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A comprehensive model of affect and motivation is necessary for disentangling the variance of subject
speciﬁc measures into components that are (a) construct speciﬁc and generalize across different subjects,
(b) subject speciﬁc and common to different constructs, and (c) speciﬁc to a particular construct in a par
ticular subject. In the present study, we developed and investigated an integrative model that yields new
insights concerning the generality and school subject speciﬁcity of affective motivational constructs. To
this end, we ﬁrst examined structural models that could account for the hierarchical and subject speciﬁc
nature of academic self concept, anxiety, and interest, respectively. In a second step, we combined these
construct speciﬁc models to investigate an integrative model that was able to simultaneously address
between and within subject relations. We used data from four large scale samples of ninth graders
(N 866 6146) on academic self concept, interest, and anxiety in three subjects (mathematics, French,
and German). Our results underscored the importance of the components at the more global level: The
major part of reliable individual differences in subject speciﬁc measures of affective motivational con
structs and their relations to achievement indicators (grades and standardized test scores) was explained
by the general components of the affective motivational constructs and the global affective motivational
appraisals of speciﬁc subjects rather than by the construct and subject speciﬁc components. Overall, the
structural architecture of the integrative model provides a way to simultaneously analyze complex
within and between subject relations of affective motivational constructs.
.

1. Introduction
Motivation and affect are important determinants of students’
academic effort, choices, and success (Linnenbrink & Pintrich,
2000; Pintrich, 2003; Schunk, Pintrich, & Meece, 2009). Empirical
research on students’ motivation and affect, however, appears to
be fragmented, and thus, an integrative approach is needed for
two reasons: First, research on motivation and research on affect
have remained relatively independent in educational science. Yet,
for several reasons, an integrative approach seems highly
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warranted. (a) Some constructs simultaneously target objects in
research on affect and in research on motivation. For example, stu
dents’ academic interests have been researched in both research
traditions. (b) Some scholars have proposed comprehensive theo
retical frameworks that cover motivational and affective con
structs as well as their conceptual overlap and interrelations, for
example, the expectancy value theory (EVT) by Eccles (Parsons)
and her colleagues (1983) or Pekrun’s control value theory (CVT;
2006) of achievement emotions. (c) Previous empirical studies
have shown strong relations between affective and motivational
constructs (e.g., Goetz, Cronjaeger, Frenzel, Lüdtke, & Hall, 2010;
Green, Martin, & Marsh, 2007).
Second, an important issue in investigations of academic affect
or motivation is the hierarchical level of construct deﬁnitions.
Earlier research on academic affect and motivation tended to focus
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on general constructs (at the top of the hierarchy; e.g., Byrne, 1986)
with items such as ‘‘I am good at most school subjects.” Contempo
rary educational research on affective and motivational constructs,
however, has stressed the importance of differentiating between
different (school) subjects2 (with a focus on the lower levels of
the construct hierarchy; e.g., Bong, 2001; Goetz, Frenzel, Pekrun,
Hall, & Lüdtke, 2007; Marsh, 1990). The focus on either general or
subject speciﬁc affective motivational constructs, however, implies
that hierarchical relations between general and subject speciﬁc
components were not analyzed in most empirical studies.
In sum, it is an important research endeavor and aim of the pre
sent study to simultaneously investigate relations between
affective motivational constructs and the hierarchical relations
between the general and subject speciﬁc components of these con
structs in order to integrate the diverse ﬁndings on these con
structs in educational psychology. Such an integrative approach,
which can simultaneously capture different perspectives, is essen
tial for helping researchers to better understand students’
affective motivational experiences at school with regard to their
generality and subject speciﬁcity as well as relations between dif
ferent affective motivational constructs at different levels of the
construct hierarchy.

1.1.2. Academic interest
Academic interest comprises feelings of personal importance
and emotional value in relation to a speciﬁc topic (Krapp, 2002;
Renninger, 2000; Schiefele, 1991). Although interest was a
neglected research topic in the behaviorism dominated research
phase in psychology and also in the period that followed, it expe
rienced a revival through Schiefele’s (1978) work and in the
research that followed his work (e.g., Hidi, 1990; Krapp, 1992;
Renninger & Wozniak, 1985; Todt & Schreiber, 1998). The modern
theories on interest differentiate between individual interest (i.e., a
relatively enduring disposition to prefer a certain subject) and sit
uational interest (i.e., temporal attention or a state of being inter
ested that is aroused by a speciﬁc topic or task; see Krapp, 1999;
Renninger, 2000; Schiefele, 2001; Schiefele, 2009). In the present
study, we focus on the individual interest of adolescents in school.
It is important to note that academic interest has been shown to be
vitally relevant to academic choices (e.g., Köller, Baumert, &
Schnabel, 2001; Nagy et al., 2006; Wigﬁeld & Eccles, 2000). More
over, academic interest has been shown to be positively associated
with academic effort, quality of learning, and level of achievement
(e.g., Denissen, Zarrett, & Eccles, 2007; Schiefele, 1996; Schiefele,
Krapp, & Winteler, 1992; Trautwein et al., 2015; Wigﬁeld &
Eccles, 2000).

1.1. Key affective motivational constructs: academic self concept,
interest, and anxiety

1.1.3. Academic anxiety
Academic anxiety refers to feelings of worry as well as nervous
ness and uneasiness in achievement related situations in the
school context (Goetz, Preckel, Zeidner, & Schleyer, 2008; Liebert
& Morris, 1967; Zeidner, 2007). In the educational context, the con
cept of anxiety has been the focus of extensive research that was
initiated by Sarason and Mandler (1952) in the early 1950s.
Reports of academic anxiety may refer to the momentary state of
anxiety or to the dispositional trait (cf. Goetz, Bieg, Lüdtke,
Pekrun, & Hall, 2013). In the present paper, we focus on the trait
level. Strong empirical evidence is available with regard to the rela
tions between academic anxiety and other important student char
acteristics such as academic performance (Hembree, 1988;
Hembree, 1990; Ma, 1999; Seipp, 1991) or socio affective variables
such as subjective well being and psychological health (Diener,
1984).

The present study focuses on students’ affective motivational
characteristics that are part of a long and well established tradi
tion in educational science: academic self concept, academic
interest, and academic anxiety. These constructs are not only rel
evant to students’ learning but are also considered to be vital
learning outcomes themselves (e.g., Goetz et al., 2010; Marsh &
O‘Mara, 2008; Marsh, Trautwein, Lüdtke, Köller, & Baumert,
2005; Marsh & Yeung, 1997a; Zeidner, 1998). The choice of these
constructs is also important from the integrative perspective of
our study: Whereas academic self concept can be seen as a cen
tral construct in motivational research, and academic anxiety is
the most investigated emotion in research on academic affect,
interest cannot be uniquely assigned to either of these two
research traditions and can be seen as a point of intersection as
it includes both motivational and affective characteristics (see
above).

1.1.1. Academic self concept
Academic self concepts are mental representations of a person’s
abilities in academic subjects (Brunner et al., 2010), entailing
aspects of both self description and self evaluation (Brunner,
Keller, Hornung, Reichert, & Martin, 2009; Marsh & Craven,
1997). Academic self concept is one of the oldest and most exten
sively studied constructs in educational research (Marsh, Xu, &
Martin, 2012). It has been shown to predict coursework selection
and other educational choices (Marsh & Yeung, 1997b; Nagy,
Trautwein, Baumert, Köller, & Garrett, 2006; Parker, Marsh,
Ciarrochi, Marshall, & Abduljabbar, 2014; Parker et al., 2012), aca
demic achievement, effort, and persistence, as well as long term
educational attainment (Chen, Yeh, Hwang, & Lin, 2013; Guay,
Larose, & Boivin, 2004; Guay, Marsh, & Boivin, 2003; Huang,
2011; Marsh & O’Mara, 2008; Marsh & Yeung, 1997a; Parker
et al., 2014; Pinxten, De Fraine, Van Damme, & D’Haenens, 2010;
Trautwein, Lüdtke, Schnyder, & Niggli, 2006; Valentine, DuBois, &
Cooper, 2004).
2
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1.2. Relations between general and subject speciﬁc components of
affective motivational constructs
To systematize the diverse research endeavors through which
the relations of the general and subject speciﬁc components of
these constructs have been investigated, we distinguish between
three research approaches (see Fig. 1). (a) The within subject
approach targets relations across different affective motivational
constructs within a speciﬁc subject (or at the general level of the
constructs3; see Fig. 1a). (b) The between subject approach targets
relations between different subject speciﬁc components of a certain
construct as well as relations between its general4 and subject
speciﬁc components (see Fig. 1b). This approach addresses questions
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between the general and subject-speciﬁc components of the construct) can be
considered a facet of the between-subject approach. Please note that in the present
study, we measured the general component of each construct directly with
corresponding items (e.g., ‘‘I am good at most school subjects”; see Table A1 in
Appendix A). In doing so, our approach diverges somewhat from other research that
has applied a between-subject approach where the general level of a construct was
inferred from aggregating the subject-speciﬁc measures across different school
subjects (see, e.g., Fig. 1C in Bong, 2001).
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Fig. 2. Schematic diagram of the conception of the: (a) within-subject relations as applied in the present study for a certain subject (i.e., mathematics, French, and German) as
well as the general level, (b) between-subject relations in the form of nested-factor models (based on the nested Marsh/Shavelson model; Brunner et al., 2010) as applied in
the present study for academic self-concept, interest, and anxiety, and (c) integrative nested-factor model. Residuals (as well as the correlations between the residuals of
items with parallel wording in [b]) are not depicted in the model to ensure the clarity of the ﬁgure. For (a): The brackets [ ] in the item label are to be replaced by A, M, F, and G
in models representing the general level, mathematics, French, and German, respectively. SC = academic self-concept; IN = academic interest; AX = academic anxiety. For (b):
The brackets [ ] in the item labels are to be replaced by SC, IN, and AX in the academic self-concept, interest, and anxiety models, respectively. M = mathematics; F = French.
For (c): SC_AI = general academic self-concept; IN_AI = general academic interest; AX_AI = general academic anxiety; MI = common mathematics factor; FI = common French
factor; GI = common German factor; SC_A = general academic self-concept; SC_M = mathematics self-concept; SC_F = French self-concept; SC_G = German self-concept;
IN_A = general academic interest; IN_M = mathematics interest; IN_F = French interest; IN_G = German interest; AX_A = general academic anxiety; AX_M = mathematics
anxiety; AX_F = French anxiety; AX_G = German anxiety.

self concepts from the verbal domain indicate that perceived
strengths in mathematics are associated with perceived weak
nesses in subjects from the verbal domain (Brunner et al., 2009;
Brunner et al., 2010). This ﬁnding has also been interpreted as indi
cating a strong separation of self concepts across subjects (Marsh
& Hau, 2004).
Relative to academic self concepts, there has been little
research on the hierarchical characteristics of academic interest
and academic anxiety. Regarding academic interest, general and
subject speciﬁc conceptualizations seem to coexist. Several

scholars see academic interest as strongly subject speciﬁc (e.g.,
Hidi & Renninger, 2006; Krapp, 2002; Schiefele, 1991). Some
researchers even claim that there is no such thing as general stu
dent interest (e.g., Frenzel, Goetz, Pekrun, Watt, 2010, p. 509). This
view is supported by empirical studies that have shown that mea
sures of academic interest and closely related constructs such as
the value construct (Wigﬁeld & Eccles, 2000), academic enjoyment
(Goetz et al., 2007), or intrinsic motivation (Ryan & Deci, 2002) are
weakly correlated across subjects (e.g., Bong, 2001; Goetz et al.,
2007; Goetz et al., 2010; Gottfried, 1985; Guay et al., 2010).
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However, other scholars have conceptualized interest in academic
activities as a general construct that is not tied to a particular sub
ject (e.g., as intrinsic motivation in self determination theory; Otis,
Grouzet, & Pelletier, 2005; Vallerand et al., 1992; Vallerand et al.,
1993). Similarly, Ainley, Hidi, and Berndorff (2002) argued that
besides interest in speciﬁc subjects, students may have a general
individual interest in learning.
Regarding academic anxiety, contemporary educational
research from the last 10 15 years has emphasized its subject
speciﬁc character (Goetz et al., 2007), whereas earlier research
conceived of academic anxiety as a general construct (e.g.,
Zeidner, 1998). The results from empirical studies are mixed: Some
studies have shown weak between subject relations for academic
anxiety (e.g., Goetz et al., 2007), whereas others have suggested
that academic anxiety is more general across different subjects
(e.g., Green et al., 2007).
Importantly, given the distinct research strands that conceptu
alize academic interest and academic anxiety as either general or
subject speciﬁc constructs, it comes as no surprise that structural
models that capture the interplay between general and subject
speciﬁc components of academic interest or academic anxiety,
respectively, are still missing. However, the theoretical considera
tions and consistent correlational patterns of the measures indi
cate that academic interest and academic anxiety may be
structurally similar to academic self concept (i.e., multidimen
sional with respect to different subjects and hierarchically orga
nized with a general component of each construct at the apex of
the hierarchy). Therefore, structural models that can account for
and test these structural characteristics of academic interest and
academic anxiety are needed.
1.2.3. Integrative approach
It is interesting that only a little research has integrated the
within subject approach and the between subject approach (i.e.,
integrative approach; see Fig. 1c). The few empirical ﬁndings that
exist suggest that some constructs (e.g., academic anxiety) are
likely more general than others (e.g., academic self concept or
interest; Goetz, Pekrun, Hall, & Haag, 2006; Green et al., 2007).
Moreover, the relations between measures of different constructs
within the same subject (within subject relations) have been
found to be stronger than relations between measures of the same
construct in different subjects (between subject relations; Goetz
et al., 2007; Gottfried, 1990). In line with this ﬁnding, Marsh and
Yeung (1996) found more support for subject speciﬁc factors that
generalize across different affective motivational constructs than
for construct speciﬁc factors that generalize across different sub
jects. However, none of the studies followed the integrative
approach precisely as deﬁned in the present study (see Fig. 1c)
and simultaneously investigated relations across different
affective motivational constructs while accounting for the multidi
mensional and hierarchical structure of the constructs. Therefore,
to provide a more comprehensive picture of the different
affective motivational constructs and their interrelations, a struc
tural model that simultaneously captures the complex interplay
of general and subject speciﬁc components across different
affective motivational constructs is needed.
1.3. Relations of the academic self concepts, interests, and anxieties
with students’ achievement
A rich body of knowledge has accumulated on the relations of
general and subject speciﬁc academic self concepts, interests,
and anxieties to student educational outcomes. Based on theoreti
cal considerations (e.g., EVT; Eccles [Parsons] et al., 1983), substan
tial correlations could be expected for academic self concepts,
interests, and anxieties with both school grades and standardized

test scores. In the EVT, for example, previous achievement
related experiences indirectly affect the corresponding academic
self concepts as well as interests, anxieties, and other subjective
task values. Subsequently, the subjective task values and academic
self concepts inﬂuence students’ choices, task investments, and
performance, all of which are important for academic achievement
(Eccles & Wigﬁeld, 2002). This implies bidirectional relations
between academic self concept, interest and anxiety on one side
with achievement on the other.
The existing body of empirical knowledge has suggested that
the relations of academic self concepts, interests, and anxieties
with student achievement are moderated by the correspondence
of the subjects and the constructs’ level of generality. That is, cor
relations are usually higher when achievement and the respective
construct refer to the same subject and when they are matched
on level of generality (e.g., math grades and academic self
concept in math are more highly correlated than math grades
and general academic self concept). The correlations between
general and subject speciﬁc academic self concepts, interests,

Table 1
Mean correlations between student achievement and academic self-concepts, interests, and anxieties as obtained in meta-analyses and large-scale assessment studies
with representative student samples.
Construct

General academic
achievement

Academic self-concept
General academic
r = .29/.29 (L;
self-concept
N = 106,680)a
r = .34 (M;
N = 46,482)b
Mathematics
r = .21/.05 (L;
self-concept
N = 106,680)a

Verbal selfconcept

r = .19/.03 (L;
N = 106,680)a

Academic interest
General academic
interest
Mathematics
interest
Verbal interest
Academic anxiety
General academic
test anxiety

Mathematics
anxiety

Mathematics
achievement

Verbal
achievement

r = .24/.24 (L;
N = 106,680)a

r = .28/.28 (L;
N = 106,680)a

r = .26/.15 (L;
N = 106,680)a
r = .20 (M;
N = 30,317)b
r = .43 (M;
N = 125,308)c
r = .10/-.05 (L;
N = 106,680)a
r = .12 (M;
N = 125,308)c

r = .13/-.04 (L;
N = 106,680)a
r = .14 (M;
N = 125,308)c

r = .24/.11 (L;
N = 106,680)a
r = .20 (M;
N = 3669)b
r = .35 (M;
N = 125,308)c

r = .32 (M; N not
reported)d
r = .17 (M; N not
reported)d
r = .29 (M;
N = 6390)e
r = .23 (M;
N = 28,424)f

r = .22 (M;
N = 6534)e

r = .24 (M;
N = 10,761)e

r = .34/ .30
(M; N = 5555)g
r = .27 (M;
N = 18,279)h

r = .06 (M;
N = 1941)g

Note. M = meta-analysis; L = large-scale assessment study. The number in parentheses indicates the sample size on which the correlation estimate was based.
a
Brunner et al., 2009. The ﬁrst number reﬂects the correlation obtained with the
unidimensional model, whereas the second one reﬂects the correlation obtained
when the general variance was accounted for in measures of school-subject-speciﬁc
self-concepts.
b
Hansford and Hattie (1982).
c
Möller et al. (2009).
d
Schiefele, Krapp, and Wintler (1992).
e
Hembree (1988).
f
Seipp (1991).
g
Hembree (1990).
h
Ma (1999).
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and anxieties with academic achievement (e.g., grades, standard
ized achievement tests) as typically found in empirical studies are
presented in Table 1 (based on meta analyses and selected stud
ies with representative student samples from large scale assess
ment studies). First, general academic self concept has usually
been found to be positively related and general academic anxiety
has been found to be negatively related to indicators of general
academic achievement and, although slightly less so, to indicators
of subject speciﬁc academic achievement. Regarding academic
interest, as this construct is usually considered to be subject
speciﬁc, there is little empirical evidence for relations between
general academic interest and indicators of students’ academic
achievement. Second, positive relations have been found for
subject speciﬁc self concepts and subject speciﬁc interests and
negative relations for subject speciﬁc anxieties and indicators of
corresponding academic achievement. Regarding relations
between subject speciﬁc self concepts and anxieties with
achievement in noncorresponding subjects, weaker relations have
usually been found than between these constructs and achieve
ment in the corresponding school subjects. Regarding relations
between subject speciﬁc interests and achievement in noncorre
sponding subjects, empirical studies on enjoyment, an emotion
closely related to interest, have indicated slightly negative corre
lations between enjoyment in mathematics and achievement in
verbal domains as well as between enjoyment in verbal domains
and achievement in mathematics (Goetz et al., 2007; Goetz et al.,
2010). Third, relatively little is known about how subject speciﬁc
self concepts, interests, and anxieties are related to general
achievement. The scarce empirical ﬁndings have suggested posi
tive correlations between subject speciﬁc self concepts and gen
eral academic abilities, nevertheless slightly lower than between
subject speciﬁc self concepts and achievement in corresponding
school subjects.
Of note, empirical knowledge about the relations of academic
self concepts, interests, and anxieties with academic achievement
measures has been acquired primarily from studies that have
applied unidimensional measurement models. When the nested
factor model, which partials out the substantial amount of general
variance from the subject speciﬁc measures of academic self
concepts, has been used, a more differentiated picture of the rela
tions between subject speciﬁc self concepts and measures of aca
demic achievement has emerged. Speciﬁcally, lower correlations
between subject speciﬁc self concepts and corresponding aca
demic achievement measures as well as close to zero correlations
with general academic achievement and achievement in noncorre
sponding subjects have been found (see Brunner et al., 2009, in
Table 1).
Finally, it has been posited and empirically conﬁrmed that as
grades represent a more salient source of individual feedback to
students, academic self concepts and interests show stronger asso
ciations with school grades than they do with standardized
achievement tests (see Marsh et al., 2005; Möller, Pohlmann,
Köller, & Marsh, 2009). By contrast, Hembree’s (1990) meta
analysis indicates that the two achievement indicators show simi
lar relations with academic anxiety.
1.4. Research objectives
The overall goal of the present study was to extend the integra
tion of the diverse perspectives and fragmented ﬁndings and gain
new insights into the structural relations of three key affective
motivational constructs in educational psychology.5 We followed

5
Please note that only structural relations of affective-motivational constructs are
the focus of our study and not their means.

the methodological advice given by Cumming (2014) and Bonett
(2012) for conducting replication studies and applied our analyses
separately to four independent samples with representative data
from a total of 14,260 ninth graders from Luxembourg. By doing
so, we were able to scrutinize the robustness of the results and to
judge the generalizability of our ﬁndings. We conducted our integra
tive endeavor in four consecutive steps.
1.4.1. Within subject approach
First, we focused on the within subject approach (Fig. 1a) by
investigating mutual relations between academic self concept,
interest, and anxiety at the general level as well as in three subjects
(i.e., mathematics, French, and German) separately. These subjects
are central parts of school curricula in Luxembourg. For each sub
ject (and at the general level), we deﬁned a model with correlated
ﬁrst order factors representing the respective constructs (see
Fig. 2a).
1.4.2. Between subject approach
Second, we focused on the between subject approach (Fig. 1b).
Our goal was to ﬁll the research gap on the structure of academic
interest and anxiety by combining the general and subject
speciﬁc conceptualizations of these constructs to examine their
(a) potential multidimensional nature and (b) hierarchical organi
zation. To this end, we drew on recent structural models of aca
demic self concept (Brunner et al., 2010) and methodological
advances in conﬁrmatory factor analysis (Eid, Lischetzke,
Nussbeck, & Trierweiler, 2003; Gustafsson & Balke, 1993) to
develop and test new structural nested factor models for academic
interest and academic anxiety (see Fig. 2b). We also aimed to repli
cate the ﬁndings on the nested Marsh/Shavelson model of aca
demic self concept (Brunner et al., 2010) in several independent
samples.
Applying nested factor models to investigate the between
subject relations of academic self concept, interest, and anxiety,
separately, enabled us to compare the structural similarities and
differences across constructs concerning (a) the strength of the
general factors (i.e., degree of generality across different subjects)
and (b) the relations of the subject speciﬁc components after
accounting for the general level of a construct.
1.4.3. Integrative approach
Third, we combined the within subject approach with the
between subject approach to adopt an integrative approach (Fig. 1c).
In particular, by synthesizing the insights gained from applying
these two approaches separately, we were able to propose a new
structural integrative model depicted in Fig. 2c that could parsi
moniously depict the complex interplay of general and subject
speciﬁc academic self concepts, interests, and anxieties. Impor
tantly, the developed integrative nested factor (INF) model allows
for both within subject and (hierarchical) between subject rela
tions to be investigated simultaneously and can be used to tackle
research questions that cannot be addressed by the within or
between subject approach alone. First, the INF model can help
answer questions about the generality and speciﬁcity of
affective motivational constructs. In particular, the model disen
tangles the variance in subject speciﬁc measures of academic
self concept, interest, and anxiety into components that (a) gener
alize across different subjects for a speciﬁc construct (i.e.,
construct speciﬁc variance), (b) are common to different
affective motivational constructs within a speciﬁc subject (i.e.,
subject speciﬁc variance), and (c) are speciﬁc to a particular con
struct in a particular subject (i.e., construct and subject speciﬁc
variance). In other words, the INF model can help to answer ques
tions such as how much of the observed heterogeneity in measures
of affective motivational constructs in the student body (a) is com
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mon to a certain affective motivational construct across subjects,
(b) is shared by different subjects across constructs, or (c) can be
attributed to a speciﬁc construct in a speciﬁc subject. Second, the
INF model provides a more differentiated picture of the relations
between the subject speciﬁc self concepts, interests, and anxieties
because it accounts for the general level of each construct in the
subject speciﬁc measures (and thus controls for this source of vari
ance). Third, the INF model may provide information about rela
tions between subject speciﬁc components that are shared by
different affective motivational constructs.
1.4.4. Validation of the integrative model
External validity criteria are essential for examining the mean
ing and substantive interpretation of the factors in the INF model.
Therefore, in the fourth step, we investigated the validity of the
model deﬁned general and subject speciﬁc factors with respect
to their relations to two types of school achievement measures:
school grades and standardized test scores. Moreover, we deter
mined whether some of the relations between the achievement
indicators on one side and the affective motivational construct
scale scores on the other could be attributed to the reliable
construct and subject speciﬁc variance components of these mea
sures. By doing so, we were able to empirically underscore how the
integrative perspective on students’ affect and motivation can help
us better understand the well documented relations between stu
dents’ achievement and affective motivational measures in as
much as these relations can be attributed to different constructs,
different subjects, or the speciﬁc aspects of a certain subject
speciﬁc construct.
2. Method
2.1. Samples
Our study drew on four large scale assessments in Luxem
bourg; the samples consisted of students in the ninth grade. Specif
ically, data were obtained from two samples of students who
participated in the 2011 cycle (Sample 1 [S1]) and the 2010 cycle
(Sample 2 [S2]) of the Luxembourg school monitoring program
Épreuves Standardisées (ÉpStan; Martin & Brunner, 2012). The
main aim of the ÉpStan is to evaluate the key educational out
comes (e.g., subject speciﬁc achievement and students’ affective
motivational characteristics) across all state schools in Luxem
bourg. Data were also obtained from two national extensions of
the Luxembourgish PISA year 2009 cycle: Sample 3 (S3) consisted
of a random subsample of students who worked on the tests for
cross national comparisons and then completed a questionnaire
on achievement motivation; Sample 4 (S4) consisted of students
who did not take the tests for cross national comparisons but com
pleted a questionnaire on achievement motivation and several
achievement measures. Except for S4 for which the schools
decided whether they wanted to participate or not, participation
in S1 to S3 was obligatory for schools in Luxembourg.
In the Luxembourg school system, after the sixth grade,
students are assigned to different secondary tracks according to

achievement based selection. These secondary tracks differ in their
mean achievement levels as well as in the subjects taught. On the
administrative level, two main secondary strands can be distin
guished in Luxembourg: the lower and upper academic tracks.
Table 2 presents the students’ gender and track ratios and the
mean age of the four samples. The samples showed high compara
bility regarding school form and gender ratios with S4 diverging
slightly from the remaining samples. Further, whereas students
in S1 and S2 were similar and most representative in terms of their
age distributions (i.e., all ninth graders in Luxembourg), students
in S3 consisted of only ninth grade students around the age of
15 years, and S4 consisted mostly of ninth graders who were
younger or older than 15.
In the present study, we excluded students who had more than
two missing values on any of the general and subject speciﬁc aca
demic self concept, interest, and anxiety scales to assure valid
measurement of the general and subject speciﬁc constructs.
Table 2 presents the initial and ﬁnal sample sizes, after excluding
students with missing values. The large number of excluded stu
dents in S2 resulted from technical problems in the computer
based assessment, which caused randomly missing values.
2.2. Measures
2.2.1. Measures of academic self concept, interest, and anxiety
The measures of academic self concept, interest, and anxiety
administered in all four samples covered three core subjects (i.e.,
mathematics, French, and German) as well as general academic
self concept, general academic interest, and general academic anx
iety. Each scale consists of three items that were extensively pilot
tested. The wording of the self concept, anxiety, and interest items
and corresponding scale formats used in the four studies is pre
sented in Table A1 in Appendix A. Please note that the items dif
fered slightly between the studies. In the samples from the
Luxembourg school monitoring program (S1 and S2), the question
naires were computer administered.
Tables B1, B2, B3, and B4 in Appendix B in the online supple
mental material present descriptive statistics, reliabilities, and
intercorrelations of the scale scores that were obtained for S1, S2,
S3, and S4, respectively. All scales showed satisfactory levels of
reliability with values for the model based reliability coefﬁcient
x (see Brunner, Nagy, & Wilhelm, 2012) ranging from .77 to .91
in S1, .77 to .92 in S2, .80 to .94 in S3, and .79 to .94 in S4.
2.2.1.1. Academic self concept measures. The academic self concept
instruments consisted of items taken from the Self Description
Questionnaire (SDQ; e.g., Marsh & O’Neill, 1984), which is consid
ered to be one of the best self concept instruments available (e.g.,
Byrne, 1996), and were adapted to the respective subjects accord
ing to the instructions provided by Marsh (1990).
2.2.1.2. Academic interest measures. The academic interest
instruments consisted of three items for general and each
subject speciﬁc interest. The items were developed according to
the corresponding construct deﬁnitions (Krapp, 2002; Renninger,

Table 2
Summary of sample-speciﬁc characteristics.
Sample

S1
S2
S3
S4

Initial N

Final N

6577
6488
953
1766

6146
5500
866
1748

Note. N = sample size; SD = standard deviation.

Age (years)
Mean

SD

14.95
14.97
15.86
15.65

0.92
0.91
0.28
0.96

% Girls

% Upper track

49.5
50.1
51.2
54.2

30.3
30.8
34.8
39
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2000; Schiefele, 1991); that is, one item assessed the feelings of
personal importance and one item the emotional value. In addition,
one global item was constructed with the aim of directly and max
imally representing the essence of the deﬁnition of academic inter
est (e.g., ‘‘I am interested in French” for the subject of French or ‘‘I
am interested in most school subjects” for the general level).
2.2.1.3. Academic anxiety measures. The academic anxiety instru
ments consisted of three items for general and each subject
speciﬁc anxiety. The items were developed according to the corre
sponding construct deﬁnitions (Liebert & Morris, 1967; Zeidner,
2007); that is, one item assessed the worry component and one
the emotionality component of academic anxiety. In addition,
one global item was constructed with the aim of directly and max
imally representing the essence of the deﬁnition of academic anx
iety (e.g., ‘‘I am afraid of mathematics class”).
2.2.2. Measures of student achievement
To obtain comprehensive validation evidence, we used two key
indicators of students’ achievement: grades and standardized com
petency tests. Tables B1, B2, B3, and B4 in Appendix B in the online
supplemental material present descriptive statistics, reliabilities
(for the standardized competency tests), and intercorrelations of
the student achievement measures and the academic self
concept, interest, and anxiety scale scores as obtained for S1, S2,
S3, and S4, respectively.
2.2.2.1. Competency tests. Students who participated in the ÉpStan
(S1 and S2) were administered competency tests in mathematics
and French and German reading comprehension. These compe
tency tests were developed by experts on the basis of extensive
pilot studies. The difﬁculty of the competency tests was tied to
the achievement levels of each academic track. Item scores
(weighted likelihood estimates [WLE; Warm, 1989]) were scaled
by applying a unidimensional Rasch model with the ConQuest soft
ware (Wu, Adams, Wilson, & Haldane, 2007), which allowed us to
compare student performance across different tracks. The WLE
scale scores for student achievement in mathematics, French, and
German were z standardized (M = 0, SD = 1) in the total sample
of students for whom corresponding data were available. The stu
dent achievement scale scores ranged from 3.58 to 4.55 in math
ematics in S1 and 2.59 to 4.03 in S2, from 4.37 to 4.69 in French
in S1 and 4.60 to 4.94 in S2, and from 4.44 to 4.43 in German in
S1 and 3.14 to 3.49 in S2. In addition to subject speciﬁc achieve
ments, general academic achievement was calculated as the mean
of the mathematics, French, and German achievement scores. The
general academic achievement scale scores ranged from 2.69 to
3.27 in S1 and 2.89 to 3.18 in S2.

2.3. Statistical analyses
Missing data are unavoidable in any large scale assessment. The
highest sample speciﬁc percentages of missing data of measures of
affective motivational constructs were 2.4% in S1 for both item
SC_G2, which assessed German self concept, and item IN_M1,
which assessed mathematics interest; 2.1% in S2 also for item
SC_G2; 2.3% in S3 for item AX_G1, which assessed anxiety in Ger
man; and ﬁnally, 2.2% in S4 for item AX_M3, which assessed anx
iety in mathematics. The highest percentages of missing data of
student achievement measures were 6.1% (S1) and 6.4% (S2) for
German competency tests, 11.3% (S3) for French grades, and 8.3%
(S4) for mathematics grades. We used the full information maxi
mum likelihood procedure (FIML) implemented in Mplus to
account for the pattern of missing data as observed in the present
study. The ‘‘complex” option in Mplus was used to obtain standard
errors and ﬁt statistics that were corrected for the nonindepen
dence of observations given that the students were not indepen
dently sampled but rather nested within classes and schools. The
model parameters were estimated by the MLR estimator, which
is an appropriate variant of the maximum likelihood estimator
(ML) for data with nonindependence of observations (see Muthen
& Muthen, 1998 2012). The statistical analyses were conducted
separately for each sample to scrutinize the robustness of the
results.
In all speciﬁed models latent variables were identiﬁed by ﬁxing
the variance of each latent variable to 1. Factor loadings and resid
ual variances were freely estimated. The model ﬁt was examined
with global ﬁt indices as recommended by Hu and Bentler (1998)
and commonly used in studies applying structural equation mod
els: the chi square test of overall model ﬁt, the Standardized Root
Mean Square Residual (SRMR), the Comparative Fit Index (CFI), and
the Root Mean Square Error of Approximation (RMSEA). SRMR val
ues below .08, RMSEA values below .05, and CFI values greater than
.95 are considered to indicate good model ﬁt (Hu & Bentler, 1998).
RMSEA values between .05 and .08 indicate moderate ﬁt (Browne
& Cudeck, 1993).
3. Results
Although the p values for the v2 statistics7 for the within
subject models, between subject models, and the integrative model
were below p < .01 in all samples, indicating statistically signiﬁcant
discrepancies between the hypothesized models and the observed
data, the ﬁt of these models was considered good in all samples
for all models because the descriptive ﬁt statistics met the recom
mended benchmark values for good model ﬁt (see Table 3).
3.1. Within Subject models

2.2.2.2. Grades. Students in S3 and S4 were asked to report the
grades they received on their last report card in mathematics,
French, and German. In the Luxembourgish school system, grades
can range from 0 to 60 (higher grades indicate better achieve
ment).6 In addition to subject speciﬁc grades, general academic
achievement was calculated as the means of the grades in mathe
matics, French, and German achievement in order to examine the
general and subject speciﬁc relations.
6

Although it has been documented in meta-analytic research (with the majority of
studies coming from English-speaking countries) that self-reported grades can be
positively biased to a certain extent (Kuncel, Credé, & Thomas, 2005), some recent
research from German-speaking countries has demonstrated that self-reported school
grades are not subject to systematic reporting bias (Dickhäuser & Plenter, 2005).
Moreover, even if self-reported grades might show some response bias, self-reported
grades demonstrate convergent validity as they generally predict educational
outcomes as well as actual grades do (Kuncel et al., 2005).

To investigate the relations between academic self concept,
interest, and anxiety in each speciﬁc subject and at the general
level, we speciﬁed four separate ﬁrst order models for mathemat
ics, French, German, and the general level (see Fig. 2a). Each of
these four models contained three ﬁrst order factors that repre
sented academic self concept, interest, and anxiety (in the respec
tive subject or at the general level). Latent factors were measured
7
Please note that the estimation of all models in S3 and S4 resulted in a warning
message issued by Mplus indicating that there were more parameters than
independent pieces of observation. However, simulation studies seem to suggest
that this message can usually be ignored without affecting the results (Muthén
(2013)). Moreover, for the integrative model the residual variance of the mathematics
self-concept scale score was estimated to be slightly negative ( 0.008) in S4 and thus
out of the range of admissible parameter estimates. To overcome this problem, we
constrained this residual variance to 0 in S4. The model ﬁt of the constrained model
was good (see Table 3 for model ﬁt statistics).
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Table 3
Fit statistics for structural models of affective-motivational students’ characteristics.
Model

N

v2

df

CFI

RMSEA

SRMR

Within-subject models
General-level model
S1
S2
S3
S4
Mathematics model
S1
S2
S3
S4
French model
S1
S2
S3
S4
German model
S1
S2
S3
S4

6146
5500
866
1748

140.65
136.96
60.87
85.84

24
24
24
24

.99
.99
.98
.98

.03
.03
.04
.04

.02
.02
.03
.03

6146
5500
866
1748

812.84
611.84
69.74
211.03

24
24
24
24

.96
.97
.99
.98

.07
.07
.05
.07

.04
.04
.03
.04

6146
5500
866
1748

586.96
447.24
72.74
243.67

24
24
24
24

.98
.98
.99
.97

.06
.06
.05
.07

.06
.06
.03
.03

6146
5500
866
1748

306.85
282.75
83.53
99.84

24
24
24
24

.99
.99
.98
.98

.04
.04
.05
.04

.03
.03
.03
.03

Between-subject models
Academic self-concept model
S1
6146
S2
5500
S3
866
S4
1748
Academic interest model
S1
6146
S2
5500
S3
866
S4
1748
Academic anxiety model
S1
6146
S2
5500
S3
866
S4
1748
S1
S2
S3
S4

6146
5500
866
1748

208.04
253.10
52.00
56.80

27a
27a
27a
30a

.99
.99
1.00
1.00

.03
.04
.04
.02

.02
.02
.02
.02

228.31
197.36
46.71
131.22

24
24
24
24

.99
.99
1.00
.99

.04
.04
.03
.05

.02
.02
.02
.02

235.05
318.32
100.13
136.21

24
24
24
24

.99
.99
.98
.98

.04
.05
.06
.05

.02
.02
.03
.03

624.96
557.18
68.81
178.73

Integrative model
39
39
39
40b

.98
.98
.99
.99

.05
.05
.03
.05

.05
.04
.03
.03

Note. N = sample size; df = degrees of freedom; CFI = Comparative Fit Index; RMSEA = Root Mean Square Error of Approximation; SRMR = Standardized Root Mean Square
Residual. All v2 goodness-of-ﬁt tests were statistically signiﬁcant at p < .001.
a
Different numbers for the degrees of freedom in the academic self-concept models across the samples were the result of different numbers of items with parallel wording
whose residuals were allowed to correlate freely.
b
The residual variance of the mathematics self-concept scale score was constrained to 0, which resulted in an additional degree of freedom in the model.

by the items (as described above) that assessed the corresponding
general or subject speciﬁc constructs. The factors were allowed to
correlate freely to account for the potential overlap between the
constructs.
Our results showed that the factor loadings of all items on the
corresponding factors were large (ranging from .50 for AX_F1 in
S2 to .95 for SC_M1 in S3 and IN_M1 in S3; see Tables B5, B6, B7,
and B8 in Appendix B in the online supplemental material), show
ing that all the ﬁrst order factors were well deﬁned (see Fig. 2a).
The correlations between academic self concept, interest, and anx
iety in the speciﬁc subject models were modest to strong with the
highest positive correlations between academic self concept and
interest (ranging from .55 in the German model in S1 to .85 in
the mathematics model in S2; see Table 4) and the lowest negative
correlations between self concept and anxiety (ranging from .33
in the French model in S1 to .67 in the French model in S2; see
Table 4). These ﬁndings underscore that the affective
motivational constructs under investigation share common vari
ance within a certain school subject. Academic self concept, inter
est, and anxiety at the general level had somewhat lower
correlations on the whole than the subject speciﬁc factors (only

the correlations between general academic self concept and inter
est were substantial; see Table 4). Speciﬁcally, general academic
self concept was positively correlated with general interest (rang
ing from .39 in S3 to .67 in S2; see Table 4) and negatively corre
lated with general anxiety (ranging from .38 in S3 to .10 in
S2; see Table 4). Interestingly, general interest was weakly posi
tively correlated (S1 and S2) or correlated near zero (S3 and S4)
with general anxiety (see the General Discussion for a discussion
of this ﬁnding).
3.2. Between subject models
To investigate the structural models representing the (hierar
chical) between subject relations of academic self concept, inter
est, and anxiety, we speciﬁed a nested factor model for each
construct (see Fig. 2b). In these three models, a general latent fac
tor represented the general component of the respective construct
(i.e., academic self concept, interest, or anxiety), and subject
speciﬁc factors represented the subject speciﬁc components of
the respective construct (i.e., mathematics, French, and German).
Latent variables were measured by the items (as described above)
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Table 4
Correlations between factors obtained for the within-subject models (S1/S2/S3/S4).
General-level model
IN_Aw
AX_Aw

SC_Aw
.60/.67/.39/.54
.13/ .10/ .38/ .33

IN_Aw
–
.16/.15/ .05/.02

AX_Aw
–

Mathematics model
IN_Mw
AX_Mw

SC_Mw
.84/.85/.66/.85
.51/ .49/ .56/ .65

IN_Mw
–
.30/ .29/ .35/ .45

AX_Mw

SC_Fw
.81/.82/.68/.81
.33/ .34/ .60/ .67

IN_Fw
–
.14/ .17/ .34/ .45

AX_Fw

SC_Gw
.76/.79/.55/.74
.39/ .38/ .57/ .61

IN_Gw
–
.14/ .12/ .26/ .30

AX_Gw

–

French model
IN_Fw
AX_Fw

–

German model
IN_Gw
AX_Gw

–

Note. SC_Aw = general academic self-concept; IN_Aw = general academic interest;
AX_Aw = general academic anxiety; SC_Mw = mathematics self-concept; IN_Mw =
mathematics interest; AX_Mw = mathematics anxiety; SC_Fw = French self-concept;
IN_Fw = French interest; AX_Fw = French anxiety; SC_Gw = German self-concept;
IN_Gw = German interest; AX_Gw = German anxiety.

that assessed the corresponding general or subject speciﬁc con
structs. No restrictions were imposed on the pattern of intercorre
lations between the subject speciﬁc factors. Correlations between
the residuals of items with parallel wording were included in the
model to obtain accurate parameter estimates (Marsh, Roche,
Pajares, & Miller, 1997).
Drawing on literature on the Multitrait Multimethod (MTMM)
modeling, this nested factor model can be seen as a restricted ver
sion of the Correlated Trait Correlated Method Minus One (CT C
(M 1) model (Eid et al., 2003) with one trait factor (e.g., IN_Ab)
and three correlated method factors (e.g., IN_Mb, IN_Fb, IN_Gb;
see also Brunner et al., 2008; Brunner et al., 2009). Crucially, the
nested factor models apply the rationale of the CT C(M 1) model
to disentangle the variance attributable to the general component
of a certain construct (e.g., IN_Ab) from variances attributable to
subject speciﬁc components of the construct (e.g., IN_Mb, IN_Fb,
IN_Gb). The speciﬁcation of no method factor for the measures of

the general component of a certain construct represents that part
of the CT C(M 1) model that represents the ‘‘method minus one”
and makes it possible to identify the nested factor model and to
obtain unique solutions for all model parameters. This approach
has been recommended for ‘‘applications in which the standard
method is obvious because of theoretical considerations” (Eid
et al., 2003, p. 56). For example, measures of general academic
interest (e.g., ‘‘I am interested in most school subjects”) are excel
lent operationalizations of the general component of academic
interest.
In addition, we investigated the relative strengths of the general
factors for each construct in comparison with the subject speciﬁc
factors in terms of the explained common variance index (ECV;
see Reise, Scheines, Widaman, & Haviland, 2013). The ECV is com
puted by dividing the common variance explained by the general
factor by the total common variance summed across the general
factor and the subject speciﬁc factors.
The results from the nested factor models empirically under
scored structural similarities between academic self concept,
interest, and anxiety. First, all factor loadings on the general factors
(i.e., SC_Ab, IN_Ab, AX_Ab) were substantial in all samples (ranging
from .25 for SC_G1 in S4 to .89 for SC_A3 in S4; see Tables B9, B10,
and B11 in Appendix B in the online supplemental material), thus
supporting the idea that general academic self concept, general
academic interest, and general academic anxiety operate at the
apex of each hierarchy, as these general factors accounted for a
substantial amount of variance in both the corresponding general
measures and subject speciﬁc measures (see Fig. 2b). Second, the
factor loadings for the subject speciﬁc factors were also large
(ranging from .35 for AX_M1 in S2 to .89 for SC_F1 in S4; see Tables
B9, B10, and B11), thus demonstrating the multidimensional nat
ure of the constructs with respect to speciﬁc subjects. Third, the
subject speciﬁc components for each construct were negatively
related across the different subjects in all models (ranging from
.52 for the correlation between SC_Fb and SC_Gb in S2 to .06
for the correlation between IN_Mb and IN_Fb in S4; see Table 5),
thus pointing to a separation of the constructs across subjects.
Despite these structural similarities, the investigated constructs
showed some differences: The strength of the general factor was
found to differ across academic self concept, interest, and anxiety.
The analysis of the patterns of factor loadings and the explained

Table 5
Correlations between the factors and the indices indicating the strength of the general factors (ECV) obtained for the between-subject models (S1/S2/S3/S4).
Academic self-concept model
SC_Mb
SC_Fb
SC_Gb
ECV

SC_Ab
0
0
0
.15/.17/.15/.14

SC_Mb
–
.21/ .21/ .16/ .13
.24/ .25/ .17/ .35
–

IN_Ab
0
0
0
.27/.28/.21/.24

IN_Mb
–
.11/ .14/ .08/ .06
.12/ .08/ .10/ .25
–

AX_Ab
0
0
0
.57/.57/.40/.41

AX_Mb
–
.15/ .16/ .20/ .17
.33/ .36/ .13/ .30
–

SC_Fb
–
.49/ .52/ .42/ .43
–

SC_Gb

–
–

Academic interest model
IN_Mb
IN_Fb
IN_Gb
ECV

IN_Fb
–
.30/ .30/ .21/ .27
–

IN_Gb

–
–

Academic anxiety model
AX_Mb
AX_Fb
AX_Gb
ECV

AX_Fb
–
.37/ .39/ .40/ .37
–

AX_Gb

–
–

Note. SC_Ab = general academic self-concept; SC_Mb = speciﬁc mathematics self-concept; SC_Fb = speciﬁc French self-concept; SC_Gb = speciﬁc German self-concept;
IN_Ab = general academic interest; IN_Mb = speciﬁc mathematics interest; IN_Fb = speciﬁc French interest; IN_Gb = speciﬁc German interest; AX_Ab = general academic
anxiety; AX_Mb = speciﬁc mathematics anxiety; AX_Fb = speciﬁc French anxiety; AX_Gb = speciﬁc German anxiety; ECV = explained common variance index – as the ECV is
usually deﬁnded for the general factor only (see Reise et al., 2013), we did not calculate ECVs for subject-speciﬁc factors.
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common variance index (ECV) for each construct (see Table 5)
showed that academic anxiety had the strongest general factor
(ranging from .40 in S3 to .57 in S1 and S2), whereas academic
self concept had the weakest general factor (ranging from .15 in
S4 to .17 in S2).

3.3. Integrative model
The developed INF model accounts for the multidimensional
and hierarchical structure of the constructs as well as for the sub
stantial correlational overlap between different constructs in the
same subject. Thus, in addition to three correlated factors to repre
sent students’ general levels of academic self concept, academic
interest, and academic anxiety, respectively, the INF model was
set up to contain subject speciﬁc mathematics (MI), French (FI),
and German (GI) factors that could account for the subject
speciﬁc variance that was common to all three affective
motivational constructs under investigation. Speciﬁcally, the aca
demic self concept, interest, and anxiety measures that were
related to the same subject were considered to be indicators of
an underlying common subject speciﬁc factor. Moreover, we
allowed the common subject speciﬁc factors to correlate in order
to account for the potentially strong separation of affective
motivational constructs across subjects.
Drawing on literature on the Multitrait Multimethod (MTMM)
modeling, the INF model can again be seen as a version of the
Correlated Trait Correlated Method Minus One (CT C(M 1)
model (Eid et al., 2003) with three correlated trait factors (i.e.,
SC_AI, IN_AI, AX_AI) and three correlated method factors (i.e.,
MI, FI, GI) to disentangle the general construct variance from
the subject speciﬁc variance in the subject speciﬁc scale scores.
Similar to the construct speciﬁc nested factor models, to identify
the INF model and to obtain unique solutions for all model
parameters, no method factors were speciﬁed for the measures
of general academic self concept, interest, and anxiety,
respectively.
In line with the aggregation strategy recommended by
Bagozzi and Edwards (1998), we used the sum scores for each
subscale as indicators of the general and subject speciﬁc

academic self concepts, interests, and anxieties. Like parcel
scores, scale scores are less prone to distributional violations
and show higher reliability than individual item scores (see
Little, Cunningham, Shahar, & Widaman, 2002). Further, models
that are based on scale scores have estimation advantages; for
example, the models are more parsimonious and the indicator
to subject ratio is lower (Little et al., 2002). In our study, for
each general and subject speciﬁc measure of academic self
concept, interest, and anxiety, a scale score containing the three
items was created to measure the respective construct (i.e., 12
scale scores altogether).
Using the factor loading and residual variance estimates from
the INF model and the scale score reliabilities for the subject
speciﬁc self concepts, interests, and anxieties (as presented in
Tables B1, B2, B3, and B4), we decomposed the reliable variance
of each subject speciﬁc scale score into variance that was (a)
construct speciﬁc and generalized across different subjects, (b)
common to other constructs in a speciﬁc subject, and (c) speciﬁc
to a particular construct in a particular subject.
The factor loadings on all common subject speciﬁc factors were
substantial (ranging from .36 for AX_G in S1 to .92 for SC_M in
S4; see Table 6), demonstrating (analogous to the results obtained
for the within subject models) that common variance existed
between different subject speciﬁc components of affective
motivational constructs (see Fig. 2c). Notably, the absolute values
of the factor loadings showed a consistent pattern for all common
subject speciﬁc factors in almost all samples: The self concept
scales loaded most strongly on the subject speciﬁc factors (ranging
from .77 for SC_M in S3 to .89 for SC_G in S4), whereas the factor
loadings of the anxiety scales on the subject speciﬁc factors were
lowest (ranging from .36 for AX_G in S1 to .57 for AX_F in S3;
the only exception to this pattern was the cG factor in S3, on which
academic interest and anxiety loaded almost to the same degree).
Analogous to the results from the between subject approach, the
highest negative relation was found between factors representing
the French and German components (ranging from .23 for the
correlation between MI and FI in S1 to .58 for the correlation
between FI and GI in S3; see Table 6). Further, in line with our
results from the within subject approach, the correlational

Table 6
Standardized factor loadings and correlations between factors obtained for the integrative nested-factor model (S1/S2/S3/S4).
General academic
self-concept (SC_AI)
Standardized factor loadings
SC_A
.84/.83/.83/.84
IN _A
AX_A
SC_M
.43/.46/.45/.38
IN_M
AX_M
SC_F
.36/.38/.42/.42
IN_F
AX_F
SC_G
.39/.41/.40/.40
IN_G
AX_G
Correlations between factors
.64/.70/.45/.61
IN_AI
AX_AI
.11/ .07/ .42/ .29
0
MI
0
FI
0
GI

General academic
interest (IN_AI)

General academic
anxiety (AX_AI)

Common mathematics
factor (MI)

Common French
factor (FI)

Common German
factor(GI)

.84/.84/.84/.88
.92/.91/.93/.93
.52/.55/.48/.44
.71/.71/.61/.61

.88/.86/.77/.92
.67/.65/.67/.73
.44/ .44/ .50/ .57
.88/.86/.81/.88
.69/.68/.65/.68
.46/ .47/ .57/. .64

.51/.53/.50/.53
.66/.66/.60/.59

.86/.87/.78/.89
.61/.62/.54/.62
.36/ .37/ .55/ .55

.55/.55/.51/.49
.66/.66/.58/.60
–
.21/.21/.04 /.07
0
0
0

–
0
0
0

–
.23/ .25/ .27/ .18
.26/ .25/ .28/ .37

–
.54/ .56/ .58/ .46

–

Note. SC_A = general academic self-concept; SC_M = mathematics self-concept; SC_F = French self-concept; SC_G = German self-concept; IN_A = general academic interest;
IN_M = mathematics interest; IN_F = French interest; IN_G = German interest; AX_A = general academic anxiety; AX_M = mathematics anxiety; AX_F = French anxiety;
AX_G = German anxiety; All factor loadings were statistically signiﬁcantly different from zero at p < .05.
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Fig. 3. Proportions of reliable variance in the subject-speciﬁc scale scores that can be attributed to a particular general construct (i.e., construct-speciﬁc variance), a subjectspeciﬁc component common to different constructs (i.e., subject-speciﬁc variance), and variance that is speciﬁc to a particular construct in a particular subject (construct–
and-subject-speciﬁc variance).

patterns between the general construct factors indicated distinct
but correlated factors (see Table 6).8 Please note that these correla
tions between the general construct factors differed only slightly
from the correlations between the constructs in the general level
model from the within subject approach. This points to the high
8
We also speciﬁed an integrative model with a second-order general factor
inﬂuencing the general self-concept, interest, and anxiety factors. This model did not
converge in any of the samples, thus indicating the distinctiveness of the general selfconcept, interest, and anxiety factors.

degree of similarity between the corresponding factors (e.g., SC_AI
and SC_Aw may be interpreted analogously).
Finally, Fig. 3 presents the proportions of the reliable variance of
the subject speciﬁc scale scores that could be attributed to (a) a
particular general component for a certain construct (i.e.,
construct speciﬁc variance), (b) a subject speciﬁc component com
mon to different constructs (i.e., subject speciﬁc variance), and (c)
variance that is speciﬁc to a particular construct in a particular
subject (i.e., construct and subject speciﬁc variance). In line with
recommendations from generalizability theory, negative variance
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estimates were set to zero (Shavelson & Webb, 1991). As indicated
by the ratio of the construct speciﬁc variance (ranging from 38%
for German anxiety in S3 to 64% for mathematics anxiety in S2),
the academic anxiety scales had the highest generality, followed
by academic interest (ranging from 21% for mathematics interest
in S4 to 35% for mathematics interest in S2) and academic self
concept (ranging from 14% for French self concept in S1 to 23%
for mathematics self concept in S2). Further, the amount of reliable
construct and subject speciﬁc variance depended on the con
struct: Almost no construct and subject speciﬁc variance was left
in the self concept scales (with a maximum of 15% for mathemat
ics self concept and German self concept in S3), whereas, in most
cases, there was a substantial amount of variance that was speciﬁc
to a particular construct in a particular subject for most of the
subject speciﬁc anxiety and interest scale scores (ranging from
11% for mathematics anxiety in S2 and French anxiety in S4 to
38% for German interest in S3).

comprised of random error is assumed to be uncorrelated with
other constructs or any other random errors. Thus, these approxi
mately estimated correlations (E.P.C.s) indicated the role of the
construct and subject speciﬁc components of the constructs.
Speciﬁcally, juxtaposing the E.P.C.s with the correlations between
subject speciﬁc scale scores and the achievement measures
showed how well the general construct factors and common
subject speciﬁc factors were able to account for the correlations
between subject speciﬁc scale scores and achievement indicators.

3.4.1. General factors for affective motivational constructs
General academic achievement was positively correlated with
general academic self concept (with correlations ranging from
.23 in S2 [standardized achievement test] to .57 in S4 [grades])
and negatively correlated with general academic anxiety (with cor
relations ranging from .18 in S3 [grades] to .23 in S4 [grades];
see Table 7). Moreover, in line with results from previous studies,
these factors were also substantially, however slightly less, corre
lated with achievement in the speciﬁc subjects (with correlations
for self concept ranging from .18 with French achievement in S2
[standardized achievement test] to .43 with French achievement
in S4 [grades] and for anxiety ranging from .12 with French
achievement in S2 [standardized achievement test] to .19 with
achievement in mathematics and German in S1 [standardized
achievement test] and French achievement in S4 [grades]). Similar
correlational patterns were found for general interest and students’
grades (samples S3 and S4, with correlations ranging from .15 with
mathematics achievement in S4 to .25 with general achievement in
S3). The general interest factor showed near zero correlations with
the standardized achievement tests (samples S1 and S2, with cor
relations ranging from .02 with mathematics achievement in S1
and S2 to .02 with French achievement in S1 and S2). Overall, gen
eral self concept showed higher correlations with student achieve
ment than general anxiety and general interest did.

3.4. Validation of the integrative nested factor model
The relations between student achievement and the general
construct factors and the common subject speciﬁc factors as con
ceptualized in the INF model were analyzed separately for each
achievement variable. The student achievement variables were
represented as manifest variables in the analyses. When interpret
ing the correlations with the achievement measures, it is impor
tant to remember that the general construct factors were not
correlated with the subject speciﬁc factors. That is, the correlations
between the common subject speciﬁc factors and achievement
represent relations that go above and beyond the general factor
correlations and vice versa (i.e., semipartial correlations).
To investigate whether some of the relations between achieve
ment indicators and the affective motivational construct scale
scores could be attributed to the reliable construct and subject
speciﬁc variance components of these measures, we ran additional
analyses. Speciﬁcally, these construct and subject speciﬁc vari
ance components are contained in the residual terms of the mani
fest variables in the INF model. It is a typical problem in such cases
that correlations between residual variances and other variables
(e.g., the measures of academic achievement) cannot be directly
estimated because the corresponding model parameters may be
(empirically) underidentiﬁed. To overcome this problem, we
examined the modiﬁcation indices and the expected parameter
change (E.P.C.), as provided by Mplus, for the correlations between
the residual variances of the subject speciﬁc indicators and the
measures of academic achievement. Speciﬁcally, the E.P.C.s for
the proposed model modiﬁcations provide an approximate estima
tion of the relations between the construct and subject speciﬁc
variance components and academic achievement because, accord
ing to classical test theory, the part of the residual variance that is

3.4.2. Common subject speciﬁc factors
The common subject speciﬁc factors representing the common
variance of the subject speciﬁc components of the academic self
concepts, interests, and anxieties were substantially correlated
with achievement in the corresponding subjects (with correlations
ranging from .16 for the common mathematics factor in S1 [stan
dardized achievement test] to .58 for the common French factor
in S4 [grades]; see Table 7) and were negatively or not meaning
fully correlated with achievement in noncorresponding subjects
(with correlations ranging from .32 for the common German fac
tor and French achievement in S4 [grades] to .05 for the common
German factor and mathematics achievement in S1 [standardized
achievement test]).

Table 7
Correlations between students’ achievement and academic self-concepts, academic interests, and academic anxieties as obtained for the integrative model.
Achievement

SC_AI

IN_AI

General
Mathematics
French
German

.25/.23
.20/.20
.20/.18
.22/.20

.01/.00
.02/ .02
.02/.02
.01/ .01

General
Mathematics
French
German

.51/.57
.42/.41
.40/.43
.35/.40

.25/.23
.16/.15
.20/.17
.20/.14

AX_AI

MI

Standardized achievement scores (S1/S2)
.21/ .19
.01/.03
.19/ .16
.16/.18
.15/ .12
.09/ .10
.19/ .16
.09/ .08

FI

GI

.05/ .09
.17/ .17
.24/.25
.21/ .23

.05/.05
.05/.03
.14/ .15
.24/.25

.03/.11
.12/ .11
.40/.58
.23/ .21

.06/ .11
.22/ .30
.26/ .32
.37/.44

Grades (S3/S4)
.18/
.16/
.16/
.13/

.23
.15
.19
.17

.08/.17
.45/.56
.19/ .11
.14/ .18

Note. SC_AI = general academic self-concept; IN_AI = general academic interest; AX_AI = general academic anxiety; MI = common mathematics factor; FI = common French
factor; GI = common German factor.
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3.4.3. Grades versus standardized tests
As expected, the relations between general academic self
concept and the common subject speciﬁc components of the con
structs seemed to be by and large higher for grades than for the
standardized achievement tests. Regarding general academic inter
est, the results also appeared to depend on the achievement mea
sures that we used: Whereas general academic interest showed
close to zero correlations with the standardized achievement test
scores for each subject and the aggregated score across all subjects,
its relations with grades were positive. General anxiety had simi
larly strong correlations with both indicators of student achieve
ment. However, direct comparison of the correlations was not
possible because, for each sample, data were available for either
school grades or standardized competency tests but not both.
3.4.4. Construct and subject speciﬁc components
Fig. 4 juxtaposes (a) the correlations between the subject
speciﬁc scale scores and the academic achievement indicators
and (b) the corresponding correlations as estimated for the residu
als of the subject speciﬁc scale scores (in terms of the E.P.C.). As
can be seen in Fig. 4 and Table B12 in Appendix B in the online sup
plemental material, most of the correlations for the residuals were
centered around zero. This pattern of results was consistent across
all constructs and subjects in all samples and suggests that almost
all relations between the subject speciﬁc scale scores and the
achievement indicators could be accounted for by the general con
struct components and the subject speciﬁc components that were
common to all constructs. In other words, at most, very small por
tions of these relations could be attributed to variance that was
speciﬁc to a particular construct in a particular subject (i.e., the
construct and subject speciﬁc component).
4. Discussion
In order to make a substantial contribution to a fuller and more
nuanced understanding of academic affect and motivation, the pre
sent study sequentially integrated distinct research approaches. In
doing so, we provided validity evidence for a comprehensive

formal psychometric representation of theoretical and empirical
relations across three core affective motivational constructs in
educational research: academic self concept, interest, and anxiety.
4.1. Within subject approach
In the ﬁrst step in our study, we applied a within subject
approach and examined relations between academic self concept,
interest, and anxiety within a speciﬁc subject and at the general
level. In line with previous research (e.g., Bong, 2001; Goetz
et al., 2007, 2010), the constructs showed a substantial correla
tional overlap within speciﬁc subjects. However, the overlap across
the constructs at the general level was somewhat weaker, indicat
ing a greater distinctiveness of the constructs at the general level.
Whereas a higher general level of academic self concept corre
sponded as expected with higher levels of general academic inter
est and lower general anxiety in school, it is interesting that
general academic anxiety was only weakly positively correlated
(S1 and S2) or was correlated near zero (S3 and S4) with general
academic interest. This result was unexpected. One tentative
explanation is that general interest represents the general impor
tance that students assign to the subjects so that students who
acknowledge that subjects are important to them tend to worry
more and feel more anxious about the outcomes. It may also be
possible that the positive correlation between general interest
and anxiety is an expression of emotional intensity in both
constructs.
4.2. Between subject approach
In the second step in our study, we implemented a between
subject approach and analyzed nested factor models for academic
self concept, anxiety, and interest, separately. Notably, the multi
dimensional and hierarchical structure of academic self concept
has been empirically supported by research on the nested Marsh/
Shavelson model (Brunner et al., 2008; Brunner et al., 2009;
Brunner et al., 2010). Regarding the generality and subject
speciﬁcity of academic interest and academic anxiety, however,

Fig. 4. Correlations between subject-speciﬁc scale scores and their residuals obtained for the integrative model (i.e., correlation estimates of the construct-and-subjectspeciﬁc components; E.P.C.s), on the one hand, and measures of academic achievement, on the other. S1-S4 = Samples 1–4; SC_M = mathematics self-concept; SC_F = French
self-concept; SC_G = German self-concept; IN_A = general academic interest; IN_M = mathematics interest; IN_F = French interest; IN_G = German interest; AX_A = general
academic anxiety; AX_M = mathematics anxiety; AX_F = French anxiety; AX_G = German anxiety.
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the general and subject speciﬁc conceptualizations of these con
structs have not been explored simultaneously in previous
research. A vital contribution of the present study was, therefore,
that we integrated the subject speciﬁc and general approaches of
academic interest and academic anxiety (and, of course, academic
self concept) by applying nested factor models to represent the
hierarchical relations between the general and subject speciﬁc
construct components. Our results showed that all these constructs
indeed share very similar structural characteristics: (a) a multidi
mensional nature with respect to different subjects, (2) a hierarchi
cal structure of each construct with general academic self concept,
interest, or anxiety at the apex of the hierarchy, and (3) a strong
separation of the subject speciﬁc components of each construct.
In other words, academic self concept, interest, and anxiety seem
to be simultaneously organized in a subject speciﬁc way (i.e., part
of the variance of subject speciﬁc measures is speciﬁc to the sub
jects) and generalize across different subjects (i.e., part of the vari
ance of subject speciﬁc measures is common to different subjects).
Notably, however, academic self concept, interest, and anxiety
differed with respect to their generality across different subjects;
our results suggest that of the constructs we investigated, aca
demic anxiety is most general in nature, followed by academic
interest and academic self concept. This result is in line with pre
vious studies (e.g., Green et al., 2007) and may reﬂect the different
nature of the constructs: Whereas academic anxiety seems to have
the characteristics of a general trait and is thus characterized by a
general disposition to experience anxiety in different subjects (see
Sarason & Sarason, 1990; Zeidner, 1998), academic self concept
seems to be more dependent on subject speciﬁc experiences and
feedback (see Shavelson et al., 1976). Regarding academic interest,
although the dispositional character of the construct is usually dis
tinguished (e.g., Krapp, 1999; Schiefele, 1996; Todt & Schreiber,
1998), a strong object relatedness is also emphasized (e.g., a group
of similar subjects or a speciﬁc subject or topic) so that the idea
that interest might generalize across different subjects is usually
rejected. However, our results revealed some common variance
in interest across distinct subjects (e.g., mathematics and German).
This general interest in many subjects may be an expression of a
more global trait such as curiosity or another construct from the
framework of intellect (see Mussel, 2013), and it would reveal itself
in a general tendency to enjoy learning and collecting new infor
mation independent of content.
4.3. Integrative approach
In the third and fourth steps in our study, we implemented the
integrative approach and developed a comprehensive structural
model that could parsimoniously capture the complex interplay of
within subject and between subject relations as well as validate
the general and common subject speciﬁc factors of this INF model
with respect to two key indicators of student achievement: grades
and standardized test scores. The general factors and the common
subject speciﬁc factors showed signiﬁcant and meaningful relations
to student achievement, and thus, they can be interpreted to be psy
chologically meaningful. By replicating the key results in four large
heterogeneous student samples, our study thus provides strong
empirical support for the empirical validity of the INF model of
affective motivational constructs in the school context.
Our ﬁndings suggest that the diverse theoretical perspectives on
affective motivational constructs from the within subject and
between subject approaches can be integrated under one coherent
structural model, providing new insights into students’ affect and
motivation. First, in line with results from the within subject mod
els, the INF model points to subject speciﬁc components of different
affective motivational constructs as sharing common variance. This
ﬁnding underscores the commonality of the subject speciﬁc compo

nents across the affective motivational constructs. The common
subject speciﬁc factors can be interpreted as representing students’
global affective motivational appraisals that express the affective
motivational experiences of the students in a speciﬁc subject. The
negative relations between these factors demonstrate a strong sep
aration of the common subject speciﬁc components. It is important,
however, to note that the overlap between subject speciﬁc self
concepts, interests, and anxieties depends on the way the subject
speciﬁc constructs are conceptualized. Whereas the INF model dis
entangles the general variance from the subject speciﬁc variance
in the subject speciﬁc scale scores, in the models using the within
subject approach, the subject speciﬁc factors reﬂect a mixture of a
certain construct’s general and subject speciﬁc variance. Thus, in
the present study, the subject speciﬁc factors in the within
subject models were ‘‘pulled” toward the corresponding correla
tions of the general components, resulting in a stronger overlap
between the subject speciﬁc self concepts, interests, and anxieties
in the INF model than in the within subject models.
Second, the common subject speciﬁc factors, which represented
the variance that was common to the different affective
motivational constructs in speciﬁc subjects, were most strongly
associated with the respective subject speciﬁc components of aca
demic self concepts. This result points to the central importance of
academic self concept for the common subject speciﬁc compo
nents. This result may reﬂect the great importance of performance
and performance evaluation in educational systems, both of which
are internalized by the students, and it stresses the central role of
ability beliefs in the formation of affective motivational appraisals
of subjects.
Third, our results consistently underscored the importance of
components at a more global level. Speciﬁcally, the general compo
nents at the top of the hierarchy and the global affective motiva
tional appraisals of speciﬁc subjects, rather than components
that are speciﬁc to a certain construct in a certain subject,
accounted for the major part of the reliable variance in the
subject speciﬁc scale scores of the affective motivational con
structs. Especially the subject speciﬁc variance in the self
concept measures seemed to be almost completely shared with
other affective motivational constructs and was not unique to
self concept in a speciﬁc subject. That is, students did not seem
to show any individual differences in their subject speciﬁc percep
tions of competence that could not be explained by their general
beliefs about their competence in most subjects or their
affective motivational appraisal of the subject. Moreover, not only
did the general construct components and the common subject
speciﬁc components show psychologically meaningful relations
with indicators of students’ achievement, but they (rather than
the construct and subject speciﬁc components) also explained
the major part of the relations between the subject speciﬁc scale
scores and student achievement. In other words, the factors repre
senting general components at the top of the hierarchy and the
global affective motivational appraisals of speciﬁc subjects suf
ﬁced to almost completely account for the relations between
subject speciﬁc affective motivational constructs and achievement
indicators. The construct and subject speciﬁc components of
affective motivational constructs thus do not seem to play a cen
tral role in explaining the well documented relations between stu
dent achievement and affective motivational measures. For
example, the correlation between students’ scores on the mathe
matics self concept scale and the mathematics achievement test
depended mostly on individual differences in students’ general
academic self concept and their global affective motivational
appraisals of mathematics rather than on individual differences
that were speciﬁc to their self concept in mathematics.
Finally, our results from the INF model also point toward possi
ble redundancies across the subject speciﬁc constructs. Speciﬁ

61

cally, on the one hand, the ﬁnding that the variance in the subject
speciﬁc self concept scale scores was almost completely explained
by the general academic self concept factor and the common
subject speciﬁc factors could be interpreted as calling into ques
tion the usefulness of subject speciﬁc self concepts (see Marsh &
Yeung, 1996). On the other hand, however, the highest factor load
ings for the common subject speciﬁc factors on the self concept
scale scores in the corresponding subjects indicated the impor
tance and usefulness of subject speciﬁc self concepts when the
global affective motivational appraisal of a speciﬁc subject is of
interest.
4.4. Comparability of the results across samples
It is important to mention that our study showed that a similar
pattern of results could be replicated across four large, indepen
dent samples, thus indicating the broad generalizability and
robustness of our ﬁndings. Although the pattern of results of the
model solutions seemed in general to be more similar between
S1 and S2 (both ÉpStan samples) and between S3 and S4 (both
samples assessed in the national extensions of the Luxembourgish
PISA year 2009 cycle) than between the samples from the different
assessment contexts, the interpretation and implications of the
models were by and large similar across all samples. Despite these
similarities, however, there were also some sample speciﬁc
results. The largest discrepancies emerged in the correlations
between the general self concept, interest, and anxiety (both in
the general level model and the INF model): Whereas the corre
sponding correlations had the same direction in all samples (apart
from the general level model’s interest anxiety correlation, which
was slightly negative in S3 and positive in the remaining samples),
the strengths of the relations varied somewhat across the samples.
It seems that the assessment context and sample speciﬁcity may
have inﬂuenced the results, as the correlations from S1 and S2
were more similar to each other, and these samples were both
obtained from the Luxembourg school monitoring program, which
follows a rigorous standardized study protocol each year. More
over, the slight differences in the result patterns of S3 and S4
may have been the result of the fact that S3 was a representative
samples and S4 was a convenience sample, as well as the restric
tions in the age ranges in these samples.
4.5. Limitations
Certain limitations should be considered when interpreting the
results of our study. First, the generalizability of the results from this
study may be limited by the fact that the data were obtained only
from samples of adolescents in Luxembourg in the ninth grade. For
example, there are indications that the relations between the
language speciﬁc self concepts may depend on the role of the lan
guages in the various curricula and societies. In Luxembourg, both
German and French play important roles in school and society. Our
results are congruent with results from other studies that have
investigated self concepts in languages of high importance
(Brunner et al., 2010; Marsh, Kong, & Hau, 2001; Marsh & Yeung,
2001). However, results from studies in which one language was
clearly more dominant (Goetz et al., 2010; Möller, Streblow,
Pohlmann, & Köller, 2006) indicate positive correlations between
the self concepts (but also see Xu et al., 2013). Therefore, further
research is needed to investigate the INF model in different contexts.
Further, our analyses focused on affective motivational con
structs at the individual level (i.e., students; Level 1 of the data
structure) and thus did not address contextual effects of group
level characteristics (e.g., classes [Level 2] or schools [Level 3]).
However, such contextual effects are important in educational
research and should be considered in the future.

Moreover, the applied academic anxiety scales consisted of one
global item that referred to lessons at school (e.g., ‘‘I am afraid of
mathematics class”) and two items for assessing academic anxiety
concerning students’ feelings about tests. It will be important to
investigate whether our results also hold in other typical educa
tional settings such as studying (learning related anxiety) because
academic emotions have been shown to be also speciﬁc to studying
(see Pekrun, Goetz, Frenzel, Barchfeld, & Perry, 2011).
With regard to the students’ age, further research should also
investigate changes in the structural relations of the affective
motivational constructs depending on age. The differential distinc
tiveness hypothesis (DDH; Marsh & Ayotte, 2003) predicts that (a)
academic self concepts that are weakly associated in young children
become even more differentiated with age, and (b) academic self
concepts that are highly correlated in young children, on the other
hand, remain highly correlated when children grow older. Previous
research has supported these self concept predictions (e.g., Brunner
et al., 2008; Brunner et al., 2009; Byrne & Worth Gavin, 1996; Marsh,
1990b; Marsh & Ayotte, 2003; Marsh & Shavelson, 1985; Marsh
et al., 1988) and has indicated that these predictions may also hold
for academic anxiety and interest (Goetz et al., 2007; Goetz et al.,
2010). With respect to the INF model, we would therefore expect
that the inﬂuence of the general constructs on the general and
subject speciﬁc measures would remain constant across age levels.
Moreover, we would also expect that the intercorrelations between
the subject speciﬁc affective motivational constructs would be
more negative for older than for younger students.
4.6. Implications
Concerning implications for educational research, the construct
speciﬁc nested factor models and the INF model open manifold ave
nues for future research. Recall that the nested factor academic self
concept model can be interpreted in terms of an academic self
concept proﬁle (also see Brunner et al., 2009). Likewise, the
nested factor models that we introduced for academic interest and
anxiety are able to statistically decompose the proﬁles of academic
interest and anxiety, respectively: The general anxiety factor and
the general interest factor reﬂect the mean level of interest or anxi
ety across different subjects, whereas the domain speciﬁc interests/
anxieties can be seen as forming a particular proﬁle. Consequently,
the common subject speciﬁc factors from the INF model can be
interpreted as synthesizing the subject speciﬁc proﬁles across dif
ferent constructs. The implementation of nested factor models,
therefore, allows researchers to tackle important research questions
concerning students’ developmental dynamics. For example, previ
ous research (Brunner et al., 2008; Eccles, 1994; Lubinski, 2004;
Marsh & Yeung, 1997b; Nagy et al., 2006) has indicated that stu
dents’ academic achievement proﬁles, but also their motivational
proﬁles, contribute to their choices of particular learning environ
ments. Therefore, if educational researchers wish to paint a more
complete picture of students’ academic development, both the gen
eral and the subject speciﬁc components of the constructs need to
be considered. Nested factor models (construct speciﬁc or the INF
model) thus allow researchers to simultaneously investigate the dif
ferentiated effects of affective motivational constructs at the gen
eral level and the proﬁles of the corresponding subject speciﬁc
constructs on the academic development of students. Moreover,
the INF model will allow researchers to simultaneously and parsi
moniously study the complex developmental dynamics of
affective motivational constructs and do this across multiple con
structs in multiple dimensions (i.e., general and different subject
speciﬁc components).
Further, nested factor models are potentially valuable tools in
intervention research, as a construct speciﬁc nested factor model
would allow for the estimation of whether and how an interven
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tion affects a targeted construct at the general level (i.e., whether it
affects more subjects) or whether and how an intervention affects
the target construct in some speciﬁc subjects beyond the general
level. And further, a nested factor model integrating numerous
constructs (e.g., the proposed INF model) would allow researchers
to examine the effect of an intervention in a speciﬁc subject that
was common to different constructs.
Moreover, nested factor models can be useful for investigating
the effects of academic achievement or other variables on
affective motivational constructs. For example, nested factor mod
els can be used to investigate effects from dimensional comparison
theory (Möller & Marsh, 2013) as they incorporate the general com
ponent and the hierarchical structure of a construct (see Brunner
et al., 2008, for their test of the internal/external frame of reference
model [I/E model] with the nested factor academic self concept
model). As the effects of dimensional comparisons are usually inves
tigated with respect to academic self concept (see Goetz et al., 2008;
Marsh, 1988; Miller, 2000, and Schurtz et al., 2014 for exceptions),
the need to examine the generalizability of the I/E model in the con
text of other psychosocial variables has been expressed (see Möller,
Müller Kalthoff, Helm, Nagy, & Marsh, 2015; Xu et al., 2013). The
proposed nested factor academic interest and anxiety models and
the INF model seem to be well suited for this research endeavor.
Finally, in the present study, we used the INF model to parsimo
niously represent a large amount of information on the interplay of
within and between subject relations across three key affective
motivational constructs in educational research. Our results are,
therefore, limited to these three constructs. We hope, however, that
in the long run, this model will contribute to the development of an
open structural architecture of students’ affect and motivation that
formally organizes the numerous constructs under a coherent theo
retical or at least psychometric umbrella. It would be important to
extend this model by including additional affective motivational

constructs such as achievement goals, additional value beliefs (e.g.,
utility value), motivation types as deﬁned by self determination the
ory (Ryan & Deci, 2002), or diverse academic emotions. For example,
results from previous research have implied that different affective
and motivational constructs (e.g., enjoyment, boredom, anxiety, val
ues, autonomous and controlled motivations, achievement goals)
may differ in their degree of generality and subject speciﬁcity (e.g.,
Bong, 2001; Chanal & Guay, 2015; Goetz et al., 2006; Green et al.,
2007; Guay et al., 2010; but see also Goetz et al., 2007). Thus, a psy
chometric integration is needed to obtain a fuller and more nuanced
understanding of students’ affective motivational experiences and
the relations between different affective motivational constructs at
different levels of the construct hierarchy. Doing so would help to
verify the generalizability of the tentative conclusion from the pre
sent study in the context of more affective motivational constructs
and formally capture overlapping information, commonalities,
structural differences and similarities, or even redundancies
between additional affective motivational constructs. In other
words, the present INF model can be seen as a ﬁrst step toward uni
fying the plenitude of ﬁndings that have been obtained for affective
motivational constructs.
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Table A1
Items assessing academic self-concepts, academic interests, and academic anxieties.
S1

S2

Xa
Xa
Xa

Xa
Xa
Xa

Subject-speciﬁc academic self-concepts
SC_[S]1
[SUBJECT] is one of my best subjects.
SC_[S]2
I learn things quickly in [SUBJECT].
SC_[S]3-S1/2
I am good at [SUBJECT].
SC_[S]3-S3/4
I get good marks in [SUBJECT].

Xa
Xa
Xa

Xa
Xa
Xa

General academic interest
IN_A1
IN_A2
IN_A3-S1/2
IN_A3-S3/4

Xa
Xa
Xa

General academic self-concept
SC_A1-S3
I get good marks in most school subjects.
SC_A1-S1/2/4
I do well on tests in most school subjects.
SC_A2
I learn things quickly in most school subjects.
SC_A3
I am good at most school subjects.

I am interested in most school subjects.
Most school subjects are important to me personally.
I enjoy most school subjects.
I enjoy learning about most school subjects.

Subject-speciﬁc academic interests
IN_[S]1
I am interested in [SUBJECT].
IN_[S]2
[SUBJECT] is important to me personally.
IN_[S]3
I enjoy [SUBJECT].
General academic anxiety
AX_A1
AX_A2
AX_A3-S1/2
AX_A3-S3/4

I am afraid of most school subjects.
I get very nervous before tests in most school subjects.
I am worried before tests in most school subjects.
Before tests in most school subjects, I worry that I will perform poorly.

Subject-speciﬁc academic anxieties
AX_[S]1
I am afraid of [SUBJECT] class.
AX_[S]2
I get very nervous before tests in [SUBJECT].
AX_[S]3-S1/2
I am worried before tests in [SUBJECT].
AX_[S]3-S3/4
Before tests in [SUBJECT], I worry that I will perform poorly.

S3

S4

Xa

Xa
Xa
Xa

Xa
Xa

Xb
Xb
Xb

Xa
Xa

Xb
Xb

Xa

Xb

Xb
Xb

Xb
Xb

Xb

Xb

Xa
Xa
Xa

Xa
Xa
Xa

Xb
Xb
Xb

Xb
Xb
Xb

Xa
Xa
Xa

Xa
Xa
Xa

Xb
Xb

Xb
Xb

Xb

Xb

Xb
Xb

Xb
Xb

Xb

Xb

Xa
Xa
Xa

Xa
Xa
Xa

Note. X indicates that an item was used in a certain sample. To assess subject-speciﬁc constructs, [SUBJECT] was replaced by mathematics, French, and German, respectively.
a
Students responded to these items on a rating scale with four categories: disagree, disagree somewhat, agree somewhat, and agree.
b
Students responded to these items on a 6-point rating scale: disagree completely, disagree, disagree somewhat, agree somewhat, agree, and agree completely.
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Appendix B. Supplementary material
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.cedpsych.2016.
11.003.
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