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Student motivation and affect play an important role in successful language learning. To investigate the for
mation of language learning motivation and affect, this study extended the generalized internal/external frame
of reference (GI/E) model framework to multiple languages (German and French, along with math) and multiple
motivational-affective outcomes (academic self-concept, interest, and anxiety). We examined whether social and
dimensional comparisons play similar roles in the formation of students’ self-concepts, interests, and anxieties
concerning different languages and whether dimensional comparisons result in contrast or assimilation effects.
Moreover, we tested the generalizability of the GI/E model assumptions across students with different language
backgrounds. Using a data set comprising virtually all ninth-grade students (N = 6275; 48.0% female) from
Luxembourg’s multilingual educational system, our findings indicated (1) clear contrast effects in the formation
of self-concept and interest in math, German, and French, and (2) a combination of contrast, assimilation, and no
effects in the formation of anxiety in math, German, and French. Using a subsample of 5837 students with valid
language information (48.0% female), invariance tests demonstrated that the GI/E achievement–outcome re
lations operated equivalently across students from different home language backgrounds.

1. Introduction
Multilingualism has become commonplace among individuals and
societies (Aronin, 2019). Educational practices have been reformed to
reflect the global movement towards multilingualism (King, 2017). Most
children today will need to learn and speak multiple languages at school
and/or at home. The extent to which students successfully learn a lan
guage is (partly) determined by their motivation and affect (Dörnyei,
2002; Gardner, 2010; Lasagabaster et al., 2014). Motivation and affect
for language learning is a multidimensional construct (Gardner &
MacIntyre, 1992, 1993) encompassing academic self–concept (ASC),
academic interest, and academic anxiety, among other factors (e.g.,

Brantmeier, 2006; Eidswick, 2009; Papi, 2010). Given the importance of
motivation and affect in language learning, it is necessary to understand
their formation to inform educational interventions seeking to positively
influence student motivation and affect. To this end, the present study
builds on the generalized internal/external frame of reference (GI/E)
model (Möller, Müller-Kalthoff, Helm, Nagy, & Marsh, 2016), which is
based on its precursor, the internal/external frame of reference (I/E)
model (Marsh, 1986, 1990). The GI/E model assumes that social and
dimensional comparisons are involved in the formation of motivation
and affect in specific academic domains, including languages. The pre
sent study expands existing research on the GI/E model by (1) extending
it to multiple language domains (German and French) in addition to the
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domain of math; (2) extending it to multiple motivational–affective
outcome variables beyond ASC (ASC, interest, and anxiety); and (3)
testing the role of students’ home language background on the relations
assumed by the GI/E model by means of invariance testing. To this end,
we drew on a large, diverse, and fully representative sample including
virtually all ninth-grade students (N = 6275) from Luxembourg’s
multilingual educational system. To our knowledge, our study is one of
the first to use the GI/E model framework to simultaneously investigate
social and dimensional comparisons in the formation of ASC, interest,
and anxiety in two language domains and math. We are also the first to
examine the generalizability of the GI/E model across students from
different home language backgrounds.1

and further developing dimensional comparison theory. As such, the GI/
E model permits the inclusion of domains beyond the verbal and math
domains as well as the inclusion of outcome variables beyond ASC.
2.1. The extension of the GI/E model to multiple verbal domains
Recent extensions of the GI/E model expanded the verbal domain to
include multiple languages. In the original I/E model, the verbal domain
was represented by the language of instruction (or the native language
of the country where the study took place; Möller, Pohlmann, Köller, &
Marsh, 2009). To date, extensions have included first foreign languages
(e.g., Marsh & Yeung, 2001) and second foreign languages (Arens et al.,
2019).2
When examining domains other than a single math and a single
verbal domain, two types of effects can emerge from dimensional
comparisons: contrast or assimilation effects. In regression models,
contrast effects are supported when the achievement–outcome relations
across nonmatching domains are negative (like the cross–domain ach
ievement–ASC relations in the original I/E model). Assimilation effects
are indicated when the achievement–outcome relations across non
matching domains are positive. The occurrence of contrast versus
assimilation effects depends on the perceived similarity of the academic
domains in question (Möller et al., 2016). When students perceive
school subjects as similar, they may believe that achievement in these
subjects relies on shared underlying abilities. In this case, assimilation
effects are likely to occur. In contrast, when subjects are dissimilar (i.e.,
when achievement in two domains are believed to be unrelated),
contrast effects are likely to occur. Similarly, the Marsh/Shavelson
model of ASC (Marsh, 1990), posits that domain-specific ASCs can be
placed on a continuum ranging from pure verbal to pure math. When
comparing far or dissimilar domains (i.e., domains that are located
farther apart on the continuum), contrast effects are likely to occur.
When students engage in dimensional comparisons of similar or close
domains, assimilation effects are likely to occur.
Thus, extending the GI/E model to include multiple language do
mains, language ASCs are likely to be located on the verbal endpoint of
the verbal–math continuum and students may assume that common
verbal abilities underlie language achievement in general. Moreover,
students’ proficiency in one language domain has been found to facili
tate learning in another language domain (e.g., Kellerman, 1995; Pre
voo, Malda, Mesman, & van IJzendoorn, 2016; Wawire & Kim, 2018).
These considerations might lead to the assumption of assimilation ef
fects among languages. In support of this, Marsh et al. (2014) found
assimilation effects between English achievement and Dutch ASC in a
Dutch sample of high school students, while Möller, Streblow, Pohl
mann, and Köller (2006) found small and positive relations between
English achievement and German ASC in a German sample. Other
studies have found evidence of contrast effects between languages. For
example, studies conducted with German students using German as the
language of instruction and (typically) English as the first foreign lan
guage found contrast effects (e.g., Arens, Möller, & Watermann, 2016;
Marsh, Lüdtke, et al., 2015; Niepel et al., 2014a). A contrast effect also
emerged in a study with Luxembourgish secondary school students
examining French and German achievement and ASCs (Brunner et al.,
2010). In a Hong Kongese sample, Marsh, Kong, and Hau (2001) found a
significant contrast effect between English achievement and Chinese
ASC. Moreover, some studies have found no support for either contrast
or assimilation effects between languages (e.g., Gaspard et al., 2018; Xu
et al., 2013). Hence, studies based on the GI/E model examining two or
more language subjects have found a mixture of contrast effects,
assimilation effects, and nonsignificant effects, making further

2. The generalized internal/external frame of reference model
The GI/E model is as an overarching framework that describes the
formation of domain–specific motivational–affective constructs. It is
based on the original internal/external (I/E) frame of reference model
(Marsh, 1986, 1990) explaining the formation of students’ subjective
beliefs about their abilities in different academic domains (i.e., ASC;
Shavelson, Hubner, & Stanton, 1976). The original I/E model assumes
that verbal and math ASCs are established through the joint operation of
social and dimensional comparisons. Social comparisons occur when
students compare their own achievement in one domain with the
achievement of other students in the same domain. According to the I/E
model, if an individual student perceives their math achievement to be
lower than the math achievement of their classmates, their math ASC
will also be lower (i.e., social comparisons). In dimensional compari
sons, students compare their own achievement in one domain with their
own achievement in another domain. Accordingly, when an individual
student perceives their verbal achievement to be higher in comparison
to their own math achievement, it (simultaneously) strengthens their
verbal ASC while weakening their math ASC. In regression models, so
cial comparisons are empirically supported by positive relations be
tween achievements and ASCs from matching domains (e.g., math
achievement and math ASC); dimensional comparisons are evidenced by
negative relations between achievements and ASCs across nonmatching
domains (e.g., math achievement and verbal ASC). Due to the relative
weight of these two comparison processes, verbal and math achieve
ments are positively correlated, while verbal and math ASCs are weakly
correlated or approximate zero. The assumptions of the I/E model
concerning the formation of verbal and math ASCs have been repeatedly
supported in a diverse range of empirical studies, including experi
mental (Möller & Köller, 2001), longitudinal (Niepel, Brunner, & Pre
ckel, 2014a), and meta–analytic studies (Möller, Zitzmann, Helm,
Machts, & Wolff, 2020). Möller et al. (2020) reported average effect
sizes of − 0.20 and − 0.17 for the cross-domain path coefficients (indi
cating dimensional comparison effects) and stronger average effect sizes
of 0.46 and 0.57 for the within-domain path coefficients (i.e., indicating
social comparison effects).
The I/E model stimulated interest in dimensional comparisons and
led to the establishment of dimensional comparison theory (Möller &
Marsh, 2013), which addresses the occurrence and effects of dimen
sional comparisons. Dimensional comparison theory serves as the
theoretical foundation for empirical research on dimensional compari
sons and led to the development of the GI/E model (Möller et al., 2016).
The GI/E model, in turn, serves as the empirical framework for testing

1
Drawing on our cross-sectional data, we also tested the following supple
mentary research aims: (a) whether domain-specific ASCs mediate the relation
between domain-specific achievements on the one hand, and domain-specific
interests and anxieties on the other hand; and (b) whether the aforemen
tioned mediation model generalizes across home language groups. The theory,
analyses, and findings related to the supplementary research aims are reported
in the online supplementary material.

2
The majority of these extensions to multiple verbal domains include
German or Chinese as native language and English as additional language (see
Table S1 in the online supplementary material for an overview).
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investigation necessary.

might also assume that if students identify greater similarities between
two languages, stronger assimilation effects of dimensional comparisons
are likely to occur. Thus, depending on whether multilingual students
perceive greater differences or greater similarities between the lan
guages in question, multilinguals may show either stronger contrast or
stronger assimilation effects. This remains an open research question,
creating a need to further investigate whether the achieve
ment–outcome relations proposed in the GI/E model generalize across
students from different language backgrounds.
In summary, the two advancements of the GI/E model (i.e., extension
beyond the verbal and math domains and extension beyond ASC) have
often been examined separately, but have rarely been investigated
simultaneously in a single study (but see Gaspard et al., 2018). More
over, multilingual students may demonstrate stronger (or weaker)
dimensional comparisons due to greater exposure to different languages.
However, it has yet to be examined whether the achievement–outcome
relations proposed in the GI/E model vary across students from different
language backgrounds. Thus, there is a need for studies on the GI/E
model examining social and dimensional comparisons in the context of
both extensions as well as examining the generalizability of these re
lations across students from different language backgrounds. The pre
sent study aimed to address these gaps in the literature.

2.2. Extension of the model beyond self–concept
In contrast to the original I/E model, which only included ASC as an
outcome variable, the GI/E model allows for the inclusion of a wider
range of outcome variables. For example, motivational–affective vari
ables such as achievement goals (Dörendahl et al., 2021), student ratings
of self–regulated learning (Miller, 2000), enjoyment (Goetz, Frenzel,
Hall, & Pekrun, 2008), intrinsic motivation (Marsh, Abduljabbar, et al.,
2015), intrinsic value (Arens & Preckel, 2018), interest (Köller, Daniels,
& Baumert, 2000; Schurtz, Pfost, Nagengast, & Artelta, 2014), and
anxiety (Arens, Becker, & Möller, 2017) have all been found to be
affected by dimensional comparisons (see Wigfield, Eccles, & Möller,
2020 for a recent integration of dimensional comparisons with expec
tancies and values). Although the majority of the aforementioned
studies generally found support for the typical pattern assumed by the
GI/E model (i.e., social comparison effects in matching domains and
contrast effects in nonmatching domains), most of them were restricted
to a single math and single verbal domain (e.g., Arens et al., 2017; Nagy
et al., 2008) or to math/science domains (e.g., Guo, Marsh, Parker,
Morin, & Dicke, 2017; Nagy, Trautwein, Baumert, Köller, & Garrett,
2006; Marsh, Abduljabbar, et al., 2015). Still, Gaspard et al. (2018)
examined a GI/E model with school grades (as predictors), expectancy
(defined by ASC), intrinsic value (i.e., enjoyment gained from a task),
attainment value (i.e., the importance of a task in relation to satisfying
key life goals or values), utility value of the task (i.e., its perceived
usefulness for future plans and goals), and cost (i.e., negative aspects
resulting from engaging in a task) in the German, English, math, biology,
and physics domains using a nonrepresentative sample of 857 German
secondary school students. The results strongly supported contrast ef
fects for the cross-domain achievement–outcome relations between
math-like and verbal subjects. The majority of the cross-domain achie
vement–outcome relations between the two verbal domains were
nonsignificant and close to zero. Overall, studies on the GI/E model
integrating other motivational-affective variables in multiple verbal
domains remain scarce, therefore warranting further investigation.

2.4. The present study
The overarching aim of the present study was to determine whether
social and dimensional comparisons are involved in the formation of
language ASCs, interests, and anxieties. Such motivational-affective
constructs play an important role in successful language learning
(Dörnyei, 2002, 2003; Gardner, 2010). Insights into their formation can
benefit educational practice and interventions by revealing how stu
dents’ language motivation and affect should be targeted in order to
contribute to successful language learning. Therefore, understanding the
sources and formation of language motivation and affect by means of the
GI/E model could have direct practical implications in a globalized so
ciety in which multilingualism is increasingly valued.
To this end, we extended current research on the GI/E model in three
ways. First, we extended the GI/E model by simultaneously investi
gating two verbal domains, namely French and German, while also
including math as a third domain, to gain further insight into contrast
and assimilation effects of dimensional comparisons between languages
(Research Aim 1). Second, we extended the GI/E model beyond ASC by
simultaneously examining three outcomes, namely ASC, interest, and
anxiety (Research Aim 2). Third, we tested the generalizability of the
GI/E model across students from different home language backgrounds,
which has, to our knowledge, never been tested to date (Research Aim
3).
To achieve these three research aims, we capitalized on the diversity
of a large and fully representative sample consisting of virtually every
ninth-grade student in Luxembourg in 2017 (N = 6275). Luxembourg, a
country with an official multilingual educational policy, has three offi
cial languages: French, German, and Luxembourgish, with the latter
considered linguistically very close to German (Gilles & Trouvain,
2013). Almost half (48%) of the population are foreign residents, of
which 16% are Portuguese nationals (Grand Duchy of Luxembourg,
2019a). The three official languages are used to a varying extent in
everyday life, while the most widely spoken home language is Lux
embourgish (74%), followed by French (32%) and Portuguese (15%;
Grand Duchy of Luxembourg, 2019b). Luxembourg thus provides an
ideal setting to assess the invariance of the GI/E model across students
from different language backgrounds.
We expected social comparisons to hold for the relations between
achievement and ASC, interest, and anxiety within matching domains;
we expected dimensional comparisons to hold for these same relations
across nonmatching domains. Concerning the GI/E model relations
across the verbal and math domains, in their meta-analysis, Möller et al.

2.3. The role of student home language background
Previous studies extended the GI/E model to different languages by
considering multiple languages learnt at school as additional domains
(e.g., Arens, Helm, Wolff, & Möller, 2019; Gaspard et al., 2018; Xu et al.,
2013). Given the prevalence of multilingualism in modern societies, it is
surprising that differences in students’ home language backgrounds
have not been taken into account empirically in GI/E model studies to
date. It has thus not been examined whether the relations between
achievement and motivational–affective constructs, as assumed in the
GI/E model, vary across students from different home language back
grounds. More specifically, it has not been established whether social
and dimensional comparisons operate equally for students from mono
lingual and multilingual language backgrounds.
Students born into multilingual environments may have been
learning a language for a longer period and may use their languages in a
range of academic and nonacademic settings. They may therefore
exhibit greater proficiency compared to students from monolingual
environments, who often only acquire an additional language at school
and whose use of the additional language may be restricted mostly to the
academic context. Experiences in specific domains influence the for
mation of students’ domain–specific ASCs, since more experience in
certain domains may strengthen the domain specificity of ASCs (Marsh
& Ayotte, 2003). Thus, multilingual students may notice the differences
and similarities between different languages to a greater extent than
monolingual students. This might cause multilingual students to
differentiate more strongly between domain-specific ASCs, invoking
stronger contrast effects of dimensional comparisons. However, one
3
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(2020) observed a similar pattern of I/E model relations between math
and first language domains and between math and second language
domains (βs ranging between − 0.20 and − 0.15). Thus, we expected
contrast effects between the math and (each of) the verbal domains for
the relations between achievement and ASC. Against the background of
the GI/E model, the anticipated contrast effects between math and
language domains were also expected for the relations between
achievement and interest and between achievement and anxiety (e.g.,
Arens et al., 2019; Brunner et al., 2010; Marsh et al., 2015; Marsh, Kong,
& Hau, 2001).
We were particularly interested in the GI/E model relations between
the two language domains (French and German) due to the mixture of
contrast effects, assimilation effects, and nonsignificant effects that have
been found in previous studies based on the GI/E model (e.g., Arens
et al., 2019; Jansen, Schroeders, Lüdtke, & Marsh, 2015; Marsh et al.,
2015; Möller et al., 2006). The majority of previous studies on the GI/E
model have largely taken place in contexts that are conceptually and/or
institutionally perceived as monolingual (e.g., Germany, Australia, USA;
Adle & Beyer, 2017; Australian Government, 2021; see Möller et al.,
2020). Our study, however, took place in a multilingual context in which
multiple languages are used to a considerably greater extent in everyday
life (see also Brunner et al., 2010).
Lastly, as Research Aim 3 is more exploratory in nature, we have no
specific
expectations
regarding
the
generalizability
of

achievement–outcome relations across home languages. As outlined in
more detail in the paragraphs above, students from multilingual home
language backgrounds could show stronger contrast (or assimilation)
effects between domain–specific language ASCs, interests, and anxieties
(compared to students from monolingual home language backgrounds).
To address the aforementioned research aims, we used structural
equation modeling (SEM; Bollen, 1989; Jöreskog & Sörbom, 1993) and
specified a comprehensive GI/E model simultaneously containing
domain-specific achievements, ASCs, interests, and anxieties across the
math, German, and French domains (see Fig. 1 for a graphical
representation).
3. Method
3.1. Sample and procedure
The data analyzed in the present study was obtained from the largescale, Luxembourg School Monitoring Programme, the Épreuves Stand
ardisées (ÉpStan; Fischbach, Ugen, & Martin, 2014; see also epstan.lu),
which is implemented annually by the Luxembourg Centre for Educa
tional Testing (LUCET). ÉpStan examines students’ achievement of key
educational outcomes every year at the beginning of each new learning
cycle of mandatory schooling in Grades 1, 3, 5, 7, and 9. The ÉpStan has
been approved by the national committee for data protection.

Fig. 1. The comprehensive generalized internal/external frame of reference (GI/E) model with self-concept, interest and anxiety as outcomes. Note. MACH = math
achievement; GACH = German achievement; FACH = French achievement; MSC = math self-concept; GSC = German self-concept; FSC = French self-concept; MINT
= math interest; GINT = German interest; FINT = French interest; MANX = math anxiety; GANX = German anxiety; FANX = French Anxiety. Dashed lines indicate
social comparison paths (i.e., within-domain relations); solid lines indicate dimensional comparison paths (i.e., cross-domain relations).
4
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Participation is compulsory for all students, however, participants and
their parents or legal guardians were duly informed prior to data
collection and were presented with the possibility to opt-out. A trustedthird-party-solution ensured the privacy of the participants and pseu
donymized data was used in all statistical analyses.
A brief explanation of the multilingual nature of the Luxembourgish
school system is required. Compulsory education starts with kinder
garten at the age of four, where Luxembourgish serves as the language of
instruction. At the age of six, primary school begins, and, in the first
year, children begin to read and write in German. German is the lan
guage of instruction in primary school, regardless of whether the stu
dents’ home language is Luxembourgish, German, French, or a different
language. At the age of seven, in Grade 2, students start learning French
in a content and language integrated learning (CLIL) approach. CLIL
involves learning content through an additional language, thus teaching
both the subject and the language (Coyle, 2007). By Grade 3, the
teaching of French constitutes an integral component of the curriculum.
In secondary school, the language of instruction shifts to French,
although most subjects continue to be taught in German during the first
years of secondary education—with the exception of math, which is
taught in French from Grade 7 onwards. In the highest academic track
secondary schools, the language of instruction for all subjects other than
language courses progressively shifts to French, while German partially
prevails in the vocationally-oriented secondary tracks.
The data for this study comprises the entire ninth-grade student
cohort from 2017. The sample consisted of N = 6325 students (47.9%
female) from 351 classes in 34 schools; the mean self-reported age was
15.01 years (SD = 1.03; median = 15.00; range = 12–25). The ques
tionnaires used in our study as well as the achievement tests were
administered in German and French, and students could choose their
response language for each item. Only a small number (N = 121) of
students switched between languages while responding to some of the
motivational-affective items in the questionnaire. These students were
removed from the sample to first test the measurement invariance be
tween the different language versions, then reinserted after measure
ment invariance was established. A further 50 students were removed
from the dataset as they had no responses on the ASC, interest, and
anxiety items. This resulted in a final data set of N = 6275 students
(henceforth called the “full sample”), which was used to investigate
Research Aims 1 and 2. In the full sample, the majority (44.3%) of
participants were native Luxembourgers (students who were born in
Luxembourg and had at least one parent born in Luxembourg), while
24.2% were first generation immigrants (students born outside
Luxembourg and whose parents were also born outside Luxembourg)
and 31.3% were second generation immigrants (students born in
Luxembourg but whose parents were born in another country). The In
ternational Socio-Economic Index of Occupational Status (ISEI-08;
Ganzeboom, 2010; Ganzeboom & Treiman, 1996) was used to obtain an
indication of students’ socioeconomic status. ISEI scores range from 10
to 90, with higher values indicating higher socio-economic status. This
information was obtained via student responses regarding their parents’
occupation. For each student, the highest ISEI (HISEI) value of either the
mother or father was used. The mean HISEI was 42.65 (SD = 16.98),
with a range between 10 and 89. Luxembourg has three secondary
school tracks. In the full sample, 12.6% (N = 788) of students were from
the lower track, 59.4% (N = 3724) were from the intermediate track,
and 28.1% (N = 1763) were from the highest track.
To address Research Aim 3, the generalizability of our GI/E models
across students from different home language backgrounds, we allo
cated students to home language groups based on the languages spoken
at home (i.e., self-reported language mostly spoken with their mother
and/or father; see Table S2 in online supplementary material for a
summary of the language groups). We first extracted students speaking
one or more of the official languages and schooling languages at home,
resulting in the following groups: (1) LUX/DE group (N = 2145),
comprising students who speak Luxembourgish and/or German to both

parents; (2) FR group (N = 386), comprising students who speak French
to both parents; (3) FR-LUX/DE group (N = 295), a multilingual home
language group encompassing students who speak French to one parent
and Luxembourgish/German to the other parent; and (4) LUX/DE/FROther group (N = 523), a multilingual home language group encom
passing students who speak Luxembourgish, German, or French to one
parent and another language (excluding Luxembourgish, German,
French, and Portuguese) to another parent. Next, given the size of the
Portuguese-speaking population in Luxembourg, we extracted the two
main Portuguese-speaking groups: (5) POR (N = 1475), comprising
students who speak Portuguese to both parents; and (6) POR-LUX/DE/
FR (N = 309), a multilingual home language group encompassing stu
dents who speak Portuguese to one parent and Luxembourgish, German,
or French to the other parent. The remaining students were divided into
two groups: (7) Other-Matched (N = 485), comprising students who
speak the same language (excluding Luxembourgish, German, French,
and Portuguese) to both parents; and Other-Mixed (N = 219),
comprising students who speak a different language (excluding Lux
embourgish, German, and French) with each parent. The sample used to
investigate Research Aim 3 thus comprised 5837 students (henceforth
called the “reduced sample” and excluded only 438 students due to
insufficient or missing language information). See Table S3 in the online
supplementary material for a comparison of the samples used to address
Research Aims 1, 2, and 3.
3.2. Measures
Domain-specific ASC, interest, and anxiety were assessed for the
domains of math, German, and French as part of the larger ÉpStan
questionnaire. Each scale underwent extensive pilot testing prior to its
implementation in the ÉpStan. ÉpStan scales use a four point Likert scale
ranging from disagree (1) to agree (4). The questionnaires were admin
istered on desktop and laptop computers. Descriptive statistics for the
measures are shown in Table 1. The items are presented in Table S4 in
the online supplementary material.
3.2.1. Academic self-concept
The three-item ASC scales we used were applied in Gogol, Brunner,
Preckel, Goetz, and Martin (2016; McDonald’s ω reliability estimates
ranging from 0.89 to 0.91) and are also a short form of the five item scale
used by Brunner et al. (2010) and the four item scale by Gogol, Brunner,
Martin, Preckel, and Goetz (2017). The items were based on the SelfDescription Questionnaire (SDQ; Marsh & O’Neill, 1984) and adapted
Table 1
Descriptive statistics based on the full sample (N = 6275).
Math self-concept
German self-concept
French self-concept
Math interest
German interest
French interest
Math anxiety
German anxiety
French anxiety
Math achievement
German achievement
French achievement

N

M

SD

Reliability coefficient

6268
5820
6272
6240
5803
6261
6262
5816
6262
6269
5826
6271

2.631
2.816
2.566
2.684
2.607
2.641
2.244
1.927
2.110
510.800
525.380
511.330

0.921
0.874
0.960
0.928
0.884
0.920
0.896
0.841
0.881
97.784
101.340
118.412

0.899
0.881
0.918
0.881
0.885
0.871
0.805
0.815
0.819
0.796
0.838
0.839

Note. Means for the self-concept, interest, and anxiety scales were calculated by
summing the item scores and dividing the sum by the number of items. Listwise
deletion in SPSS was employed when calculating these descriptive statistics. The
number of observations for each scale/indicator may thus vary. McDonald’s ω
reliabilities are reported for the self-concept, interest, and anxiety scales. Re
sponses on the self-concept, interest, and anxiety scales were measured on a 4point Likert scale. Weighted mean likelihood estimation (WLE) reliabilities are
reported for the achievement scales.
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for our three academic domains based on the instructions of Marsh
(1990). Three-item ASC scales derived from the SDQ have been shown to
possess acceptable psychometric properties for use in educational
research (Gogol et al., 2014) and are frequently used in ASC research (e.
g., Marsh et al., 2018; Möller, Retelsdorf, Köller, & Marsh, 2011; Niepel,
Brunner, & Preckel, 2014b). Items were formulated in parallel across the
three domains of math, German, and French (e.g., “I am good at math
ematics/German/French”). McDonald’s ω reliability estimates for the
math, German, and French ASC scales were good (Table 1).

possibly biased standard errors (Raudenbush & Bryk, 2002). Full in
formation maximum likelihood (FIML), a reliable method for treating
missing data, was used to account for missing values (Enders, 2010).
Missing values ranged between 0.35% and 8.27% for interest and anx
iety items, between 0.14% and 8.57% for ASC items, and between 0.06%
and 7.16% for achievement test scores. Correlated uniquenesses were
specified between items which were worded in parallel across domains
to capture shared variances due to item wording (Marsh et al., 2013).
A series of confirmatory factor analysis (CFA) models were run first
to assess the integrity of the ASC, interest, anxiety, and achievement
measures (Brown, 2006). As students could respond to these measures in
French or German, we tested whether the assumption of measurement
invariance holds across the German-language and French-language
versions (Millsap, 2011) so that we could use both language versions
simultaneously in the subsequent analysis. The same procedure was
used to test weak measurement invariance across the two language
versions as when testing for measurement invariance across home lan
guage backgrounds, which is described later in this section.
We next tested a series of structural GI/E models, ranging from
models containing only ASC (as outcome) and achievement (as predic
tor) across three domains (math, German, and French) to a more
comprehensive model (Fig. 1) simultaneously containing ASC, interest,
and anxiety (as outcomes), as well as achievement (as predictor) across
three domains. The domain-specific ASC, interest, and anxiety factors
were defined by their respective sets of items. Domain-specific
achievements were included as factors with standardized single items
as indicators, assuming no measurement error.
A combination of goodness-of-fit indices were considered to evaluate
the fit of the CFA models. The comparative fit index (CFI), Tucker-Lewis
index (TLI), root mean square error of approximation (RMSEA), and
standardized root mean square residual (SRMR) were considered. We
used the following criteria by Hu and Bentler (1999) to deem a model as
having a good fit: CFI and TLI > 0.95, RMSEA < 0.06, and SRMR < 0.08.
To investigate the generalizability of the GI/E model relations across
the eight home language groups, we proceeded by testing a series of
increasingly restrictive invariance models (Meredith, 1993; Millsap,
2011). First, it was necessary to establish weak measurement invariance
(i.e., invariance of the factor structure and factor loadings; Millsap,
2011). We therefore compared a model in which all parameters were
freely estimated across groups (i.e., configural invariance or invariance
of the factor structure) to a model in which factor loadings were con
strained to the same value across groups (weak or metric invariance).
Evidence of weak measurement invariance implies that the different
groups responded to the items in the same way. This is a precondition for
the next step, namely, testing for the invariance of factor (i.e., GI/E
model) relations (Millsap, 2011). To this end, we first estimated the
comprehensive GI/E structural model (Fig. 1) freely across the eight
subsamples. We then compared this model to a model in which the
achievement–outcome relations were constrained to be equal across
groups.
To evaluate the invariance tests, we followed the recommenda
tions for satisfactory change in model fit statistics by
Cheung and Rensvold (2002) and Chen (2007): ΔCFI ≥ –0.010,
ΔRMSEA ≤ 0.015, and ΔSRMR ≤ 0.030. We used the ΔCFI as the main
criterion as RMSEA and SRMR are more likely to be affected by
sample size and model complexity and tend to overreject invariant
models when the sample size is small (Chen, 2007).

3.2.2. Academic interest
We used the three-item interest questionnaire applied by Gogol et al.
(2016) and Gogol et al. (2017; McDonald’s ω reliability estimates
ranging from 0.86 to 0.94). One item in the scale assessed feelings of
personal importance, another item assessed emotional value, and the
last item was a global interest item that sought to optimally represent
the essence of academic interest. Items were worded analogously across
the three domains (e.g., “I am interested in mathematics/German/
French”). McDonald’s ω reliabilities for the interest scales were good for
math, German, and French (Table 1).
3.2.3. Academic anxiety
The three-item anxiety scale used in this study was applied in Gogol
et al. (2016) and Gogol et al. (2017; McDonald’s ω reliability estimates
ranging from 0.78 to 0.83). It is based on the Hebrew adaptation of the
Test Anxiety Inventory (Spielberger, 1980; Zeidner, Nevo, & Lipschitz,
1988) and the Academic Emotions Questionnaire (AEQ; Pekrun, Goetz,
Frenzel, Barchfeld, & Perry, 2011). The items for math, German, and
French had parallel wording (e.g., “I am afraid of mathematics/German/
French class”). The McDonald’s ω reliabilities for the anxiety scales were
good for math, German, and French (Table 1).
3.2.4. Academic achievement
Academic achievement in math, German, and French was assessed
with the math, German, and French ÉpStan achievement tests, which
were developed in accordance with the official national curriculum of
the Luxembourg Ministry of Education. The tests are used annually to
provide feedback to students, teachers, schools, and the Ministry of
Education on Luxembourg’s educational outcomes (University of
Luxembourg & SCRIPT, 2018). Pre-testing and subsequent psychometric
evaluation are conducted annually prior to the ÉpStan to validate the
content, format, and feasibility of the test material. Testing for overlap
between theoretical and empirical item difficulty, differential item
functioning, and Rasch compliance is also conducted. There are different
test versions for each subject for use in the different school tracks. To
allow for comparability across academic tracks, the test material com
prises a certain minimal number of anchoring tasks included in the
different achievement tests created for each subject for each of the three
academic tracks. Responses on the achievement tests were scaled in R (R
Core Team, 2019) with the TAM package (Robitzsch, Kiefer, & Wu,
2019) using a unidimensional Rasch model. The analyses reported here
were conducted using weighted likelihood estimates (WLE) scores
(Warm, 1985). Higher scores on the achievement tests indicated higher
achievement. WLE reliability estimates were also calculated with the
TAM package. Good WLE reliability estimates were obtained for math,
German, and French achievement (Table 1). More information on the
content of the achievement tests are presented in Table S5 in the online
supplementary material.

4. Results

3.3. Statistical analyses

4.1. Preliminary analyses

All analyses were performed using Mplus 8.3 (Muthén & Muthén,
1998–2019). Robust maximum likelihood estimation (MLR) was used to
estimate all models. MLR is robust against violations of normality as
sumptions (Beauducel & Herzberg, 2006). As students were nested in
classes, the “type = complex” command in Mplus was used to correct for

Weak measurement invariance could be demonstrated across the two
language versions of the instruments (Table 2, Models 1–3). Conse
quently, the sample was pooled and the analyses continued on the full
sample (i.e., N = 6275, including the 121 language switchers). A CFA
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Table 2
Invariance across questionnaire language version and students’ home language background.
Model
1a
1b
2
3
4
5
6
7

German sample: CFA with self-concept, interest, anxiety
and achievement
French sample: CFA with self-concept, interest, anxiety
and achievement
Configural invariance across German and French
language version
Weak invariance across German and French language
version
Configural invariance across eight language groups
Invariant factor loadings (weak invariance) across eight
language groups
GI/E model with invariant factor loadings and free path
coefficients across eight language groups
GI/E model with invariant factor loadings and invariant
path coefficients across eight language groups

N

χ2

df

CFI

TLI

RMSEA

SRMR

4344

2427.437

315

0.968

0.956

0.039

0.035

1810

1068.094

315

0.967

0.954

0.036

0.038

6154

3496.477

630

0.968

0.955

0.038

0.036

6154

3615.362

648

0.967

0.955

0.039

5837
5837

5840.189
6142.005

2520
2667

0.962
0.960

0.948
0.948

5837

6142.003

2667

0.960

5837

6538.023

2856

0.958

Comparison

ΔCFI

ΔRMSEA/
ΔSRMR

0.037

2 vs. 3

− 0.001

0.042
0.042

0.042
0.044

+0.001/
+0.001

4 vs. 5

− 0.002

0.948

0.042

0.044

0.000/
+0.002

0.949

0.042

0.051

6 vs. 7

− 0.002

0.000/
+0.007

Note. df = degrees of freedom; CFI = comparative fit index; TLI = Tucker-Lewis index; RMSEA = root mean square error of approximation; SRMR = standardized root
mean squared residual. All models integrated correlated uniquenesses between parallel-worded items. All χ2 values are significant (p < .001).

model containing ASC, interest, anxiety, and achievement in all three
domains (math, German, and French) obtained a good fit [χ2 (315) =
3465.292; CFI = 0.968; TLI = 0.955; RMSEA = 0.040; SRMR = 0.039],
attesting to the integrity of the measures. The ASC, interest, and anxiety
items had significant factor loadings on their respective factors (λs
ranging from 0.561 to 0.908, ps < 0.001; see Table S4 in the online
supplementary material). Domain-specific achievements were positively
correlated (r = 0.501 to 0.589), as were domain-specific anxieties (r =
0.350 to 0.486) and interests (r = 0.067 to 0.234; see Table 3). The
intercorrelations for domain-specific ASCs ranged from –.328 to .015.

interest were also significant and positive, albeit descriptively somewhat
smaller in magnitude compared to the relations between achievement
and ASC (βs ranging from 0.286 to 0.471, ps <0.001). This indicates the
operation of social comparison effects, as students with higher
achievement in one domain experienced higher interest in that same
domain. Examination of the cross-domain paths showed that math
achievement was negatively and significantly related to German interest
(β = − 0.158, p < .001) and French interest (β = − 0.190, p < .001).
German achievement was significantly and negatively related to math
interest (β = − 0.173, p < .001), and French achievement was negatively
and significantly related to math interest (β = − 0.069, p < .001). This
implies that higher achievement in math was associated with students
experiencing lower interest in each of the two languages, while higher
achievement in each of the two languages was associated with lower
interest in math. With regard to the two languages, German achievement
was significantly and negatively related to French interest (β = − 0.352,
p < .001), while French achievement was negatively and significantly
related to German interest (β = − 0.211, p < .001). This contrast effect
suggests that higher achievement in one language was associated with
students experiencing lower interest in the other language.
Importantly, when considering the relations between achievement
and anxiety (Research Aim 2), the signs of the GI/E model relations are
reversed: Negative within-domain paths indicate social comparisons,
positive cross-domain paths indicate contrast effects, and negative crossdomain paths indicate assimilation effects. For anxiety, significantly
negative relations were observed within the domains of math, German,
and French (βs ranging from − 0.441 to − 0.251, ps < 0.001). Therefore,
in corresponding domains, higher achievement is linked to lower anxi
ety, suggesting the operation of social comparison effects. The crossdomain achievement–anxiety paths showed that math achievement
was negatively and significantly related to German anxiety (β = − 0.050,
p = .008), but not related to French anxiety (β = 0.004, p = .811).
Furthermore, French achievement was found to be significantly and
positively related to math anxiety (β = 0.175, p < .001), but the relation
between German achievement and math anxiety was nonsignificant (β
= 0.029, p = .153). This implies that higher achievement in math was
related to lower anxiety in German (but not to higher/lower anxiety in
French) and that higher achievement in French was associated with
higher anxiety in math. Lastly, with regard to the two languages, French
achievement was found to be significantly and positively related to
German anxiety (β = 0.297, p < .001), and German achievement was
significantly and positively related to French anxiety (β = 0.150, p <
.001). This suggests that higher achievement in one language (e.g.,
French) was associated with students experiencing higher anxiety in the
other language (e.g., German), indicating a contrast effect. Overall, the

4.2. Extending the GI/E model to multiple domains and outcomes
To address Research Aims 1 and 2, we tested the comprehensive GI/E
structural model (Fig. 1) in which math, German, and French ASC, in
terest, and anxiety (all outcome variables) were regressed on math,
German, and French achievement. The model obtained a good fit [χ2
(315) = 3465.292; CFI = 0.968; TLI = 0.955; RMSEA = 0.040;
SRMR = 0.039].3 The typical I/E model relations involving the paths
between verbal and math achievement and ASC could be replicated (see
Table 4): The within-domain paths from achievement to ASC were
significantly positive (βs ranging from 0.437 to 0.588, ps < .001). This
suggests a social comparison effect, as students who exhibited higher
achievement in one domain (e.g., math) also exhibited higher ASC in the
same corresponding domain. Across domains, math achievement was
negatively and significantly related to German ASC (β = − 0.083, p < .001)
and French ASC (β = − 0.157, p < .001). German achievement was found
to be negatively and significantly related to math ASC (β = − 0.175, p <
.001), and French achievement was found to be negatively and signifi
cantly related to math ASC (β = − 0.118, p < .001). This implies that
students with higher math achievement exhibited lower verbal ASC and
that students with higher verbal achievement exhibited lower math ASC.
With regard to the relations between the French and German domains,
German achievement was found to be negatively and significantly related
to French ASC (β = − 0.389, p < .001), while French achievement was
found to be negatively and significantly related to German ASC
(β = − 0.354, p < .001), indicating a contrast effect. It appears that higher
achievement in one language (e.g., French) was associated with students
experiencing a lower ASC in the other language (e.g., German).
Concerning the extension of the GI/E model to interest as an outcome
(Research Aim 2), the within-domain paths between achievement and
3
The CFA measurement model and SEM regression model (testing the GI/E
model) are statistically equivalent, as the factor correlations (in the CFA model)
are replaced by path coefficients (in the SEM model).
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Table 3
Standardized latent correlations.

1
2
3
4
5
6
7
8
9
10
11
12

1
MSC

2
GSC

3
FSC

4
MINT

5
GINT

6
FINT

7
MANX

8
GANX

9
FANX

10
MACH

11
GACH

12
FACH

—

− 0.046*
—

0.015
− 0.328**
—

0.818**
0.009
0.056**
—

0.013
0.756**
− 0.179**
0.210**
—

0.040*
− 0.254**
0.802**
0.234**
0.067**
—

− 0.523**
0.087**
0.176**
− 0.275**
0.185**
0.246**
—

0.094**
− 0.544**
0.376**
0.198**
− 0.207**
0.455**
0.453**
—

0.050**
0.232**
− 0.381**
0.154**
0.282**
− 0.183**
0.486**
0.350**
—

0.275**
0.052**
− 0.091**
0.150**
− 0.095**
− 0.162**
− 0.230**
− 0.161**
− 0.034*
—

0.022
0.301**
− 0.180**
− 0.040**
0.086
− 0.223**
− 0.078**
− 0.318**
0.023
0.589**
—

0.011
− 0.123**
0.310**
− 0.015
− 0.143**
0.196**
0.023
0.045*
− 0.173**
0.501**
0.512**
—

Note. Latent correlations are provided above the diagonal and were calculated using full information maximum likelihood (FIML) estimation. MSC = Math selfconcept; GSC = German self-concept; FSC = French self-concept; MINT = Math interest; GINT = German interest; FINT = French interest; MANX = Math anxiety;
GANX = German anxiety; FANX = French anxiety; MACH = Math achievement; GACH = German achievement; FACH = French achievement.
* p < .05; ** p < .01.

results indicate that the GI/E model could successfully be extended to
math and two verbal domains as well as to interest and anxiety as out
comes (Research Aims 1 and 2).

Furthermore, we examined whether the obtained GI/E model results
generalized across students from different home language backgrounds.
5.1. The GI/E model extensions and generalizability across language
backgrounds

4.3. The role of students’ home language background

5.1.1. Extension to multiple domains and outcomes
In general, our results supported the role of social comparisons in the
formation of domain–specific ASCs, interests, and anxieties as positive
relations between achievement and ASC and interest, and negative re
lations between achievement and anxiety within the same domain were
found—irrespective of the domain considered. Contrast effects were
found for achievement–ASC relations between the verbal and math
domains, thereby replicating the assumptions of the original I/E model.
Moreover, contrast effects of dimensional comparisons also appear to
characterize achievement–interest relations for the cross–domain paths
between math and French as well as between math and German. Thus,
contrast effects of dimensional comparisons can be replicated for the
achievement–interest relations between math and two verbal domains.
This finding is in line with previous research on the (G)I/E model (e.g.,
Arens & Preckel, 2018, Gaspard et al., 2018; Goetz et al., 2008; Möller
et al., 2006; Schurtz et al., 2014) as well as theory about far comparisons
within the Marsh/Shavelson model of ASC (Marsh, 1990) and dimen
sional comparison theory’s assumptions of dissimilar underlying abili
ties (Möller & Marsh, 2013).
With regard to the two language domains, contrast effects appear to
operate between German achievement, on the one hand, and French
ASC and French interest on the other, as well as between French
achievement, on the one hand, and German ASC and German interest on
the other. This contradicts the nonsignificant effects found by Gaspard
and colleagues (2018) for the achievement–intrinsic value relations
between German (native language) and English (foreign language) do
mains. Overall, our results suggest that dimensional comparisons are
involved in the formation of verbal ASCs and interests and lead to
contrast effects rather than assimilation effects. Our results are in line
with a growing number of studies to find evidence supporting contrast
effects across verbal domains (e.g., Arens et al., 2016; Brunner et al.,
2010; Marsh, Lüdtke, et al., 2015; Niepel et al., 2014a). The recent metaanalysis by Möller et al. (2020) found small significant contrast effects
for achievement–ASC relations between first language (L1) and second
language (L2) domains (β = − 0.10; β = − 0.13). We observed much
stronger contrast effects between the two verbal domains in our sample
(ASC: β = − 0.389 to − 0.354; interest: β = − 0.352 to − 0.211). The so
ciocultural context in Luxembourg could account for these relatively
strong contrast effects (see also Brunner et al., 2010). The relations
among verbal ASCs may depend on the importance of the languages

To address Research Aim 3, we next tested for weak invariance (i.e.,
factor loading invariance in the CFA model containing achievement,
ASC, interest, and anxiety across three domains) across students from
the eight home language backgrounds (Model 5 in Table 2). Compared
to the model of configural invariance (Model 4 in Table 2), the ΔCFI,
ΔRMSEA, and ΔSRMR values did not exceed the recommended cut-offs
of − 0.010, 0.015, and 0.030, respectively, indicating weak invariance.
Next, we estimated the comprehensive GI/E model (Fig. 1) freely across
the eight subsamples (Model 6 in Table 2). When comparing this freely
estimated comprehensive GI/E model to a model in which the path
coefficients for all achievement–ASC, achievement–interest, and achie
vement–anxiety relations (within and across domains) were constrained
to be equal (Model 7 in Table 2), the ΔCFI, ΔRMSEA, and ΔSRMR values
changed by − 0.002, 0.000, and 0.007, respectively, indicating that the
GI/E model relations for ASC, interest, and anxiety were found to be
invariant across students from different home language backgrounds.4
5. Discussion
Most extensions of the I/E model within the GI/E model framework
either expand the number of academic domains considered or expand
the outcome domains to constructs beyond ASC. Rarely do they include
both extensions (see Arens & Preckel, 2018; Gaspard et al., 2018 for
exceptions) and such an examination using a diverse and fully repre
sentative sample has been missing to date. The extension of the GI/E
model to two language domains is particularly important, since the
evidence is rather mixed with regard to the existence of contrast versus
assimilation effects between languages. In addition, the generalizability
of the functional GI/E model relations has not yet been established
across students from different language backgrounds. In our study, we
simultaneously extended the GI/E model to multiple academic domains
(math, German, and French) and multiple outcome domains (ASC, in
terest, and anxiety), particularly focusing on the interplay between
achievement and outcomes across the two language domains.
4
We also tested the invariance of the comprehensive GI/E model across the
three school tracks using the full sample (N = 6275). The GI/E model relations
were found to be invariant across the three tracks. See Models I1 to I4 in
Table S6 in the online supplementary material.
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0.029 (0.02)
0.175 (0.02)**
− 0.335 (0.02)**
0.079
0.150 (0.02)**
− 0.251 (0.02)**
0.004 (0.02)
0.047
− 0.441 (0.02)**
0.297 (0.02)**
− 0.050 (0.02)**
0.162
− 0.173 (0.02)**
− 0.069 (0.02)**
0.287 (0.02)**
0.051
− 0.352 (0.02)**
0.471 (0.02)**
− 0.190 (0.02)**
0.201
0.286 (0.02)**
− 0.211 (0.02)**
− 0.158 (0.02)**
0.070
− 0.175 (0.02)**
− 0.118 (0.02)**
0.437 (0.02)**
0.115

learnt at school in the specific society and curriculum under investiga
tion. German and French are both essential in Luxembourgish society
and the school curriculum, consequently representing salient sources of
information for dimensional comparisons (Marsh & Yeung, 2001; Marsh
et al., 2001). When only one language is highly salient in a society
(Yeung & Lau, 1998) or the school context (Xu et al., 2013), verbal ASCs
may not be subject (as strongly) to dimensional comparisons. Further
more, the stronger contrast effects might also be due to the gradual shift
in language of instruction from German to French in the seventh to ninth
grade. Increased exposure to French in other academic domains could
more acutely highlight differences between French and German, thereby
decreasing students’ perceived subject similarity. This may, in turn,
engender stronger contrast effects of dimensional comparisons (Helm,
Müller-Kalthoff, Nagy, & Möller, 2016; Möller et al., 2016). Indeed, in
their examination of the differential stability of general and domainspecific components of ASC, interest, and anxiety in a sample of Lux
embourgish students from the seventh to the ninth grade, Gogol et al.
(2016) found that although French and German ASC, interest, and
anxiety were moderately stable, students’ profile differences between
French and German became greater over this period (e.g., students with
high French ASC retained their level of French ASC, but developed
weaker German ASC). Altogether, our study adds to mounting evidence
contradicting the assumption of assimilation effects between verbal
domains posited by the Marsh/Shavelson model of ASC (Marsh, 1990)
and by dimensional comparison theory (Möller & Marsh, 2013).
While our pattern of findings is consistent for the relations between
achievement and ASC as well as achievement and interest, the results for
the relations between achievement and anxiety are more diverse. At first
glance, the findings from our study do not match previous GI/E model
studies involving anxiety (Arens et al., 2017). However, closer inspec
tion reveals that the contrast effect between French achievement (the
language of instruction in our study) and math anxiety is similar to the
result found by Arens et al. (2017) in their GI/E model including anxiety.
More specifically, Arens and colleagues observed a contrast effect be
tween German achievement (the language of instruction in their study)
and math anxiety. We also found that the paths between math
achievement and French anxiety and between German achievement and
math anxiety were nonsignificant. Similarly, Arens et al. (2017) also
found a nonsignificant relation between math achievement and German
anxiety. The significant assimilation effect we observed for the relation
between math achievement and German anxiety should not be over
interpreted, as the effect size was small. Similarly, the assimilation effect
observed between math achievement and German anxiety was small.
With regard to the two language domains, our study was, to the best of
our knowledge, the first to examine achievement–anxiety relations be
tween two languages. We found these relations to be characterized by
contrast effects. The contrast effects for the cross-domain achieve
ment–anxiety paths between the two languages is akin to the pattern of
contrast effects found for the achievement–ASC and achieve
ment–interest relations across the two languages. Overall, all crossdomain relations (for all outcomes) between the two language do
mains represented contrast effects, as did the majority of the crossdomain relations (for all outcomes) between math and the verbal do
mains and between the verbal domains and math (with the exception of
the path between math achievement and German anxiety, the path be
tween math achievement and French anxiety, and the path between
German achievement and math anxiety).
Lastly, while a few studies have found evidence of contrast effects for
achievement–ASC relations between languages, our study is one of the
first to simultaneously investigate and find contrast effects for achie
vement–interest and achievement–anxiety relations between two lan
guages. We thus emphasized the importance of considering contrasting
dimensional comparison effects when examining students’ language
learning motivation and affect.

Note. The comprehensive GI/E model includes achievement in math, German, and French as predictor variables, and academic self-concept, interest and anxiety in math, German, and French as outcome variables. The
standard errors of the path coefficients are reported in parentheses.
** p < .01.

French

− 0.389 (0.02)**
0.588 (0.01)**
− 0.157 (0.02)**
0.266

German

0.531 (0.02)**
− 0.354 (0.02)**
− 0.083 (0.02)**
0.199
Achievement: German
Achievement: French
Achievement: Math
R2

German

Interest

German

Outcome
Predictor

Table 4
Standardized path coefficients for the comprehensive GI/E model.

Math
Self-concept

French

Math

Anxiety

French

Math
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5.1.2. Generalizability across home language backgrounds
Another major contribution and unique feature of our study addresses
the generalizability of the GI/E model across students from different home
language backgrounds. Apparently, only Marsh and Yeung (2001) have
previously hinted at the potential impact of students’ home language
backgrounds on GI/E model relations given their study’s heterogeneous
ethnic sample, but they did not empirically test for these differences. The
findings from our study showed invariant achievement–ASC, achieve
ment–interest, and achievement–anxiety relations for math, German, and
French for students from a variety of monolingual and multilingual home
language backgrounds. For the first time, we have thus shown that the GI/
E model applies similarly to students from different language backgrounds
and that students’ home language background therefore does not seem to
affect the GI/E model relations between achievement, ASC, interest, and
anxiety. Beyond student home language background, previous research
has also examined the generalizability of the (G)I/E model across lan
guage of instruction. In particular, Xu et al. (2013) examined differences
in the GI/E model relations between Hong Kongese students with either
English or Chinese language of instruction. Similar to our finding of
equivalence, Xu et al. (2013) also found that their I/E model was fully
invariant across the two different languages of instruction. The existing
findings thus seem to indicate invariance across student home and school
language background, thereby supporting the high level of generaliz
ability of the GI/E model assumptions and the universality of social and
dimensional comparisons in the formation of motivational-affective var
iables. However, research is scarce and further studies are needed.

experimentally induced higher or lower perceived subject similarity on
ASC differences. They found that students’ perceptions of similarity
between domains determined the strength of contrast effects. Future GI/
E model studies including multiple verbal domains could thus benefit
from including perceived subject similarity as a moderator in the model.
Apart from perceived subject similarity, other factors could also impact
students’ language-related social and dimensional comparisons. For
example, a sense of identity in relation to the languages being learnt is
posited to facilitate language acquisition (Lambert, 1992; Mercer,
2011). A strong (or weak) identity in relation to one (or more) lan
guages, could moderate dimensional comparison effects and might
explain the strong contrast effects found in our sample. This interaction
could be more complex if students’ native language(s) and school lan
guages do not overlap and might also depend on whether the student
views the additional language as replacing their native language (see
Marsh, Hau, & Kong, 2002). Future GI/E studies using multiple verbal
domains could include identity variables as moderators and include the
verbal domains (that are not included in the school curriculum) of
language minority students. Furthermore, future studies could also
include other factors as moderators, such as students’ perceived
importance of the languages learnt at school, linguistic distance between
languages (Arens et al., 2019), age of acquisition, the number of lan
guages known, and contextual factors associated with language acqui
sition and use (see Hoff, 2006). Complementary to such quantitative
studies on the GI/E model, qualitative research investigating the role of
the context (and the other aforementioned factors) in the formation of
language motivation and affect could provide valuable insights into the
mechanisms underlying dimensional comparisons (e.g., Mercer, 2011;
Möller & Husemann, 2006).
Due to the cross-sectional nature of our study, we could not assess if,
how, and to what extent the change in language of instruction from
German to French affected the formation of students’ math, German,
and French ASCs. Future studies should employ longitudinal designs to
investigate the impact of a change in language of instruction on stu
dents’ ASC over time. This may be particularly relevant in societies that
are increasingly multilingual and geographically mobile.
The findings of our study are in line with motivational-affective
theory and previous research. However, in contrast to many previous
(G)I/E model studies using (nonrepresentative) convenience samples
(e.g., Arens, Helm, Wolff, & Möller, 2019; Bong, 2001; Gaspard et al.,
2018; Möller, Streblow, & Pohlmann, 2006), we used a fully nationally
representative dataset encompassing virtually all ninth-grade students
in Luxembourg, thereby covering a diverse range of sociodemographic
variables including socioeconomic status, immigration background,
school track, and home language background. While it should be taken
into account that certain characteristics of Luxembourg’s multilingual
educational system may not easily generalize to other countries or stu
dent samples, such multilingual educational systems might arguably
become more commonplace in the future due to rising multilingualism
and globalization. As such, a deeper understanding of the potential
impact of students’ linguistic background on the formation of language
learning motivation and affect is required. Empirically testing and
establishing the invariance of the GI/E model relations across students
from different home language backgrounds represents an important first
step in achieving this. Using a fully representative student sample
resulted in home language groups that were unequal in size. However,
the potential impact of unbalanced group sizes on invariance results
with more than two groups remains an open question to be dealt with in
future studies (Yoon & Lai, 2018). Replicating our results with
completely balanced language groups will thus provide further robust
ness to our findings.

5.2. Limitations, strengths and directions for future research
Our study adds to the literature on the role of social and dimensional
comparisons in the formation of verbal ASCs, interests, and anxieties. A
few limitations should, nevertheless, be mentioned. The cross–sectional
nature of our study does not allow for causal inferences. More longitu
dinal research is needed to examine the role of social and dimensional
comparisons in the formation of domain-specific achievements, ASCs,
interests, and anxieties over time (e.g., Niepel et al., 2014a). Longitu
dinal designs should also be used to test whether ASC mediates the
relation between achievement and interest and between achievement
and anxiety. The mediating role of ASC is in line with the assumptions of
expectancy–value theory (Wigfield & Eccles, 2000) and control-value
theory (Pekrun & Stephens, 2010; Pekrun, 2006) and has been empiri
cally validated in numerous studies (Arens et al., 2017; Gaspard et al.,
2018; Goetz et al., 2008; Guo et al., 2017; Köller et al., 2000; Schurtz
et al., 2014). These studies were, however, predominantly
cross-sectional in nature and thus not fully appropriate for testing the
causal ordering implicit in mediation (Mitchell & Maxwell, 2013).
Longitudinal research would provide stronger tests of the mediating role
of ASC in the relations between achievement, interest, and anxiety.
Our interest and anxiety scales consisted of three items each and did
not distinguish between different subfacets of each construct. For
example, anxiety is typically composed of a worry and an emotionality
subfacet (Liebert & Morris, 1967; Zeidner, 2007), while interest is often
differentiated into a personal importance subfacet and emotional value
subfacet (Krapp, 2002; Renninger, 2000; Schiefele, 1991). Our short
measures may fail to capture the differential subfacet relations that may
potentially exist with achievement within and across domains (see Arens
et al., 2017; Guo et al., 2017). Thus, future studies should include more
comprehensive motivational–affective instruments to better measure
these relations.
Our results suggest that the assumptions of dimensional comparison
theory (Möller & Marsh, 2013) and the Marsh/Shavelson model of ASC
(Marsh, 1990) do not currently provide a satisfactory explanation for the
emergence of assimilation versus contrast effects between verbal do
mains. Thus, the mechanisms underlying the emergence of these effects
require further investigation and refinement. For example, Helm et al.
(2016) ran three experimental studies analyzing the effects of

6. Implications and conclusions
The present study builds on previous research on the GI/E model
with the aim of extending and informing educational theory and practice
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in the domain of language learning, with the ultimate goal of improving
students’ language–related motivation and affect in a globalized society
in which multilingualism is increasingly valued. In terms of theoretical
implications, the results of our study could help refine dimensional
comparison theory (Möller & Marsh, 2013) to assume contrast rather
that assimilation effects among languages. Moreover, the results of our
invariance tests implied similar achievement–ASC, achieve
ment–interest, and achievement–anxiety relations across students from
various monolingual and multilingual home language backgrounds. The
GI/E model relations thus appear to function similarly, regardless of
students’ linguistic backgrounds.
Concerning the practical implications, previous research has shown
that teachers and parents may overlook the domain specificity of
languages and the role of dimensional comparisons in ASC formation
(Dai, 2002; Helm, Müller-Kalthoff, Mukowski, & Möller, 2018).
The GI/E model could help teachers and parents understand how an
individual student who is achieving well in two languages can have a
relatively high ASC in one language and a relatively low ASC in the other
language. Similarly, the GI/E model can explain how interventions
aimed at enhancing students’ ASC in one language domain may not
transfer to their ASCs in other language domains. Thus, language ASCs
should be regarded as domain-specific and targeted through in
terventions that consider the complex interplay between achievement,
ASC, interest, and anxiety within and across various academic domains.
Furthermore, the finding that the functional GI/E model relations
generalize across students from different home language backgrounds
could facilitate the design of interventions aiming to improve students’
language-related ASCs, interests, and anxieties. Educationalists working
with students from different home language groups can assume that
similar functional mechanisms (i.e., dimensional comparisons) apply to
the formation of these students’ ASCs, interests, and anxieties. For
example, if a student from a monolingual (or multilingual) household is
performing well in one language, parents and teachers could improve
the student’s ASC in the other language by mitigating the potential
unwanted effects of dimensional comparisons. This could be achieved by
downplaying the differences between the languages (thereby influ
encing the student’s perceived similarity of the two languages), which,
in turn, might minimize contrast effects (Helm et al., 2016). In conclu
sion, our study highlights the generalizability of the GI/E model to
multiple domains, multiple outcomes, and across different student
groups, and offers directions for future research in this area.
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Möller, J., & Köller, O. (2001). Dimensional comparisons: An experimental approach to
the internal/external frame of reference model. Journal of Educational Psychology, 93
(4), 826–835. https://doi.org/10.1037/0022-0663.93.4.826
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Möller, J., Streblow, L., Pohlmann, B., & Köller, O. (2006). An extension to the internal/
external frame of reference model to two verbal and numerical domains. European
Journal of Psychology of Education, 21(4), 467–487. https://doi.org/10.1007/
BF03173515
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