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Abstract

The internal/external frame of reference (I/E) model posits paradoxical relations
between achievement and self-concept in mathematics and verbal domains, in which
achievement in each domain has a positive effect on self-concept in the matching domain
(e.g., mathematics achievement on mathematics self-concept) but a negative (contrastive)
effect on self-concept in the non-matching domain (e.g., mathematics achievement on verbal
self-concept). Extending the I/E model, Dimensional Comparison Theory (DCT) posits that
self-evaluations are based on dimensional comparisons (e.g., how my accomplishments in
one domain compare with my accomplishments in another domain) as well as the more
traditional social and temporal comparisons, and on other sources of information about one's
accomplishments. Extending the traditional tests of the I/E model, DCT predicts strong
contrast effects only for contrasting domains that are at the opposite ends of the theoretical
continuum of academic self-concept (far comparisons: e.g., the negative effect of math
achievement on verbal self-concept), but much weaker negative contrast or even positive
assimilation effects for complementary domains that are close to each other (near domains:
e.g., positive effects of math achievement on physics self-concept; positive effects of native
language on foreign language self-concept). Here we illustrate new predictions, theoretical
insights, and methodology associated with DCT based on multiple academic domains (native
language, foreign language, history, biology, physics and math), showing significant contrast
effects for far comparisons and significantly less contrast or assimilation effects for near
domains.

Keywords

Internal/external frame of reference effect Assimilation and contrast effects Social and
dimensional comparison processes Self-concept vs. self-efficacy Multilevel structural
equation models

Self-concept, one of the oldest constructs in psychology, is a major focus in many
disciplines, an important mediating factor that facilitates the attainment of other desirable
outcomes, and is central to the positive psychology revolution, which focuses on how
healthy, normal, and exceptional individuals can get the most from life (e.g., Diener,

2000, Marsh and Craven, 2006, Seligman and Csikszentmihalyi, 2000). Particularly in
education settings, a positive academic self-concept (ASC) is both a highly desirable goal and
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a means of facilitating subsequent academic achievement, academic accomplishments, and
educational choice behaviors, including subject choice, coursework selection, academic
persistence, and long-term educational attainment (e.g., Chen et al., 2013, Guay et al.,

2004, Marsh, 1991, Marsh, 2007, Marsh and Craven, 2006, Pinxten et al., 2010).

Thus, Marsh and Yeung (1997; also see Parker et al., 2012) found that ASCs predicted future
coursework selection better than corresponding measures of academic achievement,

whilst Marsh and O'Mara, 2008, Marsh and O'Mara, 2010 found that ASCs predicted long-
term educational attainment five years after high school graduation better than school grades,
IQ, standardized tests, or socio-economic status.

In the last 30 years self-concept research has experienced dramatic growth in the
quality of measurement instruments, theoretical models, quantitative methodology, and
research design. The cornerstone of this resurgence is the classic review article by Shavelson,
Hubner, and Stanton (1976), who posited self-concept as a multidimensional, hierarchical
construct, where different facets of academic self-concept are substantially correlated and
form a single higher-order academic self-concept factor. This is consistent with the positive
relations routinely observed among achievements in different school subjects (Marsh, 2007).
However, subsequent research revealed that mathematics self-concept and verbal self-concept
in particular were nearly uncorrelated; this led to the Marsh/Shavelson revision (Marsh &
Shavelson, 1985). Marsh and Shavelson posited two higher-order academic self-concept
factors (mathematics/academic and verbal/academic), a continuum of core academic self-
concept factors ranging from verbal self-concept at one end to math self-concept at the other
end, and an ordering of academic self-concepts in other domains along this continuum. This
perspective has resulted in increased attention to frame of reference effects based on
dimensional comparisons, which are the focus of the present investigation.

Since at least the time of William James (1890/1963), psychologists have realized that
self-concepts are based in part on evaluations of objective achievements in relation to frames
of reference. Depending on the frame of reference, or the standard of comparison against
which individuals evaluate themselves, the same objective accomplishment can lead to quite
different self-concepts. Self-concepts have important consequences for future choices, for
behavior and performance. In the broader psychological literature, the two most frequently
posited frames of reference are social and temporal comparisons (Albert, 1977, Festinger,
1954, Moller, 2005, Moller et al., 2009, Méller et al., 2011); self-concepts are based in part
on how our current accomplishments compare with past performances (temporal
comparisons) and on how they compare with the accomplishments of others within the
current context (social comparisons; e.g., classmates in one's school or class). However, as
emphasized by Moller and Marsh (2013, p. 1) in their empirical and theoretical foundation
for dimensional comparison theory (DCT): “In addition to social comparisons (Festinger,
1954) and temporal comparisons (Albert, 1977), dimensional comparisons are presented as a
largely neglected but influential process in self-evaluation.”

Moller and Marsh (2013) stress that the internal/external frame of reference (I/E)
model that forms the theoretical and empirical basis of the DCT has been studied widely only
in educational settings, and mostly in relation to the math and verbal domains. DCT (Marsh
et al., 2014, Moéller and Marsh, 2013) incorporates an extensive body of educational research
based on the I/E model, placing dimensional comparisons into a broader theoretical
foundation, in relation to more general psychological models of self-evaluation, person
perception, frames of reference, and social comparison. Hence, the overarching purpose of
the present investigation is to provide new empirical support for the extension of the I/E
model into DCT.
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1. The internal/external frame of reference (I/E) model and Dimensional Comparison
Theory (DCT)

1.1. The internal/external frame of reference (I/E): theoretical basis and empirical
support

Initially, the I/E model was developed to explain why math self-concept and verbal
self-concept are nearly uncorrelated, even though achievement in the same areas are strongly
correlated (typically 0.5 to 0.8, depending on how achievement is measured; for further
discussion, see Marsh, 1986, Marsh, 2007). This finding led to the Marsh/Shavelson revision
of the original Shavelson model. In addition to this theoretical advance, it also had practical
implications for the processes underlying the formation of academic self-concept in different
domains and how they are related to accomplishments in these domains.

The I/E model posits that academic self-concept (ASC) in a particular school subject
is formed in relation to two frames of reference: a) an external (social comparison) reference,
in which students contrast their perceived performances in a particular school subject with the
perceived performances of their peers in the same school subject, and b) an internal
(dimensional or ipsative comparison) reference in which students contrast their own
performances in one particular school subject against their performances in different school
subjects. Tests of the I/E model typically are conducted by regressing math self-concept and
verbal self-concept on math and verbal achievements (see Fig. 1A). The external comparison
process predicts that good math skills lead to higher math self-concepts and that good verbal
skills lead to higher verbal self-concepts. According to the internal dimensional comparison
process, however, good math skills lead to lower verbal self-concepts, once the positive
effects of good verbal skills are controlled: The better | am at mathematics, the poorer | am at
verbal subjects, relative to my good math skills. Similarly, better verbal skills lead to lower
math self-concepts once the positive effects of good math skills are controlled. In models
used to test these predictions (see Fig. 1A), the horizontal (matching) paths leading from
math achievement to math self-concept and from verbal achievement to verbal self-concept
are predicted to be substantially positive. However, the cross-paths leading from math
achievement to verbal self-concept and from verbal achievement to math self-concept (the
gray lines in Fig. 1A) are predicted to be negative.
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Fig. 1. (A). The ‘Classic’ Internal/External Frame of Reference (I/E) Model relating verbal
and math achievement to verbal and math self-concept. According to predictions from the I/E
model, the horizontal paths from achievement to self-concept in the matching domains
(content area) are predicted to be substantial and positive, whereas the cross-paths from
achievement in one domain area to self-concept in a non-matching domain are predicted to be
negative (contrast). (B). Extending the I/E model to include the verbal domain, one or more
verbally-related domains, the math domain, and one or more math-related domains. Far

cross-paths (any of the math domains to any of the verbal domains) are again predicted to be



negative. However, the near cross-paths (relating different verbal domains to each other, or
different math domains to each other) are predicted to be significantly less negative, non-
significant, or even positive (assimilation).

In reviewing the literature, Moéller et al. (2009; also see Marsh, 2007, Méller and
Marsh, 2013) note that evidence in favor of this model for math and verbal domains comes
from diverse sources and experimental designs. Marsh (1986)first proposed the I/E model
based on results from 13 studies of the relations between math and verbal achievements and
ASCs in the corresponding domains. Although there were consistently high correlations
between math and verbal achievements (.42—.94), there were weak or even negative
correlations between math self-concepts and verbal self-concepts (—.10 to .19). In the I/E path
diagram (Fig. 1A), the (horizontal) paths from math achievement to math self-concept and
from verbal achievement to verbal self-concept were substantial and positive. However, the
cross-paths (Fig. 1A) from math achievement to verbal self-concept and from verbal
achievement to math self-concept were significant and negative. In a large cross-cultural
study, Marsh and Hau (2004; also see Marsh, Hau, Artelt, Baumert, & Peschar, 2006)
demonstrated that support for these predictions generalized over large, nationally
representative samples of 15-year-olds from 26 countries. In a meta-analysis of 69
datasets Moller et al. (2009) reported that math and verbal achievements were highly
correlated (.67), but that self-concepts were nearly uncorrelated (.10). The horizontal paths
from achievement to ASC in the matching domains were positive (.61 for math, .49 for
verbal), but cross-paths were negative from math achievement to verbal self-concept (—.21)
and verbal achievement to math self-concept (—.27). Thus, strong support for the classical I/E
predictions in relation to the math and verbal domains, generalizes over different measures of
achievement, over self-concept instruments, and over age, gender, and country.

Moller and colleagues (e.g., Mdéller, 2005, Méller and Kéller, 2001a, Mdller and
Koller, 2001b, Méller and Savyon, 2003, Pohlimann and Méller, 2009) provided stronger
tests of causal mechanisms posited in the I/E model, based on true random control trials.
They experimentally manipulated the external (social) comparison process, based on
performance feedback relative to other students, and the dimensional comparison process,
based on feedback relative to performance by the same student on achievement from two
subject-specific tasks. They showed how experimentally manipulating feedback on
achievement in one subject area has an inverse effect on self-concept in a different school
subject. Moéller and Koller (2001a) concluded that “as shown experimentally for the first
time, dimensional comparison information can have inverse effects on task-related cognitions
in other domains” (p. 833). Extending empirical tests of the I/E model, they showed support
both for an external comparison process (based on experimentally manipulated feedback
about achievement compared to other students) and an internal comparison process (based on
experimentally manipulated feedback about one's own performance in one area relative to
performance in another area). In addition, Méller and Husemann (2006)conducted two
introspective diary studies, which demonstrated that students spontaneously carry out
dimensional comparisons in everyday life, with contrast effects from one domain to self-
evaluations and emotions in the other.

The I/E model has also been heuristic in relation to other major theoretical models in
psychology. For example, Pekrun, 2006, Goetz et al., 2008, Goetz et al., 2006) demonstrated
that I/E predictions based on self-concept responses also generalize to emotional responses,
and incorporated the I/E model into his control-value theory of achievement emotions.
Similarly, Eccles and colleagues (Eccles et al., 2004, Nagy et al., 2008, Parker et al., 2012)
integrated support for I/E predictions into expectancy-value theory for the prediction of
gender differences in academic and career choice. However, again, these studies focused on
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math and verbal domains, which have been the focus of most I/E studies, rather than on a
more diverse range of domains, as incorporated into the theoretical DCT extension of the I/E
model.

Although some studies have explored other academic domains (e.g., Bong,
1998, Chiu, 2008, Chiu, 2012, Dickhduser, 2003, Marsh et al., 2001, Moller et al.,
2006h, Nagy et al., 2006, Xu et al., 2013, Yeung et al., 2001), these have not been situated
into an over-arching theoretical framework such as that posited in DCT. Thus, Mdller et al.
(2009) called for an extension of the I/E model to other academic domains, asking, for
example, whether: students see physics and mathematics as sufficiently distinct that better
performances in one would lead to poorer self-concepts in the other (a contrast effect like that
posited in the I/E model based on the mathematics and verbal domains), or would the two be
seen as sufficiently similar so that better performance in one would lead to better self-
concepts in the other (an assimilation effect)? (p. 1159).

2. Dimensional Comparison Theory (DCT): extending the I/E model to incorporate

assimilation and contrast effects based on near and far comparisons

This article provides the first large-scale empirical test of the recently published
theoretical account of DCT (Mdller & Marsh, 2013; also see Marsh et al., 2013), which
places the I/E model in a much broader, more general theoretical framework, incorporating a
diverse range of academic domains in addition to the math and verbal domains in the classic
I/E model.

The theoretical and empirical underpinning of the extension of the I/E model into
DCT is based on an a priori verbal-to-math continuum of academic domains (Fig. 2).
Theoretically, the continuum follows from the Marsh/Shavelson revision (Marsh,
1990a, Marsh, 1990b, Marsh and Shavelson, 1985) of the original Shavelson et al.

(1976) multidimensional, hierarchical model of self-concept (see Marsh, 2007). Empirical
support for the continuum is based on a higher-order factor analysis in which there are two
higher-order factors (math and verbal self-concept) defined by lower-order self-concept
factors, such that the similarity between different academic domains is operationalized as
correlations among the different domains (Marsh, Byrne, & Shavelson, 1988).

Math- N\ ~ Verbal

Self-concept, Self-concept/
il o | . P v o x 3 J Y. ‘ By A 1
Physical . School | \
Math Belanse Biology | |[Economics Ganom Geography| | History LOTE English |
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Fig. 2. The theoretical model of the structure of academic self-concept developed as part of
the Marsh/Shavelson revision (Marsh & Shavelson, 1985) of the Shavelson et al. academic

self-concept model (Shavelson et al., 1976), which includes a wider variety of specific


https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib5
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib5
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib9
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib10
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib12
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib44
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib64
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib64
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib67
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib85
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib86
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib60
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib60
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib59
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib36
https://www.sciencedirect.com/science/article/pii/S0959475214000668#fig2
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib30
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib30
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib31
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib51
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib75
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib75
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib35
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib38
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib51
https://www.sciencedirect.com/science/article/pii/S0959475214000668#bib75

academic facets. In the context of that research, “English” refers to native language verbal
domain, whereas LOTE (Language Other Than English) refers to non-native language verbal
domains. Adapted with permission from Marsh, H. W. (2007). Self-concept theory,
measurement and research into practice: The role of self-concept in Educational Psychology.
Leicester, UK: British Psychological Society.

The critical theoretical distinction between the I/E model and DCT is illustrated
in Fig. 1. The classic I/E model (Fig. 1A) is based on only math and verbal domains, so that
there are only “horizontal” paths between matching domains and “cross” paths between non-
matching domains. The important contribution of DCT is to expand the scope of the
theoretical perspective to include a wider variety of domains, in which the cross-paths
involve “near” and “far” comparisons in relation to how similar or dissimilar different school
subjects are to each other. A key feature of the expansion of the I/E model into DCT is to
highlight this distinction between near and far comparisons, to test the a priori prediction that
contrast effects based on “near” comparisons will be substantially less negative and may even
be positive rather than negative (i.e., assimilation effects). Hence, similar subjects (e.g.,
native and foreign languages, or math and physics) might be seen as complementary, rather
than contrasting, such that achievement in one domain contributes positively to self-concept
in a complementary, near domain. The present investigation provides the first strong test of
the extension of the I/E model into DCT, stronger in terms of the DCT theoretical basis, the
range of different school subjects considered, and the statistical methods used.

3. A priori predictions: new tests of DCT

Because of the wide variety of school subjects, and given the range of methodological
innovations introduced here, Studies 1 and 2 provide the strongest available tests of the newly
formulated DCT and its extension of the classic I/E model. More specifically, here we expand
on this previous research to test more explicitly the theoretical prediction that contrast effects
(the negative cross-paths in Fig. 1) are maximized for “far” domains that are very distant
from each other on the academic continuum (e.qg., verbal and math; Fig. 2). However, for
“near” comparisons, based on academic domains that are close to each other on the academic
self-concept continuum (e.g., native language and foreign language; see Fig. 2), the cross-
paths are predicted to be substantially less negative (weaker contrast) or even positive
(assimilation). Based on this theoretical extension of the traditional I/E model, in the present
investigation we hypothesize that:

*Matching paths from achievement to self-concept in the same domain (e.g., math

achievement to math self-concept) will be substantial and positive;

For models with only math and verbal self-concepts, the I/E predictions will be
replicated—substantially positive paths for matching domains, negative (contrast) cross-paths
for non-matching domains (i.e., math achievement — verbal self-concept, verbal
achievement — math self-concept)

In the extended DCT model, which includes a more diverse selection of school
subjects (five in Study 1, six in Study 2), cross-paths relating “far” domains (math with
English and German) will be significantly negative (contrast effect)

In the extended DCT model, cross-paths relating “near”” domains (e.g., English and
German) will be significantly less negative than paths based on far comparisons. We leave as
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a research question whether near paths will remain significantly negative (contrast, but less so
than for far paths), non-significant, or even positive (assimilation effects).

4. Study 1: new tests of DCT predictions

Based on the continuum in Fig. 2, we grouped the subjects into two categories—
verbal subjects (German, English, and second foreign language) and math/science subjects
(mathematics and biology). Hence, paths leading from each achievement to a self-concept
can be classified as matching when the achievement and self-concept domains are the same
(i.e., math achievement to math self-concept), near when the path from achievement in one
domain to a different (non-matching) ASC is in the same category (e.g., German achievement
to English self-concept; math achievement to biology self-concept), or far, for paths from
achievement in one domain to non-matching ASCs in a different category (e.g., German
achievement to math self-concept; math achievement to German self-concept).

4.1. Methods

4.1.1. Participants

The sample consisted of 1140 German students (54.1% female) in 51 classrooms in 6
public, high ability track high schools (the German Gymnasiums). The students were enrolled
in Grade 7s (59%) and 10 (41%), and ages varied from 12 to 18 years (M = 14.24, SD = 1.6).
Participation was voluntary and required consent from parents. The participation rate was
above 90% in all classes. The study took place in the classroom near the end of the school
year and lasted 45 min.

4.1.2. Measures

Academic self-concept was assessed with three items (e.g., “I am good in English
[mathematics/German/Second Foreign Language/biology]”). Strictly parallel wording was
used for all domain-specific items. That is, the items for English, mathematics, German,
second foreign language, and biology were exactly the same, except for the name of the
subject. A 4-point Likert-type scale (1 = completely disagree, 4 = completely agree) was used
for all items. Coefficient alpha estimates of internal consistency were satisfactory for all five
academic domains (.79 < a < .85). The grades awarded on the midterm report card were used
as an indicator of prior achievement each of the school subjects. Grades were coded such that
high scores indicate positive learning outcomes. In addition, four background/demographic
variables were collected to serve as control variables: home language (German, other);
Gender, student age, year in school (Year 7 or Year 10).

4.1.3. Innovative statistical analyses

Analyses conducted with Mplus 7.11 (Muthén & Muthén, 2008-2013) consisted of
CFA and SEMs based on the Mplus robust maximum likelihood estimator (MLR), with
standard errors and tests of fit that were robust in relation to non-normality of observations,
and a design-based correction to control for the non-independence of observations (Muthén &
Muthén, 2008-2013). Relatively small amounts of missing data (average coverage = 94%)
were handled with the full information maximum likelihood (FIML) procedure implemented
in Mplus. Goodness of fit was evaluated with traditional fit indices that are relatively
independent of sample size (e.g., Hu and Bentler, 1999, Marsh et al., 1988a): Root Mean
Square Error of Approximation (RMSEA), the Tucker—Lewis Index (TLI), and the
Comparative Fit Index (CFI)—as well as a critical evaluation of parameter estimates in
relation to a priori predictions.
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Innovative tests of the I/E and DCT predictions were based on stronger statistical
methodology than has been used in previous I/E research, and that also have broader
application in educational and social science research more generally. In the evaluation of
predictions for near, far and matching domains, we relied heavily on the flexibility of the
“model constraint” function in Mplus, and the resulting tests of statistical significance based
on these model constraints. In particular, we used these constraints to compare the mean of
matching, near, and far paths across the five school subjects in relation to a priori predictions.
In each of the models considered here, we included all variables, noting that a model with all
variables simply correlated is equivalent (in terms of df and goodness of fit) to a model in
which some of the correlations are represented as path coefficients. Thus for example, in a
preliminary model based on the classic I/E model (Fig. 2), relations among German and math
constructs were presented by appropriate path coefficients, whereas all other relations were
represented as correlations. In the subsequent extended DCT model, involving all five
domains, additional correlations were represented by appropriate paths in the SEM. Similarly,
the set of control covariates was included in all models. However, for models that did not
control for these effects, relations between covariates and other constructs were simply
represented as correlations, whereas models designed to control for these covariates included
these relations as paths in the SEM. Using this approach, all the different models incorporated
the same variables and were equivalent in terms of df and goodness of fit. This strategy had
important advantages for the comparison of models based on different sets of variables that
potentially confound aspects of the measurement and structural models. This evolving
methodology—combining the flexibility typically associated with analyses of manifest
variables with the rigor of latent-variable models—is apparently a new contribution of the
present investigation (see Supplemental Materials).

5. Results: study 1

5.1. Preliminary analyses: support for construct validity of the measures

In our preliminary analyses (presented more fully in the Supplemental Materials), we
evaluated a series of CFAs to test the a priori structure underlying the multiple domains of
ASC and how they relate to parallel measures of achievement and control variables. A critical
feature of these data is that five sets of three self-concept items with parallel wording were
used to measure each self-concept factor. Consistent with expectations, the CFA model with
no control for parallel worded items was highly unsatisfactory in terms of goodness of fit, but
when item method factors were included in the model, to account for parallel item wording
effects, the fit was much better (Supplemental Materials Table 1). Finally, in model M3, we
found strong support for the invariance of factor loadings of parallel items across the five
domains. Although support for the invariance of factor loadings across the five self-concept
domains is not essential for the present purposes, it facilitates interpretation of results in a
substantially more parsimonious model (i.e., with fewer estimated parameters).

Correlations among all the constructs (five self-concept domains, parallel measures of
achievement, and control covariates) are presented in Table 1. Of particular relevance are the
substantial correlations between each latent self-concept factor and the corresponding
measure of achievement. In support of the convergent validity of the self-concept factors,
correlations between each ASC factor and the matching area of achievement were
consistently substantial (convergent validities, rs varying from .545 to .695; Table 1). In
support of their discriminant validity, correlations between each ASC factor and non-
matching areas of achievement were substantially smaller (rs vary from .096 to .322; Table 1)
than the convergent validities. Consistent with previous research, correlations among the
ASC factors (rs varying from .021 to .344) were systematically smaller than correlations
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among the five corresponding achievement measures (rs varying from .423 to .566).
Consistent with the ordering of the self-concept factors along a verbal-math continuum, the
correlation between math and German self-concept was close to zero (r = .021), and was the
smallest of any correlation among these factors. Indeed, the three smallest correlations among
ASC factors were for relations of math with German (.021), English (.085), and a second
(non-native) foreign language (.041). However, German (native language) self-concept was
more highly correlated with the second foreign language (r = .344) than with English, and the
correlation between the two foreign languages was smaller (r = .255). Also, biology was as
highly correlated with German (r = .258) as it was with mathematics (r = .257).

Although this matter is of tangential interest to the present investigation, control
covariates were not substantially correlated with either self-concept factors (rs vary
from —.089 to .212) or achievement scores (—217 to .107). The pattern of gender differences
is largely consistent with previous research (Crain, 1996, Eccles et al., 1999, Eccles et al.,
1993, Marsh, 1989), in that boys had lower achievement scores than girls for all but maths
(where differences were close to zero), but higher self-concept scores in math and biology;
girls had higher self-concepts in German and English.
In summary, the factor structure underlying the self-concept responses is well-defined and is
consistent with a priori expectations. The latent variable approach used here is critical in
terms of taking into account the complex measurement structure. Correlations between self-
concept and achievement scores provide strong support for the convergent and discriminant
validity of the responses. The final measurement model (CFA-M3 in Supplemental Materials
Table 1) is the basis of the subsequent structural equation models (SEMs), presented in the
next section.

6. The classic I/E model and its extension based on DCT: assimilation and contrast

effects

The SEM used here is equivalent (in terms of df and goodness-of-fit) to the CFA
measurement model (see Supplemental Materials). The only difference is that relations
between some of the constructs (particularly relations between achievement and self-concept)
were replaced with path coefficients in order to test a priori predictions based on the I/E
model and its extension in DCT. We begin by briefly testing the replicability of the classic
I/E (Fig. 1A) based only on paths for the critical verbal (German-native language) and math
domains; this is a logical prerequisite to testing the more complicated extension including all
five domains, and also provides an advanced organizer to the subsequent analyses.

6.1. Classic I/E model

In tests of the “classic” I/E model (Fig. 1A) we considered two models (Table 2A),
with and without controlling the effects of the four control variables (see earlier discussion
of Table 1). For the present purposes we classified the critical path coefficients as matching
(relating achievement to the matching area of self-concept; the “horizontal” paths in Fig. 1)
and “far” comparisons (German achievement to math self-concept, Math achievement to
German self-concept; “cross-paths” in Fig. 1A).

There is strong support for the replicability of the I/E model, in that: matching
coefficients were consistently substantial and positive (Mn = .656, SE = .031 Table 2, no
control); coefficients representing the far comparisons were consistently negative
(Mn =-.162, SE =.023); and the difference between matching and far comparisons is highly
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significant (Mn Diff = .818, SE =.036). When controls for the covariates were added, the
matching coefficients became slightly less positive (Mns of .649 vs .656), and the far
coefficients became slightly less negative (Mns of —.135 vs —.162), but the pattern of results
and statistical significance was unchanged.

In summary, the results support the replicability of the large volume of research based on the
I/E model and its robustness in relation to the control variables considered here. We note that
in the language of DCT, the negative effects for the far comparisons were contrast effects—
higher achievement scores in one domain result in lower self-concept in the contrasting self-
concept domain. Extending this model in the next section, we ask if the size or even direction
of these contrast effects were consistent for “near” comparisons between more closely related
domains that might be seen as complementary.

6.2. DCT extension to include five domains

In the extended SEM model we included (25 =5 x 5) paths leading from each of the
five ACH domains to each of the five latent ASC factors (see Table 2). These 25 path
coefficients were classified a priori as matching, near and far comparisons, based on the
theoretical ordering of ASC factors (Fig. 2). For the present purposes, path coefficients
involving any pair of verbal-related constructs (i.e., domains near the verbal end of the
continuum; German, English, and second foreign language in this study) or between the two
more math/science constructs (i.e., domains near the math end of the continuum; biology and
math in this study) constructs were considered to be “near” comparisons, whilst comparisons
between achievement from one group to self-concept in the other group were considered
“far” comparisons (see Fig. 1B). In juxtaposition to the classic I/E model, the critical new
feature is the distinction between near and far comparisons.

The mean across the 25 path coefficients (Mn = .097, SE = .011, Table 2, no control)
represents substantially positive coefficients for the five matching comparisons (Mn = .700,
SE =.026) and modestly negative coefficients for the remaining 20 non-matching
comparisons (Mn = -.054, SE = .010). For the present purposes, the critical feature of these
non-matching coefficients is that the mean of the 8 near coefficients is not significantly
different from zero (Mn =—.014, SE =.017), whilst the mean of the 12 “far” coefficients is
significantly negative (Mn = —.080, SE = .010); the difference between the two is highly
significant (Mn = .066, SE =.017). Again, the results were altered somewhat when controls
for the set of four covariates were included (Mns = .689 for matching, —.002 for near, —.073
for far comparisons) but the pattern of results remains unchanged.

It is also interesting to compare the results for classic I/E (Table 2) and extended DCT
(Table 2) models. In particular, the path coefficients for the two domains common to each
model (German and math) were very similar. Hence, the larger mean matching paths in the
extended model are due to large matching paths particularly for English (.787) and for second
foreign language (.733). Similarly, the less negative mean far comparison in the extended
model is due to the inclusion of new domains. In particular, the posited negative effect of
biology achievement was non-significant for German self-concept (.013, SE = .044) and
English self-concept (—.010, SE =.037), but was significant for self-concept in the second
foreign language (—. 107, SE = .040). Similarly, the effects of German and English
achievement were not significant for biology self-concept (—.024, SE = .036; -.046, SE = .037
respectively), whilst the effect of second foreign language achievement on biology was
significantly negative (—.117, SE = .045). This is also consistent with the earlier discussion of
correlations among self-concept factors (Table 1), showing that biology self-concept is as
highly related to German self-concept as it is to math self-concept (rs = .258 and .257,
respectively), and that biology self-concept is more highly related to German and English
achievements (rs = .243 and .242, respectively) than to math achievement (.194). These

11


https://www.sciencedirect.com/science/article/pii/S0959475214000668#tbl2
https://www.sciencedirect.com/science/article/pii/S0959475214000668#fig2
https://www.sciencedirect.com/science/article/pii/S0959475214000668#fig1
https://www.sciencedirect.com/science/article/pii/S0959475214000668#tbl2
https://www.sciencedirect.com/science/article/pii/S0959475214000668#tbl2
https://www.sciencedirect.com/science/article/pii/S0959475214000668#tbl2
https://www.sciencedirect.com/science/article/pii/S0959475214000668#tbl1

observations suggest, perhaps, that the classification of biology as a more math/science-like
domain might be unwarranted—or at least that biology is no more complementary in relation
to math than it is to verbal subjects (see subsequent, related discussion of Study 2, which
includes physics as well as math and biology).

In summary, consistent with a priori predictions for the extended DCT model, the
contrast effects that are such a salient feature of the classic I/E model, were largely limited to
far comparisons in the extended DCT model. We note, however, that there were no instances
of statistically significant assimilation effects (i.e., positive effects of near comparisons, the
effect of achievement on a complementary self-concept domain).

7. Study 2: inclusion of more domains for ACH, ASC and self-efficacy responses

The purpose of Study 2 was to replicate and extend support for theoretical predictions
based on DCT. The extension involved two important features. First, the set of academic
domains was extended to include six subjects, including three that are classified as more
math/science like (math, physics, biology) and three that are classified as more verbal like
(German, English, History). The inclusion of physics provided a potentially important
addition in that the results of Study 1 suggest that biology is seen as being as similar to verbal
domains as it is to math domains, whilst previous research (e.g., Goetz et al., 2010, Méller
et al., 2009) suggests that math and physics are more likely to be complementary. Also, the
addition of history is a potentially interesting addition in that, whilst it is classified as more
verbal-like, it is clearly neither a purely verbal subject nor a math/science subject, but falls
near the center of the math-verbal continuum. Nevertheless, a priori predictions and their
tests closely parallel those in Study 1.

The second component expands the extension of the I/E model into DCT by
juxtaposing frame of reference effects for academic self-efficacy and self-concept responses.
Although this distinction has been a critical issue for the theoretical basis of the I/E model
(e.g., Marsh et al., 1991, Modller et al., 2009, Skaalvik and Skaalvik, 2002; see also, Marsh
et al., in press), it has not been tested in relation to DCT. We begin with a review of
theoretical and empirical research into the similarities and differences between self-concept
and self-efficacy, and how these relate to the I/E model and its extension into DCT.

7.1. Self-concept vs self-efficacy: similarities and differences in relation to frame of
reference effects

In the social sciences, jingle-jangle fallacies (Marsh, 1994, Marsh et al., 2003) are
common. Jingle—jingle fallacies occur when similar names are given to psychological
constructs that, in reality, differ from each other; or when psychological constructs that are in
reality similar are given different names. This problem is potentially worrisome for the
plethora of self-belief constructs. Self-beliefs predict important outcomes across a range of
life domains (Bandura, 1986, Bandura, 2006a, Bandura, 2006b, Marsh, 2007), but
particularly in educational research, the focus has been primarily on how academic
achievement is related to academic self-concept and self-efficacy.

Similarities. As emphasized by many researchers (e.g., Bong & Skaalvik, 2003) both
self-concept and self-efficacy are similar in their emphasis on perceived competence, in
having a multidimensional and hierarchical structure and in prediction of future performance
and choice. Historically it has been argued that self-concept is a global measure, whilst self-
efficacy is more domain specific. However, particularly in educational settings, current
approaches to self-concept typically focus on its domain specificity, whilst some researchers
argue for the usefulness of global measures of self-efficacy (Chen et al., 2001, Jerusalem and
Schwarzer, 1992, Schwarzer and Jerusalem, 1995, Skinner et al., 1988; also see Bandura,
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2006a, Bandura, 2006b). Importantly, research clearly suggests that domain specific
measures of self-efficacy and self-concept are more strongly correlated with criterion
variables than are domain general versions of the same measure (Pajares & Schunk, 2005).
Indeed, the link between general self-beliefs and achievement has been shown to be weak
(e.g., Marsh & O'Mara, 2008).

7.1.1. A critical difference: criterion references vs normative (dimensional and social)
frames of reference

Depending on how self-concept and self-efficacy constructs are measured, there are
important differences between these constructs, in relation to the criteria used to evaluate
success. For the present purposes, the critical distinction is that self-efficacy measures assess
self-perceptions of capabilities in relation to clearly explicit, or at least implicit, criteria of
success that are incorporated into the actual wording of the self-efficacy items. Thus, self-
efficacy items typically are criterion-referenced and assess students' confidence in being able
to solve specific problems similar to the actual test items (Marsh et al., 1997, Pajares and
Schunk, 2005), or self-perceptions of their capability to successfully undertake the actions
required to complete a specific task (e.g., “I would be able to calculate the area of a room in
square meters”; Ferla, Valcke, & Cai, 2009).

Self-concept, on the other hand, is evaluative, relating to judgments about whether
one's behavior matches one's own standards of worthiness and competence (e.g., “I am good
at mathematics”; Marsh et al., 1991; also see Bong & Skaalvik, 2003). Because self-concept
items typically do not contain a specific criterion-reference, students have to rely on other
frames of reference, like the social and dimensional comparison processes posited in the I/E
model. On this theoretical basis, Marsh (1993) argued that frame-of-reference effects are
directly implicated in ASC responses, as individuals use the social and dimensional
comparison processes to establish frames of reference for evaluating their own performances.
Making a similar point, Bong and Skaalvik (2003) argued that “assessing one's capability in
academic self-concept relies heavily on social comparison information,” whereas “self-
efficacy items solicit goal referenced evaluations and do not directly ask students to compare
their abilities to those of others,” and “provide respondents with a specific description of
required performance as a referent against which to appraise their competence” (p. 9).
Similarly, Bandura (1986) emphasized that self-esteem and self-concept— but not self-
efficacy— are partly determined by “how well one's behavior matches personal standards of
worthiness” (p. 410). However, Marsh et al. (1991) argued that the self-perceived worthiness
of performance expectations in relation to personal and external standards is critical in
motivating and sustaining performance. Ignoring the self-evaluative component of self-
beliefs is likely to greatly reduce the power of self-beliefs in motivating students and
predicting future choice behaviors and educational outcomes.

The relevance of this criterion vs. normative distinction has been highlighted in a
series of studies testing the I/E model (Marsh et al., 1991; also see Skaalvik and Rankin,
1995, Skaalvik and Skaalvik, 2002) that adhered very closely to highly prescriptive
approaches to the construction of self-efficacy items. Thus, students were presented with
actual items from an achievement test and asked how likely it was they would be able to
solve this item if it were presented in a test. They were then presented with a test based on the
same or similar items, to assess self-efficacy (see Marsh et al., 1991, Skaalvik and Rankin,
1990, Marsh et al., 1997). Not surprisingly, particularly when both self-efficacy and test
items were identical, self-efficacy responses were highly correlated with test scores. Of
particular relevance is an early test of the I/E model by Skaalvik and Rankin (1990), who
were not able to replicate support for the I/E predictions. However, Marsh et al.

(1991) demonstrated that the failure to replicate was based on self-efficacy rather than on
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self-concept responses. They showed, in a study based on students who completed both
instruments, that I/E predictions were supported for ASC responses, but not for self-
efficacy—a finding subsequently replicated by Skaalvik and Rankin (1995).

In exploring the implications of their results, Marsh et al. suggested that test-specific self-
efficacy ratings severely truncated the operation of frame-of-reference effects and of
evaluative responses to self-perceptions. For example, in judging the likelihood of correctly
answering a test item on a math test, students have little need to compare their performance in
one subject with their performance in other subjects such as English (internal, dimensional
comparison) or with the performances of other students in mathematics (external, social
comparison). Furthermore, a response of 80% likelihood of successfully answering a
particular math problem does not indicate whether the student considers this to be a good or
bad outcome in relation to internal or external frames of reference; this potentially
undermines its usefulness in predicting future behavior. Based on these findings, Marsh et al.
hypothesized that self-concept responses should be effective at predicting future choice
behavior, and proposed the selection of specific school subjects as a particularly relevant area
in which to evaluate these predictions. In support of these suggestions, Skaalvik and Rankin
(1995) found that math and verbal self-concepts influenced corresponding measures of
intrinsic motivation, effort, and anxiety, whereas math and verbal self-efficacy responses did
not.

7.1.2. Differences between self-efficacy and self-concept responses: discriminant validity

Research has also revealed an additional critical difference between self-concept and
self-efficacy constructs that is central to the I/E model and its extension to DCT. The initial
basis of the I/E model was to posit internal, dimensional comparison processes to explain
why math and verbal self-concepts were nearly uncorrelated, even though math and verbal
achievements were highly correlated. However, because dimensional comparison processes
are not implicated in self-efficacy measures, correlations between appropriately constructed
math and verbal self-efficacy factors are predicted to be substantially correlated, similarly to
the substantial correlations between math and verbal achievements. There now exists good
support for these predictions (e.g., Marsh et al., 1991, Skaalvik and Rankin, 1990, Skaalvik
and Rankin, 1995; also see Bong, 1998).

In their meta-analysis of I/E studies, Moéller et al. (2009) found that the correlation
between math and verbal self-efficacy measures (r = .50) was much higher than the
correlation between self-concept measures (between r = —.09 and .17), and nearly as high as
the corresponding correlation between math and verbal achievement correlation (r = .70).
Commenting on ongoing debates about how self-concept and self-efficacy are impacted by
different frames of reference, they concluded that:

the I/E model is valid for self-concept but not for self-efficacy beliefs. Our results
show that, like achievements, self-efficacy beliefs in math and verbal domains show
significant positive correlations. In other words, dimensional comparisons do not
seem to play an important role in the development of self-efficacy beliefs and,
logically, the I/E model does not fit the data (p. 1158).

Valentine, DuBois, and Cooper (2004) provided a large scale meta-analysis of the
effects of self-efficacy and self-concept on academic achievement in a matching domain—
corresponding to the horizontal paths in the I/E model (Fig. 2). Importantly, they compared
how achievement is related to self-efficacy and self-concept, but found no statistically
significant difference between relations based on these two self-belief constructs. However,
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particularly pertinent to the present investigation, most of the studies in both these meta-
analyses were based on either self-efficacy or on self-concept, but did not directly compare
results based on both constructs in the same study. Consequently, it is not clear whether these
differences are due to confounding with the many other differences between studies based on
each of these constructs.

7.1.3. Self-concept and self-efficacy responses: jingle-jangle fallacies

Marsh et al. (2003) argued that support for predictions based on a priori distinctions
between self-concept and self-efficacy responses is highly dependent upon the precise nature
of the self-efficacy items. In particular, many so-called self-efficacy items are nearly
indistinguishable from traditional self-concept items, in relation to the critical distinctions
emphasized here (Marsh, Trautwein, Ludtke, & Koller, 2008). Where explicit criteria of
success are not provided as part of the item, this forces students to use additional standards to
answer the item, such as the social and dimensional comparison processes that are the basis
of DCT. Thus, some measures purporting to assess self-efficacy are based on stimuli likely to
invoke social and dimensional comparison processes (e.g., “I'm certain I can do an excellent
job on assignments and tests,” where the term excellentmight imply a comparison with the
work of other students or, perhaps, the student's own performance in other school subjects).
Indeed, particularly in relation to more global measures of self-efficacy, it is unclear whether
the inclusion of explicit criteria of success is possible or even appropriate, further blurring the
distinction between self-concept and self-efficacy. In summary, consistent with jingle-jangle
fallacies, the empirically demonstrated distinction between self-concept and self-efficacy
responses is likely to depend on the nature and wording of the items, rather than on the label
assigned to the construct.

8. The present investigation: A priori predictions and new tests of DCT (study 2)

In Study 2 we evaluated a priori predictions and new tests of DCT in relation to a
broader range of academic concept domains than have been previously considered (even in
Study 1; see earlier discussion), and in relation to measures of homework self-efficacy.
Although these self-efficacy items focused on self-perceived capability to successfully
complete homework in each school subject domain, rather than on achievement per se, the
construction of these items qualifies as self-efficacy items. For example, consider the item “If
it is difficult to solve homework in physics, | know where | have to read to find the right
solution.” The criterion behavior is knowing where to read in order to successfully complete
a homework assignment in physics. Importantly, there is no explicit or even implicit message
that students have to invoke comparisons with other students (social comparison) or with
their own accomplishments in other school subjects (dimensional comparison) to respond to
this item.

Following from prior research on the juxtaposition of self-concept and self-efficacy
responses in relation to the I/E model, the extension of the I/E model in DCT, and the nature
of the stimuli used here, we offer tentative a priori predictions for self-efficacy responses
(noting again that a priori predictions based on ASC responses are essentially the same as in
Study 1—see earlier discussion).

e Correlations between achievement and homework self-efficacy in the same domain
(e.g., math achievement to math homework self-efficacy) will be substantial and
positive. Nevertheless, because the self-efficacy responses are in relation to
capabilities of successful completion of homework in each domain, rather than
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underlying ability in each domain, we speculate that these correlations will be smaller
for self-efficacy than for self-concept responses;

e Although the factor structures based on both self-concept and self-efficacy responses
are predicted to be well defined, it is anticipated that the correlations among the self-
concept factors (due in part to the internal comparison process) will be substantially
smaller than for the self-efficacy responses. Thus, self-concept responses will be
better differentiated than the corresponding self-efficacy responses in relation to
correlations among domains within each construct and in relation to achievement.

e For models with only math and verbal domains, support for the generalizability of the
I/E predictions would require substantially positive paths from achievement to self-
concept for matching domains and negative (contrast) cross-paths for non-matching
domains. Nevertheless, both the positive matching and the negative cross-paths are
expected to be substantially smaller for self-efficacy responses. Indeed, Marsh et al.'s
(1991) results suggest that cross-paths for self-efficacy might show little or no
contextual effects at all.

e When additional school subjects are added to the model, support for the
generalizability of the I/E predictions would still require cross-paths relating
achievement to self-concept to be significantly negative (contrast effect) for far
domains (math with English and German). However, the new DCT predictions would
require cross-paths relating achievement to self-concept to achievement in near
domains (e.g., math with physics) be significantly less neative (less contrast) or even
positive (assimilation). Because there is neither a theoretical nor an empirical basis for
predictions based on near paths in self-efficacy responses, we leave this as a research
question.

8.1. Methods (study 2)

Sample. The sample, 511 students (53.0% female, Mn age = 14.7 years) from Grades
8 (51.5%) and 9 (48.5%), are described in more detail by Trautwein and Lidtke (2009; see
also Trautwein & Ludtke, 2007). Within each class, students were randomly assigned to
participate in either the present study or a second, unrelated study; an average of 12.17
students per class participated in the present study. Students were broadly representative of
the German school population in terms of home background. Although participation was
voluntary and required consent from parents, the participation rate was above 90% in all
classes. As is typical of German schools, the students in each class was the same across the
different subjects, most of which were taught by different teachers.
All students were enrolled in one of the three major school tracks in Germany: 47.0% in the
academic-track Gymnasium, 36.8% in the intermediate-track Realschule, and 16.2% in the
lower track Hauptschule. However, teachers are assigned to schools by the state government,
and a statewide mandatory curriculum has been implemented in all schools, so that it is
similar across different school types. The federal states further regulated the maximum
length, educational goals, and scope of homework assignments in all school types. These
regulations define the primary aim of homework assignments to be the improvement of skills,
and a secondary goal to be the development of appropriate study skills and attitudes.
As in Study 1, Study 2 took place in the classroom near the end of the school year.

8.1.1. Measures

Achievement measures used as an indicator of prior achievement in each of the six
domains were based on grades awarded on the midterm report card. Grades were coded, such
that high scores indicate positive learning outcomes. Test materials consisted of a 7-
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min standardized test of basic cognitive abilities (administered at the beginning of the
session) and a questionnaire adapted from previous research (see Trautwein, Ludtke,
Schnyder, & Niggli, 2006) that was administered near the end of the school year. Strictly
parallel wording was used for all domain-specific items: that is, the items for German,
English, history, biology, mathematics, and physics were exactly the same, except for the
name of the subject. A 4-point Likert-type scale (1 = completely disagree, 4 = completely
agree) was used for all multi-item constructs.

A total of seven self-report items was used to assess self-concept and homework self-
efficacy in each of the six domains. Based on a priori design and preliminary analyses, two of
the items were found to be reasonably pure measures of self-concept in each domain: [(1) I
am good in (subject); (2) No one can do everything. For (subject), I am just not gifted
(reverse scored)].

Similarly, three items were found to be reasonably pure measures of homework self-
efficacy: (1) If it is difficult to solve homework in (subject), | know where | have to read to
find the right solution; (2) If I want, I always find a way to solve the homework in (subject);
(3) If I make an effort, | can solve all the homework in (subject).

However, one additional homework item [With homework in (subject) I often feel
completely lost. reverse scored] cross-loaded on both self-concept and homework self-
efficacy scales for each of the six domains. This finding is reasonable, in that this item is
more a homework self-concept item than a self-efficacy item, and is qualitatively different
from the other self-efficacy items. Particularly as each of the self-concept scales consisted of
only two items, whereas scales should ideally consist of at least three items, it was decided to
retain this last item as an indicator both of self-concept and of self-efficacy (i.e., to allow it to
cross-load on both factors for each of the six domains). In the final model (see subsequent
discussion of M3 in Table 4, in which factor loadings are invariant across each of the six
domains), this item loaded .45 on the self-concept factors and .24 on the self-efficacy factors.
In summary, students scoring high on the self-concept items had positive self-beliefs about
their ability in each subject, whilst those scoring high on homework self-efficacy had positive
self-beliefs about their capability to successfully complete assigned homework tasks, even if
these tasks were complicated.

In addition, background/demographic variables were collected, to serve as control
variables: Gender, student age, year in school (Year 8 or Year 9), school-track (three tracks
were represented by two dichotomous dummy variables), and cognitive abilities. The
cognitive abilities measure was based on the Figure Analogies subscale from the Cognitive
Abilities Test 4-12_R (Heller & Perleth, 2000), a German version of the CogAT
by Thorndike and Hagen (1993). The internal consistency (Kuder—Richardson Formula 20) of
the cognitive ability test was .92. Because the Figural Analogies is considered to be a test of
reasoning that is relatively free of environmental effects, it is clearly different from our other
measures of achievement based on school marks.

8.1.2. Analysis

Data analysis in Study 2 closely followed that of Study 1, based on Mplus's robust
maximum likelihood estimator, a design-based correction to control for the hierarchical
clustering of students, the “model constraint” function, FIML for missing data, and models
similar to those in Study 1.
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9. Results: study 2

9.1. Preliminary analyses: support for construct validity of measures

Following the logic of Study 1, we evaluated the a priori structure underlying the six
multiple domains of ASC and homework self-efficacy, and how they relate to parallel
measures of achievement and control variables. Critical features were again the parallel
wording used to measure each self-concept and self-efficacy factor; the likely item-specific
method effects as well as possible invariance across the self-concept and self-efficacy factors.
Consistent with expectations, the CFA model with no control for parallel worded items
resulted in a poor fit (based on traditional goodness of fit indices—Comparative fit index;
Tucker—Lewis Index; Root Mean Square Error of Approximation), but when item method
factors were included to control for the parallel wording of items, the fit was much better
(see Supplemental Materials for Study 2, Table 3). In the final model, we found strong
support for the invariance of factor loadings of parallel items across the six domains, for both
self-concept and self-efficacy factors (see Supplemental Materials).

9.1.1. Control Variables

Again, the correlations involving control covariates (cognitive abilities, Gender, Year
in school, academic track) are somewhat tangential to the present investigation, but of
potential interest in their own right. Although covariates are not substantially correlated with
any of the self-concept, self-efficacy, and achievement factors (rs varying from —.286 to
.370), many of the largest relations involve gender: across self-concept, self-efficacy and
achievement, girls had consistently higher scores for German and lower scores for math and
particularly physics. Girls also had better achievement and self-concepts in German and
biology, but these differences were not evident in homework self-efficacy factors.

There is also an interesting juxtaposition of cognitive abilities and academic track. Not
surprisingly, compared to middle track students, high track students had substantially higher
cognitive abilities (r = .349), whilst low-track students had lower cognitive

abilities (r = —.296). However, each of these three variables had surprisingly modest
correlations with the self-concept, self-efficacy, and achievement factors (rs = —.129 to .239).
Indeed, the strongest relations tended to be between homework self-efficacy and track
variables—positive for high track and negative for low track. The modest correlations
involving cognitive abilities apparently reflected frame of reference effects in which students
formed self-beliefs in relation to classmates in their same track, whilst teachers tended to
grade on a curve, such that differences in grade distributions do not differ substantially as a
function of track.

Latent correlations (Table 3) among all the constructs (6 self-concept factors, 6
homework self-efficacy factors, 6 corresponding measures of achievement, and control
covariates) are based on the final CFA model (presented in the Supplemental Materials). Of
particular relevance are the substantial correlations for matching domains of self-concept,
self-efficacy, and the corresponding measure of achievement. In support of the convergent
validity of the self-concept factors, convergent validity correlations were consistently
substantial for matching domains of self-efficacy (rs varying from .502 to .699; Table 3) and
for matching domains of achievement (rs varying from .517 to .636; Table 3). In support of
their discriminant validity, these convergent validities were consistently much larger than
correlations among the self-concept factors (rs varying from —.134 to .299; Table 3) and
correlations between self-concept and non-matching achievements (rs varying from —.141 to
.285; Table 4). Although there was also support for the convergent validity of homework self-
efficacy in relation to achievement (rs varying from .250 to .316; Table 3), these convergent
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validities were still substantially higher than correlations of self-efficacy to non-matching
areas of achievement (rs varying from —.153 to .204; Table 3). In summary, the results
provide good support for the convergent and discriminant validity of self-concept and self-
efficacy factors in relation to each other and to achievement.

9.1.2. Construct Validity of Domain-Specific Self-Belief Constructs

Consistent with the ordering of the self-concept factors along a verbal-math
continuum, the four correlations relating math and physics self-concept to German and
English self-concepts were all negative (rs varying from —.223 to —.096), whilst the most
positive correlations were between math and physics (.451) and between German and English
(.319). Correlations involving history and biology (rs varying from .063 to .264) consistently
fell between these two sets of correlations. However, biology self-concept was more highly
correlated with German, English and History (rs varying from .190 to .264) than with physics
(.160) and math (.076). History self-concept was as highly correlated with physics (.250) and
biology (.198) as with English (.068) or German (.208). Although correlations among
achievement scores, and particularly among self-efficacy factors, were systematically larger
(i.e., less distinct) than for self-concept factors, the pattern of results was similar for the two
sets of constructs (i.e., low correlations relating math and physics to German and English,
high correlations between math and physics, and between German and English). For both
achievement and self-efficacy, biology tended to be correlated as high, or higher, with
German, English and History, as it was with math and physics, whereas achievement in
history was more correlated with biology, physics and math than with German or English.

9.1.3. Summary

In summary, the factor structure underlying the self-concept and homework self-
efficacy responses is well-defined and consistent with a priori expectations. The latent
variable approach used here was critical in terms of taking into account the complex
measurement structure and the cross-loadings of the item, reflecting both self-concept and
self-efficacy. Correlations between self-concept, self-efficacy, and achievement scores
provide strong support for the convergent and discriminant validity of the responses to all
three sets of constructs. However, in relation to the underlying verbal-math continuum
(Fig. 2), these correlations suggest that biology might not be more math-like than verbal-like,
and that history might not be more math/science-like than verbal-like. We return to this issue
later. The final measurement model (described in detail in the Supplemental Materials) is the
basis of the subsequent structural equation models (SEMSs) presented in the next section.

9.2. Classic I/E model and its extension based on DCT: assimilation and contrast effects

Again, we note that the SEM used here is equivalent (in terms of df and goodness-of-
fit) to the final CFA measurement model, except that relations between some of the
constructs (particularly those relating achievement to self-concept and self-efficacy) are
replaced with path coefficients in order to test a priori predictions based on the I/E model and
its extension in DCT.

9.2.1. Classic I/E model

Again, we begin by briefly testing the replicability of the classic I/E model (Fig. 1A)
based on only the verbal (German) and math domains. We considered four separate models
which test predictions based on self-concept and homework self-efficacy responses, with and
without controlling the effects of the five control variables (see earlier discussion of Table 3).
For ASC responses, there is strong support for I/E predictions, in that matching coefficients
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are consistently substantial and positive (Mn = .614, SE = .041 Table 4A, no control),
whereas far comparisons are consistently negative (Mn = —.143, SE = .036). When controls
for the covariates are added, the matching coefficients become slightly less positive (Mns of
567 vs .614), and the far coefficients become slightly less negative (Mns of —.123 vs —.143),
but the pattern of results and statistical significance is unchanged.

For homework self-efficacy responses, there is also reasonable support for I/E
predictions, in that matching coefficients are consistently positive (Mn = .319,

SE =.040 Table 4, no control) but far comparisons are negative (Mn = —.088, SE =.037).
When controls for the covariates are added, the matching coefficients become less positive
(Mns of .284 vs .319), and the far coefficients become slightly less negative (Mns of —.078
vs —.088), but the pattern of results and statistical significance is unchanged. However, whilst
the effect of German achievement on math self-efficacy is consistently negative, the effect of
math achievement on German self-efficacy is consistently non-significant.

In summary, there is good support for the I/E predictions in relation to ASC and their
robustness in relation to the control variables considered here. However, the difference
between the matching (horizontal) and far cross-paths is much larger for self-concept than for
self-efficacy responses (.614 vs. —.143 for self-concept; .319 vs. —.088 for self-efficacy).
Thus, support for I/E predictions in relation to homework self-efficacy is weaker, both in
terms of the sizes of the coefficients and even the direction of the effects based on far
comparisons. Extending this model in the next section, we ask whether the size or even
direction of these contrast effects is consistent for “near” comparisons between more closely
related domains that might be seen as complementary.

9.2.2. DCT extension to include six domains

In the extended SEM model we include 36 (6 % 6) paths, leading from each of the six
achievement domains to each of the six latent self-concept factors, and another 36 paths
leading from achievement domains to the six homework self-efficacy factors (see Table 4).
Again, these are considered both with and without control for the set of five covariates (see
earlier discussion). For each set of 36 paths, coefficients are classified a priori as matching,
near and far comparisons, based on the theoretical ordering of ASC factors (Fig. 2). For the
present purposes, path coefficients involving any pair of the verbal-like constructs (German,
English, history) or between any pair of the math/science-like (biology, physics, and math)
constructs are considered to be “near” comparisons, whilst comparisons between
achievement from one group to self-concept or self-efficacy in the other group are considered
as “far” comparisons.

The mean across the 36 path coefficients for self-concept (Mn = .087,

SE =.007, Table 4, no control) and for self-efficacy (Mn = .045, SE = .010, Table 4, no
control) represents substantially positive coefficients for the six matching comparisons (self-
concept: Mn = .587, SE = .028; self-efficacy: Mn = .313, SE =.023) and substantially smaller
coefficients for the remaining 30 non-matching comparisons (self-concept: Mn = -.014,

SE =.007; self-efficacy: Mn =-.008, SE = .007). For the present purposes, the critical feature
of these non-matching coefficients is that the mean of the 12 near coefficients is significantly
positive for both self-concept and self-efficacy responses (self-concept: Mn =.048,

SE =.017; self-efficacy: Mn =.029, SE = .014). In contrast, the mean of the 18 “far”
coefficients is significantly negative for both self-concept (Mn = —.055, SE = .010) and self-
efficacy (Mn =—.035, SE =.016). For both self-concept and self-efficacy responses, the
difference between the near and far coefficients is significant. However, the difference
between the matching (horizontal) and far cross-paths is much larger for self-concept than for
self-efficacy responses (.587 vs. —.055 for self-concept; .313 vs. —.035 for self-efficacy).
Again, the results are altered somewhat when controls for the set of five covariates are
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included, in that the means of the matching coefficients are smaller. However, the difference
between near and far coefficients is nearly the same.

Inspection of individual paths shows that statistically significant paths for non-
matching domains primarily involve the four domains that are most extreme on the
underlying verbal-math continuum: the two verbal scales (German and English), math, and
physics. In order to evaluate this possibility, we computed summary statistics based on just
these four scales. For both self-concept and homework self-efficacy responses, contrast
effects based on far comparisons were more negative (—.116 vs. —.055 for self-concept; —.070
vs. —.035 for self-efficacy), whilst assimilation effects based on near comparisons were more
positive (.086 vs. .048 for self-concept, .037 vs. .024 for self-efficacy).

10. Discussion

Self-evaluations are formed in relation to social and temporal comparisons—the better
| perform relative to others and relative to my past accomplishments, the more positive my
self-evaluation. As emphasized by the I/E model and its extension into DCT, internal
dimensional comparisons among different domains provide an additional basis of
comparison, with important implications for theory, achievement, individual choice behavior,
for policy and for practice. Indeed, a critical source of self-knowledge is knowing one's
relative strengths and weaknesses in different domains as a basis of academic choices,
accurate self-evaluation, self-improvement, self-maintenance, and self-enhancement. The
classic I/E model focuses primarily on how math and verbal achievements are related to math
self-concept and verbal self-concept (Fig. 1A). As shown by an impressive array of
correlational, longitudinal, cross-cultural, experimental, and qualitative studies, better math
achievement leads to lower verbal self-concept and the better verbal achievement leads to
lower math self-concept—the critical, seemingly paradoxical prediction of the I/E model.
Here we explore new methodological, theoretical, and substantive insights into the extension
of the I/E model into DCT.

10.1. Dimensional Comparison Theory (DCT): near versus far comparisons

A central feature of DCT and its extension of the I/E model is the distinction between
near and far comparisons. Here we integrate theoretical perspectives based on the
Marsh/Shavelson structural model of self-concept (Fig. 2) with new insights from DCT. The
extensive research literature based on the I/E model demonstrates that better achievement in
one domain has a negative effect on ASCs in a far domain. In the broader social comparison
literature, these negative effects are referred to as contrast effects (see Méller & Marsh,
2013). DCT posits that the negative (contrast) effects will diminish and may even become
positive (assimilation) effects when dimensional comparisons are based on complementary
domains that are close together on the academic continuum. Here we operationalized this
extension and developed new statistical tests to evaluate these predictions. This article is the
first test of DCT theoretical predictions based on a comprehensive range of academic
domains. Both Studies 1 and 2 provide clear support for the critical prediction that paths for
achievement to ASC based on near comparisons will be less negative than those based on far
comparisons.

A key feature of DCT is the theoretical continuum of academic subjects along the
math-to-verbal continuum (Fig. 2). In this respect it integrates well-established theoretical
and empirical research based on the Marsh/Shavelson multidimensional, hierarchical model
of self-concept with the social comparison research pursued in many disciplines.
Nevertheless, there is a need for further research as to whether pair-wise differences between
the perceived complementarity/antagonism of a whole range of academic domains can be
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adequately represented by this continuum as posited in DCT (e.g., more research like Goetz
et al., 2010, who quantified differences between different school subjects based on students’
responses academic emotions associated their different school subjects).

10.2. The juxtaposition between ASC & self-efficacy

Early I/E research provided dramatic support for the theoretical distinction between
appropriately constructed self-efficacy and self-concept measures. In particular, self-efficacy
responses were based on a criterion reference that was explicit in the construction of the item,
whilst self-concept responses invoked social and dimensional comparisons to establish a
frame of reference. Critically, there was little or no support for I/E predictions based on self-
efficacy responses, whilst support for the predictions based on self-concept responses
continued to grow. Also of relevance, there was a near-zero correlation between math and
verbal ASC responses, but a substantial positive correlation between math and verbal self-
efficacy responses. However, this clear distinction between self-efficacy and ASC responses
was based on a narrowly defined self-efficacy construct in which the standard of comparison
was made explicit in the construction of items, whilst many measures that are labeled self-
efficacy do not meet these standards of instrument construction.

In Study 2, we extended DCT to consider homework self-efficacy responses.
Consistent with expectations, correlations among the self-efficacy factors were much larger
than correlations among the self-concept factors. Nevertheless, there was good support for the
convergent and discriminant validity of self-efficacy responses in relation to both
achievement and self-concept. Although there was clear support for some a priori predictions,
there were also some problems. In particular, there was some—albeit weak—support for
contrast effects based on self-efficacy responses, although this was weaker than for ASC
responses. This leaves the question as to why there apparently were dimensional comparison
effects for self-efficacy responses here, whilst there were none in the classic studies by Marsh
et al. (1991) and by Skaalvik and Rankin (1995).

There are at least two obvious differences. First, in the present study self-efficacy
responses were in relation to completion of homework, rather than to achievement per se.
Second, the self-efficacy responses in the earlier studies were in relation to a highly
prescriptive construction of self-efficacy items that was likely to truncate dimensional
comparison effects even more than in the present investigation. We suspect that the
construction of items is the critical issue, and note that the typical self-efficacy items do not
meet these rigid standards. Hence, we suggest that the results here are likely to be more
representative of self-efficacy research in general than those in studies by Marsh et al. and
by Skaalvik and Rankin (1995). Nevertheless, clearly this is an area for further research.

10.3. Limitations and directions for further research

The contributions of the present investigation are primarily theoretical (testing new
theoretical predictions based on DCT, testing theoretical distinctions between self-concept
and self-efficacy) and methodological (stronger designs and better statistical methodology for
testing these hypotheses). However, support for the DCT, like most I/E research more
generally, is largely based on cross-sectional, correlational studies, so that causal predictions
should be offered tentatively and results must be interpreted cautiously. Fortunately, there is
now a growing body of I/E studies, using various combinations of qualitative introspection
studies, longitudinal, quasi-experimental, and true experimental designs with random
assignment of students, which support the I/E model (see earlier discussion). However, there
is a need for further research along these lines to support the causal interpretation of new
theoretical predictions based on DCT—yparticularly in relation to the distinction between
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matching, near, and far comparisons, but also in relations to the conditions under which near
comparisons are likely to result in assimilation rather than contrast.

Further research is also needed to establish conditions under which assimilation might
be expected, particularly given that there was support for assimilation in Study 2 but not
Study 1. However, we do note that our a priori predictions were that negative cross-paths
would be significantly less negative (less contrast) or even positive (assimilation), and
support for these predictions was highly consistent across both studies. Furthermore, in the
research literature on social comparison effects, support for assimilation effects is also
inconsistent (Diener and Fujita, 1997, Marsh et al., 2008a, Marsh et al., 2010). Clearly, DCT
predicts that assimilation is more likely for maximally near comparisons (e.g., math and
physics) than far comparisons (e.g., math and verbal domains) and more likely for near
comparisons that are based on two domains very close to each other on the academic
continuum (e.g., math and physics compared to math and biology). In addition to these DCT
we speculate that contextual or situations features might influence the results. Thus, if math
and physics are taught as a unified subject, reinforcing their mutual dependence, then
assimilation might be more likely. Also, if we asked students to directly rate the perceived
similarity of different academic domains, assimilation might be more likely for students who
perceived a given pair of domains to be more similar. These ratings of perceived similarity
could be used to validate the continuum but also provide more nuanced tests of DCT
predictions such that the perceived “nearness” or “farness” of different domains might
influence the size of the observed relations over and above the more objective positioning of
constructs on the continuum. Because DCT is relatively new, particularly these speculations
about assimilation offer an exciting direction for further research.
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