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Abstract 

Using a sample of third grade elementary school students (N = 514), we tested a generalized 

internal/external frame of reference (GI/E) model using math, verbal, and physical education 

achievements as predictors, and math, verbal, and physical ability self-concepts and intrinsic 

values as outcomes. Therefore, the present study adds to generalizability of the GI/E model 

across age and to the investigation of dimensional comparisons. The findings replicated the 

assumptions of the classic internal/external frame of reference model by showing positive 

within-domain relations between math (verbal) achievements and self-concepts, but negative 

cross-domain relations. Positive within-domain and negative cross-domain achievement 

relations were also found for math and verbal intrinsic values. The findings further showed 

positive relations between achievement and self-concept as well as between achievement and 

intrinsic value within the physical ability domain. In addition, the findings demonstrated a 

negative relation between math achievement and physical ability self-concept and between 

German achievement and physical ability intrinsic value. Hence, the findings indicated that 

dimensional comparisons operate across academic and non-academic domains. Boys and girls 

did not differ with regard to the relations among constructs as depicted in the GI/E model. 

However, differential mean levels of the constructs were found for boys and girls. 

 

Keywords: academic self-concept; physical ability self-concept; I/E model; dimensional 

comparisons; elementary school; non-academic self-concept  
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Academic self-concepts comprise self-perceptions of one’s own academic ability in general 

and in different academic domains (e.g., math and verbal; e.g., Brunner et al., 2010). They 

play an important role in educational psychology because they influence students’ 

achievement, motivation, affect, and well-being from primary to tertiary education (Trautwein 

& Möller, 2016). Therefore, understanding the formation of academic self-concepts is 

relevant to students’ education at all levels. Understanding academic self-concept formation 

in young students seems to be especially relevant because it sets the ground for (early) 

interventions to support a positive self-concept and academic development (Craven & Marsh, 

2008).  

The classic internal/external frame of reference (I/E) model (Marsh, 1986; Möller, 

Pohlmann, Köller, & Marsh, 2009) serves to explain the formation of domain-specific (math 

and verbal) academic self-concepts by social and dimensional achievement comparisons. The 

I/E model has entailed a body of research which can be subdivided into two main categories: 

(1) Examining the generalizability of the I/E model across student characteristics including 

culture, gender, and age (e.g., Marsh, Abduljabbar et al., 2015; Marsh & Hau, 2004; Tay, 

Licht, & Tate, 1995), and (2) research focusing on the phenomenon of dimensional 

comparisons (Möller & Marsh, 2013).  

In this study, we combined both strands of research. We tested the I/E model with 

third grade elementary school students in order to test the generalizability of the I/E model 

across age. Beyond the classic I/E model, we investigate a generalized internal/external frame 

of reference (GI/E) model (Möller, Müller-Kalthoff, Helm, Nagy, & Marsh, 2015). The GI/E 

model serves to investigate the phenomenon of dimensional comparisons as it includes more 

and other predictor variables (i.e., variables which are subject to dimensional comparisons) 

and outcome variables (i.e., variables which are affected by dimensional comparisons) from a 

wide variety of domains. The GI/E model tested in our study included math, verbal, and 
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physical education achievements as predictors and math, verbal, and physical ability self-

concepts and values as outcomes. Finally, we examined the generalizability of the model 

across student gender and tested gender differences in the mean levels of the constructs 

considered.  

The I/E Model 

Academic self-concept is highly domain-specific in nature since math and verbal self-

concepts are unrelated to each other (Marsh, 1986). Given that math and verbal achievements 

are, however, substantially related to each other, the clear domain specificity of academic 

self-concept was first of all surprising. The I/E model explains this finding by the interplay of 

social and dimensional comparisons (Marsh, 1986; Möller et al., 2009). In social 

comparisons, students compare their own achievement in one domain with their classmates’ 

achievement in the same domain. In dimensional comparisons, students contrast their own 

achievement in one domain with their own achievement in another domain. Given that math 

and verbal achievements are substantially correlated, social comparisons lead to a positive 

relation between math and verbal self-concepts. Dimensional comparisons lead to a negative 

correlation between math and verbal self-concepts since the perception of higher math 

achievement compared to one’s own verbal achievement strengthens one’s math self-concept 

and weakens one’s verbal self-concept (and vice versa). Thus, the positive relation between 

math and verbal self-concepts originating from social comparisons and the negative relation 

due to dimensional comparisons balance out each other, leading to the observed low 

correlation between math and verbal self-concepts. In regression models, social comparisons 

result in positive paths between achievement and academic self-concepts within matching 

domains (e.g., math achievement and math self-concept). Dimensional comparisons, however, 

result in negative cross-paths between achievement in one domain and academic self-concept 

in the other domain (e.g., math achievement and verbal self-concept; see Figure 1).  
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Möller et al. (2009) presented a meta-analysis with strong support for the validity of 

the I/E model assumptions. Across 69 independent studies, a positive correlation (r = .67) was 

shown between math and verbal achievements but only a small relation was found (r = .10) 

between math and verbal self-concepts. In addition, math (verbal) achievement was positively 

related to math (verbal) self-concept (math: β = .61; verbal: β = .49), but math achievement 

was negatively related to verbal self-concept (β = -.21), and verbal achievement was 

negatively related to math self-concept (β = .27). The achievement–self-concept relations 

within and across domains were higher when using school grades instead of test scores as 

achievement indicators. Relative to test scores, school grades are salient and directly 

communicated to the students. They are easy to understand and compare among classmates 

and entail important implications for students’ school careers, leading to the relatively higher 

relation to achievement compared to test scores (Helmke & van Aken, 1995; Marsh, 

Trautwein, Lüdtke, Köller, & Baumert, 2005). 

The I/E Model with Elementary School Students 

The question whether the I/E model applies to students of all ages has been a matter of 

debate in research on the generalizability of the I/E model across student characteristics. 

Hence, it is questioned whether students from all age groups use social and dimensional 

comparisons for self-concept formation.  

Some developmental considerations argue against the validity of the I/E model for 

younger students including elementary school children. The use of both social and 

dimensional comparisons requires abstract thinking abilities which might not develop until 

late childhood and adolescence (Harter, 1999). Social comparisons particularly rely on the 

ability to observe the achievement of significant others, to interpret others’ and one’s own 

achievement in relation to a common metric, to put others’ achievement into relation to one’s 

own achievement, and to finally integrate the resulting information into one’s own academic 



GI/E MODEL IN ELEMENTARY SCHOOL                                                                   6 

 
self-concept (Nicholls, 1979; Wigfield & Eccles, 2002). Young children might not possess 

these abilities to a sufficient degree. Accordingly, findings from some studies indicated that 

young children do not use social comparisons for self-evaluation (e.g., Harter, 1999; Ruble, 

Boggiano, Feldman, & Loebl, 1980). This might explain why elementary school children are 

often characterized by an unrealistically high academic self-concept that is not closely related 

to objective achievement indicators (Chapman & Tunmer, 1995; Marsh, Ellis, & Craven, 

2002; Stipek & McIver, 1989). However, other studies indicated that even young children 

make use of social comparisons for self-concept formation (see for example Butler, 1998). 

Accordingly, self-concept and achievement were found to be positively related within 

domains (Arens et al., 2016). In addition, the big-fish-little-pond effect (BFLPE; Marsh et al., 

2008) – a phenomenon that particularly reflects the operation of social comparisons – was 

also demonstrated with elementary school students (Köller, Zeinz, & Trautwein, 2008).  

Regarding dimensional comparisons, students need to integrate opposing but 

coexisting concepts into their self-concepts. Hence, they first have to realize and then to 

coordinate inconsistencies or even contradictions of elements of their selves across roles, 

situations, time, or domains (e.g., that one can be friendly to one’s peers, but rough to one’s 

parents). This ability is first applied to juxtapositions across separate domains (e.g., across 

academic and non-academic domains), before later on, students learn to handle contradictory 

self-evaluations within the same domain [e.g., across the math and verbal domains as two 

academic domains (Harter, 1988)]. Accordingly, young students’ self-concept has been found 

to be little differentiated across domains, while with increasing age students separate self-

concept facets more strongly (Marsh, 1989; Marsh & Ayotte, 2003; Schmidt et al., 2017).  

In sum, developmental considerations imply that due to premature cognitive abilities, 

young students might have difficulties regarding the adequate use of social and particularly 

dimensional comparisons for academic self-concept formation. Accordingly, the classic I/E 
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model might not apply to young students. Still, respective empirical evidence is scarce. 

Moderator analyses in the meta-analysis of Möller et al. (2009) demonstrated the 

generalizability of the I/E model across students of different ages (operationalized by years in 

school). However, as this meta-analysis incorporated only three (out of 69) studies 

exclusively considering students below fifth grade, it was not feasible to actually test whether 

the I/E model also applies to students below fifth grade.  

Findings from single studies testing the I/E model with students below fifth grade 

provided consistent evidence that the I/E model applies to fourth grade students (Pinxten et al. 

2015; Schmidt et al., 2017; also see Marsh, Abduljabbar et al., 2015). Yet, support for the I/E 

model is less clear for children of and below grade level 3. We identified four studies testing 

the I/E model with children of and below grade level 3, that is, the studies by Ehm, Lindberg, 

and Hasselhorn (2014), Schmidt et al. (2017), Lohbeck and Möller (2017), and Möller, Kuska 

and Zaunbauer (2011).   

Ehm et al. (2014) tested an I/E model in which verbal achievement and verbal self-

concept were represented by separate measures for reading and writing. Math, reading, and 

writing achievements were assessed by standardized achievement tests. The sample consisted 

of students attending grade levels 1, 2, and 3. Math, reading, and writing achievements were 

positively related to the self-concepts of the corresponding domains indicating social 

comparisons across all grade levels. Regarding the cross-domain relations indicating 

dimensional comparisons, however, the negative relation as expected according to the I/E 

model was only found between math and reading achievements and self-concepts in grade 3. 

Hence, the findings partially supported the applicability of the I/E model to third-grade 

students, but disconfirmed it for students attending grade levels 1 and 2 and for the relations 

among math and writing achievements and self-concepts. Yet, in this study, test scores were 

used as achievement indicators which have been found to share relatively lower relations with 
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self-concept than school grades (Marsh et al., 2005); the effects of dimensional comparisons 

might have thus been underestimated in this study.  

In a recent study, Schmidt et al. (2017) also considered both reading and writing self-

concepts as indicators for verbal self-concept and examined the I/E model with third and 

fourth grade elementary school students. The findings supported the existence of social 

comparisons given substantial relations between achievements and self-concepts of matching 

domains (i.e., math achievement and math self-concept, verbal achievement and reading self-

concept, verbal achievement and writing self-concept). While evidence of dimensional 

comparisons was consistently demonstrated by negative cross-domain achievement–self-

concept relations in fourth grade students, corresponding results were mixed and varied 

contingent upon the assumed underlying structure of academic self-concept in third grade 

students. In essence, negative paths leading from math achievement to reading and writing 

self-concepts were only found in third grade students when assuming the nested 

Marsh/Shavelson model (Brunner et al., 2010; a bifactor-like model with a general academic 

self-concept at the apex and math, writing, and reading self-concepts as specific factors nested 

under general academic self-concept) and not when assuming a first-order factor model with 

math, writing, reading, and general academic self-concepts as correlated factors. The findings 

of this study thus provided partial support for the validity of the I/E model with third-grade 

students. However, verbal achievement was measured by students’ grades in German 

reflecting students’ overall verbal achievement, while verbal self-concept was measured 

separately with respect to reading and writing. This divergent level of specificity in the 

operationalization of verbal self-concept and verbal achievement might have undermined the 

(negative) relations between achievement and self-concept. Relatively higher achievement–

self-concept relations are usually found when both achievement and self-concept measures 
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relate to the same domain and are located on the same level of specificity (Arens, Yeung, & 

Hasselhorn, 2014; Swann, Chang-Schneider, & Larsen McClarty, 2007). 

In a study with third grade German elementary school students, Möller et al. (2011) 

used school grades and self-concepts in math and German to examine the I/E model. The 

findings supported social comparisons due to positive within-domain achievement–self-

concept relations. With regard to the cross-domain relations, only the path leading from 

German achievement to math self-concept was significantly negative, but not the path leading 

from math achievement to German self-concept. Again, the match between achievement and 

self-concept measures was not optimal regarding the verbal domain. While German grades 

were used as an achievement indicator targeting the verbal domain in general, some items of 

the German self-concept scale targeted reading only while others addressed both reading and 

writing. Moreover, the analyses were not based on latent variables and did not correct for 

measurement error.  

In another recent study examining second grade students and considering math and 

reading math self-concept and achievement measures, Lohbeck and Möller (2017) found 

significantly positive achievement–self-concept relations within the domains of math and 

reading, supporting the application of social comparisons. However, the two achievement–

self-concept relations across the domains of math and reading were non-significant arguing 

against the validity of the I/E model in this sample. Yet, test scores were again used as 

achievement indicators which might have underestimated negative cross-domain self-

concept–achievement relations indicating dimensional comparison effects.  

Hence, in sum, empirical evidence for the I/E model has been sparse for students 

attending grade level 3 or lower. While all studies consistently provided empirical support for 

social comparison processes in the formation of math and verbal self-concepts, empirical 
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evidence for the effects of dimensional comparison processes was ambiguous and 

inconsistent.  

In the present study, we aimed to add to existing research by examining a sample of 

third grade German students. Limitations of previous studies (Ehm et al., 2014; Lohbeck & 

Möller, 2017; Möller et al., 2011; Schmidt et al., 2017) were addressed by including measures 

for verbal achievement and self-concept which are both related to the verbal domain in 

general and thus of the same level of specificity (i.e., students’ school grades in German as a 

school subject and German self-concept). School grades were considered as achievement 

indicators. Finally, the within-domain and cross-domain achievement–self-concept relations 

were analyzed in a latent regression model, controlling for measurement error. These aspects 

may help detect presumable negative achievement–self-concept relations across the math and 

verbal domains indicating dimensional comparisons and to gain more insight into the validity 

of the I/E model for young students.  

The GI/E Model 

 The I/E model has invoked interest in the phenomenon of dimensional comparisons 

leading to dimensional comparison theory (DCT; Möller & Marsh, 2013). DCT targets the 

antecedents, circumstances, and consequences of dimensional comparisons. While the classic 

I/E model focuses on the relation between math and verbal achievements and math and verbal 

self-concepts, DCT offers a broader definition of dimensional comparisons according to 

which an individual compares his/her perceptions of aspects of a particular domain A with 

his/her perceptions of aspects of a particular domain B, and this comparison is assumed to 

influence any kind of outcomes related to these domains. These assumptions have led to the 

GI/E model (Möller et al., 2015) which offers an empirical framework for studying 

dimensional comparisons in a broader way based on DCT. First, the GI/E model allows a 

broader range of predictor variables beyond math and verbal achievements to be subject to 
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dimensional comparisons, that is, to be compared across domains. Second, the GI/E model 

allows a broader range of outcome variables beyond math and verbal self-concepts which are 

affected by dimensional comparisons. In the present study, we tested a GI/E model extending 

the classic I/E model to the physical ability domain and to intrinsic value.  

Extension to the Physical Ability Domain  

Studies on the GI/E model predominantly considered students’ achievements and self-

concepts related to multiple school subjects. They showed that students compare their own 

achievements, and run dimensional comparisons, across a broad range of school subjects and 

thus do not only contrast their math and verbal achievements (Arens, Möller, & Watermann, 

2016; Jansen, Schroeders, Lüdtke, & Marsh, 2015; Marsh et al., 2014; Marsh, Lüdtke et al., 

2015; Möller, Streblow, Pohlmann, & Köller, 2006; Niepel, Brunner, & Preckel, 2014). When 

including multiple school subjects, cross-paths between achievement and self-concept 

measures of non-matching domains (depicting dimensional comparisons) can be negative as 

well as positive. Hence, dimensional comparisons can lead to contrast effects (negative cross-

paths) or to assimilation effects (positive cross-paths). Contrast effects are presumed to occur 

between domains which are perceived as dissimilar (e.g., math and verbal) while assimilation 

effects are presumed to occur between domains which are perceived as similar (e.g., math and 

physics) (Helm, Müller-Kalthoff, Nagy, & Möller, 2016).  

We expanded the classic I/E model by including students’ achievement and self-

concept related to physical ability. Although physical education is taught as a school subject 

and students receive school grades, physical education can be considered to be a non-

academic domain. Physical activity and sports are still primarily an extracurricular activity 

and students might perceive feedback on their physical ability from a variety of sources 

(peers, parents, and coaches of extracurricular activities) so that students’ feedback is not 

restricted to the school context. Hence, we expanded the classic I/E model to a non-academic 
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domain. In fact, we probed a GI/E model in which we examined the within-domain and cross-

domain relations among achievement and self-concept related to math, German, and physical 

ability.  

Findings from previous studies demonstrated that students’ achievement and self-

concept addressing the physical ability domain are related to each other implicating the use of 

social comparisons (e.g., Marsh, Gerlach, Trautwein, Lüdtke, & Brettschneider, 2007). In 

addition, the BFLPE was found for the physical ability domain, providing even stronger 

evidence for the operation of social comparisons (Chanal, Marsh, Sarrazin, & Bois, 2005; 

Trautwein, Gerlach, & Lüdtke, 2008). Beyond evidence of social comparisons, so far only the 

findings reported by Chanal, Sarrazin, Guay, and Boiché (2009) provided evidence for the 

role of dimensional comparisons in the formation of physical ability self-concept. In this 

study, students’ achievements and self-concepts related to math, French (verbal), and physical 

ability were integrated in a GI/E model with a sample of French high school students. The 

findings revealed positive relations between physical education achievement and physical 

ability self-concept indicating social comparisons. Verbal achievement was negatively related 

to physical ability self-concept, and physical education achievement was positively related to 

math self-concept. These findings indicated dimensional comparisons including the physical 

ability domain: Students seem to compare their achievement in physical education with their 

math and verbal achievements and these comparisons seem to bear an impact on students’ 

self-concepts in these domains. Yet, from this study, it did not become clear whether 

dimensional comparisons among math, verbal, and physical education achievements resulted 

in a contrast or an assimilation effect, since both a positive (assimilation effect) and a negative 

(contrast effect) cross-domain achievement–self-concept relation were found. Given evidence 

of positive relations between physical ability or fitness and academic achievement (Castelli, 

Hillmann, Buck, & Erwin, 2007; Sibley & Etnier, 2003), one can expect positive cross-
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domain relations, and thus an assimilation effect, between physical education achievement 

and physical ability self-concept on the one hand and academic (i.e., math, verbal) 

achievements and self-concepts on the other hand. Alternatively, students might strictly 

differentiate between academic and non-academic domains, that is, between math and verbal 

domains on the one hand and physical ability on the other hand. This separation and perceived 

dissimilarity between academic and non-academic domains might induce a contrast effect 

leading to negative relations between math and verbal achievements and self-concepts on the 

one hand and physical education achievement and physical ability self-concept on the other 

hand. In the present study, we assessed students’ math, verbal, and physical education 

achievements and math, verbal, and physical ability self-concepts with third-grade elementary 

school students. We were thus able to replicate the findings from Chanal et al. (2009) with 

younger students and to further explore dimensional comparisons involving the physical 

ability domain.  

Extension to Intrinsic Value 

According to the GI/E model, dimensional comparisons may also influence other 

motivational constructs beyond students’ self-concept. In this regard, expectancy-value theory 

(EVT; Eccles & Wigfield, 1995; Nagengast et al., 2011; Wigfield & Eccles, 2000) can be 

utilized as a theoretical framework and combined with the GI/E model. EVT assumes that 

students’ motivation encompasses an expectancy component and a value component which 

jointly impact upon students’ aspirations, achievement, effort, and enrolment decisions 

(Durik, Vida, & Eccles, 2006; Guo, Marsh, Parker, Morin, & Dicke, 2017; Simpkins, Davis-

Kean, & Eccles, 2006; Watt et al., 2012). Originally, the expectancy component was 

presumed to encompass ability beliefs (i.e., individuals’ self-evaluations of their 

competences) and expectancies of success, but both constructs were found to be inseparable 

and to form a single factor (Eccles, Wigfield, Harold, & Blumenfeld, 1993; Eccles & 
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Wigfield, 2002). The value component comprises four different facets: intrinsic value 

(enjoyment, interest), attainment value (subjective importance), utility value (subjective 

usefulness), and cost (negative consequences of choosing and engaging in a task, and 

opportunity cost) (Wigfield & Eccles, 2000). Both the expectancy and value components have 

been found to be domain-specific in nature. Hence, students form separate expectancy and 

value perceptions in different subject domains (Eccles et al., 1993; Trautwein et al., 2012).  

 The expectancy component has recently been operationalized as students’ academic 

self-concept (Guo, Marsh, Morin, Parker, & Kaur, 2015; Guo, Parker, Marsh, & Morin, 2015; 

Nagengast et al., 2011; Trautwein et al., 2012). Given the rich body of empirical evidence for 

the validity of the I/E model for students’ academic self-concept (for meta-analytic findings, 

see Möller et al., 2009), the I/E model seems well established for the expectancy component. 

Findings from previous research demonstrated that the GI/E model-like pattern [i.e., positive 

(negative) achievement-outcome relations within (across) the math and verbal domains] also 

applies to relations between domain-specific achievements and EVT value constructs 

(Gaspard et al., 2018; see also Guo et al., 2017). The findings of numerous studies indicated a 

GI/E model-like pattern when using outcomes resembling the construct of intrinsic value, 

such as interest (Schurtz, Pfost, Nagengast, & Artelt, 2014), intrinsic motivation (Marsh, 

Abduljabbar et al., 2015), or enjoyment (Goetz, Frenzel, Hall, & Pekrun, 2008). Yet, these 

findings need to be replicated with elementary school students. We did this in the present 

study.  

Generalizability across Gender 

 Boys and girls were found to differ in their mean levels of self-concept and these mean 

level differences correspond to gender stereotypes (Fredricks & Eccles, 2002; Marsh, 1989; 

Klomsten, Skaalvik, & Espnes, 2004; Skaalvik & Skaalvik, 2004). Accordingly, boys were 

found to report higher mean levels of math self-concept and physical ability self-concept, 
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whereas girls were found to display higher levels of verbal self-concept. Parallel gender-

stereotypic gender differences were also found for intrinsic value (Jacobs, Lanza, Osgood, 

Eccles, & Wigfield, 2002; Skaalvik & Skaalvik, 2004; Watt, 2004). Although most of the 

studies demonstrating gender differences in the mean levels of self-concepts and intrinsic 

values were based on samples of secondary school students, gender differences in self-

concept facets seem to already be in place in elementary school (Fredricks & Eccles, 2002; 

Herbert & Stipek, 2005). 

 Despite these mean level differences, boys and girls may differ in their achievement–

self-concept relations. Research on whether boys and girls differ in the size of the relations 

between achievement and self-concept can focus on within-domain relations (e.g., math 

achievement and math self-concept) and on cross-domain relations (e.g., math achievement 

and verbal self-concept). Studies considering gender invariance in both within-domain as well 

as cross-domain self-concept–achievement relations give insight into the generalizability of 

the I/E model across gender. 

Evidence of gender invariance in self-concept–achievement relations within domains 

has been found for preschool students (Arens et al., 2016), elementary school students 

(Helmke & van Aken 1995), and secondary school students (Marsh et al., 2005; Marsh & 

Yeung, 1998; Valentine, DuBois, & Cooper, 2004). In studies focusing on both within-

domain and cross-domain relations, the I/E model was found to be similarly applicable to 

boys and girls (Möller et al., 2009; Tay et al., 1995), but only secondary school students were 

considered in these studies. Hence, gender invariance of the I/E model has not yet been tested 

with elementary school students and when the I/E model is expanded to the domain of 

physical ability and intrinsic value. Yet, given corresponding findings with secondary school 

students, and since boys and girls are not found to differ in the development and level of 

cognitive abilities needed to conduct social and dimensional comparison processes (see for 
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example, Ardila, Rosselli, Matute, & Inozemtseva, 2011; Weiss, Kemmlera, Deisenhammerb, 

Fleischhackera, & Delazer, 2011), gender invariance of the I/E and GI/E models might also be 

valid for elementary school students. 

The Present Study 

We aimed to contribute to and to extend contemporary research on the classic I/E 

model in various ways. By using a sample of third grade elementary school students, we 

tested the applicability of the I/E model to this age group. Rather than focusing on the classic 

I/E model only including math and verbal self-concept and achievement measures, we tested a 

GI/E model (Möller et al., 2015). In essence, we broadened the domains considered by 

integrating the physical ability domain. In addition, by considering both self-concept and 

intrinsic value in the three domains (math, German, physical ability), we extended the 

outcome variables considered. Hence, our study can offer insight into the use of social and 

dimensional comparisons with third grade elementary school students.  

Finally, we examined gender differences in the mean levels of the constructs and 

tested for gender invariance with respect to the relations among all constructs considered. Our 

findings thus inform research and theory about whether gender invariance of the classic I/E 

model and of a GI/E model extended to the physical ability domain and intrinsic value can be 

postulated for elementary school students. 

Method 

Sample 

 The sample analyzed in this study [N = 514; boys: N = 273 (53.1%), girls: N = 241 

(46.9%)] is a subsample of the norming sample of the intelligence test THINK 1-4 (Baudson, 

Wollschläger, & Preckel, 2016) collected in summer 2011. It comprises those students who 

additionally completed the German short version of the Self Description Questionnaire (SDQ 

I-GS; Arens, Yeung, Craven, & Hasselhorn, 2013, see below). The students attended the third 
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grade of elementary schools, which were all located in the German federal state of Baden-

Wuerttemberg. The mean age of the students was 8.90 years (SD = 0.51). The student sample 

analyzed here came from families in which N = 39 (7.6%) students had parents with a leaving 

certificate from the low-ability (vocational) track of German secondary schools, N = 151 

(29.4%) students had parents with a certificate from the intermediate track, and N = 264 

(51.4%) students had parents with a certificate from the high-ability (academic) track as 

parents’ highest educational level. For N = 57 (11.1%) students, respective information was 

missing and N = 3 (0.6%) students reported that their parents had not graduated from school 

at all. N = 50 (9.7%) students reported that their mothers worked full time, N = 300 (58.4%) 

that their mothers had a part-time job, and N = 102 (19.8%) that their mothers were not 

employed. Respective information was missing for N = 62 (12.1%) students. N = 382 (74.3%) 

students had a father who worked full time, N = 19 (3.7%) students had a part-time working 

father, and N = 16 (3.1%) students had a father who was not employed. For N = 97 (18.9%) 

students, information on this measure for their father’s occupational status was missing.  

Parental consent for participation was obtained for all students. The students were 

informed about the purpose of the study and the confidential treatment of the data before 

completing the measures. Data were collected in class by trained research assistants.  

Measures  

Self-concepts and values. Students’ self-concepts and intrinsic values related to math, 

German, and physical ability were measured by the SDQ I-GS (Arens et al., 2013; see 

Appendix). With respect to the domains of math, German, and physical ability, the SDQ I 

encompasses competence-related items asking for students’ self-perceptions of competence 

and affect-related items asking for students’ liking, interest, and enjoyment. The competence-

related items of the SDQ I reflect students’ domain-specific academic self-concepts defined as 

students’ competence self-perceptions (Arens & Hasselhorn, 2015; Skaalvik & Rankin, 1995). 
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The affect-related items reflect intrinsic value as they address students’ interest and 

enjoyment (Arens & Hasselhorn, 2015; Marsh et al., 2013). Supporting the distinctiveness of 

these two kinds of item sets, previous studies demonstrated that the competence-related items 

and the affect-related items define separate factors (Marsh, Craven, & Debus, 1999). They are 

differentially related to achievement (higher relations for the competence component; Arens, 

Bodkin-Andrews, Craven, & Yeung, 2014; Arens, Yeung, Craven, & Hasselhorn, 2011) and 

effort (higher relations for the affect component; Arens & Hasselhorn, 2015; Pinxten, Marsh, 

De Fraine, Van Den Noortgate, & van Damme, 2014).1  

The SDQ I-GS scales for math self-concept, German self-concept, math intrinsic 

value, and German intrinsic value consist of three items. The physical ability self-concept 

scale comprises two items, while the physical ability intrinsic value scale consists of one 

single item. The items were worded as statements (e.g., “I am good at sports; I enjoy doing 

work in German.”) and the students were asked to indicate whether these statements were 

false, mostly false, sometimes false and sometimes true, mostly true, or true on a 5-point 

Likert scale. Reliability estimates were sufficient for all multi-item scales: math self-concept: 

α = .872; German self-concept: α = .865; physical ability self-concept: α = .735; German 

intrinsic value: α = .901; math intrinsic value: α = .915).  

 Achievement. Students’ school grades in math, German, and physical education were 

taken from the latest school reports the students had received before the assessment of self-

concept and intrinsic value. In Germany, the grading system ranges from 1 to 6 with 1 (“very 

good”) displaying the highest and 6 (“failed”) displaying the lowest grade. For easier 

interpretation, the grades were reversely coded prior to the analyses so that higher values 

represent higher school grades, that is, better achievement.  

Statistical Analyses 
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 All analyses were conducted with Mplus 7.8 (Muthén & Muthén, 1998-2017) using 

the maximum likelihood estimator with robust standard errors (MLR). Missing data were 

handled by the full information maximum likelihood (FIML) approach implemented in Mplus 

(Enders, 2010). The amount of missing data ranged from 0.2% to 1.8% for the SDQ I-GS 

items, and between 10.3% and 11.1% for the school grades.2  

We first ran a confirmatory factor analysis (CFA) model in which we assumed 

separate factors for the SDQ I-GS scales (math self-concept, German self-concept, physical 

ability self-concept, math intrinsic value, German intrinsic value, physical ability intrinsic 

value) and three achievement factors (math achievement, German achievement, physical 

education achievement). The self-concept and intrinsic value factors (except physical ability 

intrinsic value) were defined by the corresponding SDQ I-GS items, the achievement factors 

were defined by students’ school grades in math, German, and physical education as single-

item indicators, and the physical ability intrinsic value factor was defined by the respective 

single SDQ I-GS item. This model served to examine the integrity of the SDQ I-GS to assess 

students’ self-concepts and intrinsic values and to investigate the correlations between self-

concepts, intrinsic values, and achievements. Based on this CFA model, we stated the GI/E 

model tested in the present study. To this aim, the six SDQ I-GS factors were simultaneously 

regressed on the three achievement factors (Figure 2).  

 In a subsequent set of models (Models I1 to I9 in Table 3), we tested gender 

invariance of the GI/E model. To this aim, we integrated gender as a grouping variable in the 

CFA model that assumes separate factors for the SDQ I-GS scales and achievement indicators 

(see above). We first stated a model of configural invariance in which the same number of 

factors defined by the same items was assumed for boys and girls but all model parameters 

were freely estimated across gender (Millsap, 2011; Model I1). Based on this model, step-by-

step, we included invariant factor loadings (Model I2), item intercepts (Model I3), and item 
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uniquenesses (Model I4). Factor loading invariance (also known as metric invariance) is most 

important as it implies that the same constructs with the same meanings are measured across 

groups. Invariant item intercepts are a prerequisite for testing latent mean invariance. 

Invariance testing of item uniquenesses is not required in latent analyses correcting for 

measurement error but is often included to complete the series of measurement invariance 

testing. The invariance testing procedure continued with testing the invariance of factor 

variances (Model I5). In the case of invariant factor variances, the invariance of factor 

correlations can be examined by restricting the factor covariances to invariance (Marsh, 1994; 

Model I6). The series of invariance tests was concluded by testing the invariance of factor 

means to explore mean level differences (Model I7).  

 Finally, we tested gender invariance with respect to the GI/E model. For this purpose, 

the within-domain and cross-domain relations between the achievement factors (predictors) 

and the various SDQ I-GS factors (i.e., self-concepts and intrinsic value factors as outcomes) 

were freely estimated across boys and girls in Model I8. This model was compared to Model 

I9 in which all relations were set to invariance across gender.  

The evaluation of model fit was based on a wide range of descriptive goodness-of-fit 

indices (e.g., Marsh, Hau, & Wen, 2004). Accordingly, we report the comparative fit index 

(CFI), the Tucker-Lewis index (TLI), and the root mean square error of approximation 

(RMSEA). For the CFI and TLI, values above .90 and .95 represent an adequate respectively 

good model fit (Hu & Bentler, 1999). RMSEA values should be below .05 for a close fit, or 

between .05 and .08 for a reasonable fit (Browne & Cudeck, 1993). Changes in the descriptive 

goodness-of-fit indices between more and less restrictive models were observed to evaluate 

the invariance models. Invariance can be assumed as long as the CFI does not drop more than 

.010 (Cheung & Rensvold, 2002; see also Chen, 2007).  

Results 
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A CFA model stating separate factors for the six SDQ I-GS scales (math self-concept, 

German self-concept, physical ability self-concept, math intrinsic value, German intrinsic 

value, and physical ability intrinsic value) and for math, verbal, and physical education 

achievements resulted in a good fit: χ²(99) = 158.707, CFI = .986, TLI = .978, RMSEA = 

.034. The good model fit as well as the resulting factor loadings (see Appendix) supported the 

integrity of the SDQ I-GS scales3. When inspecting the resulting factor correlations (Table 1), 

math achievement showed the relatively highest relation to math self-concept (r = .589, p < 

.05), German achievement had the relatively highest relation to German self-concept (r = 

.437, p < .05), and students’ physical ability self-concept demonstrated the relatively highest 

relation to physical education achievement (r = .449, p < .05). These findings of substantial 

achievement–self-concept relations within matching domains supported the convergent 

validity of the SDQ I-GS self-concept scales. The correlations between self-concepts and 

intrinsic values were high within domains (math: r = .769; German: r = .794; physical ability: 

r = .643, for all p < .05), but they were far from perfect indicating the separation between self-

concept and intrinsic value factors. The separation between self-concept and intrinsic value 

factors was further supported by the finding that within domains, the relations between self-

concepts and achievements were higher than the relations between intrinsic values and 

achievement. For instance, the correlation between math achievement and math self-concept 

was r = .589 (p < .05), while the correlation between math achievement and math intrinsic 

value was r = .309 (p < .05).  

The GI/E Model  

Following the logic of the GI/E model, we stated a latent regression model estimating 

the within-domain and cross-domain relations between math, verbal, and physical education 

achievements on the one hand and the six SDQ I-GS factors (math self-concept, German self-

concept, physical ability self-concept, math intrinsic value, German intrinsic value, physical 
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ability intrinsic value) on the other hand (Figure 2). This model is statistically equivalent to 

the CFA model assuming separate achievement and SDQ I-GS factors so that both models 

resulted in the same fit. The resulting path coefficients (Table 2, see also Table S1 of the 

Online Supplements) replicated the classic I/E model since math achievement was positively 

related to math self-concept (β = .769, p < .05) and verbal achievement was positively related 

to German self-concept (β = .615, p < .05), but math achievement was negatively related to 

German self-concept (β = -.289, p < .05), and verbal achievement was negatively related to 

math self-concept (β = -.258, p < .05). The I/E model assumptions could also be supported for 

intrinsic value since math (verbal) achievement was positively related to math (verbal) 

intrinsic value (β = .505, resp. β = .491, for both p < .05), while math (verbal) achievement 

was negatively related to verbal (math) value (β = -.417, resp. β = -.275, for both p < .05)4.  

Physical education achievement and physical ability self-concept were significantly 

positively related to each other (β = .508, p < .05). In parallel, physical education achievement 

showed a significantly positive relation to physical ability intrinsic value (β = .297, p < .05). 

Physical education achievement was not significantly related to math and verbal self-concepts 

and intrinsic values. German achievement was not significantly related to physical ability self-

concept, but it showed a significant negative relation to physical ability intrinsic value (β = -

.156, p < .05). Math achievement displayed a significantly negative relation with physical 

ability self-concept (β = -.123, p < .05), but was unrelated to physical intrinsic value.  

Gender Invariance   

 Model I1 (Table 3) is a model of configural gender invariance assuming separate 

achievement and SDQ I-GS factors which are freely estimated across boys and girls. Based on 

this model, we tested gender invariance by gradually adding invariant factor loadings (Model 

I2), invariant item intercepts (Model I3), invariant item uniquenesses (Model I4), invariant 

factor variances (Model I5), and invariant factor covariances (Model I6). Across these 
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models, the CFI value did not decline by more than .01 between less and more restrictive 

consecutive models. The invariance of factor covariances (Model I6) in case of invariant 

factor variances (Model I5) indicated that boys and girls did not differ in their relations 

between the achievement and SDQ I-GS factors. Hence, the GI/E model stated here was 

found to be similarly valid for boys and girls (see also Models I8 and I9).  

The fit declined more substantially (∆CFI = -.018) when additionally assuming 

invariant factor means (Model I7). This result indicated that boys and girls displayed 

differential factor mean levels. For identification purposes, in Model I3 (i.e., the model with 

invariant factor loadings and item intercepts), we set the factor means to zero in one group 

(reference group, boys in our case) and freely estimated the factor means of the other group 

(girls in our case). The results depict the deviations in the mean levels between the reference 

and comparison groups in standard deviation units. Boys were found to have higher mean 

levels of math self-concept (-.414), math intrinsic value (-.208), physical ability self-concept 

(-.249), physical ability intrinsic value (-.284), and math achievement (-.272, for all p <. 05). 

Girls demonstrated higher mean levels of German self-concept (.481), German intrinsic value 

(.795), and German achievement (.267, for all p < .05). Girls and boys were not found to 

differ in their mean levels of physical education achievement (see also Table 4). 

In a final step, we examined gender invariance of the GI/E model. Based on the 

assumption of invariant factor loadings which is a sufficient precondition for testing 

invariance of factor relations, Model I8 (Table 3) estimated the GI/E model freely across 

gender. The CFI value of this model remained robust when restricting the path coefficients to 

be invariant across gender (Model I9). Hence, for both boys and girls, the within-domain and 

cross-domain relations between math, verbal, and physical education achievements on the one 

hand and math self-concept, German self-concept, physical ability self-concept , math 



GI/E MODEL IN ELEMENTARY SCHOOL                                                                   24 

 
intrinsic value, German intrinsic value, and physical ability intrinsic value on the other hand 

were found to be of similar size for boys and girls.  

Discussion 

Validity of the I/E model with Third Grade Students  

Developmental considerations might question the validity of the I/E model for young 

students as they might lack the ability to adequately use social and dimensional comparisons 

for self-concept formation (Harter, 1988, 1999; Ruble et al., 1980). Empirical studies testing 

the I/E model with elementary school students attending grade level 3 supported social 

comparisons but provided inconsistent findings with respect to dimensional comparisons 

(Ehm et al., 2014; Lohbeck & Möller, 2017; Möller et al., 2011; Schmidt et al., 2017). A 

closer look revealed that these previous studies might suffer from limitations that might have 

obscured negative cross-domain achievement–self-concept relations indicating dimensional 

comparisons. The present study aimed to shed further light on the validity of the I/E model for 

third grade elementary school students by overcoming the limitations of previous studies.  

 According to our findings, the classic I/E model also applies to third grade elementary 

school students. In fact, given significantly positive within-domain achievement–self-concept 

relations, third grade elementary school students seem to use social comparisons for self-

concept formation. Further, the results demonstrated negative cross-domain achievement–

self-concept relations indicating dimensional comparisons. Hence, third grade elementary 

school students seem to contrast their math and verbal achievements which affects their math 

and verbal self-concepts.  

The GI/E Model  

 Another aim of this study was to examine extensions of the classic I/E model based on 

the GI/E model (Möller et al., 2015) and DCT (Möller & Marsh, 2013). In this context, we 

extended the I/E model to the physical ability domain and to intrinsic value as a further 
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outcome variable. The findings revealed positive relations between achievement and intrinsic 

value within all three domains (math, German, physical ability) supporting the application of 

social comparisons in the formation of domain-specific intrinsic value. The findings further 

showed negative relations between achievement and intrinsic value across the math and 

verbal domains. These findings supported the involvement of dimensional comparisons in the 

formation of intrinsic values. Thereby, we replicated findings from previous studies showing 

GI/E model-like patterns for constructs conceptually similar to intrinsic value (e.g., interest or 

enjoyment; Gaspard et al., 2018; Goetz et al., 2008; Guo et al., 2017; Marsh, Abduljabbar et 

al., 2015; Schurtz et al., 2014), and expanded the respective findings to third grade elementary 

school students. Moreover, math achievement was negatively related to physical ability self-

concept, and German achievement was significantly negatively related to physical ability 

intrinsic value. That is, students seem to compare their achievements across academic (math, 

verbal) and non-academic (physical education) domains. This comparison is negatively 

related to students’ physical ability motivation both in terms of students’ self-concept and 

intrinsic value. This finding hints at a partial inconsistency between academic achievement 

and non-academic (i.e., physical ability) motivation. Higher math achievement is associated 

with a lower physical ability self-concept, and higher German achievement is related to lower 

physical ability intrinsic value. Math achievement might be associated with clearer 

information on one’s own abilities than verbal achievement which is less clearly defined. 

Hence, comparisons involving math achievement might be more relevant for students’ self-

concept. Still, further research is necessary to explicate this finding. 

Developmental theory had originally assumed that students develop the ability to 

compare elements of their selves between domains earlier (in middle childhood) than within 

domains (in late childhood and early adolescence; Harter, 1999). In this case, dimensional 

comparisons might have only been expected between the academic (math, verbal) and non-
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academic (physical) domain when examining third-grade students. Yet, since the findings 

hinted at dimensional comparison processes even within the academic domain, the ability to 

coordinate and compare self-evaluations within a domain might develop earlier. This 

development might also be enhanced by specific environmental features such as grading 

practices. In other words, the use of school grades might have stimulated the use of social and 

dimensional comparisons as school grades are salient, directly communicated to the students, 

easy to understand, and thus easy to compare. In addition, with students’ advancing grade 

level, the school environment might urge students to focus on social and dimensional 

comparisons. In fact, environmental characteristics such as salient and frequent performance 

feedback, evaluation pressure, and the introduction of achievement standards are assumed to 

trigger the use of social and dimensional comparisons in students (Ames, 1992). Future 

research is necessary to detect environmental characteristics that augment or weaken students’ 

use of dimensional comparisons.  

Gender Invariance and Gender Differences  

Boys and girls were comparable regarding the relations among constructs, and thus 

regarding the GI/E model. The generalizability of the I/E model across gender that was 

previously demonstrated for secondary school students (Möller et al., 2009; Tay et al., 1995) 

thus also pertains to (advanced) elementary school students. Gender invariance also applies to 

our GI/E model extended to intrinsic value and to achievement and self-concept related to the 

physical ability domain.  

 Gender differences, however, were found for mean levels. The results match findings 

from previous studies (Fredricks & Eccles, 2002; Marsh, 1989; Klomsten et al., 2004; 

Skaalvik & Skaalvik, 2004). Boys reported higher mean levels of math self-concept, physical 

ability self-concept, and math intrinsic value, and physical ability intrinsic value. Girls 

displayed higher levels of German self-concept, and German intrinsic value. Hence, the self-
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concept mean level differences between boys and girls correspond to gender stereotypes 

indicating that third grade elementary school students have already internalized gender 

stereotypes in their self-perceptions (Steffens, Jelenec, & Noack, 2010). Finally, boys had 

better math grades, while girls displayed better grades in German replicating previously found 

gender differences regarding achievement (De Fraine, van Damme, & Onghena, 2007; 

Nowell, & Hedges, 1998; Skaalvik & Rankin, 1994).  

Practical Implications  

In practical terms, the findings of our study indicate that it is important to consider the 

operation of dimensional comparisons in the formation of students’ multidimensional (i.e., 

academic and non-academic) self-concepts and intrinsic values. Hence, enhancement 

interventions should not only address students’ self-concept and intrinsic values in a single 

domain. Programs designed to foster students’ self-concepts and values (e.g., Gaspard, Dicke, 

Flunger, Brisson et al., 2015; Hulleman, Godes, Hendricks, & Harackiewicz, 2010; O’Mara, 

Marsh, Craven, & Debus, 2006) should rather consider the complex interplay of 

achievements, self-concepts, and intrinsic values within and across various academic and non-

academic domains. 

Limitations and Future Directions 

Our study remains cross-sectional. Longitudinal studies would be required to 

investigate the within-domain and cross-domain relations among achievements, self-concepts, 

and intrinsic values across time (see for example Möller, Retelsdorf, Köller, & Marsh, 2011; 

Niepel et al., 2014). Longitudinal studies would also allow inspecting for mediator variables. 

The within-domain and cross-domain relations between achievement and value constructs 

might be mediated through students’ academic self-concept (Goetz et al., 2008; Guo et al. 

2017; Schurtz et al., 2014). Indeed, social and dimensional comparisons as stated in the I/E 

model pertain to the comparison of achievements. Thus, they primarily provide students with 
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evaluations of students’ competences in specific domains (i.e., domain-specific academic self-

concepts) which in turn might affect students’ interest, liking, and enjoyment with respect to 

this subject domain (Harter, 1999; see also Marsh et al., 2005). This mediation assumption 

needs testing with elementary school students. Indeed, further research on the I/E and GI/E 

models might benefit from disentangling which variables are directly subject to social and 

dimensional comparisons and which are only affected indirectly. 

We included students’ self-concepts and intrinsic values related to three domains 

(math, German, and physical ability) as outcome variables in our extended I/E model. 

Thereby, we went beyond the scope of common studies on the I/E model. Nevertheless, as we 

only considered intrinsic value as one value facet as stated by EVT, further studies should 

consider the other EVT value facets (i.e., attainment value, utility value, and cost) which have 

been found to form theoretically and empirically separable constructs (Conley, 2012; 

Gaspard, Dicke, Flunger, Schreier et al., 2015; Trautwein et al., 2012). A single item was used 

to measure intrinsic value related to physical ability. Future studies should consider respective 

scales, that is, multiple items for physical ability intrinsic value to ensure the psychometric 

property of this measurement. Finally, beyond the math, German, and physical ability 

domains, future studies should consider a broader range of academic and non-academic 

domains in GI/E models. Respective studies would allow insight into whether further non-

academic domains are involved in dimensional comparisons and are contrasted to academic 

domains.  

The number of participating classes was too small to correct for possibly biased 

standard errors due to the hierarchical nature of the data. However, students’ nesting within 

classes might only marginally affect students’ self-concepts and values as these constructs are 

located on the individual student rather than on the class level (Marsh et al., 2012). In 

addition, we considered only third grade elementary school students in our study. While we 
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thereby examined a student sample which has rarely been focused in research on the I/E 

model and for which existing studies provided inconsistent findings, we cannot draw any 

conclusions regarding the validity of the classic I/E and GI/E models for students from other 

grade levels and thus elementary school students in general. Possibly, the ability to adequately 

engage in social and dimensional comparisons might only evolve during elementary school 

years so that our findings would not be replicable with even younger students. Thus, future 

studies are also needed to address the generalizability of the present findings to students 

attending other grade levels as well as to students from other countries, cultures, and 

educational systems.  

Finally, this study observed the size and direction of within-domain and cross-domain 

achievement–outcome relations to infer students’ use of social and dimensional comparisons. 

One could assume that the high correlations among achievement measures might invoke the 

negative cross-domain relations due to a suppression effect (Shieh, 2006). In this case, the 

negative cross-domain relations between achievement on the one hand and self-concept or 

other outcome variables on the other hand would only be a statistical artefact and not depict 

the use of dimensional comparisons. Yet, the vast amount of findings from cross-sectional and 

longitudinal quantitative studies (e.g., Chiu, 2012; Marsh, Abduljabbar et al., 2015; Marsh & 

Hau, 2004; Marsh & Köller, 2004; Möller et al., 2011; Niepel et al., 2014), along with the 

findings of qualitative (Möller & Husemann, 2006) experimental studies (Möller & Köller, 

2001; Strickhouser & Zell, 2015), as well as meta-analytic findings (Möller et al., 2009) 

rather indicated the existence of dimensional comparisons and their use in the formation of 

self-concepts. Still, respective evidence should be also obtained with elementary school 

students.  

Conclusion  
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The present study contributes to research on the I/E model and dimensional 

comparisons in several ways. This study helped clarify the inconsistent findings of previous 

studies on the I/E model with elementary school students by overcoming shortcomings of 

previous studies that may have made it difficult to unveil dimensional comparison effects. 

Beyond testing the classic I/E model, it is one of the first testing a GI/E model with third 

grade elementary school students. The findings demonstrated that even third grade elementary 

school students make use of social and dimensional comparisons for the formation of self-

concepts and intrinsic values related to the domains of math, German, and physical ability.  

Hence, the findings of the present study argue that dimensional comparisons are a valid 

psychological phenomenon that transcends the academic domain and relates to non-academic 

domains such as physical ability (Chanal et al., 2009; see also Helm, Abele, Müller-Kalthoff, 

& Möller, 2017) and which also plays a role in the formation of motivational and emotional 

self-perceptions going beyond academic self-concepts (see also Arens, Becker, & Möller, 

2017; Goetz et al., 2008; Marsh, Abduljabbar et al., 2015; Schurtz et al., 2014). The study 

offers directions for future research on the GI/E model with elementary school students which 

should consider longitudinal, introspective, and experimental studies, and include even more 

predictor and outcome variables.    

Footnotes 

1 The SDQ I also includes a scale related to students’ general school self-concept and general 

school intrinsic value which reflect students’ self-perceived competence respectively 

enjoyment related to all school subjects. Moreover, the SDQ I encompasses scales for 

assessing students’ self-concepts related to physical appearance, peer-relations, parent-

relations, and self-esteem. These scales were not considered in the present study.   

2 A subsample of N = 48 (9.3%) students had missing values on all three achievement 

measures (i.e., math achievement, verbal achievement, physical education achievement). 
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Compared to the subsample of students with valid achievement measures, this subsample did 

not differ in the mean levels on all SDQ I-GS scales [physical appearance self-concept: t 

(512) = -0.952; peer self-concept: t (512) = -0.443; physical ability self-concept: t (512) = -

0.234; parent-relations self-concept: t (512) = -0.121; self-esteem: t (511) = 0.323; general 

school self-concept: t (512) = 1.406; math self-concept: t (512) = 0.269; general school 

intrinsic value: t (512) = 0.677; German intrinsic value: t (512) = 1.873; math intrinsic value: t 

(512) = 0.478, physical ability intrinsic value: t (509) = 1.441; all ns] with the exception of 

German self-concept [t (512) = 2.193; p < .05]. Students with missing values on all 

achievement measures had a lower mean level of German self-concept (M = 3.60; SD = 1.06) 

than students with achievement measures (M = 3.93; SD = 1.00). Moreover, the subsample of 

students with missing values on all three achievement measures did not differ with respect to 

gender ratio (without missing values: boys: N = 247, girls: N = 219; with missing values: 

boys: N = 26, girls: N = 22; χ² (1) = 0.024, ns) or mean age (t (512) = 0.475, ns).  

3 A CFA model assuming that the self-concept items and intrinsic value items related to math,   

German, and physical ability load on a common factor along with separate factors for math 

achievement, verbal achievement, and physical education achievement (i.e., a 6-factor model) 

had an inadequate fit to the data: χ²(119) = 708.965, CFI =.862, TLI = 822, RMSEA = .098. 

This finding supported the validity of the separation of the SDQ I-GS items related to math, 

German, and physical ability into a self-concept and intrinsic value factor.  

4 Similar findings were found for the within-domain and cross-domain relations among math 

self-concept, math intrinsic value, German self-concept, German intrinsic value, math 

achievement, and verbal achievement when estimating a latent regression model without 

including the physical domain, that is, physical education achievement, physical ability self-

concept, and physical ability intrinsic value (see Table S2 of the Online Supplements). 
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Appendix 

Items of the SDQ I-GS Scales and their Standardized Factor Loadings  
 
   λ 
Physical Ability Self-Concept  
I am good at sports. .908 
I am a good athlete.  .876 
Physical Ability Intrinsic Value   
I enjoy sports and games.  1.000 
German Self-Concept 
I am good at German.  .795 
Work in German is easy for me. .841 
I learn things quickly in German.  .842 
German Value  
I like German.  .830 
I enjoy doing work in German.  .862 
I look forward to German.  .911 
Math Self-Concept  
Work in mathematics is easy for me. .830 
I learn things quickly in mathematics.  .795 
I am good at mathematics. .888 
Math Value  
I look forward to mathematics.  .849 
I am interested in mathematics.  .892  
I like mathematics.  .923 
Note. For all p < .001.  
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Table 1 

Factor Correlations from a CFA Model  

 Physical ability 
self-concept 

Physical ability 
intrinsic value 

German  
self-concept  

German  
intrinsic value 

Math  
self-concept 

Math  
intrinsic value 

Math  
ACH 

German  
ACH 

Physical ability intrinsic value .643*        
German self-concept .164* .049       
German intrinsic value .039   .027 .794*      
Math self-concept .094 .092 .181* -.014     
Math intrinsic value .106* .165* .053 .096 .769*    
Math achievement -.001 -.078   .137* -.100* .589* .309*   
German achievement .018 -.108* .437* .203* .247* .050 .667*  
Physical achievement   .449* .226* .151* -.011 .138* .037 .321* .316* 

Note. CFA = confirmatory factor analysis. ACH = Achievement. The fit of this model was χ²(99) = 158.707, CFI = .986, TLI = .978, RMSEA = 
.034. 
* p ≤ .05. 
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Table 2 
 
Standardized Path Coefficients of the Extended I/E Model  
 
Outcome   Predictor   
Math self-concept 

 Math achievement .769* 
 German achievement  -.258* 
 Physical education achievement  -.027 

Math intrinsic value 
 Math achievement .505* 
 German achievement  -.275* 
 Physical education achievement  -.039    

German self-concept 
 Math achievement -.289* 
 German achievement  .615* 
 Physical education achievement  .050 

German intrinsic value 
 Math achievement -.417* 
 German achievement  .491* 
 Physical education achievement  -.032   

Physical ability self-concept 
 Math achievement -.123* 
 German achievement  -.060 
 Physical education achievement  .508* 

Physical ability intrinsic value    
 Math achievement -.069 
 German achievement  -.156* 
 Physical education achievement  .297* 

Note. The fit of this model was χ²(99) = 158.707, CFI = .986, TLI = .978, RMSEA = .034. 
I/E Model = internal/external frame of reference model.  
* p ≤ .05. 
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Table 3 
 
Goodness-of-fit Indices of the Gender-Invariance Models  

Model   χ² df CFI TLI RMSEA  

I1 Configural invariance 280.861 198 .981 .971 .040 

I2 Factor loading invariance 289.289 207 .981 .972 .039 

I3 Factor loading invariance and invariance of item intercepts 301.141 216 .981 .972 .039 

I4 Factor loading invariance, invariance of item intercepts, and invariance of item uniquenesses 353.131 230 .972 .962 .046 

I5 Factor loading invariance, invariance of item intercepts, invariance of item uniquenesses, and 

invariance of factor variances 

377.761 239 .968 .959 .048 

I6 Factor loading invariance, invariance of item intercepts, invariance of item uniquenesses, 

invariance of factor variances, and invariance of factor covariances  

418.441 275 .967 .963 .045 

I7 Factor loading invariance, invariance of item intercepts, invariance of item uniquenesses, 

invariance of factor variances, invariance of factor covariances, and invariance of factor means  

504.874 284 .949 .946 .055 

I8 GI/E model; free across gender    289.289 207 .981 .972 .039 

I9 GI/E model; invariant across gender  306.471 225 .981 .975 .038 

Note. CFI = comparative fit index; TLI = Tucker-Lewis index; RMSEA = root mean square error of approximation. All models were conducted 
with the MLR estimator. All χ² values are significant (p < .001).   
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Table 4 
 
Manifest Mean Levels (M), Standard Deviations (SD), and Range of all Variables for Boys and Girls  
 

 Boys Girls 
 M  SD Range  M  SD Range  
Math self-concept 4.24 (0.98) 1-5 3.88 (0.94) 1-5 
Math value 4.00 (1.20) 1-5 3.75 (1.17) 1-5 
German self-concept 3.72 (1.09) 1-5 4.10 (0.86) 1-5 
German value 3.32 (1.26) 1-5 4.06 (0.98) 1-5 
Physical ability self-concept 4.46 (0.89) 1-5 4.23 (0.98) 1-5 
Physical ability intrinsic value  4.47 (0.96) 1-5 4.14 (1.15) 1-5 
Math achievement 5.15 (0.72) 3-6 4.96 (0.76) 2-6 
Verbal achievement 4.80 (0.74) 2-6 5.00 (0.71) 2-6 
Physical education achievement  5.25 (0.58) 3-6 5.16 (0.64) 3-6 
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Figure 1 
 
The classic I/E model according to Marsh (1986) 
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Figure 2 

The extended I/E model tested in the study 

 

Note.  
The correlations among domain-specific achievements and among domain-specific self-concepts and 
intrinsic values are omitted from this figure to enhance readability.  
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Online Supplements to 

Testing the internal/external frame of reference model with elementary school children: Extension to physical ability 

and intrinsic value 

 

Table S1  
 

Factor Correlations of the Extended I/E Model 

 Physical ability 
self-concept 

Physical ability 
intrinsic value 

German  
self-concept  

German  
intrinsic value 

Math  
self-concept 

Math  
achievement 

German  
achievement 

Physical ability intrinsic value .611*       
German self-concept .170* .098*      
German intrinsic value .054 .063 .792*     
Math self-concept .162* .174* .281* .159*    
Math intrinsic value  .158* .207* .136* .235* .750*   
Math achievement        
German achievement      .667*  
Physical education achievement        .321* .316* 

Note. The fit of this model was χ²(99) = 158.707, CFI = .986, TLI = .978, RMSEA = .034.  
I/E Model = internal/external frame of reference model.  
* p ≤ .05.
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Table S2 
 
Standardized Path Coefficients of the Extended I/E Model without the Measures for the Physical Ability Domain 
 
Outcome   Predictor   

Math self-concept 

 Math achievement .764*  

 German achievement  -.261*  

Math value 

 Math achievement .498*  

 German achievement  -.279*  

German self-concept 

 Math achievement -.281*  

 German achievement  .625*  

German value 

 Math achievement -.422*  

 German achievement .489*  

Note. The fit of this model was χ²(74) = 167.245, CFI = .973, TLI = .962, RMSEA = .050.  
I/E Model = internal/external frame of reference model.  
* p ≤ .05. 
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Table S3 

Factor Correlations of the Extended I/E Model without the Physical Ability Domain  

 German 

self-concept 

German 

intrinsic value 

Math 

self-concept 

Math 

achievement 

German intrinsic value .787*    

Math self-concept .278* .157*   

Math intrinsic value  .132* .235* .749*  

Math achievement    .666* 

Note. The fit of this model was χ²(74) = 167.245, CFI = .973, TLI = .962, RMSEA = .050.  

I/E Model = internal/external frame of reference model.  

* p ≤ .05. 

 

 


