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Metacognition is a part of the models of self-regulated learning. The consideration of a broader context resonates with a social cognitive perspective approach to learning which dominates the educational academic field with the theory of self-regulated learning. Metacognition is considered a crucial factor influencing mathematics achievement. Furthermore, the affective field including pupils' self-efficacy, interest and motivation are the phenomena involved in mathematical problem-solving. On the other hand, metacognitive knowledge and metacognitive regulations are not a regular part of mathematics education in the Czech Republic. The main aim of this study was to investigate the relation between pupils' attitude toward mathematics; metacognitive knowledge; self-efficacy and motivation; metacognitive monitoring; and their achievement in solving mathematical problems. All together 1,133 students of Grade 5 from four types of Czech schools participated in the study. There were traditional schools; schools teaching mathematics by genetic constructivism, i.e., Hejný's method; Montessori schools; and Dalton schools were involved. The assessed variables, namely relation to mathematics; metacognitive knowledge; self-efficacy and motivation; metacognitive monitoring; and mathematical achievement were used as an input to regression analysis. Item-response theory was used for assessing the performance of the students and demands of the tasks. The metacognitive monitoring was detected as the most significant predictor of mathematics achievement for higher- and lower-performing students as well as for the item with high and low demands. The study reveals how the different mathematics curricula (un)support the metacognitive processes involved in mathematical problem-solving. The information allows teachers to spend sufficient time with particular types of mathematics problems whose solutions is determined by activation of metacognitive processes. This demonstrates the importance of including the activities for development of metacognitive monitoring in mathematics education.
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Introduction

The level of metacognitive knowledge in relation to achievement in mathematics was investigated in primary and secondary students (Desoete et al., 2001; Montague, 2008), adolescents (Kramarski and Mevarech, 2003), gifted students (Risemberg and Zimmerman, 1992; Swanson, 1992), and students with special needs (Grizzle-Martin, 2014; Lai et al., 2015). Several studies have shown the positive impact of metacognitive knowledge and metacognitive regulation on the students' achievement in mathematics (Swanson, 1990; González Castro et al., 2014) or mathematical problem solving (Schoenfeld, 1992). Yet, the training aimed at metacognition is not a usual practice in all primary schools in the Czech Republic. Since 2005, the schools have been allowed to vary the structure of their curriculum in grades (FEP, 2021), i.e., subsidize weekly lessons or group selected subjects into the one whole (e.g., science comprising chemistry, geography, biology, and physics). Commonly, schools do not use this option and design their curriculum in a more traditional way, while others are committed to innovative or alternative concepts, including respective activities focused on the development of metacognitive monitoring and metacognitive teaching. In this study, we do not discuss the definition of participating schools as “alternative” or “traditional.” The terminological inconsistency in viewing depends on the point of view of the relevant issues, including the policies and socio-economic issues (Prucha, 2012). We reflect the pedagogical point of view, where the term “alternative schools” means such institutions where they apply those educational approaches that differ in the content and form from the “traditional” approach, e.g., Montessori, Jena, Dalton, Decroly, Freinet, and Waldorf schools. Regardless of it, as to whether a school adheres to a traditional or alternative concept, the quality of the educational process depends on the teacher rather than on the affiliation of the school institution as such (Kasíková, 1994).

This study raises the question of how the individual aspects of self-regulated learning rehabilitate the pupils' mathematical performance at the end of the ISCED level 1 (5th grade) in schools with a traditional or alternative approach.

According to a review by Puustinen and Pulkkinen (2001), it is possible to divide all the models of self-regulated learning into the following two categories: goal-oriented and metacognitively oriented. In general, these models assume the existence of four phases: planning (preparatory phase), monitoring, control, and reaction-reflection involved in these 4 areas: cognition, motivation, behavior, and context. Therefore, there is the so-called double processing of information. First, at the level of the person, we include all internal prerequisites to achieve completion of the task as such (e.g., personality traits, metacognition, self-efficacy). Subsequently, the interaction between the task and the person takes place through the metacognitive processes regulating just the cognitive processes, and at the same time, there is the regulation and monitoring of affective and motivational processes. Thus, the processes interact with each other completely, resulting in the individual awareness and subsequent self-regulation of the learning process (Efklides, 2011, 2019; Panadero, 2017).

As several meta-analyses (Dignath et al., 2008; de Boer et al., 2018; Muncer et al., 2022) demonstrate the link between the various aspects of self-regulated learning and mathematical performance, we were interested in how the aspects of self-regulated learning of Grade 5 pupils related to their mathematical achievement.



Theoretical background


Metacognition

Metacognition can be understood as the ability to think about knowing oneself and the world around us, where the main purpose of this thinking is to improve one's own cognition. It is a conscious control and management of cognitive abilities. Interestingly, Cera et al. (2013) understand metacognition as the ability to control how we obtain information and how we further can process and store it in the mind. On the other hand, in this context, Winne (2018) sees thinking (not only thinking as a process, but also its properties) as the main interest of metacognition. According to Flavell (1979), metacognitive knowledge itself has a dual nature consisting of the knowledge of cognitive processes (metacognitive knowledge) and the knowledge that can be used to control cognitive processes (metacognitive regulation). While metacognitive regulation according to Flavell refers to the procedural components (goal setting, prediction, planning, application of strategies, self-questioning, organization, etc.), the metacognitive knowledge itself includes the knowledge and beliefs (entering the affective dimension) that an individual has about their cognitive resources (strategies, heuristics), the nature of the tasks, and the knowledge and beliefs about oneself and others as learning beings. This dual concept, despite some terminological inconsistencies, is still accepted across the professional discourse (Hong, 2020).

Several studies demonstrated the correlation between the ability to solve mathematical problems and both components of metacognition from grade one (Vo et al., 2014; Cornoldi et al., 2015) to grade three (Veenman et al., 2005; Van der Stel et al., 2010).



Metacognitive knowledge

According to Flavell and Wellman (1975), metacognitive knowledge means an explicit content of long-term memory. It is a more static component of metacognition, being activated before the start of any cognitive enterprise (off-line). In the current literature, there is a division of metacognitive knowledge into the three areas (McCormick, 2003; Winne and Azevedo, 2014): declarative knowledge (any knowledge about oneself and factors influencing one's own cognition; knowledge about characteristic task situations; knowledge of strategies); procedural knowledge (knowledge referring to the way the task situation is performed); and, conditional knowledge (a knowledge of when, why and under what conditions it is appropriate to deploy a determined strategy). Borkowski et al. (2000) define relational metacognitive knowledge as well. Then, metacognitive knowledge is closely related to the specific field-domain knowledge. As stated by Veenman et al. (2006), metacognitive knowledge is built based on the acquisition of experiences and knowledge in a certain area, that over time makes it practically unrealistic to have an adequate metacognitive knowledge in a certain area without the individual having attained their own domain-specific knowledge. Therefore, the importance of metacognitive knowledge lies in the initiation of cognitive activities, meaning, how an individual uses them through the information processing and behavior in general. Although some results indicate a direct rate of development of declarative (Schneider, 2008) or relational and contextual metacognitive knowledge with age (Artelt and Neuenhaus, 2010), for example, in the case of the development of procedural knowledge, this ratio is not entirely clear. On the other side, declarative knowledge has been improved since the beginning of basic education, but the intensity of improvement decreases with age (Schneider and Löffler, 2016). Similarly, Annevirta et al. (2007) in their longitudinal study focused on kindergarten children to the first years of primary school pupils concluded that entering into school leads to an accelerated development of metacognitive knowledge. However, what types of mechanism lead to the described increase directly remained secret.

In recent years, other alternative approaches (Drigas and Mitsea, 2020, 2021) have emerged to relate this concept to the ordinary functioning of the individual in the 21st century to a view of metacognition that incorporates both already highly regarded characteristics of the metacognition construct (e.g., distinction between cognition and metacognition, self-monitoring, self-regulation), but also expanding and integrating the view of metacognition to include new aspects such as findings from cognitive neuroscience or the emphasis on the affective component. This approach is conventional with the view emerging in the late 1980s emphasizing the hot nature of cognition, i.e., that an individual's reasoning is influenced by their affective dimension (Brand, 1985).

In the field of mathematics education, Carr (2010) emphasizes the development of declarative knowledge for the development of conceptual knowledge. He claims that the quality of this knowledge supports the procedural knowledge and strategy building. Schneider and Artelt (2010) summarize the findings of several studies, stating that “metacognitive knowledge … predict mathematics performance in primary and secondary school settings even after differences in intellectual abilities have been taken into account” (pp. 158–159).



Metacognitive regulation

Although metacognitive knowledge is an important prerequisite to assessing the real complexity of the task-situation and selecting appropriate strategies for a specific learning situation (Ríčan and Chytrý, 2020), optimization of this process can occur only when the strategy is successfully applied, i.e., when the knowledge of strategy is translated into a strategic learning behavior. Usually, this component of metacognition is divided into the three following areas (McCormick, 2003; Winne and Azevedo, 2014): planning (choosing goals and strategies before starting the work on the task); monitoring (conscious understanding of the task during its execution, including continuous monitoring through the self-instruction, self-testing and self-questioning); and evaluation (revision and control of the processes and products after the end of the activity), while in the empirical part of this work we focus on the aspects of metacognitive monitoring, because, in agreement with other authors (Winne and Hadwin, 1998), we find the construct as the central core of metacognition.

Metacognitive monitoring expresses a degree of agreement between the self-assessment of one's own learning, problem-solving, reading and memory performances, and the proven performance. Thus, it is a specific way the internal assessment of a task performance (Ackerman and Thompson, 2017) can be obtained in the course of different moments in the learning process (before, during, and after) and therefore associated with the different cognitive processes (Leonesio and Nelson, 1990). Regardless of the moment (before, during, after), just the metacognitive monitoring provides the student with their internal feedback on their personal learning progress, thus enabling the adaptation of learning processes as such. We refer to the assessment act as metacognitive judgments (Nelson, 1996; Dunn, 2004), that can be considered as an indicator of the level of metacognitive monitoring, distinguishing between the judgments of learning and post-dictions (confidence judgments). These are the two distinct cognitive processes (Metcalfe and Dunlosky, 2009), since the monitoring capabilities are divided on the basis of the three learning phases: (1) acquisition; (2) remembering; and (3) reproduction; where judgments of learning appear in the first phase and confidence judgments in the third phase (Nelson and Narens, 1990). Any personal performance prediction allows individuals to intervene in the learning mode by revealing some discrepancies between the current and desired target states and is therefore more relevant to an outcome of the current learning than post-prediction, that is primarily an assessment taking place at a time when the learning process has already ended, and its formative function points to the future (feedback, reflection, and lessons). In the empirical part of the work, we use confidence judgments, because it is not about the regulation of the ongoing learning process, but about the evaluation of the completed learning process. At the same time, post-diction is a much more accurate act than prediction (Hacker et al., 2000), and what we find more relevant for the purposes of this study.

The degree of certainty that one's own solution is correct may relate to either an overall estimate, i.e., overall score in the test, or a local estimate, i.e., correct solution to a particular problem. Although empirical studies suggest that the global estimate is more accurate and consistent than the local estimate (Schraw, 1994; Nietfeld et al., 2005), we find, based on the apparent differences in the accuracy of the local estimate between the more and less able students (Ibid), there is a higher expressing value in the context of taking into account the types and complexity of test items, including formative potential (specific identification of non-problematic items), in our opinion. Confidence-based data can be used to identify the 5 indices (Schraw, 2009) that refer to other dimensions of metacognitive monitoring, and there is no one-size-fits-all dominant method (Nietfeld et al., 2006). In the empirical part of this work, we focus on the discrimination index evaluating the degree within an individual can distinguish between confidence judgments for their correct answers and confidence judgments for their incorrect answers. Only in the first years of the primary education some pupils indicated a higher degree of certainty for correctly answered items than of certainty for incorrectly answered items (Pressley et al., 1987). The results in the 7- and 9-year-olds demonstrate this finding (Roderer and Roebers, 2010). While there were significant differences between the age groups in the confidence judgments area for the correct and incorrect answers, no differences appeared when only the confidence judgments for the correct answers were analyzed. That is why sometimes only the confidence judgments value for the incorrectly answered items is used as an indicator of the level of metacognitive monitoring (von der Linden and Roebers, 2006; Roebers et al., 2014).



Motivation

The motivation theory and related empirical research suggest that just motivation plays an important role in the students' learning and academic performance at school (Wigfield and Cambria, 2010). Numerous researchers have studied the actual relationship between motivation and performance at school (Soenens and Vansteenkiste, 2005).

Certainly, elements such as engagement, motivation, and academic achievement are vital aspects in academic research as such. Interestingly, evidence suggests that the student involvement and motivation are positively associated with the improved quality of learning (Mohamed Mohamed Bayoumy and Alsayed, 2021). Such students who are truly motivated can see learning as an opportunity to fulfill their own curiosity and eagerness for knowledge (Rose, 2011). From this point of view, it is assumed that motivation in a certain area can lead to an increased involvement in related tasks. Therefore, a greater engagement is expected to lead to success gains on various measures (Skinner and Pitzer, 2012). In this context, it should be noted that such students generally have a complex relationship with mathematics as such (Mean and Maciejewski, 2021). This is due to the fact that they often do not see the relationship between learning mathematics and real life (Akbuga and Havan, 2021; Hecht et al., 2021). Research shows that students' motivation is to some extent related to a specific domain or subject in school (Hornstra et al., 2016). It has been found that the strength of the relationship between motivation and success varies across disciplines (Hornstra et al., 2016). These differences may not necessarily be due to the nature of the subjects themselves but may also be due to the students' assessment of the subjects. This statement is closely related to anxiety, where considerable research, for example, shows a negative association between mathematical anxiety and motivation for mathematics (Namkung et al., 2019; Zhang et al., 2019; Li et al., 2021).

Various studies have emphasized the importance of motivation in the field of cognitive performance as well as its relationship to metacognitive development (Lara Nieto-Marquez et al., 2021). Although it is recognized that the poor academic skills and math problems pose a risk to the development of school motivation (Klauda and Guthrie, 2015), studies on school motivation in children and young people with low math or reading skills are still rare (Parhiala et al., 2018).



Self-efficacy

The concept of self-efficacy was first introduced by Bandura (1977) in an effort to elucidate changes in human behavior, defining the construct as a belief in one's own ability to organize and carry out activities to achieve set goals. Bandura (1994, 2011) also defined the four main ways in which self-efficacy affects human functioning (cognitive, motivational, emotional, and selective processes). Chan and Lam (2010) mention the two basic aspects of self-efficacy, namely (i) self-expectation (an individuals' belief in their own ability to take the necessary steps to achieve the desired result) and, (ii) expectation of the result (belief that a particular action or behavior will lead necessarily to the desired result). According to some authors (Williams and Rhodes, 2016), self-efficacy can be considered as a focal point, especially due to its strong predictive abilities. Together with the hope and optimism, self-efficacy is thus associated with some expectations about achieving future positive states (Feldman and Kubota, 2015; Unrau et al., 2018). Bandura (2011) points out that a high level of self-efficacy is manifested in the person's fearlessness in overcoming obstacles, setting higher goals, and persevering to achieve them (Pajares and Graham, 1999; Schunk and Meece, 2006). If such persons fail, then they do not give up and, on the contrary, rather, add to their effort, for example by acquiring new skills to meet the set goal. On the other hand, numerous individuals with a low level of self-efficacy are convinced that they are not able to achieve the set goals and so they do not even strive to do so. There are four main sources for this purpose (mastery experiences, social modeling, social persuasion, and physical improvement). In this regard, the whole feedback system is important, providing information about the evaluation of individuals' performances and affecting academic self-efficacy and self-regulation of learning (Brown et al., 2016). Cera et al. (2013) link the high levels of self-efficacy to the high levels of metacognitive abilities, with negative learning experiences underlying the low self-efficacy, critical thinking, and metacognitive involvement.

Several authors have already tried to define mathematical self-efficacy. Burnham (2011, p. 4 in Smetáčková and Vozková, 2016) speaks of it as an individual's confidence in their ability to perform successfully in mathematics. Betz and Hackett (1983 in Pajares, 2005, p. 300) add that it is “individuals' judgments of their capabilities to solve specific mathematics problems, perform mathematics-related tasks, and succeed in mathematics-related courses.” The predictive potential of self-efficacy in the context of mathematical achievement is well-documented (Coutinho and Neuman, 2008; Chang, 2015).




Methodology

Garofalo and Lester (1985) stressed that the description and analysis of cognitive strategies alone was not enough to understand problem solving and highlighted metacognitive processes. They considered including the metacognitive activities described in their framework (entitled Cognitive-Metacognitive Framework for Studying Mathematical Performance) the most useful form of introducing these processes into teaching. Their problem-solving framework comprised the four activities present in solving any mathematical task: orientation, organization, execution, and verification, while the individual steps perceived from a theoretical point of view correspond to the various aspects of metacognition activation. The importance of this classification derives from the fact that any metacognitive actions are more likely to occur in one phase than in another, depending on the nature of the mathematical task. In order for the students themselves to master this general procedure, it is necessary to pay strongly-focused attention to the application of this model in different subjects as well; the use of various mathematical tasks, and the use of various teaching techniques embedded in the framework of teaching metacognition is not for mathematics alone.


Metacognitive knowledge

The MAESTRA 5-6+ tool is based on the qualitative standard emphasizing the relative adequacy of the chosen strategy in the context of task specificity, opposed to the quantitative standard emphasizing the frequency of using the strategies (Wirth and Leutner, 2008). Specificity of the strategies can be achieved through increasing the specificity of tasks (Leopold and Leutner, 2002; Samuelstuen and Bråten, 2007). Therefore, questionnaires investigating the frequency of use of various strategies often fail to predict the students' performance. Clearly, the correlation questionnaires measuring the frequency of use of school-based strategies are negligible (Sperling et al., 2002; Lind and Sandmann, 2003; Cromley and Azevedo, 2006). The tool MAESTRA 5-6+ requires an answer (1) what strategy will somebody use (declarative knowledge); (2) in relation to other disposables (relational knowledge), but also (3) when/under what conditions (conditional knowledge) will it apply in the context of understanding the characteristics of the described, and (4) task situation (declarative knowledge)? Therefore, any real deficit in any of the above areas may lead to erroneous strategic evaluation (Artelt and Neuenhaus, 2010; Neuenhaus, 2011). The tool contains the 5 specific mathematical scenarios that correspond to the framework model of the four phases of cognitive activity in solving mathematical problems (Polya, 1957): (i) understanding the task assignment (understanding the problem and defining it), (ii) planning the individual solution steps (design of solution strategies), (iii) implementation of the plan (implementation of strategies), and (iv) evaluation and reflection of the solution (looking back to verify the conclusions, checking the results). Polya (1957) assigned the cognitive strategies leading to the goal of the current phase of processing the problem for each step, accepting the problem-solving non-linearity. Later, Garofalo and Lester (1985) added the metacognitive strategies in the end.

The five or six different strategic alternatives varying in functionality and efficiency are assigned to the five specific mathematical scenarios. Thus, pupils themselves can evaluate the effectiveness of the alternative regarding the quality and adequacy not only in relation to the submitted task scenario, but also in relation to other offered alternatives on a six-point scale. As a comparative measure for the respondents' judgments (projection of their own experience about strategies and conditions of their use), expert opinions were obtained within the content validation of the tool construct (Chytrý et al., 2014). If the statement is in accordance with a predetermined expert opinion, the comparison of the pair is considered correct (1), unless it is inconsistent as incorrect (0). The criterion limit was set at 80 %, i.e., that at least the 4 out of 5 experts had to agree that, for example, in scenario 1, strategic alternative a is more appropriate than another strategic alternative b (a> b). The criteria boundaries and selectivity then led to the expected reduction in the number of pairwise comparisons. Finally, there are a total of the 34 comparisons and the participant can score 0–34 points.



Self-efficacy and motivation

The authors (Smetáčková and Vozková, 2016) of the Czech version of the self-efficacy mapping tool standardized and constructed according to the Bandura recommendations (Bandura, 1997), stated the reliability of the tool α = 0.953 (α = 0.72 in the presented research). The self-efficacy mapping tool contains the thirty items, answered using a five-point Likert scale (Likert, 1932). The motivation tool (α = 0.922) comprises the six-items, and also uses a five-point Likert scale. For both tools, it was not possible to discuss the issue of an even or odd number of scales, as stated by Rod (2012), as they were already piloted in the Czech environment. The tools are evaluated through the sum of responses for all items (ordinal data). In this case (sum) we will proceed from the conclusions and the way of using the given scale by a number of authors (Maurer and Pierce, 1998; Vickers, 1999) and consider the given variable as an interval. Boone and Boone (2012) add that the parametric statistical methods need to be used when processing data on an interval scale. As the part of self-efficacy, the participant can obtain 30–150 points. The lower the final score, the higher the level of mathematical self-efficacy. In case of motivation, the scale is 6–30 points. It is true that the lower the value obtained, the worse the student's relationship is to mathematics.



Math achievement

The tool was created by combining the two different tools tested in CERMAT (a company designing the national testing) research, MA2ACZZ506DT (test A) and M5PZD15C0T01 (test B). The renumbering of individual items and their adjustment is described in detail in Chytrý et al. (2020). To verify the content validity, expert opinions were considered. We obtained the feedback from six experts, mathematics didacticians, fulfilling the requirements defined by Ríčan and Chytrý (2016) based on the work of Neuenhaus (2011). The expert was understood as a person demonstrating their direct relationship to the strategic learning in context of reading comprehension (university teacher of the subject; finished PhD degree in relevant field). We have adapted and partially modified this approach in our survey. In addition to the Neuenhaus's analogous approach, we also addressed the people who published at least 3 relevant articles related to strategic learning in the last 5 years. The Bloom's revised cognitive goal taxonomy by Krathwohl and Anderson (2010) was used to classify questions according to cognitive demands. The classification of the task as a lower or higher cognitively intensive category was specified when at least four of the six experts agreed on the assignment. In total, 83% of the items correspond to the higher cognitive demands, particularly important due to metacognitive monitoring. The responses were evaluated as 0 (incorrect), 1 (correct) or NA (missing). The arithmetic mean of the measured values is then a suitable point estimate of the parameter p of the alternative distribution, the probability that the randomly selected student will answer the question correctly. According to Chráska (1999), the Difficulty Index was calculated according to the relation [image: image]and the difficulty value then q = 1−p. The suitable tasks are included in the interval p∈〈0.20;0.80〉, and the tasks with p < 0.20 or p>0.80 are considered suspicious. In this study there were only the 4 tasks considered suspicious tasks. The instrument itself shows the high reliability examined based on Kudera–Richardson Formula 21, KR21 = 0.807 (split half with the division into the even and odd items 0.771 and after correction by Spearman-Brown formula 0.871). Thus, the values meet the required properties (Tavakol and Dennick, 2011). Moreover, sensitivity was solved using a point biserial sensitivity coefficient. Compared to our previous study (Chytrý et al., 2020), one item was excluded, due to the incorrect use of confidence scales by pupils. Pupils could achieve 0–20 points in the final version of the math achievement test.



Metacognitive monitoring

Each item was assigned by a difficulty scale, a line where pupils marked how confident they were that they had answered the mathematics question correctly. In the context of determining the level of metacognitive monitoring, we used the so-called discrimination index Di through the confidence judgments that can be calculated according to the formula.

[image: image]

Where Nc corresponds to the frequency of correctly answered items, Ni is the frequency of incorrectly answered items, cicorrect corresponds to the degree of certainty for correctly answered and ciincorrect to the degree of certainty for incorrectly answered items and N is the overall number of items (correctly and incorrectly answered). Any positive value of discrimination index indicates that the individual is more confident in the correctly answered items than in incorrectly answered items. The positive value of discrimination index can be interpreted as metacognitive awareness of the correct performance, as the respondent provided greater certainty for the correctly answered items (compared to the incorrectly answered items). Conversely, a negative value indicates that the individual is more confident in the incorrectly answered items than in correctly answered items (Dougherty and Sprenger, 2006).



Sampling and data collection

As the first part of data collection, we selected those schools in the Czech Republic where mathematics is taught by the genetic constructivism approach, in the Czech and Slovak Republics known as the Hejný's method (Artigue et al., 2020). Respondents from these types of schools were selected based on multi-stage random sampling, so that we first randomly selected a school and then a class in it. The basic unit of research sample selection was not individual students, but entire school classes. Subsequently, the collection at other types of schools had to be regulated by certain predetermined criteria so that the proportionality, social status (this part was mapped based on an interview with the teacher), resulted in equal conditions for each of the respondents to the greatest possible extent. The given proportionality lies in the fact that each of the four types of schools (traditional schools; schools teaching mathematics using genetic constructivism, i.e., the Hejný method; Montessori schools; and Dalton schools) were always from one place (village, city, region); e.g., if the school where mathematics is taught with the approach of genetic constructivism is a school of small size and village type, there were also other types of schools of similar size and from the village, town, or city located closest to the original school.

The data collection took place in June 2021 (Tuesday to Friday). The tools were not distributed during the first lesson of the school-day, the regular teaching unit was inserted between the first and second lessons of data collection, and during the data collection day the pupils were not evaluated in any way. The basic unit of selection of the research sample was not the individual pupils, but the entire school classes. The most important information and instructions included: (i) Sequence of distribution of individual tools, namely the metacognitive test of mathematical knowledge, mathematical self-efficacy (completion of these tools took place in one lesson), as well as the didactic test in mathematics (completion of this tool took place in the second lesson); (ii) Transmission of information on how the individual instruments are completed; (iii) Definition of time requirements, where the time for individual tests was defined as 20–25, 20, and 40–45 min, respectively.

From the total of 1,133 respondents, students of Grade 5, only the responses without any missing values were analyzed. We analyzed the data from 36 schools out of which: (i) 179 pupils were educated according to the Hejný's method, (ii) 292 pupils from an ordinary primary school, and (iii) 177 pupils completing the Dalton teaching plan. After all responses with missing values were removed, data from 648 respondents were analyzed.




Results

The descriptive analysis of the sample is summarized in Table 1. The item characteristic curves (ICC), item information curves (IIC) for all items, and test information for the test of mathematics achievement are in Figure 1. In our data, all the ICCs for the test items have an “S” -shaped curve, illustrating that their degrees of difficulty and discrimination vary within a reasonable fit range. Most of the IICs for the test items show a broad coverage of students' abilities. The test information curve suggests that the test of mathematics achievement that was used provided almost the same information on students with the higher abilities as on students with the lower abilities.


TABLE 1 Descriptive analysis according to the preferred learning management strategies at different types of schools.

[image: Table 1]
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FIGURE 1
 Item characteristics of mathematical achievement test.


The regression analysis was performed by the ENTER method, that first addressed the issue of detection of outliers, normality of residues, testing of homoscedasticity, and multicollinearity. The aim was to determine an influence of the independent variables: (i) Pupil's relation to mathematics; (ii) Metacognitive knowledge; (iii) Self-efficacy; and (iv) Metacognitive monitoring focused on the achievement in mathematics (dependent variable). Those independent variables for which the partial t-tests were insignificant were gradually excluded from the model and subsequently the parameters of the resulting model were estimated.

The table shows that the models will differ for each preferred learning management strategy. Given the parameters (Table 2), the model is considered suitable to capture the variability of the variable y for all cases. The shapes of the respective regression equations are then as follows:


TABLE 2 Chosen parameters of the regression model.

[image: Table 2]

Hejný: y = 8.196+ 0.041·X2+13.010·X4Ordinary elementary school: y = 7.388 + 0.050·X1+ 12.553·X4Dalton: y = 9.837 − 0.023·X3+12.992·X4

The analysis continued assuming that the items are divided into the lower and higher complexity of the items of a mathematical achievement test according to the Rasch's model. The reliability value for items of the higher difficulty is equal to 0.751 for (split half) and 0.727 for KR20. In the case of items of the lower cognitive intensity, the reliability value is then 0.723 (split half) and 0.716 for KR20. Further analyses are divided into several sections, namely, the same models, but with the difference that the items are divided into the lower and higher difficulties (Table 3).


TABLE 3 Regression analysis according to the preferred learning management strategies at different types of schools (all variables).

[image: Table 3]

As in the case of the first table, the models will differ for each of the preferred learning management strategies. The shapes of the respective regression equations are then as follows:

Items of the higher cognitive intensityHejný: y = 8.196 + 0.03·X2−0.01X3+ 5.13·X4Ordinary elementary school: y = 2.65 + 0.04·X1+0.02·X2−0.01·X3+ 4.83·X4Dalton: y = 4.35 − 0.02·X3+5.02·X4Items of the lower cognitive intensityHejný: y = 5.68 +7.02·X4Ordinary elementary school: y = 5.42+7.04·X4Dalton: y = 5.62 − 0.01·X3+7.64·X4

The subsequent differences were even more detailed in the sense that the students themselves were divided according to their performance on the mathematical test (Table 4).


TABLE 4 Regression analysis according to the preferred learning management strategies at different types of schools (all variables).
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Less successful studentsHejný: y = 7.71 − 0.02·X3+7.02·X4Ordinary elementary school: y = 1.26+1.62·X4Dalton: y = 5.54 − 0.01·X3+6.31·X4More successful studentsHejný: y = 10.71+0.02·X2 +8.81·X4Ordinary elementary school: y = 3.76+0.01·X2+4.28·X4Dalton: y = 6.75+0.01·X2+4.90·X4



Discussion

Regardless of the demands of the tasks, metacognitive monitoring saturated the performance in mathematics at the statistical level of significance p < 0.01. This finding is in partial contradiction with the research showing that the benefits of involving metacognitive processes occur primarily in the mid-range tasks (Prins et al., 2006). The results of this study also demonstrate that regardless of the type of school, the aspect of metacognitive monitoring is a strong determinant (p < 0.01) of mathematical achievement. Therefore, these findings underline the crucial role of metacognitive monitoring in the field of mathematics education and suggest that schools should look for different ways to implement, definitely and without delay, a metacognitive monitoring in their curricula.

Thus, metacognitive knowledge proved to be a significant predictor (p < 0.10) for the more challenging tasks across all types of schools. Interestingly, lower-achieving students did not benefit from activating metacognitive knowledge alone. In the case of higher-achieving pupils, metacognitive knowledge was significant (p < 0.05) in the case of more demanding tasks. On the other hand, Meneghetti et al. (2007) stated that there is a discrepancy between the knowledge of a strategy and appropriate choice of a strategy, especially for the lower-achieving pupils. It is possible that lower-achieving pupils in this study failed to choose a suitable strategy that would help them to solve mathematical problems of a higher difficulty. We recommend focusing on the aspects of metacognitive knowledge in the context of adequate choice of strategies especially for the less able pupils. As Rozencwajg (2003) states, teaching metacognitive strategies, especially for the less-achieving pupils, could be one way to improve their academic success.

On the other hand, the importance of self-efficacy varied depending on the difficulty of the item, the pupils' achievement in the mathematical test, and the type of school. While statistical significance showed a different degree of intensity across the individual schools (Hejný p < 0.10, ordinary primary school p < 0.05, Dalton p < 0.01), in the case of the lower intensity items, statistical significance only showed in pupils from the Dalton elementary schools (p < 0.05). The results of this study also show that, whether they are mainstream schools or schools enrolling in a specific educational program (Hejný, Dalton), the aspect of metacognitive monitoring is a strong determinant (p < 0.01) of mathematical performance. This finding underscores the crucial role of metacognitive monitoring, regardless of the non-specific curriculum or program the school subscribes to.


Limitations

Even though the sampling was not and could not be purely random for the all the mentioned types of schools, it was managed according to certain predetermined criteria. The obtained sample contained the 36 schools from all regions of the Czech Republic and may be considered as representative. We also focused on the limits of the strongest predictor across the individual schools and the level of difficulty of items and confidence judgments as an indicator of metacognitive monitoring. The pupils' confidence judgments are strongly influenced by the (un)conscious heuristics, e.g., familiarity, fluency, font (Finn and Tauber, 2015) used when working with the given teaching material. The familiarity of the task in the context of the pupils' previous knowledge is a potential intervening variable increasing the value of confidence judgments (Metcalfe and Finn, 2008). Thus, the confidence judgments are not only the (cognitive) result of (non) present knowledge, but it is a pervasive concept that also includes factors such as feelings, metacognitive experiences, or epistemic beliefs alone. The findings of research by Miele et al. (2013) show that when students believe that the intelligence is an innate ability, they perceive some difficulties (reduced fluency) during the processing as an indicator that they are reaching their limits and the result is a lower confidence judgment in the end. On the other hand, students who believe that intelligence is a malleable factor usually do not interpret the processing of difficulties as the limits of their inner abilities at all (their confidence judgments do not tend to decline or fluctuate). For this reason, in the subsequent regression models, we recommend capturing other (mediating) variables (e.g., socio-economic status, prior knowledge, epistemic beliefs).




Conclusions

The metacognitive monitoring alone is important to identify any difficulties in the learning process (and to respond appropriately by implementing a proper and useful learning strategy) and to adapt the available learning time to the learning requirements or to complete the learning process in time when it is successful or in current settings without prospects for a successful solution (Metcalfe and Dunlosky, 2009).

For the immediate educational reality, discrimination is an important indicator for the time of learning various parts of the curriculum. Discrimination thus creates a springboard for deciding (1) what is not yet sufficiently controlled (what passages of the curriculum and for how long they are to be studied) and, conversely, what already is controlled enough (it is effective to abandon the study of these passages) and at the same time, which questions in the test need to be returned to reveal which answers are correct and which need to “cross out” and start searching again in the memory or in the assigned text. Therefore, the pupils being aware of what they already know and do not know can spend a redundant amount of time on the passages they have already mastered and at the same time can pay an increased attention and amount of time to those sections they do not understand or do not remember thoroughly. “[T]he monitoring process informs the learner about [their] learning progress and therefore builds a defining basis for their self-initiating learning behavior.” (Roebers et al., 2014, p. 142). Thus, through the discrimination, we can gain information about what we know and do not know, and then we have access to designing respective and proper strategies and choosing between those who can help us to succeed. Rhodes and Kelley (2005) conclude that, as the part of completing a test, a follow-up process for incorrect answers is far more crucial to output than a follow-up process for correct answers.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by Ethics Committee of J. E. Purkyne University in Usti nad Labem Czech Republic. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



Funding

This research was funded by the Slovak Research and Development Agency under the contract No. APVV-20-0599 and by the Scientific Grant Agency of the Ministry of Education, Science, Research and Sport of the Slovak Republic under contract No. KEGA 015UK F-4/2021. This research was also supported by two projects conducted at University of Jan Evangelista Purkyne in Ústí nad Labem, Czech Republic: UJEP-SGS-2021-43-003-2 and UJEP-SGS-2022-43-004-2.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Ackerman, R., and Thompson, V. A. (2017). Meta-reasoning: monitoring and control of thinking and reasoning. Trends Cogn. Sci. 21, 607–617. doi: 10.1016/j.tics.2017.05.004

 Akbuga, E., and Havan, S. (2021). Motivation to study calculus: measuring student performance expectation, utility value and interest. Int. J. Math. Educ. Sci. Technol. 1–18. doi: 10.1080/0020739X.2021.1931515


 Annevirta, T., Laakkonen, E., Kinnunen, R., and Vauras, M. (2007). Developmental dynamics of metacognitive knowledge and text comprehension skill in the first primary school years. Metacogn. Learn. 2, 21–39. doi: 10.1007/s11409-007-9005-x


 Artelt, C., and Neuenhaus, N. (2010). “Metacognition and performance,” in Schulische Lerngelegegegheheiten a Competence development: Festschrift für Jürgen Baumert, eds W. Bos, E. Klieme and O. Köller (Munster: Waxmann), 127–146.

 Artigue, M., Bosch, M., Doorman, M., Juhasz, P., Kvasz, L., and Maass, K. (2020). Inquiry based mathematics education and the development of learning trajectories. Teach. Math. Comput. Sci. 18, 63–89. doi: 10.5485/TMCS.2020.0505


 Bandura, A. (1977). Self-efficacy: toward a unifying theory of behavioral change. Psychol. Rev. 84, 191–215. doi: 10.1037/0033-295X.84.2.191

 Bandura, A. (1994). “Self-efficacy,” in Encyclopedia of Human Behavior, ed V. S. Ramachaudran (New York, NY: Academic Press), 71–81.

 Bandura, A. (1997). Self-Efficacy: The Exercise of Control. New York, NY: W.H. Freeman.

 Bandura, A. (2011). A social cognitive perspective on positive psychology. Int. J. Soc. Psychol. 26, 7–20. doi: 10.1174/021347411794078444


 Betz, N.E., and Hackett, G. (1983). The relationship of mathematics self-efficacy judgements for immediate and delayed academic performances. J. Exper. Educ. 70, 133–162.

 Boone, H. N., and Boone, D. A. (2012). Analyzing Likert data. J. Extension 50, 1–5. Available online at: http://www.joe.org/joe/2012april/tt2p.shtml


 Borkowski, J. G., Chan, L. K., and Muthukrishna, N. (2000). “A process-oriented model of metacognition: Links between motivation and executive functioning,” in Issues in the Measurement of Metacognition, eds G. Schraw and J. C. Impara (Lincoln, NE: Buros Institute of Mental Measurements), 1–41.

 Brand, A. G. (1985). Hot cognition: emotions and writing behavior. J. Adv. Composit. 6, 5–15.

 Brown, G. T. L., Peterson, E. R., and Yao, E. S. (2016). Student conceptions of feedback: impact on self-regulation, self-efficacy, and academic achievement. Br. J. Educat. Psychol. 86, 606–629. doi: 10.1111/bjep.12126

 Burnham, J. R. (2011). A Case Study of Mathematics Self-Efficacy in a Freshman Engineering Mathematics Course. Washington State University, Pullman, WA, United States.

 Carr, M. (2010). “The importance of metacognition for conceptual change and strategy use in mathematics,” in Metacognition, strategy use, and instruction, eds. H. S. Waters and W. Schneider (Guilford Press), 176–197.

 Cera, R., Mancini, M., and Antonietti, A. (2013). Relationships between metacognition, self-efficacy and self-regulation in learning. J. Educ. Cult. Psychol. Stud. 4, 115–141. doi: 10.7358/ecps-2013-007-cera


 Chan, J. C. Y., and Lam, S.-F. (2010). Effects of different evaluative feedback on students' self-efficacy in learning. Instruct. Sci. 38, 37–58. doi: 10.1007/s11251-008-9077-2


 Chang, Y.-L. (2015). Examining relationships among elementary mathematics teacher efficacy and their students' mathematics self-efficacy and achievement. Eurasia J. Math. Sci. Technol. Educ. 11, 1307–1320. doi: 10.12973/eurasia.2015.1387a


 Chráska, M. (1999). Didaktické testy. Brno: Paido.

 Chytrý, V., Medová, J., Ríčan, J., and Škoda, J. (2020). Relation between pupils' mathematical self-efficacy and mathematical problem solving in the context of the teachers' preferred pedagogies. Sustainability 12, 10215. doi: 10.3390/su122310215


 Chytrý, V., Pešout, O., and Ríčan, J. (2014). Preference metakognitivních strategií na pozadí úkolových situací v matematice u Žáku druhého stupně ZŠ. Ústí nad Labem: UJEP.

 Cornoldi, C., Carretti, B., Drusi, S., and Tencati, C. (2015). Improving problem solving in primary school students: the effect of a training programme focusing on metacognition and working memory. Br. J. Educ. Psychol. 85, 424–439. doi: 10.1111/bjep.12083

 Coutinho, S. A., and Neuman, G. (2008). A model of metacognition, achievement goal orientation, learning style and self-efficacy. Learn. Environ. Res. 11, 131–151. doi: 10.1007/s10984-008-9042-7


 Cromley, J. G., and Azevedo, R. (2006). Self-report of reading comprehension strategies: what are we measuring? Metacogn. Learn. 1, 229–247. doi: 10.1007/s11409-006-9002-5

 de Boer, H., Donker, A. S., Kostons, D. D., and van der Werf, G. P. (2018). Long-term effects of metacognitive strategy instruction on student academic performance: a meta-analysis. Educ. Res. Rev. 24, 98–115. doi: 10.1016/j.edurev.2018.03.002


 Desoete, A., Roeyers, H., and Buysse, A. (2001). Metacognition and mathematical problem solving in grade 3. J. Learn. Disabil. 34, 435–447. doi: 10.1177/002221940103400505

 Dignath, C., Buettner, G., and Langfeldt, H.-P. (2008). How can primary school students learn self-regulated learning strategies most effectively?: a meta-analysis on self-regulation training programmes. Educ. Res. Rev. 3, 101–129. doi: 10.1016/j.edurev.2008.02.003


 Dougherty, M. R., and Sprenger, A. (2006). The influence of improper sets of information on judgment: how irrelevant information can bias judged probability. J. Exp. Psychol. Gen. 135, 262–281. doi: 10.1037/0096-3445.135.2.262

 Drigas, A., and Mitsea, E. (2020). The 8 pillars of metacognition. Int. J. Emerg. Technol. Learn. 15, 162–178. doi: 10.3991/ijet.v15i21.14907


 Drigas, A., and Mitsea, E. (2021). 8 Pillars X 8 layers model of metacognition: educational strategies, exercises andtrainings. Int. J. Online Biomed. Eng. 17, 115–134. doi: 10.3991/ijoe.v17i08.23563


 Dunn, O. J. (2004). Remember-know: a matter of confidence. Psychol. Rev. 111, 524–542. doi: 10.1037/0033-295X.111.2.524

 Efklides, A. (2011). Interactions of metacognition with motivation and affect in self-regulated learning: the MASRL model. Educ. Psychol. 46, 6–25. doi: 10.1080/00461520.2011.538645


 Efklides, A. (2019). Gifted students and self-regulated learning: the MASRL model and its implications for SRL. High Ability Stud. 30, 79–102. doi: 10.1080/13598139.2018.1556069


 Feldman, D. B., and Kubota, M. (2015). Hope, self-efficacy, optimism, and academic achievement: distinguishing constructs and levels of specificity in predicting college grade-point average. Learn. Individ. Differ. 37, 210–216. doi: 10.1016/j.lindif.2014.11.022


 FEP. (2021). Framework Education Programme for Primary Education. Prague: Ministry of Education.

 Finn, B., and Tauber, S. K. (2015). When confidence is not a signal of knowing: how students' experiences and beliefs about processing fluency can lead to miscalibrated confidence. Educ. Psychol. Rev. 27, 567–586. doi: 10.1007/s10648-015-9313-7


 Flavell, J. H. (1979). Metacognition and cognitive monitoring: a new area of cognitive–developmental inquiry. Am. Psychol. 34, 906. doi: 10.1037/0003-066X.34.10.906


 Flavell, J. H., and Wellman, H. M. (1975). Metamemory. Minneapolis: Minesota University, Minneapolis Institute of Child Development.

 Garofalo, J., and Lester, F. K. (1985). Metacognition, cognitive monitoring, and mathematical performance. J. Res. Math. Educ. 16, 163–176. doi: 10.2307/748391


 González Castro, P., Fernández Cueli, M. S., Cabeza Soberón, M. L., Álvarez García, D., and Rodríguez Pérez, C. (2014). Improving basic math skills through integrated dynamic representation strategies. Psicothema. 26, 378–384. doi: 10.7334/psicothema2013.284

 Grizzle-Martin, T. (2014). The Effect of Cognitive-and Metacognitive-Based Instruction on Problem Solving by Elementary Students With Mathematical Learning Difficulties. Minneapolis, MN: Walden University.

 Hacker, D. J., Bol, L., Horgan, D. D., and Rakow, E. A. (2000). Test prediction and performance in a classroom context. J. Educ. Psychol. 92, 160–170. doi: 10.1037/0022-0663.92.1.160


 Hecht, C. A., Grande, M. R., and Harackiewicz, J. M. (2021). The role of utility value in promoting interest development. Motiv. Sci. 7, 1–20. doi: 10.1037/mot0000182

 Hong, E. (2020). “Metacognition,” in Encyclopedia of Creativity (Third Edition), eds S. Pritzker and M. Runco (Oxford: Academic Press), 140–145. doi: 10.1016/B978-0-12-809324-5.23619-5


 Hornstra, L., van der Veen, I., and Peetsma, T. (2016). Domain-specificity of motivation: a longitudinal study in upper primary school. Learn. Individ. Differ. 51, 167–178. doi: 10.1016/j.lindif.2016.08.012


 Kasíková, H. (1994). The Reform Is Done by the Teacher or Differentiation, Individualization, Cooperation in Teaching. Prague, Czech Republic: Association for Creative Drama.

 Klauda, S. L., and Guthrie, J. T. (2015). Comparing relations of motivation, engagement, and achievement among struggling and advanced adolescent readers. Read. Writ. 28, 239–269. doi: 10.1007/s11145-014-9523-2

 Kramarski, B., and Mevarech, Z. R. (2003). Enhancing mathematical reasoning in the classroom: the effects of cooperative learning and metacognitive training. Am. Educ. Res. J. 40, 281–310. doi: 10.3102/00028312040001281


 Krathwohl, D. R., and Anderson, L. W. (2010). Merlin C. Wittrock and the revision of bloom's taxonomy. Educ. Psychol. 45, 64–65. doi: 10.1080/00461520903433562


 Lai, Y., Zhu, X., Chen, Y., and Li, Y. (2015). Effects of mathematics anxiety and mathematical metacognition on word problem solving in children with and without mathematical learning difficulties. PLoS ONE 10, e0130570. doi: 10.1371/journal.pone.0130570

 Lara Nieto-Marquez, N., Garcia-Sinausia, S., and Perez Nieto, M. A. (2021). Links between motivation and metacognition and achievement in cognitive performance among primary school pupils. Ann. Psychol. 37, 51–60. doi: 10.6018/analesps.383941


 Leonesio, R. J., and Nelson, T. O. (1990). Do different metamemory judgments tap the same underlying aspects of memory? J. Exp. Psychol. Learn. Mem. Cogn. 16, 464–470. doi: 10.1037/0278-7393.16.3.464

 Leopold, C., and Leutner, D. (2002). “Der Einsatz von Lernstrategien in einer konkreten Lernsituation bei Sch?lern unterschiedlicher Jahrgangsstufen,” in Bildungsqualität von Schule: Schulische und außerschulische Bedingungen mathematischer, naturwissenschaftlicher und überfachlicher Kompetenzen, eds M. Prenzel and J. Doll (Weinheim : Beltz), 240–258. doi: 10.25656/01:3950


 Li, Q., Cho, H., Cosso, J., and Maeda, Y. (2021). Relations between students' mathematics anxiety and motivation to learn mathematics: a meta-analysis. Educ. Psychol. Rev. 33, 1017–1049. doi: 10.1007/s10648-020-09589-z


 Likert, R. (1932). A technique for the measurement of attitudes. Arch. Psychol. 22, 55–55.

 Lind, G., and Sandmann, A. (2003). Learn learning strategies and domains. J. Psychol. 211, 171–192. doi: 10.1026//0044-3409.211.4.171


 Maurer, T. J., and Pierce, H. R. (1998). A comparison of Likert scale and traditional measures of self-efficacy. J. Appl. Psychol. 83, 324. doi: 10.1037/0021-9010.83.2.324


 McCormick, C. B. (2003). “Metacognition and learning,” in Handbook of Psychology: Volume 7 – Eduacational Psychology, ed W. M. R. G. E. M. I. B. Weiner (Hoboken, NJ: John Wiley and Sons, Inc.), 79–102. doi: 10.1002/0471264385.wei0705


 Mean, J., and Maciejewski, W. (2021). Peer motivation: getting through math together. J. Humanist. Math. 11, 113–135. doi: 10.5642/jhummath.202101.08


 Meneghetti, C., De Beni, R., and Cornoldi, C. (2007). Strategic knowledge and consistency in students with good and poor study skills. Eur. J. Cogn. Psychol. 19, 628–649. doi: 10.1080/09541440701325990


 Metcalfe, J., and Dunlosky, J. (2009). Metacognition: A Textbook for Cognitive, Educational, Life Span and Applied Psychology. Thousand Oaks, CA: Sage.

 Metcalfe, J., and Finn, B. (2008). Evidence that judgments of learning are causally related to study choice. Psychonom. Bull. Rev. 15, 174–179. doi: 10.3758/PBR.15.1.174

 Miele, D. B., Son, L. K., and Metcalfe, J. (2013). Children's naive theories of intelligence influence their metacognitive judgments. Child Dev. 84, 1879–1886. doi: 10.1111/cdev.12101

 Mohamed Mohamed Bayoumy, H., and Alsayed, S. (2021). Investigating relationship of perceived learning engagement, motivation, and academic performance among nursing students: a multisite study. Adv. Med. Educ. Pract. 12, 351–369. doi: 10.2147/AMEP.S272745

 Montague, M. (2008). Self-regulation strategies to improve mathematical problem solving for students with learning disabilities. Learn. Disabil. Quart. 31, 37–44. doi: 10.2307/30035524


 Muncer, G., Higham, P. A., Gosling, C. J., Cortese, S., Wood-Downie, H., and Hadwin, J. A. (2022). A Meta-Analysis Investigating the Association Between Metacognition and Math Performance in Adolescence. Educ. Psychol. Rev. 34, 301–334. doi: 10.1007/s10648-021-09620-x


 Namkung, J. M., Peng, P., and Lin, X. (2019). The relation between mathematics anxiety and mathematics performance among school-aged students: a meta-analysis. Rev. Educ. Res. 89, 459–496. doi: 10.3102/0034654319843494


 Nelson, T. O. (1996). Consciousness and metacognition. Am. Psychol. 51, 102. doi: 10.1037/0003-066X.51.2.102


 Nelson, T. O., and Narens, L. (1990). “Metamemory: a theoretical framework and new findings,” in Psychology of Learning and Motivation, ed G. H. Bower (Cambridge, MA: Academic Press), 125–173. doi: 10.1016/S0079-7421(08)60053-5


 Neuenhaus, N. (2011). Metakognition und Leistung. Eine Längschnittuntersuchung in den Bereichen Lesen und Englisch bei Schülerinnen und Schülern der fünften und sechsten Jahrgangsstufe.


 Nietfeld, J. L., Cao, L., and Osborne, J. W. (2005). Metacognitive monitoring accuracy and student performance in the postsecondary classroom. J. Exp. Educ. 74, 7–28. Available online at: http://www.jstor.org/stable/20157410


 Nietfeld, J. L., Enders, C. K., and Schraw, G. (2006). A monte carlo comparison of measures of relative and absolute monitoring accuracy. Educ. Psychol. Meas. 66, 258–271. doi: 10.1177/0013164404273945


 Pajares, F. (2005). “Gender differences in mathematics self-efficacy beliefs,” in Gender Differences in Mathematics: An Integrative Psychological Approach, eds A. M. Gallagher and J. C. Kaufman (Cambridge: Cambridge University Press), 294–315.

 Pajares, F., and Graham, L. (1999). Self-efficacy, motivation constructs, and mathematics performance of entering middle school students. Contemp. Educ. Psychol. 24, 124–139. doi: 10.1006/ceps.1998.0991

 Panadero, E. (2017). A review of self-regulated learning: six models and four directions for research. Front. Psychol. 8422. doi: 10.3389/fpsyg.2017.00422

 Parhiala, P., Torppa, M., Vasalampi, K., Eklund, K., Poikkeus, A.-M., and Aro, T. (2018). Profiles of school motivation and emotional well-being among adolescents: associations with math and reading performance. Learn. Individ. Differ. 61, 196–204. doi: 10.1016/j.lindif.2017.12.003


 Polya, G. (1957). How to Solve It: A New Aspect of Mathematical Methods. New York, NY: Doubleday.

 Pressley, M., Levin, J. R., Ghatala, E. S., and Ahmad, M. (1987). Test monitoring in young grade school children. J. Exp. Child Psychol. 43, 96–111. doi: 10.1016/0022-0965(87)90053-1


 Prins, F. J., Veenman, M. V. J., and Elshout, J. J. (2006). The impact of intellectual ability and metacognition on learning: new support for the threshold of problematicity theory. Learn. Instruct. 16, 374–387. doi: 10.1016/j.learninstruc.2006.07.008


 Prucha, J. (2012). Alternativní školy a inovace ve vzdělávání [Alternative schools and innovations in education]. Prague, Czech Republic: Portál.

 Puustinen, M., and Pulkkinen, L. (2001). Models of self-regulated learning: a review. Scand. J. Educ. Res. 45, 269–286. doi: 10.1080/00313830120074206


 Rhodes, M. G., and Kelley, C. M. (2005). Executive processes, memory accuracy, and memory monitoring: an aging and individual difference analysis. J. Mem. Lang. 52, 578–594. doi: 10.1016/j.jml.2005.01.014


 Ríčan, J., and Chytrý, V. (2016). Metakognice a metakognitivní strategie jako teoretické a výzkumné konstrukty a jejich uplatnění v moderní pedagogické praxi. Ústí nad Labem: UJEP.

 Ríčan, J., and Chytrý, V. (2020). The level of metacognitive monitoring with learners at higher elementary grade in processing informational texts in the subject of science depending on the type of educational curriculum. EduPort 4, 11–24. doi: 10.21062/edp.2020.006


 Risemberg, R., and Zimmerman, B. J. (1992). Self-regulated learning in gifted students. Roeper Rev. 15, 98–101. doi: 10.1080/02783199209553476

 Rod, A. (2012). Likertovo škálování. E-Logos Electron. J. Philos. 13, 2–14. doi: 10.18267/j.e-logos.327


 Roderer, T., and Roebers, C. M. (2010). Explicit and implicit confidence judgments and developmental differences in metamemory: an eye-tracking approach. Metacogn. Learn. 5, 229–250. doi: 10.1007/s11409-010-9059-z


 Roebers, C. M., Krebs, S. S., and Roderer, T. (2014). Metacognitive monitoring and control in elementary school children: their interrelations and their role for test performance. Learn. Individ. Differ. 29, 141–149. doi: 10.1016/j.lindif.2012.12.003


 Rose, S. (2011). Academic success of nursing students: does motivation matter? Teach. Learn. Nurs. 6, 181–184. doi: 10.1016/j.teln.2011.05.004


 Rozencwajg, P. (2003). Metacognitive factors in scientific problem-solving strategies. Eur. J. Psychol. Educ. 18, 281–294. doi: 10.1007/BF03173249


 Samuelstuen, M. S., and Bråten, I. (2007). Examining the validity of self-reports on scales measuring students' strategic processing. Br. J. Educ. Psychol. 77, 351–378. doi: 10.1348/000709906X106147

 Schneider, W. (2008). The development of metacognitive knowledge in children and adolescents: major trends and implications for education. Mind Brain Educ. 2, 114–121. doi: 10.1111/j.1751-228X.2008.00041.x

 Schneider, W., and Artelt, C. (2010). Metacognition and mathematics education. ZDM 42, 149–161. doi: 10.1007/s11858-010-0240-2


 Schneider, W., and Löffler, E. (2016). “The development of metacognitive knowledge in children and adolescents,” in The Oxford Handbook of Metamemory, eds. T. J. Perfect and B. L. Schwartz (New York, NY, US: Oxford University Press), 491–518. doi: 10.1093/oxfordhb/9780199336746.013.10


 Schoenfeld, A. H. (1992). “Learning to think mathematically: problem solving, metacognition, and sense making in mathematics,” in Handbook of Research on Mathematics Teaching and Learning, ed D. Grouws (New York, NY: Macmillan), 334–370.

 Schraw, G. (1994). The effect of metacognitive knowledge on local and global monitoring. Contemp. Educ. Psychol. 19, 143–154. doi: 10.1006/ceps.1994.1013

 Schraw, G. (2009). A conceptual analysis of five measures of metacognitive monitoring. Metacogn. Learn. 4, 33–45. doi: 10.1007/s11409-008-9031-3


 Schunk, D. H., and Meece, J. L. (2006). “Self-efficacy development in adolescence,” in Self-Efficacy Beliefs of Adolescents, eds F. Pajares and T. Urdan (Charlotte, NC: Information Age), 71–96.

 Skinner, E. A., and Pitzer, J. R. (2012). “Developmental dynamics of student engagement, coping, and everyday resilience,” in Handbook of Research on Student Engagement, eds S. L. Christenson, A. L., and C. Wylie (Boston, MA: Springer US), 21–44. doi: 10.1007/978-1-4614-2018-7_2


 Smetáčková, I., and Vozková, A. (2016). Matematická self-efficacy a její měrení v pruběhu základní školy. E Psychol. 10, 18–33. Available online at: http://e-psycholog.eu/pdf/smetackova_vozkova.pdf


 Soenens, B., and Vansteenkiste, M. (2005). Antecedents and outcomes of self-determination in 3 life domains: the role of parents' and teachers' autonomy support. J. Youth Adolesc. 34, 589–604. doi: 10.1007/s10964-005-8948-y


 Sperling, R. A., Howard, B. C., Miller, L. A., and Murphy, C. (2002). Measures of children's knowledge and regulation of cognition. Contemp. Educ. Psychol. 27, 51–79. doi: 10.1006/ceps.2001.1091

 Swanson, H. L. (1990). Influence of metacognitive knowledge and aptitude on problem solving. J. Educ. Psychol. 82, 306. doi: 10.1037/0022-0663.82.2.306

 Swanson, H. L. (1992). The relationship between metacognition and problem solving in gifted children. Roeper Rev. 15, 43–48. doi: 10.1080/02783199209553457


 Tavakol, M., and Dennick, R. (2011). Making sense of Cronbach's alpha. Int. J. Med. Educ. 2, 53–55. doi: 10.5116/ijme.4dfb.8dfd

 Unrau, N. J., Rueda, R., Son, E., Polanin, J. R., Lundeen, R. J., and Muraszewski, A. K. (2018). Can reading self-efficacy be modified? A meta-analysis of the impact of interventions on reading self-efficacy. Rev. Educ. Res. 88, 167–204. doi: 10.3102/0034654317743199


 Van der Stel, M., Veenman, M. V. J., Deelen, K., and Haenen, J. (2010). The increasing role of metacognitive skills in math: a cross-sectional study from a developmental perspective. ZDM 42, 219–229. doi: 10.1007/s11858-009-0224-2


 Veenman, M. V. J., Kok, R., and Blöte, A. W. (2005). The relation between intellectual and metacognitive skills in early adolescence. Instruct. Sci. 33, 193–211. doi: 10.1007/s11251-004-2274-8


 Veenman, M. V. J., Van Hout-Wolters, B. H. A. M., and Afflerbach, P. (2006). Metacognition and learning: conceptual and methodological considerations. Metacogn. Learn. 1, 3–14. doi: 10.1007/s11409-006-6893-0


 Vickers, A. J. (1999). Comparison of an ordinal and a continuous outcome measure of muscle soreness. Int. J. Technol. Assess. Health Care 15, 709–716. doi: 10.1017/S0266462399154102

 Vo, V. A., Li, R., Kornell, N., Pouget, A., and Cantlon, J. F. (2014). Young children bet on their numerical skills:metacognition in the numerical domain. Psychol. Sci. 25, 1712–1721. doi: 10.1177/0956797614538458

 von der Linden, N., and Roebers, C. M. (2006). Developmental changes in uncertainty monitoring during an event recall task. Metacogn. Learn. 1, 213–228. doi: 10.1007/s11409-006-9001-6


 Wigfield, A., and Cambria, J. (2010). Students' achievement values, goal orientations, and interest: definitions, development, and relations to achievement outcomes. Dev. Rev. 30, 1–35. doi: 10.1016/j.dr.2009.12.001


 Williams, D. M., and Rhodes, R. E. (2016). The confounded self-efficacy construct: conceptual analysis and recommendations for future research. Health Psychol. Rev. 10, 113–128. doi: 10.1080/17437199.2014.941998

 Winne, P., and Hadwin, A. (1998). “Studying as self-regulated learning,” in Metacognition in Educational Theory and Practice, eds D. Hacker, J. Dunlosky, and A. Graesser (Mahwah, NJ: Lawrence Erlbaum), 277–304.

 Winne, P. H. (2018). “Cognition and metacognition within self-regulated learning,” in Handbook of Self-Regulation of Learning and Performance, 2nd Edn., eds D. H. Schunk and J. A. Greene (New York, NY, US: Routledge/Taylor and Francis Group), 36–48. doi: 10.4324/9781315697048-3


 Winne, P. H., and Azevedo, R. (2014). “Metacognition,” in The Cambridge Handbook of the Learning Sciences, 2nd Edn. (New York, NY, US: Cambridge University Press), 63–87. doi: 10.1017/CBO9781139519526.006


 Wirth, J., and Leutner, D. (2008). Self-regulated learning as a competence: implications of theoretical models for assessment methods. Zeitschrift für Psychol. 216, 102–110. doi: 10.1027/0044-3409.216.2.102


 Zhang, J., Zhao, N., and Kong, Q. P. (2019). The relationship between math anxiety and math performance: a meta-analytic investigation. Front. Psychol. 10, 1613. doi: 10.3389/fpsyg.2019.01613



OPS/images/fpsyg-13-963151-t004.jpg
The test as a whole
R =0.609%
R* =35.596%

F = 23.246;
p < 0.001

Coef.  P-val.

TO 734 000
Xi 002 056
X2 —001 071
Xs —0.02 0,03+

Xi 698 0,00

The test as a whole

R=0.901;
R?=80.95%
F=299.5;
p <0.001
Coef.  P-val.
TO 9.90 <0.00"**
Xy 002 021
X2 002 0.024**
X; 001 0.11
Xs 889 <0.00"**

“10%level of significan

X1, Relation to mathemat

5% level of significan
3. Metacognitiv

Inserted all variables

Low-achieving students

After removing insignificant variables

Challenging tasks Less demanding The test as a whole Challenging tasks Less demanding
R=0.476; R=0.784 R=0.608; R=0.46% R=0.78%
R?=20.727% R? =60.479% R?=37.022%  R?*=22225% R?=60.749%
F=11.523 F=62.59%; F=46.735; F=44.378; F=125.778;
p < 0.001 p <0.001 p <0.001 p <0.001 p <0.001
Coef. P-val. Coef. P-val. Coef. ~ P-val.  Coef. P-val. Coef. P-val.
146 <0.01** 5,931 th most common <0.00"* 7.71 <0017 126 <001 554 <001
<001 072 —001 062 - - - = = =
-<0.01 091 —001 051 - - - - - -
-<001 0.36 —001 002 —002 <001 - - -001 001
1,723rd most common <0.00°** 6.38 <0.00°* 7.01 <0.01% 163 <001t 631 <001

Inserted all variables

High-achieving students

After removing insignificant variables

Challenging tasks Less demanding ~ The test as a whole Challenging tasks Less demanding
R =0.93% R = 0.900;
R =88.08% 81.03%

F=5I9. F=140.0; F=595.9 F=1044.2; F=280.3;
p < 0.001 p <0.001 p <0.001 p <0.001 p <0.001
Coef. P-val. Coef. P-val. Coef.  P-val.  Coef. P-val. Coef. P-val.

3.69 <0.00"** 6,264 th most common <0.00*** 10.71 <0.01"** 3.76 <0.01"** 675 <0.01***

0.01 0.59 0.01 0.26 - - - - - -

0.01 0.049** 0.01 0.47 0.02 0.02* 0.01 0.042 - -

0.01 0.89 0.01 0.01* - - - - 0.01 0.02

427 <0.00"** 0.86 <0.00*** 0.81 <0.01* 428 <0.01* 4.90 <0.01***
1% level of significance.

knowledge; X3,

fiicacy

scrimination index.






OPS/images/inline_1.gif





OPS/images/fpsyg-13-963151-t002.jpg
Insert all variables at once

Hejny  Ordinary elementary school

R=0.953;
R? = 90.756%
F=288.9 F=717.
P < 0.001 p <0.001
Coef. P-val. Coef. P-val.
791 0.00""* 777 0.00"**
0.02 0.40 0.04 0.09*
0.03 0.05* 0.00 0.63
—0.02 083 0.00 0.50
129 0.00° 124 0.00"**

R? = 89.749%

Coef. P-val. Coef. P-val.

Ordinary elementary school

R=0.953;
R? = 90.799%

F=1441.9;
p < 0.001

Pval.

<0.00°**
0.006*+*

<0.00°

t different types of schools (all variables): “ten percent level of significance,  five percent level of

After removing insignificant variables

Dalton

R=0.948;
R? = 89.808%

F=7985;
p <0.001

Coef.  P-val.

983 <0.001*

~002 <0001
1299 <0.001*

ignificance,





OPS/images/fpsyg-13-963151-t003.jpg
Items of the higher cognitive intensity

Inserting all variables After removing insignificant variables
Flock Ordinary elementary school Dalton Flock Ordinary elementary school Dalton
R =0.907; R =0.932; R=0.911; R =0.907; R=0.932 R=0.910;
R? =82.015% R?%=86.832% R?=82.727% R?*=82.001% R =86.832% R? =82.629%
F = 209.626; F=482.4; F=217.7; F=279.011; F=482.4; F=431.489;
p <0.001 p < 0.001 P <0.001 p < 0.001 P <0.001 p < 0.001
Coef. P-val. Coef. P-val. Coef. P-val. Coef. P-val. Coef. P-val. Coef.  P-val.
TO 325 <001 265 <0017 419 <001 376 <00 265 <0017 435 <001
Xi 002 029 004 <0.01+ —001 080 - - 0.04 <001+ - -
X 002 0062 002 0.05* 002 009 003 004 0.02 0.05* - -
X; -001 0055  —001 0,02+ —002 <001 —001 <00 —001 0,02 002 <001
X, 512 <001 483 <0.01+ 491 <001 513 <001 483 <0017 502 <001

Items of the lower cognitive intensity

Inserting all variables After removing insignificant variables
Flock Ordinary elementary school Dalton Flock Ordinary elementary school ~ Dalton
R=0.913; R=0.950; R=0.911; R =0.950;
R? =82.999% R2=90.104% R?=82.981% R?=90.294%
F=224.4 F=562.5; F=413.0;  F=2893.326; F=2267.02 F=832.0;
P <0.001 P <0.001 P <0.001 p < 0.001 P <0.001 P < 0.001
Coef.  P-val. Coef. P-val. Coef. P-val. Coef. P-val. Coef. P-val. Coef.  P-val.
TO 497 0.00%** 5.08 0.00"** 5.99 0.00°* 5.68 <0.01"** 5.42 <0.01*** 5.62 <0.01***
Xy 001 0.64 0.01 0.42 —0.01 049 - - - - - -
X2 002 0.17 0.01 0.92 =001 0.87 - - - - - -
X; 001 0.26 0.01 0.72 —0.01 0.047 - - - - -0.01 0.045
Xy 704 0.00%** 6.99 0.00*** 768 0.00°* 7.02 <0.01** 7.04 <0.01*** 7.64 <001
“10% level of significance, 5% level of significance, ™ 1% level of signifi

X1, Relation to mathemat

2, Metacognitive knowledge; X3,





OPS/images/math_1.gif
[©






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Aspects of self-regulated learning and their influence on the mathematics achievement of fifth graders in the context of four different proclaimed curricula



		Introduction



		Theoretical background



		Metacognition



		Metacognitive knowledge



		Metacognitive regulation



		Motivation



		Self-efficacy







		Methodology



		Metacognitive knowledge



		Self-efficacy and motivation



		Math achievement



		Metacognitive monitoring



		Sampling and data collection







		Results



		Discussion



		Limitations







		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Psychology

Aspects of self-regulated
learning and their influence on
the mathematics achievement

of fifth graders in the context of
four different proclaimed
curricula





OPS/images/fpsyg-13-963151-g001.gif
Item Information Curves
RN

Test Information Function

TotalInformation = 2405
Information in (0,4) = 1149 (47.77%)
Information in (4,0) = 11.46 (47.67%)





OPS/images/fpsyg-13-963151-t001.jpg
Average
Median
Mode
D
Max

Min

X\, Relation to mathematics;

X1

21.00
26,00
496
30.00
8.00
21.00

X2

12,00
10.00
521
26.00
2.00
12,00

Metacogniti

Hejny
X3

60.50
50.00
17.00
109.00
33.00
60.50

Knowledge; X:

Xa

020
0.40
026
090

~0.39
020

X1

20.00
22.00
526
30.00
6.00
20.00

Self-efficacy; X, Discrimi

Ordinary school
Xz X3
12.00 6100
15.00 64.00
524 1861
29.00 138.00
0.00 30.00
12.00 61.00

\ation index.

0.18
090
036
1.00
—0383
0.18

X1

19.48
20.00
21.00
538
30.00
0.00

1238
12.00
12.00
614
28.00
0.00

66.10
63.50
58.00
18.19
116.00
31.00

017
015
028
031
090
048









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Psychology





