (T1), the present moment, and a particular point into the future (T2). It also needs to be kept in mind that the difference between T1 and T2 would not necessarily reflect either regular and constant development or at some time-point become instantaneous. Figure 3 summarizes our description and shows a simple methodological design, which consists of the collection of data on two separate occasions, T1 and T2. As an aside, it can be noted that in terms of the issues raised in this paper the difference between T1 and T2 is, indeed, analogous with an extended FTP. A positive quantitative difference between T1 and T2, we contend, should be reflect a realistic human-centered timespan (e.g., 1 year from now). What does this methodological proposal mean in terms of optimal achievement best?


[image: image]

FIGURE 3. Proposed methodological design.


The current authors recently published a detailed theoretical account of the process of optimization, where we specifically delved into the issues of methodology – i.e., how do we measure and assess optimization (Phan et al., 2019c)? One recommendation that we proposed included the use of the same measure of best practice (e.g., cognitive competence test) on multiple occasions (e.g., CCT-T1 and CCT-T2, where CCT = cognitive competence test) in order to provide a proxy indicator of the enactment of optimization. From Figure 3, we now propose that in order to attain an understanding and affirmation of the actual achievement of a goal at T2 (e.g., achieving optimal best in the topic of algebra), we would need to collect data on two occasions – say, now, T1, and 1 year from now, T2. We contend that it is inadequate and somewhat limited, in this case, simply to measure and collect data at T1. In other words, a measurement of achievement at the conclusion of an extended timespan (e.g., the achievement of a future goal at T2), alone, is limited as we would not know what actually occurred at T1 that may have led to achievement at T2. In a similar but converse vein, as we argued in our recent article (Phan et al., 2019c), a true indication of a person’s optimal achievement best still would require its measure at T2 and not just at T1.

Validating the cyclic system shown in Figure 2 would require the use of multi-wave panel data (Marsh and Yeung, 1997, 1998). This longitudinal methodological design could provide a grounding for researchers to establish the following patterns, say: T1 extended future timespan → T2 optimal achievement best; and T1 optimal achievement best → T2 extended future timespan (note: “→” = prediction). Evidence obtained could establish a cause-and-effect model for further experimental manipulation (Phan and Ngu, 2017a). In a similar vein, personal commitment, or a lack thereof, and what this means for a person’s subsequent achievement and fulfillment of future goals is a correlative line of inquiry. This line of inquiry is interesting and was raised by one of our reviewers for consideration. Indeed, personal commitment may give rise to a student’s personal resolve to strive for both short-term and long-term successes (Phan et al., 2020).

We acknowledge from the literature that having a deep future timespan is valuable, as this instills a sense of motivation and guides and directs a person’s cognition and behavior toward the future goal(s) (e.g., a student’s striving to enroll in medical school). At the same time, of course, a deep future timespan may reflect a person’s hopes and ambitions, as well as his/her mental fortitude, to achieve different types of long-term goals. Having said this, however, we do have some reservations, which we previously described, regarding the “depth” of future timespan (e.g., 5 years in duration). For example, in the context of schooling, how does a student remain autonomous, independent, and/or disciplined enough to sustain his/her state of motivation, and/or to remain on task over a 3-year period? Uncertainties, personal circumstances, and extraneous influences may, individually and/or in combination, act to derail, negate and demotivate a student from maintaining his/her state of motivation and discipline to remain on task. When this is the case, we would not necessarily expect the student to achieve and fulfill his/her future goals. On this basis, what would educators and/or researchers have to understand to counter the problem of sustaining motivation, focus, discipline, etc.?

In a recent study, Oyama et al. (2018) proposed a term known as the “Hemingway effect,” which is defined as “a positive effect of not completing a task” (p. 8). According to the authors’ rationalization, “there are certain conditions, [when] not completing a task can actually enhance people’s motivation to engage in the task – to complete or continue it” (p. 8). The Hemingway effect, we contend, may associate with our previous concern regarding the sustaining and continuation of a student’s motivation and discipline to achieve future long-term goals. In this analysis, we postulate that the Hemingway effect could act to guide a student’s state of cognition, motivation, and/or behavior over the course of time. The results of Oyama et al.’s (2018) study, interestingly, indicate that there are two conditions by which the Hemingway effect would occur: (i) explaining and clarifying for a student what is needed to complete the unfinished task(s); and (ii) a student’s perception of closeness to completing that task. It would be of interest for researchers to consider the potential of the Hemingway effect to guide the way students and educators might envisage a deep future timespan to achieve optimal best. In other words, researchers could explore whether and/or to what extent a student’s perception of closeness to completing a task helps to guide his/her focus of attention and discipline, as well as sustaining his/her state of motivation.

Finally, in tandem with Phan et al.’s (2019c) recent publication, we contend that the issue of measurement and assessment of optimal best practice is currently somewhat inconclusive. Most particularly, how does an educator measure and/or determine the complexity of a person’s optimal best? This question is even more poignant when we incorporate the complicating factor of future timespans. Most particularly in this case, how would we determine the extent of accuracy or usefulness of a person’s projection of his/her future timespan? In a similar vein and the subject at the core of this article, how could we accurately measure that the complexity of optimal best is aligned with a person’s consideration of deep future timespan – that is, does achieving more complex levels of optimal best require more time, as suggested by our proposition, while achieving less complex levels of optimal best require shorter time periods? As have been discussed before, it is also of interest to consider the potential association between the cognitive complexity of optimal best and future timespan with reference to a person’s determination and/or perceived sense of task-value for learning – in particular, the quest for researchers to design and develop a robust methodological design that could measure and assess a person’s determination and/or perceived sense of task-value when optimal best is achieved and/or when a specific future timespan is set.
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The purpose of this study is to train an artificial neural network model for predicting student failure in the academic leveling course of the Escuela Politécnica Nacional of Ecuador, based on academic and socioeconomic information. For this, 1308 higher education students participated, 69.0% of whom failed the academic leveling course; besides, 93.7% of the students self-identified as mestizo, 83.9% came from the province of Pichincha, and 92.4% belonged to general population. As a first approximation, a neural network model was trained with twelve variables containing students’ academic and socioeconomic information. Then, a dimensionality reduction process was performed from which a new neural network was modeled. This dimension reduced model was trained with the variables application score, vulnerability index, regime, gender, and population segment, which were the five variables that explained more than 80% of the first model. The classification accuracy of the dimension reduced model was 0.745, while precision and recall were 0.883 and 0.778, respectively. The area under ROC curve was 0.791. This model could be used as a guide to lead intervention policies so that the failure rate in the academic leveling course would decrease.
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INTRODUCTION

The concern of universities about the quality of the educational service they offer has triggered several and continuous evaluation processes to detect the underlying problems and act in this regard (Sandoval et al., 2019). The problems identified through these evaluation processes include several aspects of the education system; nevertheless, one of the most serious is the high rate of student failure in university education, which is significantly higher during the first year of studies. For instance, in South America during the last decade, about 50% of students failed their university studies during their first year (Parrino, 2010). The results of several studies provide evidence that student failure is influenced by an interaction of various factors which are decisive throughout the academic process (Amaya et al., 2015; Montoya Gutiérerz, 2016; Amo and Santelices, 2017; Lara et al., 2017).

In Ecuador, several studies have been performed to identify factors influencing student failure. In this context, factors such as family monthly income, type of school, type of housing, and even gender have been identified as components that intervene in the phenomenon of student failure (Sandoval et al., 2018). At the same time, the government and universities have proposed affirmative action policies to help students overcome the difficulties triggered by the influence of these factors. Therefore, identifying these factors and analyzing their influence on students’ academic performance is an important process to be performed in order to early identify at-risk students and, consequently, implement corrective actions in the educational process (Di Caudo, 2015; Sandoval et al., 2019).

Artificial neural networks (ANNs) have optimal features to conduct this type of analysis due to its excellent prediction and classification performance. An artificial neural network is a reticular computer system that learns from experience by self-modifying its connections; in this way, data prediction can be estimated based on a wide range of information (Cao et al., 2018; Zhou et al., 2018; Bouwmans et al., 2019).

Artificial neural networks are helpful tools used for data analysis with which functional relationships between variables can be found and modeled. Indeed, they allow exploring relationships or models that otherwise could not be found, for example, by using traditional statistical procedures (Bouwmans et al., 2019). In addition, due to the fact that they are a type of machine learning algorithm, ANNs have advantages over traditional statistical methods when applied to studies in which input data are incomplete or ambiguous by nature. They also have good performance when studying non-linear problems or data with a lot of “noise” and can be applied even without meeting theoretical assumptions related to traditional statistic because ANNs decode the information implicit in the data (Cao et al., 2018).

Currently, ANNs are widely applied to solve prediction and classification problems in areas as diverse as Meteorology and Spectroscopy (Timoshenko et al., 2018; Lee and Kim, 2019). The application of ANN for studying academic performance has gained significance in recent years not only because of its higher performance but also because of the findings regarding factors that influence the educational process (Vandamme et al., 2007; Marbouti et al., 2016; Baars et al., 2017; Mason et al., 2018; Figueiredo et al., 2019).

The purpose of this study was to develop a neural network model for predicting student failure in the academic leveling course of the Escuela Politécnica Nacional of Ecuador based on academic and socioeconomic information.



METHODS


Participants

The participants in this study were 1308 higher-education students from the Escuela Politécnica Nacional of Ecuador whose characteristics are shown in Table 1.


TABLE 1. Characteristics of the study population.
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Measures

The variables to predict (levpass) states whether a student failed the academic leveling course while the following twelve variables were considered as predictors:


1.Application score (appscore): The score achieved by the students in the university application exam. This exam is graded between 400 and 1000 points. The higher the score, the higher the student’s performance in the exam. The application score does not consider students’ high school GPA.

2.Vulnerability index (vulnind): This index shows the relative socioeconomic vulnerability of a student. It is rated over 1000 points. The higher the index, the lower the socioeconomic vulnerability. The index is calculated from the information stated by the students in a socioeconomic survey during the university application process.

3.Gender (gender): student’s gender.

4.Population segment (popsgmnt): It is a way of classifying students according to their academic performance and socioeconomic characteristics. There are four types of population segments:


•High-performance group (HPG): This group is formed by the applicants best scored in the university application exam.

•Territorial merit: This group is formed by the best graduates of the educational institutions whether these are public, municipal, or fisco-misional schools.

•Affirmative action: This group is formed by the applicants in a situation of vulnerability which considers their socioeconomic situation, disability, territoriality (provinces with a lower rate of access to higher education), and other conditions of vulnerability.

•General population: This group is formed by the students who do not belong to any of the other population segments.



5.Application priority (appprior): The priority of the chosen degree made by the student during the university application process.

6.Application instance (appinstance): The instance in which a student applied to the university. It can be the first, the second, or the third instance.

7.Assignation instance (assiginstance): The instance in which the student was assigned a place in the university. It can be the first, the second, the third, the fourth, or the fifth instance of assignment of places.

8.School type (schooltype): The type of school a student comes from. It can be public, municipal, private, lay private, lay, religious private, fisco-misional, or foreign.

9.Regime (regime): The academic regime in which a student enters the university. It can be Costa or Sierra. The Sierra regime is analogous to the autumn semester, which runs from September to February, whereas the Costa regime is analogous to the spring semester, which runs from March to August.

10.Province (province): the province a student comes from.

11.Ethnicity (ethnicity): The ethnic group to which a student belongs. This information is self-stated by each student.

12.Disability (disability): This variable states whether a student has a disability.





Procedures

Data were collected from the existing computer records in the administration of the Escuela Politécnica Nacional of Ecuador with permission granted by the academic staff of the Institution. The data provided by the institution were anonymous.



Artificial Neural Network Modeling

In this study, an ANN model was used to predict student failure from their academic and socioeconomic information.

First, data were partitioned into training (70% of cases), validation (15% of cases), and testing (15% of cases) sets by a random sampling process. Then, an ANN model was trained on the training data set. The hyperparameters of the ANN model were one hidden layer, logistic activation function, Adam optimization algorithm, learning rate of 0.0001, and 4000 as the maximum number of iterations. Different ANN models with varying numbers of neurons in the hidden layer were validated. The number of neurons in the hidden layer was defined according to Eq. (1):

[image: image]

where NHL is the number of neurons in the hidden layer, NIL is the number of neurons in the input layer, and NOL is the number of neurons in the output layer.

Once the model reached the maximum fit on the validation set, the ANN model was tested on the testing set in order to measure its performance (Teoh et al., 2006).



Dimensionality Reduction

As a first approximation, the ANN model was trained with the twelve variables containing students’ academic and socioeconomic information which resulted in a complex model. Therefore, in order to reduce the dimensions of the model, three tests were performed: Garson test, ANOVA, and chi-squared test. From Garson test, the relative importance of each of the variables considered in the model was determined, whereas, from ANOVA, it was determined whether there was a significant difference in the application score and the vulnerability index between the students who failed and those who passed the leveling course. On the other hand, the chi-squared test was performed to determine whether categorical variables were independent of each other. For ANOVA and chi-squared test, a significance level of p = 0.05 was chosen. Consequently, only those variables that had a relative importance greater than 5% and with a p-value less than 5% were chosen to train a new model. This dimension reduced model was trained according to the criteria stated in the preceding section (Vandamme et al., 2007; Helal et al., 2018).



Model Performance Evaluation Criteria

Although the procedure used to train the models allows obtaining a first approximation of their performance, this procedure is very susceptible to problems of overfitting on the training and validation sets. Therefore, the general performance of the models was determined by cross-validation with k = 10, which minimizes the effects of overfitting and selection bias (Cawley and Talbot, 2010; Juba and Le, 2019). The performance of the model was evaluated through the following indicators:


•Accuracy: the ratio of the total number of correct predictions to the total number of predictions.

•Precision: the ratio of positive class predictions that actually belong to the positive class.

•Recall: the ratio of positive class predictions made out of all positive cases.

•Area under the receiver operating characteristic (ROC) curve, which provides an aggregate measure of performance across all possible classification thresholds.



Data analysis and modeling were performed in SPSS 22, Orange 3.22.0, and RStudio Version 1.2.1335.



RESULTS

The ANN trained with the twelve predictor variables was modeled on an architecture of forty-eight neurons in the input layer and one neuron in the output layer. Each of the neurons in the input layer corresponds to each of the possible categories in the predictor variables. The highest performance for this model was achieved with thirty-nine neurons in the hidden layer; hence, the resulting architecture of this ANN can be written as 48–39–1. The classification accuracy for this model was 0.732, while precision and recall were 0.833 and 0.789, respectively. Figure 1A shows the ROC curve; the resulting value for the area under this curve was 0.757.
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FIGURE 1. (A) ROC curve of neural network 48–39–1. (B) Garson’s weighted importance of the variables of neural network 48–39–1.


The results of the Garson test are presented in Figure 1B. Application score, vulnerability index, regime, gender, and population segment were the five variables that showed a relative importance greater than 5%, where the application score and vulnerability index resulted to be the most important for the model. Also, these variables explained more than 80% of the model.

Chi-squared test and ANOVA’s p-values are presented in Table 2. The application score and the vulnerability index of the students who passed the leveling course were significantly different from those who failed. Also, it is noted that disability, province, and ethnicity are not only variables with less relative importance according to the Garson test but also independent of student failure according to the chi-squared test. Additionally, regime is not independent of application priority, application instance, assignation instance, school type, and province, then, when including regime in the new model, the effect of the aforementioned five variables will be considered indirectly.


TABLE 2. Chi-squared test and ANOVA’s p-values of the twelve predictor variables.

[image: Table 2]According to the results presented above, a dimension reduced model was trained with the variables application score, vulnerability index, regime, gender, and population segment.

The dimension reduced ANN model had seven neurons in the input layer and one neuron in the output layer. The highest performance for this model was achieved with four neurons in the hidden layer, which resulted in a 7–4–1 architecture. The classification accuracy for this model was 0.745, while precision and recall were 0.883 and 0.778, respectively. Also, the area under the ROC curve, shown in Figure 2A, was 0.791. The dimension reduced model was not only far simpler than the initial one but also higher on classification performance.
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FIGURE 2. (A) ROC curve of neural network 7–4–1. (B) Garson’s weighted importance of the variables of neural network 7–4–1.


The results of the Garson test for the dimension reduced model are presented in Figure 2B, which indicates that all the five chosen variables had a relative importance greater than 5%, and, again, the two most important were application score and vulnerability index.



DISCUSSION

The purpose of this study was to identify as early and reliable as possible students that might fail the academic leveling course. Even though both models did not achieve a classification accuracy higher than 0.800, the dimension reduced model could be used as a guide to lead intervention policies so that the high rates of failure in the academic leveling course would decrease (Marbouti et al., 2016).

There are multiple reasons why both models could not classify correctly failing students. First, from a theoretical perspective, it is not possible to accurately model student failure because more factors could influence this phenomenon and it is almost impossible to include them all in the model. Therefore, any model will have limitations, resulting in misclassifying problems (Vandamme et al., 2007; Marbouti et al., 2016). Another reason is that biased and unbalanced data can significantly influence the classification performance of a model. However, for machine learning algorithms, omitting variables that have bias and balancing data should be performed cautiously (Cawley and Talbot, 2010). For instance, in this study, the variables ethnicity, province, and population segment have a considerable bias since 93.7% of the students self-identifies as mestizo, 83.9% comes from Pichincha, and 92.4% belongs to general population. Nevertheless, although ethnicity and province were not considered in the dimension reduced model, population segment was actually included to train this model. This is because, according to historical information from the Escuela Politécnica Nacional, students of affirmative action are more likely to fail the leveling course in comparison to students from other population segments. Thus, omitting variables that have bias and balancing data should only be done to decrease the bias in the sample data and make them more closely represent the real population. In fact, if population segment had not been included in the model, the omitted-variable bias would have occurred (Cawley and Talbot, 2010).

On the other hand, the variables that describe students’ behaviors were not considered in this study. This information is of utmost importance since aspects such as previous motivation and the attitude with which students face their studies might be decisive when defining student success. However, variables that describe behavior are very likely to vary over time, so the model might present different results depending on the stage in which it is used (Marbouti et al., 2016; Helal et al., 2018; Mason et al., 2018). This last statement raises the question of whether an early diagnosis of student failure is effective.

Identifying students at risk of failing as early as possible is crucial. Nevertheless, there is important information that is generated as the semester elapses. Student academic performance during the semester might be the best indicator of student success, but predictions based only on this information could provide results when there was not enough time to help students in need of academic support. Furthermore, predictions made too early are likely to be somewhat inaccurate (Helal et al., 2018; Yang and Li, 2018). Thus, in future research, finding the optimal time to utilize a prediction model should be an important point to focus on. Besides, this whole process should be kept as simple as possible so that time and resources would be optimized, and that is one of the most important reasons why the dimension reduced model turns out to be more attractive in terms of applicability (Mason et al., 2018).

The variables considered in the dimension reduced model not only describe socioeconomic as well as academic factors but also confirm their historical influence on student failure. Thus, for example, according to historical data, women have a higher failure rate compared to men, and students with a lower application score and in a situation of vulnerability tend to fail the leveling course. Also, students from the Costa regime are more likely to fail the leveling course in comparison to students from the Sierra regime (Sandoval et al., 2018, 2019). In this context, interventions by the government and the university should aim to mitigate students’ economic difficulties, through financial aid or the strengthening of scholarship programs. On the other hand, regarding academic factors, efforts should focus on offering academic support before the academic leveling course as well as peer tutoring programs during the semester so that student failure and even dropout rates would decrease.



CONCLUSION

This study took the first step in identifying factors that influence student failure in the academic leveling course of the Escuela Politécnica Nacional of Ecuador. A dimension reduced artificial neural network was modeled from five variables containing students’ academic and socioeconomic information. The variables used for training this model were application score, vulnerability index, regime, gender, and population segment. The model correctly classified 74.5% of the students that actually failed the leveling course, then, even though the model does not reach the maximum classification performance, it could be used as a guide to lead intervention policies, such as financial aid or academic support, so that the high failure rates in the academic leveling course would decrease.
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(Min, Max) Mean (SD) (Min, Max) Mean (SD) (Min, Max) Mean (SD)
TP Training (0.18,0.95) 0.697 (0.208) (0.59,0.97) 0.815 (0.103) (0.59,0.95) 0.767 (0.114)
Validated (0.14,0.88) 0.552 (0.187) (0.40,0.91) 0.698 (0.124) (0.40,0.87) 0.635 (0.116)
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Validated (0.32,0.88) 0.602 (0.146) (0.40,0.88) 0.649 (0.116) (0.40,0.87) 0.635 (0.116)
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Dimensions Non-standardized coefficients Standardized coefficients t p Collinearity tests
B Standard error Beta T VIF
Academic self-concept 0.273 0.035 0.480 7.759"* 0.001 0.530 1.888
Social self-concept —0.004 0.049 —0.005 —0.078 0.938 0.592 1.689
Self-esteem —0.021 0.028 —0.038 —0.744 0.458 0.771 1.297
Family self-concept 0.069 0.052 0.073 1.330 0.185 0.681 1.469
Physical self-concept —0.189 0.038 —0.273 —4.968"** 0.001 0.672 1.488
Conscientiousness 0.039 0.018 0.133 2105 0.036 0.505 1.979
Agreeableness 0.013 0.018 0.046 0.714 0.476 0.496 2.017
Emotional instability —0.018 0.015 —0.067 —1.240 0.216 0.691 1.447
Intellect/Imagination 0.045 0.017 0.153 2578 0.010 0.577 1.733
Extraversion 0.012 0.018 0.038 0.647 0.518 0.592 1.690
Intrapersonal 0.009 0.017 0.026 0.529 0.597 0.822 1.217
Interpersonal 0.018 0.022 0.049 0.839 0.402 0.590 1.695
Stress management 0.002 0.019 0.006 0.104 0.917 0.580 1.723
Adaptability 0.054 0.020 0.162 2.693* 0.007 0.562 1.781

**p < 0.001, *p < 0.01, *p < 0.05. TI, tolerance index; VIF, variance inflation factor.
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Dimensions Non-standardized coefficients Standardized coefficients t p Collinearity tests
B Standard error Beta T VIF
Academic self-concept 0.266 0.035 0.470 7.556* 0.001 0.530 1.888
Social self-concept 0.024 0.049 0.029 0.496 0.621 0.592 1.689
Self-esteem 0.014 0.028 0.025 0.481 0.631 0.771 1.297
Family self-concept 0.089 0.052 0.094 1.711 0.088 0.681 1.469
Physical self-concept —-0.170 0.038 —0.247 —4.471 0.001 0.672 1.488
Conscientiousness 0.009 0.018 0.031 0.480 0.632 0.505 1.979
Agreeableness —0.021 0.018 —-0.075 —1.164 0.245 0.496 2.017
Emotional instability —0.006 0.015 —0.020 —0.370 0.711 0.691 1.447
Intellect/Imagination 0.036 0.017 0.123 2.060" 0.040 0.577 1.733
Extraversion 0.021 0.018 0.067 1.144 0.253 0.592 1.690
Intrapersonal 0.037 0.017 0.107 2.138* 0.033 0.822 1.217
Interpersonal 0.000 0.022 0.001 0.016 0.987 0.590 1.695
Stress management 0.000 0.019 0.001 0.010 0.992 0.580 1.723
Adaptability 0.009 0.020 0.026 0.435 0.664 0.562 1.781

**p < 0.001, "p < 0.05. Tl, tolerance index; VIF, variance inflation factor.
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Dimensions Non-standardized coefficients Standardized coefficients t p Collinearity tests
B Standard error Beta T VIF
Academic self-concept 0.297 0.037 0.490 7.940* 0.001 0.530 1.888
Social self-concept 0.018 0.052 0.020 0.344 0.731 0.592 1.689
Self-esteem 0.032 0.030 0.054 1.063 0.293 0.771 1.297
Family self-concept 0.110 0.055 0.108 1.993* 0.047 0.681 1.469
Physical self-concept —0.235 0.040 —0.318 —5.810"* 0.001 0.672 1.488
Conscientiousness 6.452E-5 0.020 0.000 0.003 0.997 0.505 1.979
Agreeableness —0.028 0.019 —0.092 —1.450 0.148 0.496 2.017
Emotional instability —0.004 0.016 —0.014 —0.252 0.801 0.691 1.447
Intellect/Imagination 0.037 0.018 0.120 2.028" 0.044 0.577 1.733
Extraversion 0.003 0.020 0.010 0.169 0.866 0.592 1.690
Intrapersonal 0.040 0.019 0.107 2.165* 0.031 0.822 1.217
Interpersonal 0.003 0.023 0.007 0.120 0.904 0.590 1.695
Stress management 0.010 0.020 0.029 0.497 0.619 0.580 1.723
Adaptability 0.029 0.021 0.082 1.377 0.170 0.562 1.781

**p < 0.001, "p < 0.05. Tl, tolerance index; VIF, variance inflation factor.
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Subjects

Natural sciences

Spanish language
and literature

Mathematics

Gender

Boy

Girl

Total

Boy

Girl

Total

Boy

Girl

Total

Cultural group

Amazigh
European
Total
Amazigh
European
Total
Amazigh
European
Total
Amazigh
European
Total
Amazigh
European
Total
Amazigh
European
Total
Amazigh
European
Total
Amazigh
European
Total
Amazigh
European
Total

Mean

3.10
3.31
3.17
3.35
3.31
3.33
3.23
3.31
3.26
3.13
3.24
3.17
3.45
3.54
3.48
3.30
3.39
3.33
3.09
3.15
3.11
3.22
3.36
3.27
3.16
3.26
3.19

SD

1.41
1.11
1.31
1.26
1.50
1.34
1.33
1.32
1.33
1.29
1.24
1.27
1.16
1.27
1.20
1.28
1.26
1.24
1.27
1.20
1.24
1.22
1.33
1.25
1.24
1.27
1.08

123
69
192
142
73
215
265
142
407
123
69
192
142
73
215
265
142
407
123
69
192
142
73
215
265
142
407
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Variables Cultural origin

European Amazigh Total Age

N % N % N % Mean SD

Gender
Boy 69 35.9 123 64.1 192 47.2 10.77 0.70
Girl 73 34.0 142 66.0 215 52.8 10.70 0.63
Grade
Fifth 59 30.4 135 69.6 194 47.7 10.23 0.47
Sixth 83 39.0 130 61.0 213 52.3 11.20 0.45
Total 142 34.9 265 65.1 407 100.0
Age Mean =10.78 Mean =10.71 Mean =10.74

SD =0.67 SD =0.67 SD =0.67
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Centers

Center 1
Center 2
Center 3
Center 4
Center 5
Center 6
Center 7
Center 8
Total

16
19
12

117
18
41

100
84

407
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Resolving groups identified Resolving groups identified Simulation without Simulation with ME, group

using a single cut-off using a buffer zone measurement error (ME), % ()
group % (N)

RC — no RD RC - noRD 1.04(15) 165 (24)
RC - RO2) 077 (1) 082(12)

RC - RF(b2) 025(4) 0418

RC - RF(b2) + RO(2) 025(4) 026(4)

RF(2) + RC - no RD 027 (4) 0426

RAF2) + RC - RC2) 021(3) 0243

RF(2) + RC - RF(2) 035(5) 036(5)

RF(2) + RC - RF(D2) + RCP2) 035(5) 022(3)

349 (50) 438 (63)

RF > no AD AF > noRD 039(6) 093(13)
RF - ROb2) 0.07 (1) 019

FF - RF(b2) 097 (14) 1.06(15)

AF - RF(b2) + RCW2) 024(3) 0266

RF + RO2) - no RD 011 026()

FF + RO(pz) - RO(2) 0.06(1) 011@

RF -+ RC2) — RF(oz) 041(6) 0.42(6)

FF + ROW2) - RF(D2) + ROW?) 022(3) 0190

247 36) 342 (49)

RF +RC — no RD. RF +RC - noRD 0.05(1) 015@2)
RF +RC — RCb2) 0.04 (1) 010(1)

RF + RC — RF2) 022(3) 028(4)

RF + RC - RF2) + RCE2) 021(3) 0200

052(8) 073 (10)

The number in parentheses shows the number of individuals based on the percentage for N = 1,432. The bold values show the total number of resolving cases.
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Late-emerging groups
identified using a single
cut-off

MO RD — RC

MoRD — RF

MO RD — RF 4 RC

The number in parentheses shows the number of individuals based on the percentage for N

Late-emerging groups
identified using a buffer zone

n0RD - RC
0D — RF(bz) + RC

ROlz) — RC

RClbz) — RF(o2) + RC

RF(o2) — RC

RF(oz) — A7) + AC

RF(b2) + RC(oz) + RC

RF(o2) + RO(2) — RFb2) + RC

n0RD — RF
noRD — RF + RCb2)

RClbz) — RF

RClbz) - RF + R

RF(02) - RF

RF(02) - RF + RCb2)

RF(b2) + RC(2) - RF

RF(02) + ROW2) - RF + RO(z)

n0RD - RF + RC
RC{bz) — RF + RC
RF(02) - RF + RC
RF(02) + RO(02) — RF + RC

‘Simulation without
‘measurement error, group
% (M)
1.69(24)
028(4)
110(16)
029(4)
0200
0284)
0210
035
4.38 (63)
029(4)
009 (1)
009 (1)
0,06 (1)
o0g2(12)
0264)
037(5)
0254)
223(32)
004(0)
006 (1)
0142)
02009
044(6)

‘Simulation with
measurement eror, group
% M
230(39)
042(0)
09814
0329
036(5)
025()
024
0220
5.09(73)
085(12)
0220
026()
0122
09213
0316
037(6)
020
32547
013@)
01101
0180
018@)
0.60(9)

1,432. The bold valves show the total number of late-emerging cases.
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Variable 1
1. Prior achievement 1
2. SET 0.09
3. Final achievement 0.16*

0.26™

N = 150. *p < 0.05; *'p < 0.01.
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Variable 1 2 3 M SD Skewness
1. Prior achievement 1 5.88 5.17 —0.98
2. SET ratings 0.03 1 3.99 0.70 —1.23

3. Final achievement 0.50"* 0.23** 1 28.08 6.71

—1.60

Kurtosis

1.95
2.16
0.96

N=1,538. “p < 0.01.
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Variable

Step 1

Constant

Prior achievement
RZ

F

Step 2

Constant

Prior achievement
SET

RZ

AR?

AF

7.26
0.81

—2.42
0.79
2.51

SE B

1.72
0.07

1.72
0.06
0.40

0.62**
0.27
145.95"

0.5
0.26™
0.34
0.07
100.42**

N =453. *p < 0.001.
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Variable 1 2 3 M SD

1. Prior achievement 1 25.48 4.31
2. SET ratings 03 1 4.01 0.70
3. Final achievement 0.52** 0.28* 1 27.79 6.71

N =453. "p < 0.01.
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Source

Academic achievement
Intra

Intra x gender

Intra x inter

Error intra

Inter

Error inter

Type 1l

0.863
0.367
70.195
216.224
143.635
1356.512

gl

225

225

0.902
0.384
73.384

23.824

0.343
0.536
0.000

0.000

2 partial

0.004
0.002
0.246

0.096

Obs. power

0.157
0.095
1.000

0.998





OPS/images/fpsyg-10-02920/fpsyg-10-02920-t003.jpg
M Experimental dt M Control dt p t gl

Academic performance 6.00 1.86 5.66 1.94 0.18 1.35 229
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Experimental
group

Control
group

1st-trimester
average score
(linguistics +
mathematics)
1st-trimester
average score
(linguistics +
mathematics)

Treatment

Final average score
(linguistics + mathematics)

Final average score
(linguistics + mathematics)
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Center Experimental

Gender

Male 60 (61.2%)
Female 38 (38.2%)
Total 98 (100%)

Control

77 (69.23%)
53 (40.77%)
130 (100%)

Total

137
91
228
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Score Observed Observed Infit Outfit Andrich Category

count average threshold  measure
0 411 —0.54 1.85 1.37 = —3.14
1 1037 —0.50 1.02 1.04 —1.62 —1.90
2 3143 —0.29 1.01 1,01 —1.49 —1.25
3 4889 —0.14 0.98 0.99 —0.65 —0.83
4 10994 0.03 0.99 0.99 —0.86 —0.46
5 15014 0.19 0.93 0.91 -0.19 —0.10
6 23062 0.40 0.97 0.96 -0.13 0.29
7 19242 0.63 0.96 0.96 0.69 0.73
8 22196 0.91 0.97 0.97 0.61 1.28
9 12055 1.22 1.02 1.01 1.66 2.07
10 6855 1.67 1.10 1.06 1.98 3.44
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Examinations

Chemistry
Geography

Physics

Applied mathematics to social sciences
Biology

Technical drawing
Spanish language
Art history

Valencian language
Latin language
History of philosophy
English language
Economy

History of Spain
Mathematics

Difficulty

—0.09
—0.23
—0.30
—0.33
—0.35
—0.41
—0.45
—0.47
—0.52
—0.60
—0.64
—0.68
-0.73
—0.78
—0.83

Infit

0.94
1.43
1.22
1.25
0.92
1.68
0.70
1.24
0.70
1.16
1.29
1.15
0.98
0.89
1.28

Outfit

0.93
1.42
1:21
1.24
0.90
1.56
0.72
1.28
0.72
1.14
1.25
1.14
0.97
0.91
1.22
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Alicante Valencia Castellon Total participants Total mean
Subject Participants Mean (SD) Participants Mean (SD) Participants Mean (SD)
German language 1 7(-) 8 7.63 (1.57) 1 9.3 (-) 10 7.74
Scenic arts 53 7.38 (1.47) 87 7.13(1.34) 18 6.95 158 719
Biology 1745 6.19(2.18) 2652 6.43 (2.15) 526 5.77 (2.34) 4923 6.28
Spanish language 6123 6.42 (1.65) 9510 6.14 (1.68) 2059 6.34 (1.66) 17692 6.26
Audiovisual culture 217 7.12(1.56) 388 6.95 (1.67) 43 6.99 (1.26) 648 7.01
Design 187 7.08 (1.43) 328 6.27 (1.55) 45 6.59 (1.15) 560 6.56
Technical drawing 697 6.18 (2.34) 1348 6.50 (2.41) 218 6.83 (2.14) 2263 6.32
Economy 1698 6.47 (2.05) 3012 6.69 (1.91) 617 6.85 (1.87) 5327 6.64
Fundamentals of arts 249 6.78 (2.3 392 6.78 (2.09) 70 6.11 (2.04) 711 6.71
Physics 1505 6.31(2.41) 2312 6.35 (2.42) 457 6.43 (2.26) 4274 B:35
French language 161 7.43 (1.51) 231 8.14 (1.30) 78 8.42 (1.17) 465 7.94
Geology 94 8(1.85) 69 5:18:(2:18) 14 6.33 (2.19) 177 5.6
Geography 1622 5.15 (2.41) 2882 5.57 (2.42) 600 5.02 (2.36) 5104 5.4
Greek language 539 6.62 (2.48) 730 6.39 (2.21) 155 6.67 (1.94) 1424 8.5
History of arts 715 5.79 (2.42) 926 6.10 (2.21) 181 6.35 (2.14) 1822 6
History of Spain 6124 7.03 (1.68) 9515 6.89 (1.66) 2060 6.97 (1.47) 17699 6.95
History of philosophy 780 6.38 (2.30) 1155 6.38 (2.16) 226 6.75 (2.33) 2161 6.42
English language 5960 6.71(1.97) 9267 6.76 (1.92) 1986 6.86 (1.89) 17213 6.76
ltalian language 4 4(1.24) 4 9.06 (0.89) 0 - 8 8.23
Latin language 864 6.42 (2.18) 1098 6.31 (2.08) 249 6.91 (1.89) 1611 6.42
Mathematics 3180 717 (2.12) 5036 7.21(2.16) 1074 7.40 (2.09) 9290 7.22
Applied mathematics 3180 5.47 (2.28) 3833 5.77 (2.25) 846 5.92 (2.06) 7859 5.69
to social sciences
Chemistry 2182 5.70 (2.30) 3383 5.5 (2.31) 675 6.12 (2.22) 6240 877
Valencian language 4747 6.47 (1.54) 9048 6.38 (1.52) 1964 6.42 (1.63) 15759 6.42

N, number of participants;, M, mean; SD, standard deviation.





OPS/images/fpsyg-11-00127/fpsyg-11-00127-g001.jpg
MEASURE PERSON - MAP - ITEM
<more>|<rare>
2 .+
-
# |
-
#HT|
# |
|
1 HHE +
|
S|
At |
G|
HtHHAHY |
A
O i M+
Mt | CHEM
it | BIO PHY GEO APM
i | SPL TED  ARH
M | HPHI LAT VAL
A | ECO - HSP ENG
M | MAT
-1 i+
|
.
sl

<less>|<freq>





OPS/images/fpsyg-11-00127/fpsyg-11-00127-e000.jpg
Ln(Pyjj/Puii—1)) = By — DiFjj = By —Dj





OPS/images/fpsyg-11-00127/cross.jpg
3,

i





OPS/images/fpsyg-10-03050/fpsyg-10-03050-t002.jpg
Boys
Model 1

Model 2

Model 3

Girls

Model 1

Model 2

Model 3

Negative feelings

Negative feelings
Anxiety

Negative feelings
Anxiety
Competence

Negative feelings

Negative feelings
Competence

Negative feelings
Competence
Intrinsic Motivation

2
R adjust

0.131

0.176

0.194

0.080

0.093

0.103

AR2

0.133

0.046

0.020

0.082

0.015

0.012

—0.365

—0.253
—0.242

—0.207
—-0.192
0.162

—0.287

—0.228
0.134

—0.267
0.225
—0.159

tp <)

—8.299"*

—5.228"*
—5.0117

—4.156"*
—3.819"*
3.301%

—6.322"*

—4.525"*
2.670™

—5.087"*
3.625"*
—2.667

*p < 0.01 and *p < 0.001.
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1. Perceived competence
2. Intrinsic motivation

3. Negative feelings

4. Anxiety

5. Academic performance
M

SD

Asymmetry

Kurtosis

0.682
—0.432
—0.4092

0.282

4.04

0.75
—0.89

0.79

—0.50°
—0.442
0.192

3.71
0.86
—0.50
—0.18

0.472
-0.332
1.77
0.87
1.27
1.44

—0.292
2.10
1.07
0.93
0.10

3.41
1.27
—0.43
—0.91

ap < 0.01.
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Dimension Singular value Inertia Chi-squared Sig. Proportion of
inertia

1 0.203 0.041 0.919

2 0.049 0.002 0.054

3 0.035 0.001 0.027

Total 0.045 46.523 0.000* 1.000

*Df=12, N = 1037.
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Dimension Singular value Inertia Chi-squared Sig. Proportion of
inertia

1 0.458 0.041 0.881

2 0.147 0.002 0.091

3 0.082 0.001 0.028

Total 0.045 46.523 0.000* 1.000

*Df=12, N = 1037.
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Standardized coefficients df F Sig.
B Estimation of sample simulation (1000) of standard error

| feel that what | learned previously in secondary school is 0.098 0.063 1 2.431 0.119
sufficient to deal with this first university year
| think that the study techniques used up to now have been 0.106 0.036 2 8.806  0.000
adequate
| am more interested in studying now than | was in secondary 0.047 0.060 2 0.616  0.540
school
| feel satisfied with my choice of program 0.364 0.044 3 68.924  0.000
| have good attendance, | attend most of the classes in the 0.093 0.067 2 1.938 0.144
university
| keep up to date with my subjects —0.051 0.046 3 1.229 0.288
| am very interested in the program content 0.081 0.056 2 2103 0.122
| try to get the best marks possible 0.059 0.039 4 2.211 0.066
| look into the topics we deal with in class in order to know —0.049 0.063 2 0.605 0.546

more about the subject
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Model 1

School year: 1st year (n = 465)

Intellectual ability
Gender (0 girl, 1 boy)
Perceived competence
Perceived utility

Intrinsic motivation
Motivation for success
Anxiety

Internal causal attribution
External causal attribution
R2

AR?

0.403***

0.162

School year: 2nd year (n = 487)

Intellectual ability
Gender (0 girl, 1 boy)
Perceived competence
Perceived utility

Intrinsic motivation
Motivation for success
Anxiety

Internal causal attribution
External causal attribution
R2

AR?

0.367**

0.134

School year: 3rd year (N = 731)

Intellectual ability
Gender (0 girl, 1 boy)
Perceived competence
Perceived utility

Intrinsic motivation
Motivation for success
Anxiety

Internal causal attribution
External causal attribution
R2

AR?

0.259"*

0.067

School year: 4th year (n = 682)

Intellectual ability
Gender (0 girl, 1 boy)
Perceived competence
Perceived utility

Intrinsic motivation
Motivation for success
Anxiety

Internal causal attribution
External causal attribution
R2

AR?

0.250"

0.062

Model 2

0.408™*
—0.085"*

0.169
0.070

0.372"
~0.143*

0.155
0.021

0.257"
~0.126"*

0.083
0.016

0.264"*
—0.117"*

0.076
0.014

Model 3

0.305™*
—0.058
0.222***
0.089
—0.029
0.068
0.019
—0.162"
—0.031
0.344
0.175

0.260™*
—0.183"*
0.149
0.078
—0.013
0162
0.130™*
—0.119"
0.075
0.323
0.169

0.204**
—0.164"*
0.271**
0.106™*
—0.013
0.107*
—0.010
0.052
—0.024
0.223
0.140

0.207
—0.139"*
0.184*
0.073
—0.039
0:213*
—0.056
—0.041
0.036
0.206
0.130

“*ip < 0.001.
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Girls (n = 1180)
Intellectual ability

School year (1st to 4th)
Perceived competence
Perceived utility

Intrinsic motivation
Motivation for success
Anxiety

Internal causal attribution
External causal attribution
R2

AR?

Boys (n = 1185)
Intellectual ability

School year (1st to 4th)
Perceived competence
Perceived utility

Intrinsic motivation
Motivation for success
Anxiety

Internal causal attribution
External causal attribution
R2

AR?

Model 1 Model 2

0.230"** 0.280"*
—0.232
0.053 0.104
0.051
0.283"** 0.346™*
—0.257
0.080 0.143
0.062

Model 3

0.204***
—0.110"
0.203"*
0.067
—0.008
0.136™*
0.051
—0.034
—.022
0.228
0.124

0.270*
—0.129"*
0.239"*
0.136™*
—0.047
0.167
—0.036
—0.048
—0.035
0.306
0.164

**p < 0.001.
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Intellectual ability
Gender (0 girl, 1 boy)
School year (1st to 4th)
Perceived competence
Perceived utility

Intrinsic motivation
Motivation for success
Anxiety

Internal causal attribution
External causal attribution
R2

AR?

Model 1 Model 2

0.251* 0.3127
—0.118"
—0.243"
0.063 0.131
0.068

Model 3

23
—0.135"*
—0.119"
0.215"*
0.099*
0.153*
—0.025
0.010
—0.005
—0.042*
0.269
0.138

0 < 0.05, *'p < 0.001.
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Variable SIG ESCS GENDER_girl IMMIG_yes SCHLTYPE_pub SCHSIZE STRATIO CLSIZE TDTEACH_S IBTEACH_S TEACHSUP_S

COGWB SIG (N°) 35 34 18 5 0 7 4 19 17 17
POSITIVE (N°) 35 3 13 3 0 3 4 19 17 15
JOYSCIE SIG (N°) 33 25 16 6 6 9 7 29 12 17
POSITIVE (N°) 33 2 15 2 0 6 6 28 10 15
SCIEEFF SIG (N°) 35 30 13 9 7 6 5 13 18 8
POSITIVE (N°) 35 1 12 3 0 4 3 11 18 4
INSTSCIE SIG (N°) 31 19 14 5 3 6 3 4 14 17
POSITIVE (N°) 31 7 14 3 0 4 2 3 14 16
MOTIVATE SIG (N°) 34 26 22 12 7 3 6 12 6 10
POSITIVE (N°) 34 12 21 4 0 2 4 9 3 8
ANXTEST SIG (N°) 28 35 15 6 5 4 7 4 7 10
POSITIVE (N°) 0 35 13 4 0 1 5 3 2 3
COOPERATE  SIG (N?) 33 34 12 9 10 4 11 20 4 13
POSITIVE (N°) 33 34 9 3 0 1 7 19 1 12

SCIE, science performance; COGWB, cognitive well-being; JOYSCIE, enjoyment of science; SCIEEFF, science self-efficacy; INSTSCIE, instrumental motivation in science; MOTIVATE, achievernent motivation; ANXTEST,
test and learning anxiety; COOPERATE, enjoy cooperation;, ESCS, economic, social, and cultural status;, GENDER_girl, gender (the student is a girl);, IMMIG_yes, (the student is an immigrant); SCHLTYPE_pub, school
type (the school is public); SCHSIZE, school size; STRATIO, student-teacher ratio; CLSIZE, class size; TDTEACH_S, teacher-directed science instruction (school level);, IBTEACH_S, inquiry-based science teaching and
learning practices (school level); TEACHSUP_S, teacher support of students’ choices in science classes (school level).
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ESCS 19.65"**
GENDER_girl —8.08***
IMMIG_yes —18.29"**
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SCHLTYPE_pub —11.63"*
STRATIO 0.00
SCHSIZE 0.00
CLSIZE 0.46"*
TDTEACH_S 52,595
IBTEACH_S —27.20"*
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.02 0.02% 0.45% 0.0
0.09" 0.19%* 0.08" 0.06"*
0.01 —0.08"* 0.03* —0.05"*
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0.94(96%) 0.81(87%) 0.87(94%) 0.94(97%)
0.04(4%) 0.12(13%) 0.06(6%) 0.03(3%)

“*Significant at p < 0.01; *significant at p < 0.05; NS, not significant. CNTSCHID, country school ID; PVSCIE, science performance; COGWB, cognitive well-being;
JOYSCIE, enjoyment of science; SCIEEFF, science self-efficacy; INSTSCIE, instrumental motivation in science; MOTIVATE, achievement motivation; ANXTEST, test and
learning anxiety; COOPERATE, enjoy cooperation; ESCS, economic, social, and cultural status; GENDER_girl, gender (the student is a girl); IMMIG_yes, (the student is an
immigrant); SCHLTYPE_pub, school type (the school is public); SCHSIZE, school size; STRATIO, student-teacher ratio; CLSIZE, class size; TDTEACH_S, teacher-directed
science instruction (school level); IBTEACH_S, inquiry-based science teaching and learning practices (school level); TEACHSUP_S, teacher support of students’ choices

in science classes (school level).
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TEACHER SUPPORTS considered to date in the MOCSE context

Teacher support (1) Acad. (2) Inter. (@) Intra. Item example

(1) Content comprehension support . “The teacher's explanations are clear and understandable”.

(2) Motivational support % “From the beginning, the teacher made an effort to arouse our curiosity
and interest in this subject”.

(8) Formative evaluation (teacher . “The evaluation system attaches much importance to students’

feedback) continued work and the teacher's feedback”.

(4) Relational support . “The teacher comes over as being willing and open to dialogue”’.

(6) Competence support “From the beginning, the teacher has conveyed to us the idea that we

are all qualified to pass this subject if we propose to do so'.

(6) Recognition support . “When we do things right, this teacher values it and praises us for it”.

(7) Assisting students to improve L “The teacher has guided us how to learn more and be better in this

achievemnent (study guidance) subject”.

(8) Autonomy support i “The teacher gives us a chance to focus and organize the work of the
topics as we wish’.

(9) Providing didactic resources to B “The teacher has provided us with enough varied materials to study and

study support work on this subject”.

(10) Teacher's accessibilty “This teacher quickly and effectively answers the questions raised by

students”.

*Indicates the clessroom level affected by such support. (1) Acad., academic level of the educational setting; (2) Inter., interpersonal level of the educational setting; (3)
Intra., intrapersonal level of the educational setting.
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Unit of analysis: Educational setting Segment of analysis: Subject-course
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SCIE COGWB JOYSCIE SCIEEFF INSTSCIE MOTIVATE ANXTEST COOPERATE

Gross school effect

Total OECD school effect 39.0% 9.0% 9.0% 5.0% 7.0% 3.0% 8.0% 5.0%
Min school effect 5.0% 2.2% 21% 1.7% 0.5% 0.5% 0.6% 1.0%
Max school effect 62.1% 13.7% 10.7% 7.2% 12.6% 9.3% 10.0% 6.3%
Net school effect

Total OECD school effect 25.0% 9.0% 8.0% 5.0% 7.0% 3.0% 8.0% 4.0%
Min school effect 3.6% 0.8% 0.9% 0.4% 0.3% 0.3% 0.4% 0.3%
Max school effect 41.5% 10.8% 8.6% 3.9% 11.8% 8.7% 10.3% 6.0%

ICC, intraclass correlation coefficient; SCIE, science performance; COGWB, cognitive well-being;, JOYSCIE, enjoyment of science; SCIEEFF, science self-efficacy;
INSTSCIE, instrumental motivation in science; MOTIVATE, achievement motivation; ANXTEST, test and learning anxiety; COOPERATE, enjoy cooperation.
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Abbreviations Country R2 Beta

COGWB MATWB MOTIVATE ANXTEST COOPERATE

Total OECD 0.224 17.88" 31.44 0.41* —12.24* 4.35"
AUS Australia 0.238 28.73 25.69"* 5.256™* —8.85™* 2.00"*
AUT Austria 0.247 16.417 34.56"* 2.28™* —16.02* 1.74™
BEL Belgium 0.256 20.07 38.00* —5.73* —10.12"* 7.98"*
CAN Canada 0.197 21.77 21.22°* 5.16™* —11.67"* 1.39"
CHL Chile 0.241 4.93"* 29.52"* 5.95"* —18.01™ 8.50"*
CZE Czech Republic 0.317 14.69"* 42.68"* 6.47* —15.94"* 8.46™
DNK Denmark 0.280 21.76™ 26.05" 12.417 —14.40"* 1.83"
EST Estonia 0.273 16.64" 22,74 9.65™* —17.89"* 5.65™*
FIN Finland 0.262 2439 23.68* 172 —20.38™* NS
FRA France 0.279 22.00 36.99"* NS —10.44"* 9.44*
DEU Germany 0.184 18.03"** 39.22 1147 —12.93"* 6.69"*
GRC Greece 0.247 18.66"* 273 9.35"* —17.87 510w
HUN Hungary 0.295 3.26" 43.61 7.54* —12.87* 10.62™
ISL Iceland 0.229 17.16™ 14.48™ 12.56™ —16.23"* 2.30x
IRL Ireland 0.220 27.457 23.42 7.55™* —13.31* —-1.19™
ISR Israel 0.258 13117 29.564 2.64* —6.88™* —0.50x
ITA Italy 0.277 15.98"* 30.97 —1.58"* —9.20"* 9.08™*
JPN Japan 0.214 23.89" 2437 571 —1.80"* —0.88*
KOR Korea 0.130 25.08" 25.06"* 11.60™* 12K —1.36"
LVA Latvia 0.180 10.80"** 23.41 11.16™ —18.23"* 12.67
LUX Luxembourg 0.168 17.35" 39.38"* NS —16.33"* 6.02*
MEX Mexico 0.209 4.68"* 1747 8.64™* —12.43"* 5.16™*
NLD Netherlands 0.341 23.29" 36.80* 6.69* =171 4.89"*
NZL New Zealand 0.192 27.67 29.33"* 3.61"* —15.71* 171
NOR Norway 0.173 24.57 24.94 9.03** —11.76"* 3.42"
POL Poland 0.198 12.96"* 28.40 9.91 —15.64"* 7.03"*
PRT Portugal 0.228 18.02"** 30.10"* 13.60™* —15.43"* —1.87**
SVK Slovak Republic 0.247 11.03"* 34.18* 11.297 —9.54"* 14.63™
SVN Slovenia 0.197 7. 10 33.63* 697 —12.89™* 10:96*
ESP Spain 0.287 20.62 24507 10.44 —16.14* 5.24™
SWE Sweden 0.224 22.96" 29.19" 6.33"* —9.23"* 2.95"
CHE Switzerland 0.201 18.64* 39.44 2.06™* —13.14* 4.49™
TUR Turkey 0.226 10.87*** 26.58"* 4.36* —5.14* 6.19"*
GBR United Kingdom 0.188 2001 28.21 —0.37 —6.30"* 1.99"
USA United States 0.182 18.35" 26.93* 0.26"* —10.71* 221

**Significant at p < 0.01; *significant at p < 0.1; NS, not significant. COGWB, cognitive well-being; MATWB, material well-being; MOTIVATE, achieverent motivation;
ANXTEST, test and learning anxiety; COOPERATE, enjoy cooperation.





OPS/images/fpsyg-11-00431/fpsyg-11-00431-t005.jpg
x2 CFI TLI RMSEA  SRMR

Total OECD 144701. 688" 0.957 0.953 0.038 0.036

“Significant at p < 0.01; CFl, comparative fit index (CF); TLI, Tucker-Lewis index;
RMSEA, root mean square error of approximation;, SRMR, standardized root mean

square residual.
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Level

Student level

School level

Variable

Economic, social, and cultural status

Gender

Immigration status

Grade

School type

Student-teacher ratio

School size

Class size

Teacher-directed science instruction (school level)
Inquiry-based science teaching and learning practices
(school level)

Teacher support of students’ choices in a science classes
(school level)
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Level

Student level

School level

Variable

Economic, social, and cultural status

Gender

Immigration status

Grade

School-level economic, social, and cultural status





OPS/images/fpsyg-11-00431/fpsyg-11-00431-t002.jpg
Dimension Constructs

Cognitive dimension Enjoyment of science
Instrumental motivation in science
Science self-efficacy
Interest in broad science topics
Material dimension Parental occupation
Physical resources at home
Shortage of educational material
Shortage of educational staff
Index proportion of all teachers fully certified
Total number of all teachers at school
Physical dimension Eating breakfast/dinner
Exercise or practice sport outside of school
Psychological dimension Overall life satisfaction
Achievement motivation
Students’ career and educational expectations
Test and learning anxiety
Social dimension Belongingness at school
Relationship with teachers: teacher faimess

Collaboration and teamwork dispositions: enjoy
cooperation

Collaboration and teamwork dispositions: value
cooperation

Bullying
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Abbreviation

AUS
AUT
BEL
CAN
CHL
CZE
DNK
EST
FIN
FRA
DEU
GRC
HUN

OECD total

Country

Australia
Austria
Belgium
Canada
Chile

Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Iceland
Ireland

Israel

ltaly

Japan

Korea

Latvia
Luxembourg
Mexico
Netherlands
New Zealand
Norway
Poland
Portugal
Slovak Republic
Slovenia
Spain
Sweden
Switzerland
Turkey
United Kingdom
United States

Total

14,530
7,007
9,651
20,058
7,053
6,894
7,161
5,587
5,882
6,108
6,504
5,532
5,658
3,371
5,741
6,598
11,683
6,647
5,581
4,869
5,299
7,568
5,385
4,520
5,456
4,478
7,325
6,350
6,406
6,736
5,458
5,860
5,895
14,1567
5,712
248,620

% of girls

49
49
49
50
50
50
50
50
49
51
49
49
50
52
49
56
50
50
48
50
51
50
50
50
50
49
50
48
45
51
50
48
50
49
50
50





OPS/images/fpsyg-11-00431/fpsyg-11-00431-g002.jpg
Cognitive well-being

CEE VSN OEE VSN o B o AN

K Y90 o LD KN Y99 o IRER

o N ‘e RN Dl ¥NL Dl un.

BN 1HO KN 1HO O  1HO (OBl  1HO
EOEE IS K IMms o BEIS QM IMS

QN dS3 B dS3 QM dS3 - Qm dS3
EON  \N\S OEE NAS B NAS 2 O NS
O NS B INS K INS o B OIS
Ol 1yd o RE QH L¥d = D 14d

O 10d O 10d CH 10d e a 10d
CE 4ON 8 Kl 4ON 2 G 4ON 2 = CElEl dON

K ZN &£ O 1IN &£ B0 N & 2 EOE 12N

EOEE OIN - mOm N - om AN+ < Qm QN
G XN 2 = BOE AN £ m. M Xan 2 s EOE X3

By XN 2 = A xn 2 =~ o xn 7 = O XN

omm VA1 2 > X vAl 2 c a vAl 2 = Ol VAT

O N0Y 2 ° EEO 10 S oo O Yoy = 2 KH 4O
BN Nd S £ EENCEEN NdT S = Om Ndf g o Ol Ndf
e N = o Il = o Wl S KON V.
o IS m CEEEE YS| o 9 OmEmm 5 ¢ x o BN
OmE 1M 9 o a9 o O N O m D 1l

om sl O i “o IR & o1l £ o s
O \NNH S < BCEE NNH S i Ol NNH S 5 EECH NNH

DIl 041 & < B D4 & = CHE D45 & + CH DYO

"o NMEIEE 1 nia 4 D nia 2 2 B N3

e ICTFEENG O vid O E vyd O e D vy

s NE T O N T anNdg " o a Ni

O ST OH 1S3 CH 1S3 © OE s3

CEE NG Dl NG QA YING 9 a NG

o eV Om 120 QN 370 ‘® O 10
K 1HD Kl 1HD Om 1HD I B 1HD

Ol YD) I \NYD Ol NYD it OE \YD

B 139 O 139 KO 13d Kl 139
O LNV KOl LNV B0 LNV B0 LNV
EECE SNV B snv CHE snv Ol SNV

%ST  %0T %S %0 %ST  %0T %S %0 %ST  %0T %S %0 %ST  %0T %S %0

O Adjusted school effects

W Gross school effects





OPS/images/fpsyg-11-00431/fpsyg-11-00431-g001.jpg
ANXTEST

Cognitive Psycological Material Social dimension
dimension dimension dimension
. JovscE ||| | HOMEPOS | |
| INSTSCIE ||| MOTIVATE | hie | |
| COOPERATE |
| SCIEEFF Il | | |
| Ml | | |






OPS/images/fpsyg-11-00431/cross.jpg
3,

i





OPS/images/fpsyg-11-515531/fpsyg-11-515531-t002.jpg
Variable

Appscore
Vulnind
Levpass
Gender
Popsgmnt
Regime
Ethnicity
Apprior
Appinstance
Assiginstance
Schooltype
Province
Disability

Levpass

0.000
0.001
0.007
0.034
0.000
0.144
0.000
0.001
0.000
0.001
0.089
0.180

Gender

0.377
0.136
0.063
0.469
0.018
0.030
0.026
0.195
0.127

Popsgmnt

0.000
0.005
0.198
0.005
0.028
0.596
0.000
0.403

Regime

0.037
0.000
0.006
0.000
0.000
0.000
0.000

Ethnicity

0.587
1.000
0.991
0.000
0.007
0.353

Apprior

0.001
0.000
0.156
0.958
0.043

Appinstance

0.000
0.001
0.976
0.649

Assiginstance

0.017
1.000
0.103

Schooltype

0.000
0.027

Province

1.000

Disability
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Variable

Gender

Ethnicity

Province
of origin

Population
segment

Regime

Academic
performance

Distribution

63.2% male

36.8% female

93.7% mestizo  0.9% Mulatto
2.7% indigenous  0.3% black

1.1% white 0.1% Montubio

1.0% 0.2% other

afro-descendant

83.9% Pichincha 1.2% Carchi 0.5% 0.1% Santa
Chimborazo  Elena

3.1% Tungurahua 1.1% Imbabura 0.5% 0.1% Zamora

Sucumbios  Chinchipe
2.8% Cotopaxi  1.0% El Oro 0.3% Guayas 0.1% Orellana
2.4% Santo 0.5% Azuay 0.3% Manabi
Domingo de los
Tséachilas
1.4% Esmeraldas 0.5% Bolivar ~ 0.2% Loja
92.4% general
population
5.6% affirmative
action
1.5% territorial
merit
0.5%
high-performance
group
35.9% Sierra
64.1% Costa
31.0% passed

69.0% failed
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Variables

School type

Family structure

Father’'s employment status
Accommodation status
Father’s job type

Mother’s employment status

Points

Public =0

Joint =0

No=0

Rented = 0
Unemployed = 0

Unemployed = 0

Private = 1
Nuclear = 1
Yes=1

Owned = 2

Government sector = 1
Private sector = 2

Employed = 1

High SES, score > 6; Low SES, score < 6; SES, socioeconomic status.
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Variables

SE Wald df Sig. Exp () 95% Cl
School-based everyday creativity 0.161 3902 1 0046 0725 0.528-0.994
Affect and communication 0053 2673 1 0.102 0917 0.826-1.017
Promotion of autonomy 0050 0.000 1 0986 0999 0.906-1.102
Behavioral control 0042 8288 1 0.004 0.887 0818-0962
Psychological control 0039 8387 1 0004 1.119 1.087-1.208
Seff-disclosure 0035 5392 1 0020 0922 0.861-0.987
Humor 0049 4152 1 0042 1.106 1.004-1218
Constant 0.881 9.839 1 0.002 15.871
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Variables

School-based everyday creativity
Affect and communication
Promotion of autonomy
Behavioral control

Psychological control
Self-disclosure

Humor

Contoit

-0546
-0.166
0.061
-0078
0.091
-0010
0.109
—0073

SE

0.198
0.057
0.055
0.045
0.044
0.040
0.057
0944

Wald

759

1224
3.080
4345
0.063
3.628
0.006

df

sig.

0.006
0.004
0.269
0079
0.037
0801
0.057
0.939

Exp ()

0579
0.847
1.063
0.925
1.095
0.9%0
1115
0.930

95% CI

0.393-0.854
0.757-0.948
0.954-1.185
0.847-1.009
1.005-1.193
0915-1.071
0.997-1.247
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Parental bonding quadrants

In addition to generating care and protection scores for each scale, parents can
be effectively “assigned” to one of four quadrants:

“affectionate constraint”
= high care and high protection

“affectionless control”
= high protection and low care

“optimal parenting”
= high care and low protection

“neglectful parenting”
= low care and low protection

Assignment to “high" or “low” categories is based on the following cut-off scores:

« For mothers, a care score of 27.0 and a protection score of 13.5.
« Forfathers, a care score of 24.0 and a protection score of 12.5.
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SEC AC PA BC PC SD HU

SEC  —

AC 012 -

PA 000 067" -

BC 010" 014" 002 -

PC -004 -031" -042" 029” -

SD 019" 0557 046" 0207 -047"  —

HU 010" 0657 0577 0147 -028" 051 -
M 217 1306 1280 128 920 1050 1269
SO 058 282 277 262 292 333 269

SEC, Schoot-based everyday creativity; A_C, Affect and communication; P_A,
Promotion of autonomy; 8_C, Behavioral control: P_C, Psychological control; S_D,
1U, Humor. Correlations and descriptive statstics (N = 742). 'p < 0.05;
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Failed subject t P
Yes No
N Mean s N Mean sD
School-based everyday creativity 481 2.12 058 215 228 053 -3.36 0.001
Affect and communication 481 1278 290 215 13.71 251 ~427 0.000
Promotion of autonomy 481 12557 281 215 13.35 258 -352" 0.000
Behavioral control a81 12,64 267 215 13.32 2.45 -32! 0.001
Psychological control 481 9.45 308 215 858 2.45 3.927 0.000
Self-disciosure 481 10.06 3.30 215 1145 322 -5.14 0.000
Humor 481 1252 276 215 13.03 2.48 —2.41 0016
Repeated year t P
Yes No
N Mean sD N Mean SD

School-based everyday creativity 149 201 058 552 222 056 -393" 0.000
Affect and communication 149 1224 325 552 13.28 265 -3.48" 0.001
Promotion of autonomy 149 12.36 2.80 552 12.92 274 -2.15 0.031
Behavioral control 149 1225 283 552 1301 255 -2.86" 0.005
Psychological control 149 9.69 321 552 9.06 284 2.10° 0.036
Self-disclosure 149 979 323 552 10.68 334 —2.84" 0.005
Humor 149 1248 314 552 1274 255 -0.94 0346

Descriptive statistics and t test by failed subject/repeated vear.
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Time 1 (T1) Time 2 (Tz)
Now 1 year from now
Realistic Optimal
Achievement Achievement

Best (L) at T

!

Measurement

Best (L)) at T,

!

Measurement
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Activation and Stimulation of

Enactment (AE) of

buoyancy (SB) of

|
| |
| |
| |
!
| . —}I Energy (E) ‘ —_—» . |
i optimizing agents = il B psychological |
. | (e.g., educational attributes (e.g., |
|
agent 1 1 |
: gent personal resolve) | A = A timespan of 3 weeks is set to achieve La.
A I B = A timespan of 2 months is set to achieve L;g.
. C = A timespan of 6 months is set to achieve L;c.
=
A &
Realistic Achievement Best (L) at T; » Optimal Achievement Best (L) at T
At -124)
B : ,
Realistic Achievement Best (L) at T X p Optimal Achievement Best (L2g) at T>
(L1—12B) .

> Optimal Achievement Best (Lyc) at T

Realistic Achievement Best (L) at T;

A(Ll ~12C) :
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Total EQ-i:YV(S)

Font

Intra

Intra x Inter
Error Intra
Inter

Error Inter

Type lll

486.87
184.89
3270.79
37.59
5314.87

gl

-

84

84

12.50
4.75

Significant

0.00
0.03

0.44

2 partial

0.13
0.05

0.00

Observed power

0.94
0.57

0.12
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Academic Performance

Font

Intra

Intra x Inter
Error Intra
Inter

Error Inter

Type lll

1.08
1.44
19.71
0.16
274.82

gl

84

84

4.61
6.14
0.23
0.05

Significant

0.03
0.01

0.82

2 partial

0.05
0.07

0.00

Observed power

0.56
0.69

0.05
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High Not selected Low Total
Stratified
High 75 34 0 109
Not selected 55 518 59 632
Low 0 62 68 130
Total 130 614 127 871
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Background variables®

Categorical variables N %
Ethnicity
White 7,331 49.02
Black 1,907 12.75
Hispanic 3,659 24.47
Asian 1,115 7.46
Others 908 607
Missing 34 023
Gender
Male 7,501 576
Female 7,330 49.02
Missing 33 022
Disability Status
Students without disability 8,613 57.60
Students with disabiity 2111 14.12
Missing 4,230 28.29
Poverty Status
Not poverty 8,597 57.49
Poverty 2,716 18.16
Missing 3,641 24.35
Parent Education Level
High school 2,940 19.66
Middle school or lower 1,736 11.61
College 4,447 29.74
Bachelor degree 2,731 18.26
Master degree or higher 1,748 11.69
ingle Parent Household
Not a single parent household 9,650 64.53
Single parent household 2,953 19.76
Missing 2,351 15.72
Teenage Mom
Not a teenage mom 9,105 689
Teenage mom 3,041 234
Missing 2,808 18.78
Continuous variables Mean sD
Age at entering the kindergarten 67.47 4.16
Household income 171 557
Parent occupational prestige 44.84 12.03
Outcome variables®
Reading—Kindergarten fall 46.91 11.54
Reading—Kindergarten spring 61.40 13.44
Reading—Grade 1 spring 84.59 15.50
Reading—Grate 2 spring 96.63 12.08
Math—Kindergarten fall 31.71 11.40
Math—Kindergarten spring 45.31 12.18
Math—Grade 1 spring 67.15 15.26
Math—Grate 2 spring 81.40 13.58

*Background variables were control variables in GCMs, including both categorical and
continuous variables.
bOutcome variables were outcome variables in GCMs.
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Reading model 1 Reading model 2 Math model 1 Math Model 2

Variance Components  Est. SE z° p® Est. SE z° p®  R2°  Est SE z° p® Est. SE z° p® R
Intercept 8645 250 3455 <001 6397 204 8142 <001 026 6765 1890 3588 <001 547 154 3288 <001 025
Siope 003 <001 1274 <001 003 <001 1222 <001 007 003 <001 1591 <001 003 <001 1590 <001 001
Covariance ¢ ~041 006 -675 <001 -028 005 525 <001 030 004 720 <001 030 004  7.89 <001
Residual 19821 24304 7949 <001 19219 2455 7990 <001 001 14084 17522 809 <001 13963 17348 849 <001 001
Total R?
074 078 076 079

Total R? change Total R? change

004 003

Model Fit Statistics
-2l 161246 159842 166955 154657

az is plausible z-value. p is the plausible p-value. °R? is pseudo R2. 9Covariance: covariance between the intercept and the slope.
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Dimension

Item Number
Health

FERINEN

Self-regulation

© o~ oo

Social and Emotional Development

10
1
12
13

Language and Literacy Development

14
15
16
17
18
19
Cogpition and General Knowledge
20
21
22
23
24
2
2
Approaches to Learning
27
28
29
30
31

Overall health
Health weight
Low birth weight
Premature

Dimensional change card sort
Numbers reversed
Attentional focus

Inhibitory control

Self-control

Interpersonal skils
Externalizing problems
Internalizing problems

Impulsive/overactive

Reading achievement
Language and literacy (story)
Language and literacy (etters)
Language and literacy (read)
Language and literacy (writing)
Language and literacy (print)

Mathematics achievernent
Mathematical thinking (sort)
Mathematical thinking (order)
Mathematical thinking (relationship)
Science (observe)

Science (classflies)

Science (lfe science)

Eagerness toleam
Adaptable
Persistence
Attention
Creativity
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N of pairs of categorical N of pairs of continuous N of pairs of categorical
items (%) items and continuous items
Fite 207(75.00%) 10(47.62%) 119(7.83%)
Unfito 60(25.00%) 11(52.38%) 49(20.17%)

3Fit: the absolute discrepancy between model-implied and data-implied correlation coefficients between paired items <0.15.
bUnfit: the absolute discrepancy between model-implied and data-implied correlation coefficients between paired items >0.15.

Total pairs of
items

336 (72.26%)
129(27.74%)
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Profile HEA

Positive development

Comprehensive at-risk

Personal and social strengths:

Cognitive and language strengths

Health strength

Cognitive, personal, and social strengths

o~ 0o0o0o

SR

~ oo -0 =

SED

~ 00 -0

oo +0o0 =

coG

~“ o0 ~0o0 =

APL

~“ 00 =0

4214
3566
2027
793
722
514

Proportion

28.18%
23.85%
19.57%
5.30%
4.83%
3.44%

HEA, health; SR, self-regulation; SED, social and emotional development; LAN, language development; COG, cognitive development; APL, approaches to learning. An entry of 0 means

off-track on the attribute; an entry of 1 means on-track on the attribute.
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Reading model 1 Reading model 2 Math model 1 Math model 2

Est. SE (i P’ Est. SE te P’ Est. SE e p’ Est. SE £ p’
ixed Effects
Intercept 42.08 058 7297 <001 3876 058 6725 <001 2680 050 5323 <001 2337 050 4645 <001
Ethnicity
Black 1.03 054 192 006 072 0.49 1.48 014 -237 047 -504 <001  -254 0.42 -597 <001
Hispanic -059 045 ~131 019 —027 0.41 ~0.65 051 -230 039 -583 <001  -1.90 036 -529 <001
Asian 508 077 657 <001 455 072 634 <001 255 067 3.80 <001 224 062 359 <001
Other 1.31 067 1.96 005 1.03 0561 1.68 009 068 059 1.16 025 048 053 090 037
K_age® 052 004 1361 <0.01 028 004 7.92 <001 070 003 2105 <001 049 003 1585 <0.01
Female 1.26 031 4.00 <001 030 029 1.01 031 -036 027 -138 o018 -134 025 -527 <001
Swp® —2.54 0.40 -633 <001  —1.21 0.7 -330 <001  -313 035 -894 <001  -189 032 -587 <001
Incorme © 0.16 005 3.15 <001 007 005 1.45 0.15 025 004 564 <001 0.16 004 409 <001
Poverty -1.23 058 -2.13 003 -097 053 -1.85 006 -0.97 051 -1.92 0.05 -o71 0.46 ~1.55 0.12
Parent
Education Level
Middle School —2.09 071 -294 <001  -164 0.65 -2.53 001 -1.94 062 313 <001  -158 057 -2.79 001
or Lower
College 1.27 0.47 278 001 091 0.42 2.15 003 1.15 0.41 281 <001 0.84 037 228 002
Bachelor 487 0.56 866 <0.01 358 051 697 <001 441 0.49 8.99 <001 329 045 735 <001
Master or higher ~ 6.32 066 958 <001 470 0.60 7.81 <001 590 058 1.26 <001 457 053 869 <001
Ocoupation 007 002 418 <001 005 001 329 <001 005 001 3.48 <001 003 001 250 001
Prestige ¢
Single Parent -1.78 0.44 -407 <001 -133 0.40 -336 <001  -143 038 373 <001  -098 035 -281 <001
Household
Teenage Mom -135 0.44 -307 <001  -093 0.40 -2.33 002 -1.06 038 -278 001 -077 035 -220 003
School
readiness
profile ¢
Positive 1193 0.42 2814 <001 1.83 037 2926 <001
development
Personal and 338 0.46 7.36 <001 434 04 182 <001
social strengths
Cognitive and 12 067 1515 <001 815 059 1388 <001
language
strengths
Health strength -148 076 -195 005 -1.95 066 -295 <001
Cognitive, 275 0.82 337 <001 529 071 742 <001
personal and
social strengths
Slope 174 0.02 %11 <001 173 0.02 8559 <001 177 002 98.41 <001 177 002 98.41 <001
Ethnicity
Black ~0.09 002 -645 <001 -009 002 -542 <001 -0.18 001 -1200 <001  -0.18 001 1207 <001
Hispanic -0.03 001 -2.36 002 -0.08 001 -2.32 0.02 -0.06 001 -432 <001 -006 001 -432 <001
Asian -0.10 003 -353 <001  -009 003 -328 <001 002 002 088 031 0.02 002 1.01 031
Other -003 002 ~151 013 -0.08 0.02 -140 016 -004 002 -205 005 -0.04 002 -196 005
K_age® -0.01 0.00 -541 <001 -001 0.00 -415 <001 001 000 -770 <001 -001 0.00 -731 <001
Female 004 001 355 <001 003 001 3.12 <001 -006 001 -611 <001 -008 001 632 <001
swo® -005 001 -376 <001  -005 001 -378 <001 -005 001 -427 <001 -004 001 -374 <001
Income © 000 000 015 088 000 0.00 017 087 000 000 -065 051 000 000 -081 042
Poverty -008 002 -448 <001 -008 002 -443 <001 -005 002 -315 <001 -005 002 -301 <001
Parent
Education Level
Middle School -0.02 002 -0.90 037 -0.08 002 -1.23 022 001 002 037 o1 001 002 026 079
or Lower
College 001 001 082 041 001 001 1.00 032 002 001 1.67 0.10 002 001 159 011
Bachelor -0.02 002 —1.04 030 —0.01 002 -056 058 -001 002 -08 039 -001 002 -079 043
Master or higher ~ ~0.04 002 -201 004 -0.08 0.02 -140 016 -002 002 -1.14 026 -0.02 002 -104 030
Occupation 0.00 0.00 -073 0.47 000 0.00 -058 056 <001 <001  -049 062 0.00 000 -039 070
prestige ¢
Single parent 0.00 001 0.14 089 001 001 045 065 -003 001 -224 0.03 -0.02 001 -179 007
household
Teenage mom 001 0.01 0.68 050 001 001 0.42 0.68 -0.038 001 -2.24 0.03 0.00 001 0.00 1.00
School
readiness
profiles 9
Positive -0.05 0.02 -3.18 <001 <001 001 036 072
development
Personal and 008 002 5.1 <001 007 001 474 <001
social strengths
Cognitive and 009 002 -383 <001 <001 002 004 097
language
strengths
Health strength ~0.07 003 -255 001 -0.05 002 -226 002
Cognitive, 006 003 218 003 007 003 264 001
personal and

social strengths

K_age is Kindergarten Entry Age and centered at 60 months. ®SWD is student with disabilty. ¢Income is family income and centered at 10. ¢ Occupation Prestige is parent occupation prestige and centered at 45. °t s the plausible
tvalue. p is the plausible p value. 9Prolfie of comprehensive at-risk was the reference group. All none-zero school readiness profiles were included in the Model 2, because of the page limits, regression coefficients of top 6 school
readiness profiles were reported. A full description of regression coefficients for all none-zero school readiness profiles could be found in Appendix E (Supplementary Material).





