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Responding to the need for school-based, broadly applicable, low-cost, and brief assessments of socio-emotional skills, we describe the conceptual background and empirical development of the SENNA inventory and provide new psychometric information on its internal structure. Data were obtained through a computerized survey from 50,000 Brazilian students enrolled in public school grades 6 to 12, spread across the entire State of São Paulo. The SENNA inventory was designed to assess 18 particular skills (e.g., empathy, responsibility, tolerance of frustration, and social initiative), each operationalized by nine items that represent three types of items: three positively keyed trait-identity items, three negatively keyed identity items, and three (always positively keyed) self-efficacy items, totaling a set of 162 items. Results show that the 18 skill constructs empirically defined a higher-order structure that we interpret as the social-emotional Big Five, labeled as Engaging with Others, Amity, Self-Management, Emotional Regulation, and Open-Mindedness. The same five factors emerged whether we assessed the 18 skills with items representing (a) a trait-identity approach that emphasizes lived skills (what do I typically do?) or (b) a self-efficacy approach that emphasizes capability (how well can I do that?). Given that its target youth group is as young as 11 years old (grade 6), a population particularly prone to the response bias of acquiescence, SENNA is also equipped to correct for individual differences in acquiescence, which are shown to systematically bias results when not corrected.
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INTRODUCTION

Over the past two decades, education scientists and policy-makers showed an increased attention for the assessment and learning of Social-Emotional Skills, also called 21st century skills (from here onward abbreviated as SEMS) (Abrahams et al., 2019). This interest shift built on the notion that more traditional indicators of scholastic achievement, such as scores on math and reading, are not sufficient for a successful and happy life and for dealing with the challenges of today’s volatile, uncertain, complex, and ambiguous (VUCA) world1. In addition to content-specific knowledge and skills, students nowadays also need transferable skills such as collaboration and dealing with diversity, presentation skills, skills to regulate emotions, managerial and implementation skills, and a need to be open-minded, creative, and innovative, among others (De Fruyt, 2019). Hence, schools today pay considerable attention to the development of SEMS that they have been shown to affect a range of consequential outcomes, both in the short term and the long term (Taylor et al., 2017; Bertling and Alegre, 2018).

The increased attention to SEMS raised questions on their conceptual status, their underlying structure, and how SEMS develop normatively, driven by a complex interaction between biological factors and formal and informal learning experiences, including scholastic intervention (Kyllonen et al., 2014; Lipnevich et al., 2016; Abrahams et al., 2019). The reviews by Abrahams et al. (2019) further clarified that, in order to advance this field, we first need to converge on a taxonomy structuring SEMS, so we can design assessment instruments to examine pertinent research questions and support educators and teachers with formative and summative tools for assessing SEMS.

The present paper will review the conceptual background and construction of SENNA, an inventory designed to assess SEMS in Brazilian public education that is also useful for scientific and applied research. SENNA’s psychometric features will be examined in a sample of more than 50,000 students enrolled in grades 6 to 12 in public schools in the State of São Paulo. Little is known about the structure of socio-emotional variables in South America, especially in the public schools in Brazil that serve large numbers of underprivileged youth from poor and uneducated family backgrounds. Thus, the present research also provides important information about the applicability and generalizability of research from the Western, educated, rich, and industrialized countries (Henrich et al., 2010) that have so far dominated the SEMS research agenda.


Defining and Structuring Social-Emotional Skills: The “Social-Emotional” Big Five

A Google search using the terms ‘social-emotional skills,’ ‘transferable skills’ or ‘21st century skills’ results in hundreds of hits referring to a plethora of different SEMS frameworks and taxonomies, with some advocating only a few and others proposing hundred or more skills2 (Abrahams et al., 2019). Table 1 provides an overview of some of the more comprehensive frameworks and their associated skills. Although there may be notable reasons why these frameworks differ in terms of the number and nature of specified SEMS, this mixture of models and diversity of vocabularies hampers an integrative and in-depth discussion on how to organize evidence-based learning of SEMS in education. The field further suffers from the jingle-jangle fallacy, where similarly named constructs across frameworks indicate different skills (jingle), whereas nearly identical skills are labeled differently by different researchers (jangle) (Olderbak and Wilhelm, 2020).


TABLE 1. Relationship of Big Five traits, functional aspects, and dimensions in major socio-emotional skills frameworks.

[image: Table 1]The challenge to bring order in the chaos of (often overlapping) skill terms closely resembles personality psychologists’ struggles to structure the hundreds of personality descriptive adjectives in the natural language into the Big Five personality taxonomy (John et al., 2008). Today, personality psychologists agree that five broad dimensions, namely Extraversion, Agreeableness, Conscientiousness, Emotional Stability (vs. Negative Emotionality), and Openness to Experiences, form the largest common denominator to describe personality differences observable in various age and cultural groups (McCrae and Terracciano, 2005; De Fruyt and Van Leeuwen, 2014; John, 2021). This encompassing empirical framework helped to solve the issues of overlap among constructs, and significantly advanced knowledge on how personality develops. A parallel trimming and structuring exercise is required for the field of SEMS.

During the past decade, the Organization of Economic Cooperation and Development (OECD) started an explicit study on the assessment of SEMS in a number of large cities around the world, as a complement of their Program of International Student Assessment3. John and De Fruyt (2015), serving in the technical advisory committee of this project, reviewed the SEMS literature at that time and concluded that there was an emerging consensus that the multitude of SEMS could be conceptually grouped in five broad skills categories, namely Engaging with Others, Collaboration, Task Performance, Emotion Regulation, and Open-Mindedness. Table 1 also includes more specific skills, such as persistence and empathy, and illustrates how they can be conceptually grouped into these broad dimensions. These five SEMS dimensions show strong conceptual similarities with the Big Five personality dimensions; hence we refer to them as the ‘Social-Emotional Big Five.’ This resemblance is not surprising, given that traits and cognitive abilities form constituting building blocks of competencies or SEMS (Hoekstra and Van Sluijs, 2003; Bartram, 2005).

The OECD (John and De Fruyt, 2015; Kankaraš and Suárez-Álvarez, 2019) and De Fruyt et al. (2015, p. 279) defined SEMS as “individual characteristics that: (a) originate in the reciprocal interaction between biological predispositions and environmental factors, (b) are manifested in consistent patterns of thoughts, feelings and behaviors, (c) continue to develop through formal and informal learning experiences, and (d) influence important socio-economic outcomes throughout the individual’s life.” This definition is broad enough to capture skills and their building blocks, underscoring their malleability across life and their consequential impact on outcomes that matter for the individual and society.



Social-Emotional Skills in South America: Early Research in Brazil

In Brazil, interest in the development and assessment of SEMS has been steadily growing over the past 15 years to improve general welfare and prepare youth for upcoming challenges via public education and intervention programs. Challenges for the Brazilian public education systems have been numerous and urgent, with large and early school drop-out rates, poor results in PISA, complex social inequality challenges, high violence and crime rates, and considerable (youth) unemployment, amongst others (Miyamoto et al., 2014).

The Ayrton Senna Institute has played a pioneering role in raising awareness about the importance of SEMS in education and initiated and conducted a series of meetings and research activities to learn about SEMS assessment and their development. In 2013, the Ayrton Senna Institute collaborated with the OECD4 and the Education Secretariat of Rio de Janeiro to investigate the measurement of SEMS and describe their associations with various outcomes (Miyamoto et al., 2014; Santos and Primi, 2014). Leading the first empirical OECD study on SEMS in a developing country, Santos and Primi (2014) identified eight SEMS instruments with constructs that predicted consequential outcomes of education, were feasible to administer, assessed malleable constructs, and showed robust psychometric characteristics. In a large sample of middle school and high school students, Primi et al. (2016, 2019c) examined the items and scales of the Strengths and Difficulties Questionnaire (Goodman, 1997), the Self-Efficacy Questionnaire for Children (Muris, 2001), the Core Self-Evaluations (Judge et al., 2003), the Big Five Inventory (John et al., 2008), the Rosenberg Self-Esteem Scale (Rosenberg, 1965), the Nowicki-Strickland Locus of Control (Nowicki and Strickland, 1973) scale, the Big Five for Children (Barbaranelli et al., 2003), and the Grit Scale (Duckworth and Quinn, 2009) and found that they could all be mapped under the umbrella of the ‘Social-Emotional Big Five.’ Also, a sixth factor resulted from the factor analysis, reflecting beliefs about personal control versus low self-esteem, hopelessness, and feeling defeated, that connects with low Emotional Stability. This study provided the first empirical support for the conceptual classification proposed by John and De Fruyt (2015) and the OECD (2015) (Primi et al., 2016, 2019c).

Resulting from this work, a first set with 92 items was compiled (tentatively called SENNA 1.0) that was used in the OECD’s first pilot study on SEMS in Rio de Janeiro (Miyamoto et al., 2014; Santos and Primi, 2014; Primi et al., 2016). This first item set and data collection (N = 27,628) provided information at the broad Social-Emotional Big Five level and further helped to delineate requirements for a new broad SEMS measure that could be generally implemented in Brazilian education.



Five Major Considerations for the Development of a Social-Emotional Skills Inventory for Public Education

First, it quickly became clear that a feasible large-scale assessment of SEMS in Brazilian public schools needed to be a broadly applicable survey, available at a low cost, requiring little time to administer (no more than 50 min of class time), and preferably useful for self-description without assistance. The assessment further had to result in feedback for individual students, but also reports at the level of classes (for teachers), schools (for directors) and educational districts/states (for policy makers). Besides these more formal necessities, there were also some critical content and technical requirements.

Second, to avoid a WEIRD-culture bias (Henrich et al., 2010) and to acknowledge the unique features of Brazilian culture and education, it was recommended to use an emic and bottom-up approach to the questionnaire constructions; the goal was to write and select items that would be age and culture appropriate for students in Brazilian public schools, covering the age range of grades 6 to 12 (i.e., typically age 11 to 18). These requirements suggested that a large new item set would be developed, and assessment procedures would be checked, always in close collaboration with students (through focus groups and pretesting), teachers, and various educational stakeholders.

Third, although there was some first evidence that the Social-Emotional Big Five was a useful framework (Primi et al., 2016, 2019c), educational stakeholders were interested to get information on students’ mastery of various more specific skills, such as responsibility, respect, or creativity, that could eventually be organized under the umbrella of the social-emotional five, as shown in Table 1. Information at the broad skill level is probably useful for directors and policy makers, but individual students and their teachers want to know the student’s standing on one or more specific skills, a level that is more actionable in the classroom.

Fourth, the review by Santos and Primi (2014) made clear that SEMS can be assessed following two conceptually different approaches. One is the trait or identity approach (Wiggins and Pincus, 1992; see John, 2021, for a review), which focuses on typical skilled behavior and asks “How do you typically or generally behave (or think or feel)?” We can think of this approach as measuring “lived skills,” that is the skill level at which an individual operates most of the time.

In contrast, other researchers have advocated an approach focused on capabilities or maximal behavior; here the interest is not on typical but on peak performance. In self-report form, students are asked “How well can you act (or think or feel) in a particular domain?”—in other words, self-efficacy. Bandura (1977) defined self-efficacy as students’ belief that they have the capability to organize and execute the actions required to manage future situations. Bandura (2006, p. 308) emphasized that self-efficacy items “should be phrased in terms of can do rather than will do. Can is a judgment of capability” (emphases in the original).

As so often, most researchers have adopted only one of these two approaches. Thus, we know little about how measures based on one approach correlate with measures based on the other. Bandura (2006) has argued that perceived self-efficacy is a major determinant of what people typically do (suggesting a substantial correlation) yet also emphasized that “the two constructs are conceptually and empirically separable” (p. 309).

It is entirely conceivable that some SEMS, like ‘trust’ or ‘responsibility,’ may be better conceptualized and measured from the typical performance (trait) approach, whereas other like ‘presentation skills’ may be better understood from an maximal behavior (self-efficacy) approach. How much students trust others on a day-to-day basis may well be a better predictor of their citizenship behavior, whereas how well they can present may be a better predictor of a student’s impact on an audience when they have to speak to a group. These kinds of hypotheses, however, that can be examined only if one has the two approaches to measure these skills (trait/identity versus self-efficacy) are represented in the same inventory.

Although we do not know how closely trait identity and self-efficacy measures are linked, the initial evidence is promising (Santos and Primi, 2014; Primi et al., 2016, 2019c): The three self-efficacy domains measured in children by Muris (2001) were substantially and differentially correlated with three of the trait identity measures included in the Socio-emotional Five: Social self-efficacy with Extraversion (Engaging with Others); Emotional Self-efficacy with Emotional Stability (Negative-Emotion Regulation); and Academic Self-Efficacy with Conscientiousness (Self-Management). Moreover, the items set initially developed for SENNA 1.0 included some self-efficacy items but only for three of the SEMS domains. Given that we wanted to take SEMS assessment seriously, we decided to represent both trait/identity and self-efficacy scales for all skills in the new measure. Thus, we will be able to test (a) whether the self-efficacy based SEMS scales analyzed separately show the expected Socio-emotional Five structure and (b) whether self-efficacy and trait-identity based scales will jointly define the same underlying factor structure.

Finally, given the anticipated heterogeneous and young respondent samples it is critically important to think about ways to reduce systematic error due to response styles that can compromise structural and predictive validity (Primi et al., 2019a,b,d, 2020). Soto et al. (2008) observed that psychometric and structural analyses of personality descriptive items of younger and less-educated samples rarely resemble the better structural validities found in adults and well-educated samples. These effects, discovered first in the United States, should be even more pronounced in the less educated youth in developing countries. Examining a large sample of youth aged 10 to 20 years, Soto et al. (2008) found that the underlying cause is large variability in how children and adolescents use the numerical rating scale to indicate how well a particular item describes themselves. Specifically, on a 1–5 rating scale, some youth will show high acquiescence and preferentially use the upper or right-hand side of the scale (i.e., use 4 and 5 far more often than 1 and 2) regardless of the content of the item. In contrast, others will show low acquiescence and preferentially use the lower or left-hand side of the scale (i.e., use 1 and 2 more often than 4 and 5). The first response bias is called high acquiescence because these youngsters agree more with items (yeah-saying), whereas the second response bias is named low acquiescence (nay-saying). Soto et al. (2008) showed that individual differences in acquiescence bias were most pronounced at age 10 to 12 and then decreased substantially (by 50%!) all the way to age 18, at which point they reached stable adult levels. Primi et al. (2019a) replicated these findings with public school students in Brazil and found that the acquiescence corrections substantially improved criterion validity. Having high-quality reverse (or false) keyed items is critical to assessing and controlling the effect of acquiescence. We therefore need carefully developed items that can be arranged like antonym pairs to measure not only high but also low levels of each of the SEMS dimensions in the new inventory.



Assessing Social-Emotional Skills in Brazil: Development Steps Leading to the SENNA Inventory

Relying on our previous work for SENNA 1.0, a succinct review of the literature (e.g., John et al., 2008; Soto and John, 2017), and consultation of various educational stakeholders, we developed a blueprint of 18 SEMS, with tentative labels and short definitional descriptions, as shown in Table 2. SEMS are conceptually grouped under the Social-Emotional Big Five headers. These definitions formed the starting point to write and compile a large pool of 527 candidate items; 92 items came from the original SENNA 1.0 and 435 new items. This was an iterative emic process, involving multiple item writing and revision sessions, with input from research psychologists, education experts, and economists as well as former and current teachers. The item set included both positively and negatively keyed trait items, and also included items written specifically to reflect a self-efficacy rating perspective. Our goal was to construct short and homogeneous scales through item factor analysis with nine items each, including three positively keyed SEMS identity items, three negatively keyed identity items, and three SEMS self-efficacy statements—note that the self-efficacy items are, by definition, positively keyed (i.e., it doesn’t make sense to ask students how well they can not do something). The selection of items was done in a two-phase process relying on data from two different studies.


TABLE 2. Proposed socio-emotional skills domains, facets, and item examples for Senna-2.
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Our first study was conducted in 2014 and aimed to obtain a full inter-item covariance matrix across the 527 candidate items. Because we could not administer so many items to the same student, a Balanced Incomplete Block Design (BIB; van der Linden et al., 2004) was used to administer different subsets of items to different subsets of students, thus allowing us to estimate the full inter-item covariance matrix for every pair of items. Each student answered a booklet with a subset of 90 items on average, with a total of 24 paper-and-pencil booklets. The sample included 33,766 students from grades 5, 9, and 10 enrolled in public education in the State of Ceará, in the Northeast of Brazil. Students were randomly assigned to the 24 booklets. An average of 1,406 students answered each of the 24 booklets (min 1,268, max 1,427). We ran a series of exploratory factor and bi-factor analyses for the groups of items that designed to measure each of the intended 18 SEMS constructs. Our goal was to identify items that measured (a) the intended lower (or facet) level construct (e.g., Empathy) well and (b) showed good discrimination against both the other facets in the same domain (e.g., Respect) and the facets in the four other domains (e.g., Persistence in the Self-Management domain). After selecting preliminary candidate items for each facet, we ran exploratory factor analyses of candidate facet scales and inspected item-total correlations to further investigate convergent and discriminant validity. We selected those items that demonstrated a high loading on the general factor (from exploratory bi-factor analysis) and correlated more strongly with its intended facet scale than with other facets. As others have noticed in Western countries (e.g., Soto and John, 2017), results showed that it was particularly difficult to write items to measure low levels of Open-mindedness (e.g., lack of Intellectual Curiosity) and of high levels of Negative-Emotion Regulation; for example, items describing high levels of Self-confidence also tended to correlate with facets like Enthusiasm and Assertiveness (from Engaging with Others) and Persistence and Determination (from Self-Management). We retained the most promising items and wrote some additional candidate items for facets that were less well measured, resulting in a total of 306 items.

In a second study conducted in 2015, we analyzed these 306 items to select the final item set for SENNA. For this occasion, we developed a computerized web application that administered items in seven booklets to students using another BIB design. A sample of 5,485 high school students enrolled in public schools in the State of Ceará was randomly assigned to one out of the seven booklets (an average of 783 students answered each booklet), and each student answered a subset of 132 items. We followed the same method and rationale of the first study (internal structure analysis) to select the final set of 162 candidate items that composed SENNA. A more detailed description and materials of these two studies can be found in the SENNA manual (Primi et al., 2021).

To balance content across true keyed and false keyed items, and thus control acquiescence more systematically, we arranged the items on the trait identity scales into approximate antonym pairs. For example, a true-keyed identity item on the Curiosity to Learn facet scale (Open-mindedness domain) was “A lot of subjects awake my curiosity (identity +), whereas “I don’t have much interest in finding out how things work (identity −) was a reverse-keyed item (see Table 2 for more examples). A self-efficacy item example was “How well can you learn new things?” Thus, the self-efficacy items were all true keyed5 and their item content was developed separately from the identity items to highlight specific skill components associated with each of the 18 SEMS to be measured. The final SENNA measure thus included nine items per SEMS facet, specifically (a) six identity items (three positively and three negatively keyed items, forming three opposite pairs to permit us to compute and correct for acquiescence) and (b) three true-keyed self-efficacy items. Example items can be found in Table 2.



PRESENT STUDY

One limitation of our initial instrument development studies was that participants had always completed only subsets of our item pools. Here, we administered the full inventory to all participants at their schools, thus testing the feasibility of our assessment approach in the field. The present work first reports a joint factor analysis of the 18 positive identity, 18 negative identity, and 18 self-efficacy SEMS cluster scales to identify how these unfold into the Social-Emotional Big Five framework. We hypothesized that (a) the trait-identity clusters and self-efficacy clusters will load together on the expected SEMS factor, and (b) that acquiescence variance will affect the clarity of that structure, such that the structure obtained for the raw-score, uncorrected scales will be less clear, and adhere less well to the expected structure, than when the clusters are all corrected for individual differences in acquiescence. Soto et al. (2008) had found in Western youth aged 10–20 that the acquiescence effect was most pronounced for Agreeableness, and we examine whether that is also the case in our Brazilian public school students.

In addition, we examine whether separate analyses of (a) the 6-item identity clusters and (b) the 3-item self-efficacy clusters each shows the expected five-factor structure, testing our hypothesis that both approaches lead to measures that conform to the same underlying structure when acquiescence is controlled. Finally, we present the results of a joint principal component analysis of the acquiescence-corrected identity and self-efficacy clusters to test the hypothesis that the five-factor spaces for two approaches to SEMS measurement converge on a common model.



MATERIALS AND METHODS


Participants

The sample included students from 234 cities and 501 public schools distributed across the entire State of São Paulo, and is the most comprehensive school-based assessment of SEMS attempted in Brazil so far. In total, 50,209 students completed the full 162-item SENNA item set via a dedicated web platform. Students were enrolled in grades 6 to 12, 52.7% were girls, and the average age was 14.9 years (SD = 2.1). All data were collected while students were participating in a reading program at their school.



Design and Statistical Analysis

The present study aimed to test if a five-factor solution can account for the covariance matrix formed by of the three sets of 18 SENNA cluster scales described above (see examples for the three kinds of items in Table 2). For example, would the newly developed self-efficacy item clusters load along with the identity item clusters or form separate factors? We expected convergence across the trait-identity and self-efficacy approaches but not perfectly simple structure because several of the SEMS facet scales fall at the boundaries between the standard Big Five factors, like Self-Confidence (between Negative-Emotion Regulation and Engaging with Others) and Respect (between Amity and Self-Management). Finally, we wanted to investigate how acquiescence would affect the internal structure and whether these effects could be controlled estimating each respondent’s acquiescence tendency only from the (true and false keyed) trait identity items (as the self-efficacy items do not include any reverse-keyed items needed to compute acquiescence).

For each SEMS facet, three indicator variables were computed averaging scores on (a) three positively keyed identity items (‘identity +’), (b) three negatively (or false) keyed identity items (after reversing items so high scores always still reflect a high skill level; ‘identity −’), and (c) three positively keyed self-efficacy items, thus 18 SEMS constructs using three indicators with three items each, for a total of 54 short cluster scales. We then fitted a five-factor model with target rotation using Exploratory Structural Equation Modeling (ESEM) via MPLUS. We ran this analysis twice, one with the raw item scores and another with acquiescence corrected scores.

The identity scales of SENNA include 108 items (6 × 18) forming a balanced scale given that each facet has three positively and three negatively keyed items, or a total of 54 “antonym” pairs. We calculated an acquiescence index (ACQ) for each student, computing the average score across all 108 items, before reversing the negatively keyed items, per individual (see Soto et al., 2008, and Soto and John, 2017; for details on this procedure; Primi et al., 2020 for psychometric details and https://github.com/rprimi/noisecanceling for a R package to implement this method). If a student used the response scale in a fully symmetrical way, they would tend to have answer profiles such as 1–5, 2–4, 3–3, 4–2, or 5–1 to the two items in each semantic antonym, resulting in an ACQ score of 3, exactly at the mid-point of the 1–5 response scale labeled as:‘1’ (not at all like me), ‘2’ (little like me), ‘3’ (moderately like me), ‘4’ (a lot like me) and ‘5’ (completely like me)6.

If a student is more likely to agree regardless of the content of the items, the average across antonym pairs will be ACQ > 3, indicating elevated levels agreement (acquiescence bias). If the student is more likely to disagrees regardless of the content, ACQ < 3 indicating dis- acquiescence bias. This ACQ-index was used to correct all item responses, including the responses to the self-efficacy items, which do not include reverse-keyed items and thus ACQ cannot be estimated directly. We do that by subtracting the individual’s ACQ-index from each of their item scores. This procedure removes acquiescence variance from item scores (see more details in Primi et al., 2020).



RESULTS


Overall Factor Structure Across Trait-Identity and Self-Efficacy Item Clusters

Table 3 shows the results of the ESEM internal structure analysis of the 54 indicators for the five-factor solution. The loadings on the left side of the table (columns four to eight) represent the final model when acquiescence variance was removed at the level of the individual respondent. The results were surprisingly clear: For 16 (out of 18) SEMS, all three indicators (positive identity, negative identity, and positive self-efficacy) had their highest loading on their intended social-emotional five-factor domain. Thus, quite consistently, positively and negatively keyed identity item clusters loaded together with their respective self-efficacy counterparts on the expected factors. There were two exceptions: the self-efficacy cluster for Assertiveness loaded more strongly on the Self-Management factor, whereas the self-efficacy cluster for Trust loaded more strongly on the Emotion Regulation factor. In fact, the other indicators of Trust did not clearly emerge as a facet of Amity, and were poorly represented in the overall factor solution.


TABLE 3. Factor loadings of Exploratory Structural Equation Modeling (ESEM) of 54 SEMS indicators, measured with either positively keyed or negatively keyed trait-identity items or self-efficacy items.
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As expected, some secondary loadings were observed: (a) Responsibility, a facet of Self-Management, also had secondary loadings on Amity across all indicators. This skill is conceptualized as the most interpersonal aspect of Self-Management and implies a commitment to others, thus associating it also with Amity; (b) The self-efficacy indicator of Enthusiasm, a facet of Engagement with Others, also loaded on Emotion Regulation because its items refer to experiencing energy and positive emotions in stressful situations; (c) The self-efficacy indictor of Respect, a facet of Amity, has a secondary loading on Emotion Regulation as items refer to the regulation of negative behavior and impulses (e.g., suspicion) in interpersonal situations; (d) Frustration tolerance, a facet of Emotion Regulation, also had a secondary loading on Amity because items refer to the regulation of anger and irritability in social situations that connects to caring with others; (e) Finally, all indicators of Self Confidence, a facet of Negative-Emotion Regulation, had secondary loadings on Engagement with others. These items refer to positive confidence in the self that is a necessary condition to reach out to others.



Effects of Acquiescence on Internal Structure

The second focus of our analyses was examining the effect of acquiescence correction on the internal structure. The acquiescence index had a mean of M = 2.95 (close to the expected 3.0, the mid-point of the rating scale); however, the standard deviation (SD) was 0.37, indicating substantial individual differences in scale usage across the students and thus deviation from the expected score of 3.0. Thus, we expected acquiescence would have a salient effect.

We computed a similar ESEM model but now with the uncorrected raw scores and loadings of indicators are reported on the right-hand side of Table 3 (in columns 9 to 13). An inspection of these columns shows that in every broad SEMS domain, a substantively higher number of indicator scales had their primary loading on another factor than intended. This was mainly due to the negatively keyed identity indicators of several SEMS, which had their primary loading on the fourth factor. Overall, in this analysis, the Amity domain was not recovered, due to a strong influence of acquiescence in the covariance matrix. The fourth factor extracted in this analysis seems to reflect acquiescence variance because it has negative items with positive loadings contrasted with positive items with negative loadings.

To quantify these observations, we compared the ESEM results from the raw and the acquiescence-corrected SEMS indicators further using a novel variant of factor congruence analysis. To define a theory-based, idealized target matrix of loadings, we created a vector of 54 numbers for each of the five expected domains, one for each indicator variable, with perfect theoretical loadings of 1.0 only on the one intended domain and zero on all the other four domains (thus, somewhat unrealistically, not allowing any of the known secondary loadings). We then correlated this idealized target matrix with the observed loadings of the 18 indicators estimated by the ESEM model, separately for the raw and for the acquiescence-corrected scores. These congruence coefficients are presented in Table 4.


TABLE 4. Conceptual congruency coefficients: Correlations of the empirically observed loadings on the five factors with a priori theoretical (ideal) loadings (1 and 0) for (a) scores corrected for acquiescence (upper half) and (b) uncorrected raw scores (lower half).

[image: Table 4]The upper half of Table 4 shows the congruence coefficients for the acquiescence-corrected ESEM model, whereas the lower half shows the congruence coefficients for the raw-score model. Each cell shows the congruence coefficient for comparing the empirical loadings (rows) to the idealized theoretical loadings (columns). We calculated these coefficients for all pairwise combinations. If structures were identical, then the values on the diagonal would all be 1.0 and the off-diagonal values would be zero.

When we consider the data corrected for acquiescence, the loadings were much closer to this ideal. The five congruence coefficients on the diagonal averaged 0.85 and even the lowest was 0.78. In contrast, for the raw scores, the diagonal congruence coefficients averaged only 0.62. Moreover, the off-diagonal coefficients were much closer to zero for the acquiescence-corrected ESEM model. In other words, the loading pattern for the raw scores was a far less clear representation of the social-emotional five-factor domains than the acquiescence-corrected one.

As expected on the basis of Western research, acquiescence affected the SEMS indicators in the Amity domain most strongly. Looking at the congruency of the empirical factor in row A in Table 4, there was no similarity of empirical loadings with the theoretically expected values for A (i.e., column A: r = −0.06) or with any other domain (O: r = 0.21, C: r = 0.04, E: r = −0.19, N: r = 0.11). When we look at column A (which represents the vector of theoretically expected perfect loadings of 1s and 0s), we see only small correlations with empirical loadings for factors representing C (r = 0.34), E (r = 0.27), and N (r = 0.25).



Structure of Identity Versus Self-Efficacy Indicators

Finally, we tested whether the newly devised self-efficacy scales would be well represented within the now familiar five-factor structure. We conducted separate principal component analyses of (a) the 18 SENNA identity indicators (now combining their true and false-keyed items into one 6-item scale) and (b) the self-efficacy indicators (three items each) after all indicators had been corrected for acquiescence. We used principal components because we wanted a model with no constraints in loadings. As can be observed in Table 5, the self-efficacy scales grouped as expected according to the five domains, and so did the identity scales. Some of the self-efficacy scales, however, showed secondary loadings on the Self-management factor: Curiosity to learn (O), Assertiveness (E), Gratitude (A), and Self-Confidence (N) had substantive loadings on Self-Management.


TABLE 5. Separate factor structures for the trait-identity item clusters (Id) and for the self-efficacy (SE) item clusters: Standardized loadings from a principal component analysis after controlling for acquiescence and communality (h2) to indicate total variance explained.

[image: Table 5]When analyzed together with the identity items, self-efficacy scales still had their highest loadings on the five factors along with their corresponding identity scales (see Table 6). SEMS identity and self-efficacy items hence seem to function as indicators of the same underlying latent social-emotional five factors.


TABLE 6. Joint principal component analysis of person-centered identity and self-efficacy scales: Standardized loadings and communality (h2) to indicate total variance explained.
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DISCUSSION

This paper described the developmental history of SENNA and provided new psychometric information on its internal structure obtained from a large sample of 50,000 Brazilian students enrolled in public school grades 6 to 12, spread across the entire State of São Paulo. The SENNA inventory was designed as an instrument assessing 18 different skills, each operationalized by nine items that represent three types of items: three positively keyed identity items and three negatively keyed identity items, complemented with three (always positively keyed) self-efficacy items, totaling a set of 162 items. Individual skills were assumed to group into the higher-order structure of the social-emotional Big Five, labeled as Engaging with Others, Amity, Self-management, Emotional Regulation, and Open-mindedness. Given its youth target group is as young as 11 years old (grade 6), SENNA was also equipped to correct systematically for individual differences in acquiescence which are known to have particularly strong biasing effects from ages 10 to 13 (Soto et al., 2008).


The Social-Emotional Big Five

Our results showed convincing evidence that the 18 SEMS measured here aligned within the social-emotional Big Five structure, both when analyzing the identity and self-efficacy scales together and also when they were analyzed separately, with one critical condition: in samples of youth like our’s, with children as young as 11 years old, individual differences in acquiescence have to be corrected. There were some expected secondary loadings that have also been observed in Western samples (e.g., Soto et al., 2008; Soto and John, 2017). The results for the Trust skill in this study were less clear, and this scale was more difficult to position uniquely in the social-emotional skill space. Overall, these findings underscore that the social-emotional Big Five is also a useful framework to organize SEMS in a non-WEIRD culture like Brazil (John et al., 2008; Kyllonen et al., 2014; Lipnevich et al., 2016; Abrahams et al., 2019; Primi et al., 2019c).

This work further provided strong evidence that students from grades 6 to 12 are able to provide reliable and valid descriptions on identity and self-efficacy scales to assess a broad variety of SEMS, even when data are collected in the course of large-scale assessments. The instrument hence meets all requirements that were previously listed, including being broadly applicable, at a low cost (in time and financially), and to be completed independently by students. The SENNA inventory in its present form, is a significant step forward compared to its predecessor (SENNA 1.0; Primi et al., 2016) including (a) scales to assess five domains and 18 specific SEMS, (b) representing both identity and self-efficacy items to represent the constructs, and (c) an effective method to deal with acquiescence bias in responding.



Acquiescence Matters

Furthermore, this study demonstrated the importance of having a proper method to control for acquiescence variance, that is a main problem in large-scale assessment where participants are often younger, represent various backgrounds, are not necessarily motivated or paying attention during the entire assessment, and where some participants may demonstrate answering tendencies such as yes- or no-saying. Low motivation to complete assessments may produce inconsistent agreement and disagreements. In the literature, this is called Insufficient Effort Responding (Niessen et al., 2016). Since acquiescence varies across students, it may influence inter-item correlations confounding the correlations that we expect to be caused by the latent dimensions we are trying to measure. This systematic confounding suppresses correlations of items of opposite poles and inflates correlations between items assessing the same pole (++ and −−, Maydeu-Olivares and Steenkamp, 2018; Mirowsky and Ross, 1991; Primi et al., 2020; Primi et al., 2019b).

In this sample, as well as in our previous work (Primi et al., 2016), we observe sizable acquiescence variance. This influence usually produces two significant factors grouping positive and negative items. As Ten Berge (1999) points out, sometimes we can find an acquiescence factor having all items - positive and negative before reversing - loading positively on a factor (or reversed negative scales with positive loadings conflated with positive facet scales with positive loadings on a factor as was in our case) that can be interpreted as an acquiescence factor. In sum, acquiescence is a “ghost” cofounder that needs to be controlled before we can run item factor analysis. In our study, the Amity factor was difficult to recover, except when we controlled for acquiescence.



Trait-Identity and Self-Efficacy

While developing SENNA, we systematically included both trait-identity and self-efficacy items to assess all SEMS, to be in a position to systematically examine their relative contributions to assessing SEMS and investigate their validities to predict education outcomes of interest. Contributions and validities could be systematically different for methods (identity versus self-efficacy), but could also depend on the SEMS considered (see our example of trust and presentation skills in the introduction). As it stands now, and relying on the findings of the current study, we aggregate scores on identity and self-efficacy scales and take these aggregates as an index of a particular SEMS. This practice may have to be amended in the future, when new evidence would become available, demonstrating differential predictive validities favoring one over another measurement perspective (identity relative to self-efficacy). Although both assessment perspectives can be distinguished conceptually, it is not clear at the moment whether identity and self-efficacy items can be empirically distinguished well.

Moreover, the combination of positively- and negatively keyed identity items helped to correct for acquiescence. Scales composed exclusively of self-efficacy items miss negatively keyed items (low-skill items) and hence do not allow for the identification and correction for acquiescence bias. The combination of identity items (both positively and negatively keyed) together with self-efficacy items also enables the researcher to correct the self-efficacy items for acquiescence bias.



Practical Contributions

SENNA was primarily designed for implementation in education practice and policy making, but it should also serve fundamental and applied research purposes. We provided new evidence in this paper supporting its use and highlighting some of its research opportunities. Use of the inventory, its scales and its reports will help education in Brazil to use a common vocabulary to talk about SEMS development among students, teachers, parents, directors and policy makers. In addition, it creates an opportunity to develop evidence-based actions to be implemented in the classroom but also for policy-making. Intensive policy debates started in many countries, including Brazil, to represent SEMS learning in the educational curriculum (OECD, 2015). One significant initiative in Brazil is the Brazilian Common Core for Teaching Fundamentals7, referring to global competencies that tap into various combinations of more foundational SEMS skills. SENNA results can provide input for this debate.

From a research perspective, the demonstration of the relationships between SEMS at school and outcomes across life will be important. Further examining the conceptual distinction between identity versus self-efficacy measurement perspectives will be additional avenues of research. Finally, the supplementary confirmation of the social-emotional Big Five framework as a model to structure SEMS also opens new perspectives to think about the construction of more formative assessment tools that can be directly used within classrooms to inform the learning of SEMS in education (Pancorbo et al., 2020).



Limitations

The present work has a number of strengths, such as relying on a large sample systematically sampled from public schools in a culture for which the instrument was designed, and providing a nuanced approach to represent diverse content and multiple measurement angles to assess SEMS. There are, however, also a number of limitations, that readers and potential users need to take into account. First, the present data are self-reports susceptible to a range of biases, beyond acquiescence. Second, at the present stage, SENNA is not designed to be used in summative assessment contexts, where the result of an assessment has important consequential outcomes, such as investing in new programs or providing extra support for teachers.

Finally, evidence for external and criterion evidence in scholastic contexts is needed. One paper (Primi et al., 2019a) has already shown that the broad SENNA domain scales are related to students’ objective test scores, with the Self-Management and Open-Mindedness domain scores showing the expected strongest validity coefficients. Future research needs to test the reasonable hypothesis that going from this broad level to the lower level of specific SEMS will further improve the prediction of important scholastic and life outcomes in public school students.
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FOOTNOTES

1
https://www.vuca-world.org

2
http://exploresel.gse.harvard.edu

3
https://www.oecd.org/pisa/publications/

4
https://www.oecd.org/education/ceri/social-emotional-skills-study/

5
We wrote only positively keyed self-efficacy items because it is strange to ask students to rate “how well they cannot do something.” Given that acquiescence is considered a more general response tendency, we used the acquiescence index computed on the identity items to also correct the raw scores of the self-efficacy items.

6
Note that these labels match trait identity items asking students to think about “How do you behave/feel and think in most situations.” For self-efficacy items asking students “How well can you do.” we used: ‘1’ (nothing capable), ‘2’ (little capable), ‘3’ (moderately capable), ‘4’ (very capable) and ‘5’ (totally capable).

7
http://basenacionalcomum.mec.gov.br/
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A: Amity (vs. enmity; tending and befriending others)
1. Empathy Able to use empathy and perspective taking skills to understand the
(compassionate caring): needs and feelings of others, act on that understanding with
kindness and consideration of others, and investing in close
relationships by helping and providing support and assistance, both
material and emotional; is rewarding and easy to deal/live/work with
(considerate and kind to everyone)

Able to treat others with respect and politeness, the way oneself
would like to be treated, according to notions of faimess, justice,
and tolerance, and keeping aggressive and seffish impulses in
check (s respectiul; treats others with respect vs. breaking rules;
known for defying teachers)

3. Trust (forgiveness Able to assume that others generally have good intentions and

and appreciation of forgiving those that have done wrong; avoid being harsh and
others): judgmental, giving people another chance (assumes the best about
people)

Able to feel gratitude for what we have and humble about our
abilities and status in the world, rather than thinking of oneself as
better than others and deserving special treatment (| avoid calling
attention to myself, vs. | put myself first because | am very special).

2. Respect for others
(politeness):

4. Gratitude (humility):

N: Negative-emotion regulation

Is effective in modulating anxiety and response to stress; untroubled
by excessive worry and able to calmly solve problems (is relaxed,
handles stress well)

1. Stress modulation:

Is able to feel satisfied with self and current lie, think positive
thoughts, and maintain optimistic expectations; anticipates success
in actions undertaken; has a “can-do” mind-set; does not ruminate
about failures, disappointments, or set-backs (feels secure,
comfortable with self)

3. Tolerance of Has effective strategies for regulating temper, anger, and irftation;
frustration (temper able to maintain tranquility and equanimity in the face of

control): frustrations; not moody or volatile (keeps their emotions and temper
under control)

2. Self-confidence
(optimism):

I care about what happens to others (identity +)
| don't care about other people’s feelings (identity —)
How well can you understand what others are feeling
(self-efficacy)

I respect authorities (teachers, principals, etc.) (dentity +)
| make threats to get what | want. (identity —)

How well can you treat respectfully people you don't like
(self-efficacy)

I believe in the best in people (identity +)

I feel it's better not to trust anyone (dentity —)

How well can you trust people to watch over your things
(self-eficacy)

1 don't think I'm better than others (identity +)

I think about myself first because I'm special (identity —)
How well do you succeed in in being modest (self-efficacy)

After being scared, | calm down easlly (identity +)

I struggle with anxiety in difficult situations (identity —)

How well can you deal with stress without worrying too
much (self-efficacy)

I'm happy and have few negative thoughts (identity +)

I can't stop thinking about negative things (identity )

How well can you stay in good spirits even when something
bad happens to you (self-efficacy)

I stay calm and control my frustration (identity +)

I get very angry and usually lose my temper (dentity —)
How well can you control your anger when other people
make are annoying you (self-efficacy)

Item examples were translated by the authors as literally as possible from the Brazilan Portuguese originals. The self-efficacy items are administered in a separate block

from the trait identity items and are rated on a scale from 1 = not at all to very well.
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Facet Definition

O: Open-mindedness: Interest and devotion to matters of the mind

1. Curiosity to learn Able to muster interest in ideas and a passion for
learning, understanding, and intellectual exploration; an
Inquisitive mind-set that faciltates critical thinking and
problem solving (likes to think, play with ideas)

2. Creative imagination Is able to generate novel ways to think about or do
things through experimenting, tinkering, learning from
failure, insight, and vision (is original, comes up with

new ideas)

3. Artistic interest Valuing, appreciating, and enjoying design, art, and

(appreciation of beauty, which may be experienced or expressed in

aesthetics): writing, visual and performing arts, music, and other
forms of self-actualization (is fascinated by art, music,
or literature)

C: Self-management (or: goal orientation, task performance)

1. Organization Has organizational skils and meticulous attention to

(orderliness): detail that are useful for planning and executing plans to
reach longer-term goals (keeps their school things neat
and tidy; not disorganized or messy)

2. Determination (goal Is able to set goals and high standards, motivate
striving, high themselves, work very hard (in terms of time and effort),
standards): and apply themselves fully to the task, work, or project

at hand. This s the pro-active side of C (I do more than
what is expected of me; | do my work as well as |
possibly can; vs. | only need to be in the average; | find
it difficult to motivate myself to excel)

3. Focus Is able to focus attention and concentrate on the

(concentration): current task, and avoid distractions even while
performing repetitive tasks (| manage to concentrate on
things | do, vs. | don't pay close attention during class
and end up forgetting things)

4. Persistence Is able to overcome obstacles in order to reach

(self-discipline): implement, persist, and finish.” The
emphasis here is on completing tasks and finishing
whatever one has undertaken, in contrast to
procrastinating or giving up. Related concepts are grit,
perseverance, and effortful control (I finish my work by
the time | have planned to, vs. | leave everything until
the last minute)

5. Responsibility Has self-management skills needed for doing one's

(reliabity, duty, meet commitments, act in reliable and consistent

dependabilty): ways, and engender trustworthiness; this facet has a
secondary link to A and should be important for
predicting civic involvement and commitment (is
reliable, can always be counted on)

E: Engaging with others (vs. withdrawal and avoidance)

1. Social iniiative: Able to approach and connect with others, both friends
and strangers, initiating, maintaining, and enjoying
social contact and connections; skilled at teamwork,
including expressive communication skills, such as
public speaking skills (is outgoing, comfortable around

people)
2. Assertiveness Able to speak up, voice opinions, needs, and feelings,
(courage, finding your and exert social influence; capacity to assert own will to
voice): accomplish goals in the face of opposition, such as

speaking out, taking a stand, and confronting others if
needed; courage (takes on leadership roles)

3. Enthusiasm (energy; Able to show passion and zest for life; to approach daily

positive attitude): tasks with energy, excitement, and a positive attitude (is
full of energy, shows enthusiasm)

Examples of items

Alot of subjects awake my curiosity (identity -+)
I don't have interest in finding out how things work (identity —)
How well can you learn new things (self-efficacy)

I'm original, | have new ideas (identity +)
I don't have a lot of imagination (identity —)
How well can you create and write stories (self-efficacy)

Ilike artistic activities (identity +)
1find art useless (identity —)
How well can you create artistic things, like a poem (self-efficacy)

I always keep my things organized (dentity -+)

My things are messy (identity —)

How well can you keep your school materials organized
(self-efficacy)

I'm a dedicated and hard-working student (identity +)

I put litle effort in my tasks (identity —)

How well can you motivate yourself to always do your best
(self-efficacy)

Nothing distracts me once | start to work on a task (identity +)
1 deviate my attention easily (identity —)

How well can you stay focused and not get lost when performing a
task (self-efficacy)

Inever give up (dentity +)
1usually turn in work late. (identity —)

How well can you apply yourself when preparing for a hard test
(self-efficacy)

1only make promises | know Il be able to fulfil(dentity +)
1usually forget about commitments that | have made. (identity —)
How well can you keep your word, what you promised (self-efficacy)

I'm uninhibited and | get along with others (identity +)

I'm reserved, | keep to myself (Braziian slang, don't know how to
translate properly) (identity —)

How well can you make the first step to show that you like
someone (self-efficacy)

1 usually give my opinion in group discussions (identity +)

I don't say anything when my classmates say something | don't
agree with. (identity —)

How well can you ask your teachers for help when you have
difficulties (self-efficacy)

I'm very happy and cheerful (identity +)

I'm not a very excited person (identity —)

How well can you cheer yourself up when you're sad (self-efficacy)
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