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Abstract

In the wake of the international large-scale assessments of student achievement of the
past fifteen years, the German educational system has been found — despite a slightly reverse
trend in recent years — to exhibit a comparatively close association between students’ social
background and academic achievement. From a genuine psychological perspective, a perspec-
tive that focuses on processes within individual learners, it appears natural to ask which stu-
dent characteristics relevant for learning processes mediate the effects of socio-economic sta-
tus on student achievement. So, the present investigation aimed to complement the extant
knowledge base about social gradients in academic achievement by examining the relative
contributions of various psychological propensities to the mediation of effects of family so-
cio-economic status on student achievement in the context of a concrete teaching unit in for-
mal education.

For this purpose, the examinations utilized data collected in the initial cross-sectional
phase of a longitudinal research project on the development of classroom climate, science
instruction and students’ interest in science in the transition from elementary to secondary
education in Germany. In the cross-sectional phase 60 fourth- and 54 sixth-grade teachers had
been asked to provide their classrooms with a series of three 90-minute lessons on the topic of
evaporation and condensation. The corresponding student sample consisted of 1326 fourth-
and 1354 sixth-graders. Assessments conducted prior to the series of lessons offered the cog-
nitive propensities of students’ fluid ability and topic-specific prior knowledge as well as the
motivational propensities of students’ self-concept of ability in science and individual interest
in science as potential mediators of the relation between social background and post-
instructional science achievement. Students’ social background was operationalized in terms
of the International Socio-Economic Index of occupational status, which was coded on the
basis of parental reports on current occupation.

Tests and scales were calibrated according to psychometric models of the Rasch fami-
ly. To handle the problem of missing data, 50 imputed data sets were generated by means of
multiple imputation with chained equations. The imputation model included variables from
external sources (e.g., local unemployment rate). After computation of the social gradient in
post-instructional science achievement, mediation analyses were conducted first separately for
each potential mediator. These analyses took the multilevel nature of the data as well as mean
differences in dependent variables between grade levels or school types into consideration.
Furthermore, it was explored to what extent relations between family socio-economic status,

mediators and post-instructional science achievement were moderated by grade level or



school type. Eventually, the findings were summarized in a final multilevel path model con-
taining all relevant mediators.

The cognitive propensity of topic-specific prior knowledge was identified as the cen-
tral mediator of the relation between family socio-economic status and post-instructional sci-
ence achievement in the transition from elementary to secondary education. In addition to
prior knowledge, only students’ self-concept of ability in science appeared to mediate a very
small portion of the effect of socio-economic status on achievement in its own right. Howev-
er, there were two substantial moderations of the mediational pathways between social back-
ground and post-instructional achievement. On the one hand, a relevant association between
socio-economic status and self-concept of ability in science was observed exclusively for the
subsample of fourth-graders. Presumably, contextual changes that accompany the transition
from elementary to secondary education and influence students’ self-concept of ability — for
instance, the occurrence of the big-fish-little-pond effect — overlaid potential top-down effects
of family socio-economic status on self-concept of ability. On the other hand, the importance
of prior knowledge as a predictor of science achievement tended to be lower for students from
the negatively selective school type of Hauptschule than for students from the comprehensive
school type of Grundschule. This observation conforms to the conception that the relative
importance of prior knowledge as a precursor of academic achievement increases with stu-
dents’ absolute level of competence and the absolute complexity of the content to be acquired.

The paramount relevance of students’ topic-specific prior knowledge for the mediation
of effects of socio-economic status on post-instructional science achievement in the present
examinations accords with evidence pinpointing differential competence development outside
of formal schooling as the primary source of social disparities in academic achievement.
Moreover, the current analyses uncovered no systematic association between family socio-
economic status and individual interest in science, and thus no mediation of effects of social
background on post-instructional achievement via individual interest. This absence of social
inequalities in students’ individual interest in science points towards — at least for students in
late childhood and early adolescence — the potential of socially disadvantaged children’s emo-
tional eagerness to learn as a resource for the reduction of social disparities in academic

achievement.



Introduction

The association between family socio-economic status and students’ academic
achievement attracts attention from sociology, educational research, and psychology, with
each of these academic disciplines contributing their own genuine viewpoints to the investiga-
tion of the phenomenon (cf. Maaz, Baumert, & Trautwein, 2009). From a sociological per-
spective the influence of socio-economic status on student achievement and educational at-
tainment can be viewed as an important mechanism for the reproduction of social inequalities
over generations and thus for the stability of the social stratification of societies (Bourdieu,
1983). In educational research there is a special interest in the contribution of the outfit of
educational systems to the formation of social disparities in student achievement (Maaz,
Trautwein, Liidtke, & Baumert, 2008). Apparently, this interest is inspired by the perception
that the active reduction of social inequalities or at least the fair treatment of students from
differing social backgrounds is one of the core responsibilities of contemporary educational
systems. Finally, adopting a psychological point of view, family socio-economic status ap-
pears as a factor that influences the extent to which students can take advantage of learning
opportunities in school (Helmke, 2007). Refining this approach, it is possible to ask which
student characteristics directly relevant for learning processes mediate the effects of socio-
economic status on academic achievement (Baumert, Watermann, & Schiimer, 2003). Interna-
tional large-scale assessments have repeatedly demonstrated that the association between fam-
ily socio-economic status and student achievement is particularly large in Germany (e.g.,
Baumert, Stanat, & Watermann, 2006a; Marks, Cresswell, & Ainley, 2006). Therefore, the
German educational system appears especially suitable to investigate possible psychological
mediators of this association. From a practical point of view, the identification of such media-
tors might aid the design of learning environments that maximize achievement for all stu-

dents.

Theoretical Background
Conceptualizations of Socio-economic Status
Despite its omnipresence as a construct in educational research, socio-economic status
lacks a unified definition (Bornstein & Bradley, 2003). In very general terms, socio-economic
status describes the relative position of an individual or a group within a social hierarchy of
wealth, power and prestige (Mueller & Parcel, 1981; Sirin, 2005). Family socio-economic
status is usually assessed by parental income, parental education, or parental occupation, or a

composite of these features (e.g., Gottfried, 1985). Occasionally, the consideration of such



parental features is complemented by the assessment of the availability of certain household
items, like books, or computers (Baumert & Maaz, 2006; May, 2006; McLoyd, 1998). Natu-
rally, the aforementioned parental characteristics are not independent from each other, yet
plausibly contribute in different ways to the association between family socio-economic status
and students’ academic achievement (e.g., Hauser & Huang, 1997; Kim & Sherraden, 2011,
Yang & Gustafsson, 2004). For instance, it might be expected that parental education is spe-
cifically related to parental aspirations for their children’s educational success and to parental
capabilities to provide their offspring with advice on educational career choices, whereas pa-
rental income obviously bears more directly on the material resources available at home.
Sociological research has devised a variety of categorization schemes for an interna-
tionally comparable coding of socio-economic status, which all use information on current
occupational status. Based on the evaluation of ratings in approximately 60 countries, the
Standard International Occupational Prestige Scale (SIOPS) allows ranking individuals ac-
cording to the socially perceived prestige of their occupation (Treiman, 1977). Apart from
that, via integration of information on occupational status, self-employment, and supervisory
status, it is possible to group individuals into distinct social classes, commonly known as the
EPG classes (Erikson, Goldthorpe, & Portocarero, 1983). In contrast, the International Socio-
Economic Index of occupational status (ISEI) allows assigning individuals, based on their
current occupation, scores from a continuous scale. This continuous scale has been derived
from an optimal scaling procedure that maximized the relevance of occupation as an interven-
ing factor between education and income, thereby putting an emphasis on the financial aspect

of socio-economic status (Ganzeboom, de Graaf, Treiman, & de Leeuw, 1992).

The Association Between Socio-economic Status and Academic Achievement

Meta-analytic results indicate a moderate to strong relation between socio-economic
status and academic achievement (Sirin, 2005; White, 1982). Though this association figures
as a prominent feature of many contemporary educational systems, it appears to be especially
pronounced when strict ability tracking is practiced (Schnabel, Alfeld, Eccles, Koller, &
Baumert, 2002). Correspondingly, large-scale international assessments demonstrated that the
relation between socio-economic status and student achievement is, for various subjects and
age levels, comparatively large in Germany, despite a tendency for a slight attenuation of this
relation during the past fifteen years (e.g., Ehmke & Baumert, 2007; Ehmke & Jude, 2010;
Baumert et al., 2006a). For the domain of science, the most recent national assessments of

German fourth-graders revealed once more a comparatively strong association between socio-
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economic status and student achievement (Bonsen, Frey, & Bos, 2008; Stubbe, Tarelli, &
Wendt, 2012). Whether the impact of socio-economic status on academic achievement actual-
ly increases or decreases during the years of formal schooling is less clear than the sheer ex-
istence of that impact and probably depends upon a range of contextual factors. At least three
sets of arguments can be put forward in favor of growing social disparities in academic
achievement (Caro & Lehmann, 2009; Maaz et al., 2009).

First, it is possible to argue that the contemporary educational systems of western so-
cieties discriminate against children from families of low socio-economic status (Bourdieu &
Passeron, 1990). In this vain, it has been shown that teachers tend to hold low expectations for
the achievement of children from disadvantaged social backgrounds (Diamond, Randolph, &
Spillane, 2004; Helsper, Kramer, Hummrich, & Busse, 2009). These expectations may, in
turn, cause teachers to interact with students of low socio-economic status in less stimulating
ways than with students of middle or high socio-economic status, thereby acting as self-
fulfilling prophecies (McLoyd, 1998; Quay & Jarrett, 1986). With respect to the organization-
al frame provided by contemporary educational systems, it has to be noted that ability group-
ing and tracking tend to place children from families of low socio-economic status in learning
environments composed of students with low ability and children from families of high socio-
economic status in learning environments comprising students with high ability (Baumert,
Stanat, & Watermann, 2006b; Baumert, Trautwein & Artelt, 2003; Haller & Davis, 1981;
Oakes, 1985). Especially in Germany, where children are tracked into different school types
after elementary education, these grouping practices contribute to an amplification of the as-
sociation between family socio-economic status and student achievement in the course of
formal schooling (Becker, Liidtke, Trautwein, & Baumert, 2006; Maaz et al., 2008). Even
after controlling for individual ability, children from privileged family backgrounds are more
likely than their socially disadvantaged peers to become enrolled in the academic track of the
German educational system (Ehmke & Baumert, 2007; Lehmann, Peek, & GénsfuB3, 1997).
Those contributions to social inequalities in academic achievement not attributable justifiably
to social disparities in ability prior to tracking are commonly referred to as secondary effects
of social origin; in contrast to primary effects of social origin, which result legitimately from
social discrepancies in competence prior to ability grouping and appear, at first glance, not
necessarily unfair (Bos et al., 2004; Boudon, 1974; Maaz & Nagy, 2009; Maaz, Schroeder, &
Gresch, 2010). In summary, students of high socio-economic status tend to profit — in part
unduly — from placement in the academic track, the school type of Gymnasium, where they

enjoy a more favorable composition of the student body and more challenging learning oppor-
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tunities than children of low socio-economic status in other school types, most notably the
lowest track of secondary education, the school type of Hauptschule (Baumert et al., 2006b).

Second, socially underprivileged families’ and students’ reservations towards and dis-
illusionment with formal education might engender increasing social inequalities in academic
achievement in the course of schooling (Guo, 1998). Specifically, as they mature, students of
low socio-economic status might commence to realize that their choices and opportunities in
life are restricted by their family background. In consequence, they should experience a se-
vere loss of interest in academic activities. Of course, such motivational processes can be con-
strued as a complementary reaction to actual discrimination by educational systems but also
as a corollary of experiences of failure due to primary social disparities. In fact, secondary
effects of social origin on academic achievement result to a considerable portion from socially
disadvantaged parents’ and students’ decisions to refrain from pursuing advanced educational
qualifications (Boudon, 1974; Breen & Goldthorpe, 1997; Ditton & Kriisken, 2006;
Goldthorpe, 1996).

Third, differential competence development of students of low and high socio-
economic status in their respective home environments is apt to engender an intensification of
the relation between social background and academic achievement across the years of formal
schooling. In other words, the accumulation of primary effects of social origin is suitable to
progressively widen social discrepancies in academic achievement. In agreement with this
contention, it has been shown that disparities in achievement between children from socially
advantaged and disadvantaged homes widen particularly during summer breaks, while compe-
tence development during periods of schooling proceeds in a parallel fashion (Alexander,
Entwistle, & Olson, 2001, 2007; Becker, Stanat, Baumert, & Lehmann, 2008). So, in this per-
spective, teachers and schools do not act as promoters of social inequalities, but formal in-
struction actually counteracts adverse effects of disadvantaged home environments and dimin-
ishes differences in academic achievement between children from different social back-
grounds (Alexander et al., 2007; Downey, von Hippel, & Broh, 2004; cf. also Adey, 2007 for
similar considerations concerning the equalizing power of compulsory schooling with respect
to the development of intelligence).

Despite the aforementioned lines of reasoning in favor of a growth of social disparities
in academic achievement during formal education, the empirical evidence with regard to the
development of the strength of the association between social background and student
achievement is not unequivocal (Maaz et al., 2009). Recent meta-analytic research has found

a substantial intensification of the relation between socio-economic status and academic
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achievement from kindergarten to middle school (Sirin, 2005), in contrast to a preceding me-
ta-analysis revealing a diminishment of the social gradient in academic achievement with stu-
dents’ grade level (White, 1982). Likewise, studies of the German educational system have
yielded evidence in favor of a widening of social gaps in academic achievement (Baumert,
Nagy, & Lehmann, 2012), of stable social disparities in achievement (Baumert, Koller, &
Schnabel, 2000; Ehmke, Hohensee, Siegle, & Prenzel, 2006) as well as of decreasing social
inequalities in academic achievement (Caro & Lehmann, 2009).

In summary, the association between family socio-economic status and student
achievement constitutes a ubiquitous phenomenon (Sirin, 2005). A number of theoretical con-
siderations as well as meta-analytic results point in unison towards an increase of this associa-
tion in the course of formal schooling (Caro & Lehmann, 2009; Maaz et al., 2009; Sirin,
2005). In case of the German educational system, the growth of social inequalities appears to
be especially spurred by selective allocation of children with varying social backgrounds to
different school types in secondary education and subsequent differential development of stu-
dent achievement between those school types (Baumert et al., 2006b; Maaz et al., 2008;
Marks et al., 2006; Trautwein, Koéller, Schmitz, & Baumert, 2002; van Ophuysen & Wendt,
2009).

The Concepts of Cultural and Social Capital

In order to explain the association between family socio-economic status and student
achievement with improved precision the rather static family characteristics of parental in-
come, education, and occupation, have to be supplemented with conceptualizations of family
processes that model the transformations relevant for the relation of socio-economic status
and achievement (Parcel, Dufur, & Zito, 2010). In this respect, the concepts of cultural and
social capital are of particular prominence (Coleman, 1988; Marks et al., 2006; Portes, 1998;
Yang & Gustafsson, 2004). These concepts have developed as extensions of the classical con-
cept of financial capital (Bourdieu, 1983). Generally, the concepts of cultural and social capi-
tal denote all cultural and social resources that are apt to increase the behavioral options of
individuals and thereby have the potential to foster the socio-economic status of these indi-
viduals. In particular, cultural capital encompasses human capital, the possession and use of
specific culturally relevant items as well as the successful operation with the symbolic repre-
sentations of the mainstream culture. The notion of social capital refers to social relationships,
like mutual obligations, expectations, and trust, which can be utilized to generate socio-

economic status. The different forms of capital can be converted into each other. So, parents
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can invest their financial capital in the acquisition of cultural resources, e.g. books, for their
home. Their children, in turn, can utilize such cultural resources at home to generate educa-
tional success and attain advanced qualifications. Eventually, these qualifications — as a form
of human capital — can be transformed into financial capital again by exercising well-paid
occupations. In this way, access to and transformations of financial, cultural, and social capi-
tal contribute to the hierarchical stratification of societies (Portes, 1998).

Field research in the context of international large-scale assessments has demonstrated
that the access to cultural capital is related to both family socio-economic status and student
achievement (e.g., Ehmke, 2008). Specifically, cultural and social resources of families partly
mediate the effects of socio-economic status on student achievement (Baumert et al., 2003;
Jungbauer-Gans, 2004, 2006; Maaz & Watermann, 2007). In addition, there is evidence that
cultural capital outstrips social capital in terms of its relevance as a mediator of the relation
between socio-economic status and academic achievement, with mechanisms associated with
cultural capital encompassing students’ participation in the legitimate culture as well as par-
ents’ deliberate and ambitious support of their offspring’s education in the sense of concerted

cultivation (Cheadle, 2009; Jaeger, 2011; Lareau, 2003; Marks et al., 2006).

Individual Propensities for Achievement as Mediators of Effects of Socio-economic Status

Conceptualizations of family processes involving the notions of cultural and social
capital are well suited to explain the differential participation of social classes in formal edu-
cation or the acquisition of competencies outside of school settings (Breen & Goldthorpe,
1997; Marks et al., 2006; Winne & Nesbit, 2010). However, models of family processes are
less apt to account for disparate academic achievement of children of low and high socio-
economic status in given formal learning environments. In order to elucidate the contribution
of social background to achievement in specific instructional situations, it is necessary to take
individual student characteristics relevant for learning into consideration.

Following this rationale, analyses of German 15-year-olds’ reading competency have
revealed that psychological characteristics of students significantly explain variance in
achievement beyond institutional factors, i.e. the school type under investigation, and family
processes (Baumert et al., 2003). Notably, the additional inclusion of psychological character-
istics as predictors of achievement in a procedure of stepwise hierarchical regression dimin-
ished the effects of family socio-economic status thereby producing evidence for a partial
mediation of the influence of social background on academic achievement by those character-

istics. The individual student characteristics under consideration encompassed basic cognitive
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ability, decoding capacity as a proxy for prior knowledge, interest in reading, and metacogni-
tive learning strategies.

Similarly, in case of the domains of math and science, it has been suggested to distin-
guish between opportunity factors, propensity factors and distal factors as predictors of
achievement (Byrnes & Miller, 2007). Within this taxonomy, opportunity factors are defined
as factors that relate to the confrontation of students with content to be learned, for instance
the participation in specific courses or specific teacher behaviors. Propensity factors are de-
scribed as factors that are concerned with the capacity and willingness of students to learn
specific content once confronted with it. Accordingly, students’ fluid intelligence and interest
in a given domain qualify as examples of propensity factors. Distal factors, finally, are seen as
factors that enable and explain the occurrence of opportunities and the development of pro-
pensities. Thus, family socio-economic status and parental expectations can be viewed as in-
stances of distal factors. Using data from the National Education Longitudinal Study of 1988
(NELS:88), this general framework has been tested empirically with regard to the math and
science achievement of students in the United States. In agreement with the aforementioned
results for reading achievement in Germany, it has been found that propensities, specifically
students’ prior knowledge, mediated effects of socio-economic status on subsequent math and
science achievement.

Apparently, students’ psychological characteristics or propensities for learning co-vary
with students’ socio-economic background, and, in consequence, possibly mediate influences
of socio-economic status on academic achievement. From an applied point view, it appears far
more manageable and feasible for teachers to adapt instructional practices to the cognitive and
motivational capacities of socially underprivileged students than to influence the living condi-
tions and internal processes of their families. As will be shown in detail in the following con-
siderations, in the cognitive realm both fluid intelligence and prior knowledge are promising
candidates for a mediating role between social background and achievement, whereas in the
motivational arena self-concept of ability and academic interest are potentially of relevance as
mediators for the connection of socio-economic status to student achievement.

As students traverse the years of schooling, their general mental ability, their academic
achievement, their self-concept of ability and their interest in academic learning undergo
characteristic developmental changes. In the past much research has been devoted to the de-
lineation of group-average alterations in these variables during the course of formal education.
For instance, students’ fluid ability increases from early childhood to early adulthood (Cattel,

1987; Rindermann, 2011), whereas their academic interest displays a substantial decline dur-
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ing the same period (Frenzel, Goetz, Pekrun, & Watt, 2010; Krapp, 1998). However, for the
investigation of the mediation of effects of socio-economic status on academic achievement
by cognitive and motivational propensities it is not the absolute value of these variables but
the strength of the associations between these variables that is of primary relevance for the
analyses.

Furthermore, in case of the German educational system, the development of the rela-
tion between socio-economic status and academic achievement as well as the development of
its mediation by students’ cognitive and motivational propensities must be viewed against a
background of a comparatively early transition from elementary to secondary education, regu-
larly after fourth grade (LeTendre, Hofer, & Shimizu, 2003). This transition from comprehen-
sive elementary education to secondary education is inextricably intertwined with clearly vis-
ible tracking of students into separate school types (Maaz et al., 2008; Pietsch & Stubbe,
2007). Within the taxonomy of school types in German secondary education, the school types
of Hauptschule and Gymnasium form, respectively, the negative and positive endpoints of a
continuum of learning environments with favorable compositional and institutional features
(Baumert et al., 2006b). On the one hand, with respect to the formation of academic achieve-
ment and mental ability, the school types of secondary education represent differential learn-
ing environments, with the school type of Hauptschule producing the smallest progress and
the school type of Gymnasium spawning the largest growth (Becker, Liidtke, Trautwein,
Koller, & Baumert, 2012; van Ophuysen & Wendt, 2009). On the other hand, with regard to
the development of self-concept and academic interests, the school type of Hauptschule, in
contrast to the school type of Gymnasium, might function as a protective niche for low-

achieving students (Baumert et al., 2006b).

Intelligence

The concept of intelligence figures as one of the most prominent constructs of scien-
tific psychology, bearing relevance for almost all its sub-disciplines; interindividual differ-
ences in intelligence predict a wide range of life outcomes from such diverse areas as health,
education, and occupational success (e.g., Gale, Batty, Tynelius, Deary, & Rasmussen, 2010;
Kuncel, Hezlett, & Ones, 2004; O’Toole & Stankov 1992; Schmidt, 2002; Strenze, 2007; see
Deary, 2012, for a recent review). In agreement with its outstanding role, the concept of intel-
ligence has a long and complex history in scientific psychology, in which definitions and the-
ories of the structure of intelligence abound (Cianciolo & Sternberg, 2004; Hunt, 2011; Jen-

sen, 1998). Notably, this history is intimately intertwined with the invention, development,
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and refinement of techniques of factor analysis (Bartholomew, 2004).

Contemporary scholars in the psychometric tradition of intelligence research agree that
general intelligence is best captured in terms of the general factor, coined the g-factor, that
can be extracted from a diverse collection of mental tests by means of hierarchical factor
analysis (e.g., Carroll, 1993; Deary, 2012; Jensen, 1998, 2002; see Sternberg & Grigorenko,
2002, for a discussion on the utility of the concept of g-factor). In particular, a three-layered
structure has been found in such analyses. At the bottom of the hierarchy lie first-order factors
representing variance at the level of specific tests. These are superseded by second-order fac-
tors pertaining to broad domains of cognitive functioning (e.g., verbal or numerical ability).
At the top of the hierarchy resides the g-factor of general intelligence. Despite vast agreement
on the framework of a three-layered structure with the g-factor at its top, there is a persisting
debate concerning the precise number and nature of second-order factors (Carroll, 1993;
Deary, 2012). Moreover, it is noteworthy that mental tests differ considerably with regard to
their loadings on the g-factor. For instance, tests calling for decontextualized reasoning — such
as Raven’s Progressive Matrices (Raven, Raven, & Court, 1998) or the Culture Fair Intelli-
gence Test (Cattell, 1957) — typically are found to possess extraordinarily high loadings on the
g-factor, whereas tests drawing on domain-specific knowledge, e.g. word knowledge, com-
monly display moderate loadings on the g-factor. However, it is evident that the definition of
intelligence in terms of the g-factor is first and foremost a psychometric definition, i.e. a defi-
nition that consists of loadings on first-order factors, second-order factors and the general
factor. Thus, a person’s general mental ability in terms of the g-factor is neither identical to
that person’s score on a specific test with a high loading on the g-factor nor to that person’s
conventional intelligence quotient derived from a specific test battery. Furthermore, it is obvi-
ous that verbal descriptions of the concept of intelligence are secondary to its definition. They
represent merely attempts to summarize concisely the complex fabric of a hierarchical factor
analysis identifying the g-factor (Blair, 2006; Jensen, 1998; see Nisbett et al., 2012, for a de-
emphasis of the concept of the g-factor).

Apart from its investigation as an outcome of formal schooling (Becker et al., 2012;
Ceci, 1991), intelligence has received attention in educational research primarily as a prereq-
uisite for efficient learning and as a proxy for prior knowledge (e.g., Hasselhorn & Grube,
1997; Opdenakker & van Damme, 2001). However, educational researchers tend to assess
intelligence rather unsophisticatedly, referring to scores of any established test battery or of
highly g-loaded subtests of test batteries as intelligence instead of measuring the g-factor of

general intelligence by means of a maximally large and diverse set of mental tests (e.g., Beck-
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er et al., 2012; Jensen & Weng, 1994; Nisbett et al., 2012). In face of this, the renowned dis-
tinction between fluid intelligence and crystallized intelligence has been invoked to reconcile
the principle of a g-factor at the apex of a hierarchically structured intelligence construct with
the common practice of assessing intelligence by narrow but highly g-loaded tests (Baumert,
Liidtke, Trautwein, & Brunner, 2009; Blair, 2006; Brunner, 2008; Brunner & Kraus, 2010;
Brunner, Kraus, & Kunter, 2008; Cattell, 1987). Fluid intelligence can be thought of as the
knowledge-independent capacity to process information for problem solving and reasoning.
Thus, it can be considered raw mental horse power or pure mental fitness. Accordingly, the
development of fluid ability is claimed to be determined primarily by biological factors. On
the contrary, the concept of crystallized intelligence captures cognitive functioning that relies
on the retrieval of stored knowledge from long-term memory. Therefore, the formation of
crystallized intelligence is thought to depend on experience, acculturation and formal educa-
tion (Blair, 2006; Brunner, 2008; Cattell, 1987; Horn & Noll, 1997). Moreover, there is a uni-
directional relation between the two forms of intelligence. The investment of fluid ability in
learning opportunities spawns the generation of crystallized intelligence (Cattel, 1987; Kvist
& Gustafsson, 2008; see Christensen, Batterham, & Mackinnon, 2013 for contradicting find-
ings). This relation is accompanied by characteristic developmental trajectories for the two
forms of intelligence across the life span. Fluid ability rises from birth onwards and declines
after a peak in early adulthood. Naturally, crystallized intelligence also increases during
childhood and adolescence. In addition, it has the potential to continue its growth beyond ear-
ly adulthood (Cattell, 1987; McArdle, Ferrer-Caja, Hamagami, & Woodcock, 2002).

Intelligence and achievement. Considering that the first intelligence tests were devised
as tests for school aptitude (Simon & Binet, 1904), intelligence appears as a natural predictor
of student achievement. With respect to the thousands of studies documenting the association
between intelligence and student achievement, this association can be considered an unques-
tionable fact (Deary, 2012; Deary, Strand, Smith, & Fernandes, 2007; Jensen, 1998). In gen-
eral, mental ability enables individuals to acquire new concepts, deduce relations between
concepts, and solve unfamiliar problems. These processes form a fundamental part of learning
processes in school.

Though general intelligence in terms of the g-factor traditionally has been seen as the
best single predictor of academic achievement (Glutting, Watkins, & Youngstrom, 2003;
Gottfredson, 2002; Neisser et al., 1996; Rohde & Thompson, 2007), intelligence researchers
have begun to construe more fine-grained models of the relation between intelligence and

student achievement, focusing on the specific importance as well as on the interplay of broad
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cognitive abilities such as reasoning, mental speed or short-term memory — in the psychomet-
ric tradition of intelligence research these are conventionally located side by side at the level
of second-order factors — in the prediction of academic achievement. Overcoming a purely
factor-analytic approach to the conceptualization of intelligence, the distinction of basic, i.e.
relying primarily on automatic mechanisms, and complex, i.e. involving conscious multiple
manipulations of information, cognitive abilities has enabled the formulation of causal hy-
potheses with regard to the interrelations of second-order cognitive abilities in the vein of
information-processing models of cognitive functioning (Vock, Preckel, & Holling, 2011). In
particular, it has been assumed that basic cognitive abilities, such as mental speed and short-
term memory, represent constraining factors for the execution of complex, higher-order forms
of cognitive functioning, such as reasoning or divergent thinking (Campione & Brown, 1978;
Deary, 1995; Floyd, 2005; Neubauer, 1997). Accordingly, it has been shown for German sec-
ondary school students that the effects of the basic cognitive abilities of mental speed and
short-term memory on student achievement are mediated, at least partly, by higher-order cog-
nitive processes (Rindermann & Neubauer, 2004; Vock et al., 2011). In this context, the com-
plex cognitive ability of reasoning, which can be equated roughly with the concept of fluid
ability, has been found to be a specifically strong predictor of achievement (Freund &
Holling, 2008; Rindermann & Neubauer, 2004; Vock et al., 2011). These results are comple-
mented by the finding that the relevance of the basic cognitive ability of mental speed for ac-
ademic achievement tends to decrease with students’ age (Floyd, Keith, Taub, & McGrew,
2007; Taub, Floyd, Keith, & McGrew, 2008).

The association of the g-factor of intelligence in general and fluid ability in particular
with academic achievement varies systematically with the academic subject under considera-
tion: The relation is specifically pronounced for abstract subjects, in which the cumulative
acquisition of domain-specific knowledge is based on sequences of hierarchically ordered
concepts (cf. Colom & Flores-Mendoza, 2007). Accordingly, correlations of intelligence and
fluid ability with math and science achievement have been found to be comparatively large, as
opposed, for instance, to correlations between intelligence or fluid ability and achievement in
the social sciences (e.g., Deary et al., 2007; Rindermann & Neubauer, 2004; Vock et al.,
2011). In the same vein, it has been shown that math achievement in elementary school is
closely related to fluid ability whereas early reading achievement is specifically associated
with crystallized forms of intelligence, such as word knowledge (Floyd et al., 2007; Taub et
al., 2008).

When viewed under a developmental perspective, the association between intelligence
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and academic achievement reveals a tendency to attenuate in the course of formal schooling;
the relation is strongest in elementary school and weakens with each subsequent step in the
hierarchy of educational attainment (e.g., Baumert et al., 2009; Jensen, 1980). In agreement
with this general trend, a longitudinal study of German elementary school students has
demonstrated that the relative importance of intelligence as a predictor of achievement de-
creases from second to fourth grade while the relevance of domain-specific prior knowledge
for the prediction of achievement increases simultaneously (Helmke & Weinert, 1997,
Weinert & Helmke, 1995). Educational researchers and intelligence researchers have contrib-
uted differing viewpoints to the explanation of the phenomenon of the attenuation of the rela-
tion between intelligence and achievement. In particular, educational researchers have fo-
cused on the role of the familiarity and specificity of the material to be mastered. When con-
tent to be learned is unfamiliar, as is the case for all school subjects at the beginning of formal
education, general intelligence is a powerful predictor of knowledge acquisition. However, as
soon as some relevant domain-specific prior knowledge has been accumulated, it starts to
outstrip intelligence with respect to its importance for the prediction of academic achieve-
ment. Eventually, in upper secondary and tertiary education, when content to be learned is
highly specific and builds upon extended prior knowledge, the relevance of intelligence for
the prediction of achievement is comparatively small. Accordingly, the differential provision
of learning opportunities contributes to the dilution of the relation between intelligence and
achievement (Baumert et al., 2009). This line of reasoning agrees with the finding that
measures of achievement aggregated over a range of academic subjects tend to display larger
associations with intelligence than measures of achievement restricted to specific academic
subjects (e.g., Colom & Flores-Mendoza, 2007; Deary et al., 2007). Nonetheless, intelligence
researchers have stressed the impact of restrictions of variance in general mental ability on the
association between intelligence and academic achievement. On the one hand, students with
low intelligence are more likely than their peers to drop out early from the system of formal
education. On the other hand, practices of tracking, prevalent in secondary education, con-
strain the variance of mental ability in specific learning groups, thereby naturally reducing the
association between intelligence and achievement within those groups (e.g., Jensen, 1980,
1998). In fact, the reduction of the importance of intelligence for academic outcomes due to
the formation of homogeneous learning groups might actually be considered a pedagogical
intention of ability grouping.

Intelligence and socio-economic status. It has been estimated that family socio-

economic status accounts for approximately 20% of the variation in children’s intelligence

20



(e.g., Gottfried, Gottfried, Bathurst, Guerin, & Parramore, 2003). As the development of intel-
ligence is shaped by genetic and environmental factors (Plomin & Spinath, 2004; Nisbett et
al., 2012), it is possible to identify two pathways that plausibly relate family socio-economic
status to children’s general mental ability. On the one hand, there is a non-causal pathway that
contains parental intelligence as the common source of both family socio-economic status and
children’s intelligence. On the other hand, there is a causal pathway that features family so-
cio-economic status as the cause of specific home environments and childhood experiences
that, in turn, influence the development of children’s general mental ability (e.g., Colom &
Flores-Mendoza, 2007; Loehlin, 2000). In a broader theoretical perspective, these two path-
ways represent instantiations of the approaches of social selection and social causation to the
phenomenon of the association between socio-economic status and mental ability. According
to the approach of social selection, intelligence, largely genetically predefined, determines
where individuals settle within the occupational hierarchy. On the opposite, according to the
approach of social causation, early socio-economic status restricts the subsequent develop-
ment of intelligence (cf. Farah & Hackman, 2012).

The assumption of a non-causal relation between family socio-economic status and
child intelligence rests on two findings. First, parental intelligence exerts a strong influence on
parental educational attainment and occupational success, and thus on family socio-economic
status (Gottfredson, 2003; Strenze, 2007). Second, intelligence is heritable, i.e. parental intel-
ligence determines a large portion of children’s intelligence genetically (Plomin & Spinath,
2004). In particular, the average intelligence of persons employed in a given occupation in-
creases with the complexity of and the qualifications needed for that occupation, whereas the
variance of intelligence of persons active in a given job shrinks according to the complexity of
and the qualifications required for that job. Apparently, general intelligence has a threshold
function with regard to the attainment of specific positions in the occupational hierarchy, with
the most complex — and best paid — jobs requiring the highest minimum intelligence
(Cronbach, 1960; Gottfredson, 2003). Moreover, general mental ability has been shown to
predict such diverse criteria of occupational success as vocational training success, job per-
formance, career success and income (e.g., Morgeson, Campion, Dipboye, Hollenbeck, Mur-
phy, & Schmitt, 2007; Hiilsheger, Maier, & Stumpp, 2007; Kramer, 2009; Ng, Eby, Sorensen,
& Feldman, 2005).

The construct of intelligence certainly features as the best researched human trait in
behavioral genetics (Plomin & Spinath, 2004). Overall, heritability has been estimated to ac-

count at least for half of the variance of individual differences in intelligence (Bouchard &
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McGue, 1981; Chipuer, Rovine, & Plomin, 1990; Devlin, Daniels, & Roeder, 1997; Plomin,
DeFries, McClearn, & McGuffin, 2001). In a developmental perspective, the heritability of
general intelligence in terms of the g-factor has been found to change drastically across the
life span (Plomin & Spinath, 2004): It is lowest in infancy, accounting for approximately 20%
of the variance in intelligence, increases in middle childhood, explaining 40% of the variance
in intelligence, and reaches its peak in adulthood, where it may account for as much as 80% of
the variance in general mental ability (Davis, Haworth, & Plomin, 2009; McGue, Bouchard,
lacono, & Lykken, 1993; Plomin, 1986; Spinath, Ronald, Harlaar, Price, & Plomin, 2003).
This, at first glance counterintuitive, developmental trend is hypothesized to result from a
general tendency to seek and create environments that fit and foster the individual genetic
potential, a gene-environment interaction (Plomin & DeFries, 1985). In addition to this,
shared environmental influences appear to be relevant for intelligence in childhood, but not
for intelligence after adolescence (McGue et al., 1993; Plomin & Spinath, 2004). In this con-
text, findings with regard to a possible gene-environment interaction concerning the heritabil-
ity of intelligence across the hierarchy of socio-economic status are inconsistent (Asbury,
Wachs, & Plomin, 2005; Grant et al., 2010; Hanscombe, Trzaskowski, Haworth, Davis, Dale,
& Plomin, 2012; Nisbett et al., 2012; Scarr, 1981).

Home environments of families of low socio-economic status constitute a syndrome of
risk factors for children’s health, cognitive maturation, socio-emotional development and aca-
demic outcomes (Bradley & Corwyn, 2002; Evans, 2004; McLoyd, 1998). Among the corre-
lates of poverty, processes related to early health and nutrition, stressful living conditions and
lack of cognitive stimulation appear as particularly relevant for the growth of general mental
ability (Bradley & Corwyn, 2002; Farah & Hackman, 2012). Infants born by mothers of low
socio-economic status are more likely than children from non-disadvantaged families to suffer
from certain deficiencies, such as low birth weight or being small for gestational age
(Nepomnyaschy, 2009). In this context, the fact that smoking and drinking during pregnancy
— with the fetal alcohol syndrome as its most severe consequence — occurs comparatively of-
ten for women of low socio-economic status appears particularly relevant for prenatal cogni-
tive development (May & Gossage, 2001; Paarlberg, Vingerhoets, Passchier, Heinen, Dekker,
& van Geijn, 1999; Rahu, Rahu, Pullmann, & Allik, 2010). Disparities between children of
low and high socio-economic status are also prevalent in the field of nutrition. As, relative to
the calories contained, fresh food is more expensive than pre-fabricated food (Drewnowski &
Specter, 2004), and mothers of low socio-economic status often lack the knowledge to cook

meals from fresh ingredients (Northstone & Emmett, 2005), children from families of low
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socio-economic status consume a comparatively high number of fast food meals; in turn, this
is correlated with decelerated cognitive development (von Stumm, 2012).

Furthermore, children of low socio-economic status, especially children living in deep
poverty, have to face various physical and psychological stressors in their home environments
(Conger et al., 1993; Evans & English, 2002; Evans, 2004; Linver, Brooks-Gunn, & Kohen,
2002; McLoyd, 1998; Turner & Avison, 2003). Socially disadvantaged families tend to live
closer to heavily trafficked streets, industrial facilities and waste dumps than non-poor fami-
lies (Bullard & Wright, 1993; Evans, 2004; Massey, 1994). Thus, children from adverse so-
cial backgrounds are chronically exposed to various toxins and forms of pollution (Evans,
2004). For instance, children of low socio-economic status display higher blood concentra-
tions of lead than children of high socio-economic status (Brody et al., 1994; McLoyd, 1998).
Likewise, children of low socio-economic status tend to suffer from chronic exposure to noise
hampering healthy cognitive development (Evans, 2001; Haines, Stansfeld, Head, & Job,
2002). Moreover, they inhabit crowded homes (Evans, 2004; Myers, Baer, & Choi, 1996).
This is often accompanied by the absence of clearly designated play spaces within their
homes as well as by a lack of access to parks and nature (Newson & Newson, 1976; Sherman,
1994). Under a psychological perspective, socially disadvantaged children are at risk to expe-
rience stressful life events (Dubow, Tisak, Causey, Hryshko, & Reid, 1991; Liaw & Brooks-
Gunn, 1994). Apart from that, the adverse living conditions of families of low socio-economic
status exert decisive indirect influences on children’s development (McLoyd, 1998): Socio-
economic strain and tension is apt to cause parental dysphoria and depression (McLoyd,
1990). This, in turn, negatively affects parenting behavior, with children of low socio-
economic status experiencing harsher, more punitive and more inconsistent parenting than
middle- or upper-class children (Duncan, Brooks-Gunn, & Klebanov, 1994; Elder, 1974).
Additionally, the dysphoric parents of socially disadvantaged families tend to lack respon-
siveness to their children’s needs (Magnusson & Duncan, 2002; McLoed & Shanahan, 1993).
In very general terms, the psychological home environments of children of low socio-
economic status are characterized by a relative deprivation of warmth, stability, routines and
structure (Brody & Flor, 1997; Dodge, Pettit, & Bates, 1994; Evans, 2004; Jensen, James,
Boyce, & Hartnett, 1983).

Last but not least, children growing up in poverty receive less cognitive stimulation at
home than their more affluent peers (Bradley & Corwyn, 2002; Evans, 2004; McLoyd, 1998).
Particularly, children of low socio-economic status own comparatively few books or no books

at all (Newson & Newson, 1977; Sherman, 1994). In fact, self-reports on the quantity of
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books in a given household serve as a proxy variable for family socio-economic status in
large-scale assessments of student achievement (e.g., Baumert & Maaz, 2006). In general, the
home environments of socially disadvantaged children appear to be relatively impoverished
with respect to the availability of age-appropriate learning resources such as toys teaching
shape, color and size (Duncan et al., 1994; Smith, Brooks-Gunn, & Klebanov, 1997). Not
surprisingly, parents in families of low socio-economic status spend less time reading to their
children than parents in families of high socio-economic status (Coley, 2002). Similarly,
amount and quality of parental speech towards children varies with socio-economic status,
socially disadvantaged parents talking less but in a more directive fashion with their children
(Hart & Risley, 1995; Hoff, Laursen, & Tardiff, 2002). This accords with the classical notion
that parents’ experiences at the work place determine their parenting style and thus the provi-
sion of cognitive stimulation at home (Kohn & Schooler, 1982; Parcel & Menaghan, 1990)
Naturally, the outlined disparities in cognitive stimulation are prone to engender social differ-
ences in cognitive development as demonstrated by longitudinal studies showing the negative
influences of within-family decreases in socio-economic status on the children’s home envi-
ronments and general mental ability (Dubow & Ippolito, 1994; Garrett, Ng’andu, & Ferron,
1994).

Recently, researchers have begun to delineate the traces that socio-economic status
leaves in the developing human brain (Farah & Hackman, 2012). For instance, low family
socio-economic status has been found to adversely affect the size of the hippocampus, a brain
region susceptible to stress and relevant for memory processes (Noble, Houston, Kan, &
Sowell, 2012). In the light of such findings, obviously, socially disadvantaged children’s early
health status and nutrition as well as the aforementioned physical and psychological stressors
have the potential to impact the maturation of the brain and thereby the development of gen-
eral mental ability.

Summary. In intelligence research, general intelligence is commonly defined as the g-
factor at the top of a three-layered hierarchal factor analysis of a diverse array of mental tests
(Deary, 2012). The idea of an abstract reasoning capacity, of raw mental horse power, as a
prerequisite for learning is captured well by the concept of fluid intelligence, which is identi-
fied by some researchers as a second-order factor (Carroll, 1993; Cattell, 1987). However,
despite high g-loadings of tests of fluid ability, the concepts of fluid ability or decontextual-
ized reasoning capacity should not be equated precipitately with the g-factor of intelligence
(Jensen, 1998; but see Brunner, 2008, for a different position).

Almost by definition, intelligence appears as a natural precursor of student learning. In
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this context, fluid ability has been shown to be a particularly powerful predictor of academic
achievement (Freund & Holling, 2008; Rindermann & Neubauer, 2004; Vock et al., 2011).
Moreover, the predictive power of intelligence and fluid ability for achievement is moderated
by the domain under consideration. It tends to be specifically strong for hierarchically and
logically structured domains, i.e. the association of intelligence and fluid ability with
achievement is closer for math and science than for languages and social sciences (Colom &
Flores-Mendoza, 2007; Deary et al., 2007; Rindermann & Neubauer, 2004). Apart from that,
the relation between mental ability and academic achievement underlies a specific develop-
mental trend: It declines across the years of formal schooling (e.g., Baumert et al., 2009;
Weinert & Helmke, 1998). This decline is accompanied by a rise of the importance of do-
main-specific prior knowledge as a predictor of academic achievement. Thus, the attrition of
the relation between intelligence and achievement has been attributed to the accumulation of
effects of the differential provision and utilization of learning opportunities during the course
of schooling (Baumert et al., 2009). Alternatively, the reduction of the association between
intelligence and academic achievement has been explained by restrictions of variance in intel-
ligence in higher grades, either due to dropout of low-ability students or due to practices of
ability grouping (Jensen, 1980, 1998).

Both non-causal and causal influences can be suspected to contribute to the relation
between family socio-economic status and children’s intelligence. To a large degree, parental
intelligence determines family socio-economic status (Gottfredson, 2003; Strenze, 2007).
Moreover, intelligence is highly heritable (Plomin & Spinath, 2004). Thus, children of low
and high socio-economic status might simply inherit their parents’ intelligence. With respect
to a causal contribution to the association between social background and children’s intelli-
gence, it has to be noted that family socio-economic status restricts poor children’s home en-
vironments and living conditions (Bradley & Corwyn, 2002; Evans, 2004; McLoyd, 1998).
Specifically, impoverished health and nutrition (Nepomnyaschy, 2009; von Stumm, 2012),
environmental stressors such as pollution and noise (Brody et al., 1994; Evans, 2001) and a
lack of cognitive stimulation at home (McLoyd, 1998; Sherman, 1994) appear as causes for
the relation between socio-economic status and children’s intelligence. Under the assumption
that the negative effects of impoverished home environments and living conditions accumu-
late over time, it is plausible that the association between socio-economic status and chil-
dren’s general mental ability intensifies with students’ age. The increase in heritability of in-

telligence across the life span points into the same direction (Davis et al., 2009).
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Prior Knowledge

In educational psychology, prior knowledge figures as the central precursor of suc-
cessful learning (e.g., Alexander, Kulikowich, & Jetton, 1994; Ausubel, 1968; Dochy, Segers,
& Buehl, 1999; Krause & Stark, 2006; Murphy & Alexander, 2002). As a result of its general
importance and its usage in a wide range of contexts, the provision of a comprehensive defini-
tion of the construct of prior knowledge is more complex than it may seem at first glance. The
numerous terms used in the literature under the umbrella of prior knowledge — ranging from
archival memory to personal knowledge — are testament to this fact (Dochy & Alexander,
1995; Dochy et al., 1999). Certainly, to be identified as prior knowledge, a particular piece of
information has to be stored in the knowledge base of a learner and has to be available before
the start of a given learning task (Dochy, 1994; Dochy et al., 1999). In order capture the vari-
ous manifestations of prior knowledge, it has been suggested to resort to a number of key di-
mensions for the description of its forms of appearances (Dochy & Alexander, 1995; Krause
& Stark, 2006).

In accordance with the conventions of cognitive science, prior knowledge can exist as
declarative knowledge, procedural knowledge or conditional knowledge. The realm of declar-
ative knowledge covers the knowledge of facts, symbols and concepts of a particular field, i.e.
it is concerned with knowing that (Ryle, 1949). The area of procedural knowledge includes
knowledge about actions, manipulations and procedures, i.e. it pertains to knowing how
(Ryle, 1949), whereas the section of conditional knowledge comprises the knowledge about
suitable occasions for the application of specific knowledge, i.e. the knowing when and where
(Paris, Lipson, & Wixson, 1983). In addition, it is possible to characterize instantiations of
prior knowledge according to the degree of their accessibility; explicit prior knowledge is the
object of conscious processing, while tacit prior knowledge resides outside conscious aware-
ness. Furthermore, it has been suggested to contrast conceptual prior knowledge with meta-
cognitive prior knowledge (Dochy & Alexander, 1995). The former is concisely described as
enclosing the knowledge of ideas and concepts. Here, by now classical findings on the do-
main specificity of learning, thinking and problem solving advocate to distinguish between
domain-transcending, domain-specific and topic-specific prior knowledge (Alexander, 1992;
Alexander, Schallert, & Hare, 1991; Chi, Glaser, & Rees, 1982; Dochy & Alexander, 1995;
Glaser, 1984; Krause & Stark, 2006; Murphy & Alexander, 2002). On the contrary, metacog-
nitive prior knowledge entails individuals’ knowledge about their own cognition and capaci-
ties to regulate that cognition (Garner, 1987). Apart from that, prior knowledge can vary with

respect to its size and integration, with greater and more integrated prior knowledge enabling
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more successful learning, and thus possibly engendering Matthew effects in knowledge acqui-
sition (Stanovich, 1986; Walberg & Tsai, 1983). Last but not least, prior knowledge can be
judged according to its agreement with the accepted state of knowledge in a given field of
study, i.e. it can be categorized as false or correct. This aspect bears particular relevance for
the field of science education, where it emerges in the form of learners’ misconceptions about
natural phenomena and scientific models (Duit, 1999).

In the domain of science the development of conceptual knowledge is conventionally
characterized as conceptual change (diSessa, 2006; Duit & Treagust, 2003; Posner, Strike,
Hewson, & Gertzog, 1982; Vosniadou, loannides, Dimitrakopoulou, & Papademetriou, 2001).
Naturally, in the absence of formal science instruction, even very young children start to form
conceptions about and explanations for the physical and biological phenomena they encounter
in their daily lives (e.g., Driver, 1989; Vosniadou & Brewer, 1992). In many instances these
naive conceptions do not conform to scientifically acceptable explanations, which have to be
propagated in formal science instruction. Thus, for the area of science instruction, the notion
of prior knowledge is often identified with the naive and alternative conceptions that students
bring to the classroom and that might hamper the acquisition of scientifically more adequate
conceptions (Duit & Treagust, 2003; Wandersee, Mintzes, & Novak, 1994). The idea that
students bring conceptions of their own to the classroom or spontaneously devise conceptions
of their own in the classroom, which call for careful consideration and possibly for restructur-
ing, lies at the heart of science instruction following the principles of conceptual change
(Limon, 2001; Scott, Asoko, & Driver, 1992; Vosniadou et al., 2001). In this context, concep-
tual development as defined by the framework of conceptual change theory is decidedly not
identical to the accumulation of factual knowledge but entails the acquisition of a deep-level
understanding of scientifically acceptable explanations for natural phenomena (Harlen, 1998).

For instance, in order to form a scientifically acceptable conception of evaporation and
condensation, students have to acknowledge that matter can alter its state, i.e. that it can exist
in the solid, fluid or gaseous state, and that matter is always conserved. Specifically, to
achieve a sound understanding of the evaporation and condensation of water, students have to
grasp that air permanently contains water in the gaseous state (Johnson, 1998; Strunk, 1999;
Tytler, 2000). Common naive conceptions of the process of evaporation include the ideas that
water simply disappears, that water is absorbed by objects and that the sun as an active agent
transfers evaporated water to another place (Bar & Galili, 1994; Osborne & Cosgrove, 1983;
Russell, Harlen, & Watt, 1989; Tytler, 2000). Furthermore, some students believe that evapo-
ration necessitates the supply of external heat (Costu & Ayas, 2005). The idea that evaporated
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water rises into the air without altering its state represents a prevalent partially correct concep-
tion of the process of evaporation (Russell et al., 1989). In order to explain the process of
condensation, students resort to the naive conceptions that water penetrates surfaces (e.g. a
beverage can), that objects sweat and that low temperature turns into condensed water (John-
son, 1998; Osborne & Cosgrove, 1983; Tytler, Peterson, & Prain, 2006). Another popular
conception is that evaporated water splits up into hydrogen and oxygen and that, complemen-
tary, condensed water results from a combination of hydrogen and oxygen (Driver, Squires,
Rushworth, & Wood-Robinson, 1994; Osborne & Cosgrove, 1983). Apparently, this idea is
informed by encounters with the concepts of atoms and molecules. Accordingly, it is a good
example of a misconception that is induced by media or instruction (Duit & HéuBler, 1997).

In the wake of international large-scale assessments of student achievement, the con-
ceptualization and operationalization of science achievement — and thus of prior knowledge
relevant for subsequent learning of science — in terms of competences within the framework
of competence models has gained popularity in educational research (e.g., Klieme, Hartig, &
Rauch, 2008; Walter, Senkbeil, Rost, Carstensen, & Prenzel, 2006). Commonly, such compe-
tence models set up a grid of a content dimension and a dimension of cognitive operations on
that content that underlies the formulation of tasks for the measurement of science compe-
tence. In particular, here the content dimension may cover various disciplines of science, e.g.
biology, physics, chemistry and earth science as well as subordinate basic concepts specific to
each discipline; the dimension of cognitive activities may include such operations as repro-
duction of knowledge, application of knowledge and reasoning (Kauertz, Fischer, Mayer,
Sumfleth, & Walpuski, 2010; Kleickmann, Brehl, Sal3, Prenzel, & Koller, 2012). In addition,
reminiscent of Bybee’s (1997) influential vision of scientific literacy, it is prevalent among
competence models for science to distinguish an area of factual and conceptual knowledge, on
the one hand, from an area of knowledge of scientific practices and processes, on the other
hand (Kauertz et al., 2010; PISA-Konsortium Deutschland, 2007). Furthermore, it is common
practice in large-scale assessments of achievement to assign students in a process of profi-
ciency scaling to competence levels. Typically, such competence levels range from rudimen-
tary knowledge of science or the ability to recall simple facts to reflective thinking about sci-
ence and proficient use of scientific knowledge to solve problems (Kleickmann et al., 2012).

Prior knowledge and achievement. The importance of prior knowledge for subsequent
learning constitutes one of the cornerstones of conceptualizations of learning in terms of cog-
nitive psychology (Alexander, 1996; Ausubel, 1968). Students’ prior knowledge affects all
stages of information processing pertinent to learning (Renkl, 1996, 2008, 2011). In the initial
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phase of the learning process, prior knowledge helps students to focus on crucial information,
select relevant content and avoid distractions (Mandl, Gruber, & Renkl, 1993; Renkl, 2009).
Moreover, prior knowledge provides a framework for parsing information into meaningful
chunks, thereby freeing cognitive resources for the processing and manipulation of infor-
mation essential for actual learning (Mayer, 1997; Renkl, 1996, 2011). In this vein, as experts
in a given domain differ from novices with respect to the size of their domain-specific
knowledge base, empirical research on the nature of expertise has highlighted that pronounced
prior knowledge engenders deep-level processing of learning content whereas deficient prior
knowledge coincides with the use of surface-level encoding strategies (Alexander, Murphy,
Woods, Duhon, & Parker, 1997; Chi, Feltovich, & Glaser, 1981). Finally, prior knowledge
represents the basis for the formation of manifold connections between existing knowledge
structures and new content. This ensures long-term retention and facilitated retrieval of newly
learned information (Mayer, 2009; Renkl, 1996; 2009). In other words, it constitutes the basis
for the construction of new knowledge within the individual learner.

In the context of science education, students’ prior knowledge in form of conceptions
about the physical world can both foster and hinder further learning (Sandoval, 1995). Some
of the conceptions held by students prior to instruction contain already elements of scientifi-
cally acceptable conceptions so that formal science instruction can straightforwardly ensue in
enriching these pre-conceptions (Vosniadou, 1994). Obviously, in this case, prior knowledge
facilitates the acquisition of scientifically adequate conceptions. On the contrary, some of the
conceptions brought by students to the science classroom stand in open opposition to scientif-
ically acceptable conceptions, i.e. the content that has to be acquired. Accordingly, these con-
ceptions have to be described as naive conceptions or misconceptions (Wandersee et al.,
1994, Wodzinski, 1996). When such misconceptions are not properly addressed in formal
science instruction, it is likely that pre-instructional misconceptions and post-instructional
scientific conceptions are represented in parallel in students’ knowledge bases (Duit, 1999;
Vosniadou & loannides, 1998), thereby rendering newly acquired scientific conceptions inert
knowledge constrained to the context of instruction in school (Renkl, Mandl, & Gruber,
1996). So, here, the general recommendation of educational psychology to activate prior
knowledge and the implications of domain-specific approaches to instruction coincide in their
consequences for successful teaching (Krause & Stark, 2006; Duit & Treagust, 2003). In
agreement with the aforementioned considerations about the role of prior knowledge in basic
individual learning processes, field studies of teaching effectiveness and student achievement

have regularly identified students’ prior knowledge as a central predictor of academic
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achievement (e.g., Corno, Cronbach, & Kupermintz, 2002; Dochy, 1992; Hattie, 2009; Jones
& Byrnes, 2006).

In the course of formal schooling the importance of prior knowledge as a precursor of
student achievement steadily increases whereas the role of fluid ability for knowledge acquisi-
tion experiences a corresponding decline (Helmke & Weinert, 1997; Weinert & Helmke,
1995, 1998). From a psychological perspective, this finding is often seen as a result of the
accumulation of effects of fluid ability in students’ prior knowledge, i.e. over time students
with higher fluid ability seek more demanding learning opportunities, and participate more
successful in these learning opportunities, than their less talented peers (Renkl & Stern, 1994).
So, the growing relevance of prior knowledge for academic achievement might be considered
a corollary of the gradual conversion of fluid ability into crystallized intelligence (Cattell,
1987). From a content-oriented point of view it is often argued that, as content to be acquired
late in the school career is particularly specific and complex, meaningful learning requires
relative large and elaborated pre-existing knowledge structures; this idea fits well with the
conception of cumulative competence development (Baumert et al., 2009; Schneider, Korkel,
& Weinert, 1989). Furthermore, the content-oriented view entails the notion that domains
vary with regard to the hierarchical structure of their content, and thus with regard to the pre-
ponderance of prior knowledge as a precursor of academic achievement (Renkl, 1996). More
specifically, it can be argued that the strength of the predictive dominance of prior knowledge
depends not only on the domain under consideration but also on preferred modes of learning
and prevalent forms of teaching. Consider, for instance, the difference between rote learning
of specialized vocabulary for diverse topics in advanced foreign language instruction and
learning the mathematical operations of addition and multiplication in elementary education.
In case of the former, a vocabulary test on a new topic offers students a fresh start implying a
comparatively weak association between prior knowledge and achievement. On the contrary,
in early mathematics education, the operation of multiplication is introduced as repeated addi-
tion. Therefore, obviously, when students fail to attain a sound understanding of the operation
of addition, their further progress with respect to the acquisition of the operation of multipli-
cation is blocked. However, both the psychological view and the contend-oriented perspective
on the processes supplanting the increasing importance of prior knowledge as a precursor of
achievement in the course of formal schooling accord with the rationale for the occurrence of
Matthew effects in academic achievement (Stanovich, 1986).

Prior knowledge and socio-economic status. Obviously, the acquisition of academical-

ly relevant prior knowledge depends on children’s involvement in appropriate learning oppor-
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tunities (Baumert et al., 2009). Thus, many of the processes in home environments — especial-
ly cognitive stimulation at home — suspected to participate in the relation between socio-
economic status and intelligence development possess immediate relevance for the formation
of prior knowledge (Hess & Holloway, 1984; Korenman, Miller, & Sjaastad, 1995; Lee &
Croninger, 1994). Probably, those mechanisms even bear more directly on the development of
academically relevant prior knowledge than on the genesis of general mental ability. (It may
also be difficult to discriminate these two propensities in very young children.) Apparently,
for instance, noise and crowdedness hamper the utilization of learning opportunities with re-
spect to the acquisition of prior knowledge (Evans, 2004; Haines et al., 2002; Myers et al.,
1996).

The definition of socio-economic status encompassing elements of both income and
education, families of low socio-economic status are relatively deprived of the resources nec-
essary to provide their children with age-appropriate learning opportunities (Bradley &
Corwyn, 2002; Mercy & Steelman, 1982; Scarr & Weinberg, 1978). On the one hand, consid-
ering the costs that are implicated in purchasing books, visiting a zoo or playing a musical
instrument, the limited financial capabilities of families with low socio-economic status con-
strain the learning experiences they can offer to their children (Bradley, Corwyn, Burchinal,
McAdoo, & Garcia Coll, 2001; Brooks-Gunn, Klebanov, & Liaw, 1995; Entwistle, Alexan-
der, & Olson, 1994). On the other hand parents of low socio-economic status may lack certain
knowledge relevant for the provision of challenging learning opportunities (Ehmke, 2008).
However, as the provision of cognitive stimulation at home in families of high socio-
economic status centers around verbal activities, it can be surmised that for young children
social discrepancies in academically relevant prior knowledge are particularly pronounced in
the verbal domain (Hart & Risley, 1995; Hoff et al., 2002; Mercy & Steelman, 1982;
Shonkoff & Phillips, 2000). Finally, socially privileged parents have higher aspirations for
their offspring’s educational attainment than socially disadvantaged parents (Adams, 1998;
Stocké, 2009; Wentzel, 1998). In accordance with that, parents of high socio-economic status
are more likely than parents of low socio-economic status to enroll their children in non-
compulsory preschool education (Anders, 2013; Kratzmann & Schneider, 2009).

Unsurprisingly, social disparities in parental provision of cognitive stimulation at
home as well as in children’s enrolment in preschool education result in social disparities in
prior knowledge and school readiness (Autorengruppe Bildungsberichterstattung, 2012; B6hm
& Kuhn, Coley, 2002; Elsdsser, 1998; Kratzmann & Schneider, 2009; Niklas, Segerer,
Schmiedeler, & Schneider, 2012). It is often argued that, in addition to this initial disparity at
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the beginning of schooling, processes within schools and classrooms contribute to the emer-
gence of cumulatively increasing differences in academic outcomes between students of low
and high socio-economic status (Bradley & McCorwyn, 2002; McLoyd, 1998). (Note that, as
competencies acquired earlier in the school career figure as prior knowledge for learning ac-
tivities later in the school career, here basically the same arguments as mentioned above with
respect to the general development of social discrepancies in student achievement apply.)
Teachers tend to perceive poor students less positively than their more affluent peers. They
also may hold low achievement expectations for socially disadvantaged children. Particularly,
teachers with a middle-class upbringing may mistake speech, dress and deportment character-
istic for students of low socio-economic status or ethnic minority status as indicators of miss-
ing competence (Alexander, Entwistle, & Thompson, 1987). In turn, the differential percep-
tion of students of low and high socio-economic status may incline teachers to provide their
students differentially with positive attention, learning opportunities and reinforcement (e.g.,
Alexander & Schofield, 2008; Helsper et al., 2009). With the good — but nonetheless mislead
— intent to protect children of low socio-economic status from future failure, at the end of el-
ementary education teachers may even refrain from the referral of socially disadvantaged
children to academically challenging tracks of secondary education (Ditton, Kriisken, &
Schauenberg, 2005; Nolle, Horstermann, Krolak-Schwerdt, & Grisel, 2009; Stubbe & Bos,
2008). In a similar vein, a misfit between the unconscious habitus of working-class children
and the norms of the allegedly middle-class institution of school has been postulated as the
cause of social disparities in student achievement (Bourdieu & Passeron, 1990). The increased
incidence of externalizing behavior and conduct problems in children of low socio-economic
status lends further credibility to the hypothesis of differential teacher behavior as a source of
social discrepancies in academic achievement (Achenbach et al., 1990; Duncan et al., 1994;
McLoyd, Ceballo, & Mangelsdorf, 1996). Moreover, it helps to understand why socio-
economic deprivation in early childhood has more detrimental effects on cognitive develop-
ment than socio-economic deprivation in middle or late childhood: Social disparities in school
readiness and behavior at the beginning of formal schooling could shape teacher’s affective
reaction to and treatment of children of low socio-economic status for their entire subsequent
school career (Duncan, Brooks-Gunn, Yeung, & Smith, 1998; McLoyd, 1998). However, the
arguments in favor of a growth of social disparities in student achievement due to interactions
in school and teacher behavior are opposed by findings of growing social inequalities in stu-
dent achievement during the summer break, i.e. by findings corroborating the equalizing pow-

er of formal schooling (Alexander et al., 2001, 2007; Becker et al., 2008; see also Maaz et al.,
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2009).

In face of the assumption of Matthew effects in knowledge acquisition, it appears sen-
sible to presume that the relation between family socio-economic status and students’ prior
knowledge intensifies across the course of formal schooling: Initially relatively small differ-
ences in academic abilities between children of low and high socio-economic status should
display the tendency to intensify due to the general importance of prior knowledge for learn-
ing (Alexander, 1996; Ceci & Papierno, 2005; Stanovich, 1986; Weinert & Hany, 2003). This
speculation is also corroborated by the finding of increasing social disparities in academic
achievement when schools are closed (Alexander et al., 2001, 2007; Becker et al., 2008). It is
very plausible that social gaps in prior knowledge relevant for future academic learning widen
across consecutive summer breaks. Likewise, underprivileged parents’ low involvement in
their children’s school life might contribute to increasing social disparities in necessary prior
knowledge (Benveniste, Carnoy, & Rothstein, 2003; Evans, 2004; Lee & Croninger, 1994).
Moreover, students of low socio-economic status tend to attend schools that lack material
resources, that employ teachers with limited qualifications and that serve communities of un-
derprivileged and low-ability students (Baumert et al., 2006b; Ingersoll, 1999; McLoyd,
1998). Practices of tracking, especially when they take social background beyond ability into
consideration, are prone to amplify this tendency. That is specifically true for the German
educational system (Baumert & Schiimer, 2001; Ditton, 2005); several longitudinal studies of
student achievement have pointed out that differential learning gains for students from differ-
ent social backgrounds occur between the different school types of secondary education but
not within specific school types of secondary education (Becker, 2009; Baumert et al., 2006b;
Koller & Baumert, 2001; Maaz et al., 2009). In other words, the differential provision of insti-
tutional learning opportunities, in particular high-quality learning opportunities, is apt to am-
plify social discrepancies in prior knowledge for future learning.

Summary. What is prior knowledge? Generally, with respect to a given learning task,
the nature of relevant prior knowledge can be charted along the dimensions of its state, i.e.
declarative, procedural or conditional, its conscious accessibility, i.e. explicit or tacit, its ob-
ject, i.e. conceptual or metacognitive, and its domain specificity, i.e. domain-transcending,
domain-specific or topic-specific (Dochy & Alexander, 1995; Krause & Stark, 2006). In the
domain of science, students’ tend to bring naive and alternative conceptions about natural
phenomena to the classroom that often do not conform to scientifically acceptable views,
which represent the goal of formal science instruction (Duit & HauBler, 1997; Duit &

Treagust, 2003). These conceptions constitute a domain-specific form of prior knowledge

33



characteristic for the domain of science. Finally, in large-scale assessments of student
achievement, which have generated much of the contemporary awareness for social dispari-
ties in academic achievement, science achievement, and thus prior knowledge for subsequent
science learning, is conceptualized in terms of science competence by means of competence
models (e.g., Kleickmann et al., 2012; Walter et al., 2006).

The activation of prior knowledge fosters learning by influencing the cognitive pro-
cesses of selection, organization, integration and recall of relevant information (Mayer, 1997,
Renkl, 1996). Correspondingly, students’ prior knowledge in form of naive or alternative con-
ceptions about natural phenomena constitutes the basis for learning in the domain of science,
as a starting point for either straightforward enrichment or necessary revision (Vosniadou,
1994; Wandersee et al., 1994). In sum, prior knowledge constitutes a primary precursor of
learning in school (Hattie, 2009; Jones & Byrnes, 2006). Complementary to the diminishing
importance of general mental ability as a predictor of student achievement, the relevance of
prior knowledge as a resource for successful learning increases across the years of formal
schooling (Baumert et al., 2009; Weinert & Helmke, 1995, 1998).

The acquisition of academically relevant prior knowledge depending on adequate
learning opportunities, social disparities in students’ prior knowledge arise from underprivi-
leged parents’ restricted capacities to provide their children with such opportunities (Baumert
et al., 2009; Baumert et al., 2003). Specifically, parents of low socio-economic status may
lack knowledge for the provision of appropriate learning opportunities (Ehmke, 2008). They
also have comparatively low aspirations for their offspring’s educational attainment, partly
due to fear of their potential school failure (Ditton & Kriisken, 2009). Furthermore, obviously,
socially disadvantaged parents’ strained financial resources hamper the capability to purchase
age-appropriate toys and learning materials for their children (Bradley, Corwyn, Burchinal, et
al., 2001; Entwistle et al., 1994). Though it can be suspected with some justification that pro-
cesses within classrooms, for example teachers’ differential expectations for achievement and
corresponding selective attention, contribute to the formation of social discrepancies in aca-
demically relevant prior knowledge (Helsper et al., 2009; McLoyd, 1998), findings highlight-
ing the growth of social disparities during the summer break and parallel development of so-
cially diverse students during the school year oppose a contribution of classroom processes to
the development of social gradients in prior knowledge (Alexander et al., 2001, 2007; Becker
et al., 2008). However, the generally assumed principle of Matthew effects (Ceci & Papierno,
2005; Weinert & Hany, 2003), the summer break phenomenon (Alexander et al., 2001, 2007;
Becker et al., 2008) and the implications of ability grouping for the quality of learning oppor-
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tunities offered to underprivileged students (Baumert et al., 2006b; Maaz et al., 2009) in
unison point towards an intensification of the relation between family socio-economic status

and academically relevant prior knowledge across the years of formal schooling.

Self-concept of Ability

In a broad perspective, the construct of self-concept of ability belongs to those motiva-
tional constructs that are concerned with a person’s answer to the question “Am I able to do
this task?” (Wigfield, Eccles, Schiefele, Roeser, & Davis-Kean, 2006; see also Pintrich, 2003;
Pintrich, Marx, & Boyle, 1993). Accordingly, it resembles both in content and in theoretical
functionality self-efficacy (Bandura, 1977, 1997) and beliefs about ability in expectancy-
value theory (Eccles-Parsons et al., 1983). To a lesser degree, it is related to attributions for
success and failure (Weiner, 1985, 2005), beliefs about the nature of intelligence and ability
(Dweck, 2002) and control beliefs (Connell, 1985; Skinner, 1995). Although early conceptu-
alisations of self-concept considered it a monolithic construct (Coopersmith, 1967; Rosen-
berg, 1965), subsequent thought has stressed the domain-specificity of self-concepts (Harter,
1982; Marsh, 1990b; Shavelson, Hubner, & Stanton, 1976). Thus, contemporary theories of
self-concept assume a hierarchical structure in which a global self-concept, also referred to as
self-worth or self-esteem, supersedes more domain-specific self-concepts, e.g. self-concept of
math ability (Harter, 2006; Marsh, Xu, & Martin, 2012). The conceptual core of these do-
main-specific self-concepts is formed by self-perceptions and self-evaluations of ability in
those domains (Harter, 1982; Marsh, 1990b; Wigfield & Cambria, 2010; Wigfield et al.,
2006). In particular, these evaluations are influenced by feedback from peers, parents and
teachers as well as by intrapersonal perception of relative strengths (Marsh, 1986; Marsh et
al., 2012; Shavelson et al., 1976).

Despite sharing the principle of a hierarchically structured self-concept, research tradi-
tions relevant to academic self-concept tend to differ in scope and focus of their investiga-
tions. Studies in the framework of the Marsh-Shavelson model of self-concept (Marsh &
Shavelson, 1985; Shavelson et al., 1976) in educational psychology have concentrated on the
dimensionality of the academic portion of self-concept and its complex relations to a variety
of academic outcomes, most notably academic achievement. For instance, with regard to the
structure of the academic portion of self-concept, it has been found that mathematical self-
concept and verbal self-concept are almost uncorrelated though they are both related to global
academic self-concept and though academic achievement in both domains is associated as

well (Marsh & Hau, 2004). This observation inspired the idea that both interpersonal compar-
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isons with the abilities of others and intrapersonal comparisons of capacities across different
domains instigate the formation of domain-specific self-concepts (Marsh, 1986; Marsh et. al,
2012). Accordingly, high academic achievement in a particular domain has been shown to
predict heightened self-concept in that domain, as a result of interpersonal comparisons, but
comparatively lower self-concept in other domains, as a result of intrapersonal comparisons
(Marsh, 2007; Marsh & Craven, 1997; Moller, Pohlmann, Kdller, & Marsh, 2009; Modller,
Retelsdorf, Koller, & Marsh, 2012). In addition to these processes, average ability in a given
classroom is known to influence students’ self-concept: Students in classrooms containing
primarily students of low ability receive an additional augmentation of their self-concept as
they can compare their achievement to an environment of generally low achievement. In con-
trast, students in classrooms consisting predominately of students of high ability experience
an extra weight for the strength of their self-concept as they are forced to view their achieve-
ment against a background of generally high achievement. Commonly, this phenomenon is
labelled the big-fish-little-pond effect (Chiu, 2012; Marsh & Hau, 2003; Marsh et al., 2008;
Seaton, Marsh, & Craven, 2009).

Naturally, research in the tradition of developmental psychology has examined the self
with a wider lens, aiming to understand the conditions for the formation of a coherent self-
representation from early infancy to adulthood and exploring the consequences of maladap-
tive processes in the development of the self for psychopathology, such as depression or eat-
ing disorders (Harter, 1999, 2006). In this developmental tradition self-concept is viewed as
both a cognitive and a social construction (Harter, 2006). Accordingly, children’s increasing
cognitive capabilities as well as social interactions with parents, caregivers, teachers and peers
contribute to the formation of self-concept (e.g., Bretherton, & Munholland, 1999; Case,
1992; Higgins, 1991). Due to limitations of cognitive capacity, children in the preschool years
have difficulties to integrate various domain-specific self-concepts of differing valence into a
coherent global self-concept. In other words, it is difficult for young children to recognize that
they have specific strengths and weaknesses (Fischer, Hand, Watson, Van Parys, & Tucker,
1984; Harter, 1986, 1990). Moreover, in adaptive interactions during the preschool years par-
ents and caregivers tend to unconditionally support children’s efforts to master the develop-
mental tasks of infancy (Bretherton, & Munholland, 1999). As a consequence of this, when
children enter elementary school, their self-concepts have a propensity to be holistic and un-
realistically positive (Guay, Marsh, & Boivin, 2003; Harter, 1999; Harter & Pike, 1984).
However, this form of self-concept must not necessarily be seen as deficient. Rather, it can be

thought of as offering an unlimited supply of confidence for grasping persistently the daunting
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developmental tasks of early childhood (Harter, 2006). If a young toddler would judge realis-
tically the current state of his or her abilities, would he or she ever dare to face the challenge
of developing the capabilities of an adolescent, let alone an adult? In this vein, children appear
to be limited in their capacity to distinguish between ability and effort all the way through
elementary school (Stipek & Maclver, 1989). Nevertheless, the years of elementary school are
a time that confronts children with more and more opportunities for comparison of their cur-
rent achievement with their previous achievement or with the achievement of other children.
Similarly, parents and teachers provide more and more feedback concerning the quality of
children’s achievement. This new abundance of possibilities for comparisons and feedback
occurs during a time of rapid growth of cognitive capabilities so that children start relatively
quickly to align their academic self-concept with external sources of information (Lipowsky,
Kastens, Lotz, & Faust, 2011; Wigfield & Karpathian, 1991). By the end of elementary school
students have become much more realistic with regard to their self-concept of ability
(Helmke, 1999). In agreement with the outlined developmental principles, research in the
framework of the Marsh-Shavelson model has established that the differentiation of the aca-
demic self-concept into distinct domain-specific self-concepts increases with students’ age
(Marsh & Ayotte, 2003; Marsh, Craven, & Debus, 1991, 1998). Moreover, academic self-
concept has been found to decline steadily from early childhood, the start of formal schooling,
to early adolescence (Alexander & Entwisle, 1988; Filipp, 2006; Guay et al., 2003; Marsh,
1989; Nagy, Watt, Eccles, Trautwein, Liidtke, & Baumert, 2010; Wigfield et al., 1997).
Self-concept of ability and achievement. In research on the relation between self-
concept and academic achievement scientific thought traditionally has revolved around the
issue of the causal, in longitudinal studies operationalized as the temporal, order of the two
factors, spawning two antagonistic views, the skill-enhancement approach and the skill-
development approach (Calsyn & Kenny, 1977; Skaalvik, 1997). According to the skill-
enhancement approach prior self-concept has an impact on subsequent achievement. Viewed
in the light of expectancy-value models of achievement motivation, self-concept of ability is
intimately intertwined with expectancy of success for a given task, thereby determining the
probability of engaging in specific learning behaviors (Eccles & Wigfield, 1995; Eccles,
Wigtield, Harold, & Blumenfeld, 1993; Wigtfield et al., 2006). Moreover, it is plausible that a
positive self-concept of ability hampers dysfunctional cognitions and behaviors associated
with test anxiety (Bandalos, Yates, & Thorndike-Christ, 1995; Krampen, 1988; Urhahne,
Chao, Florineth, Luttenberger, & Paechter, 2011). According to the skill-development ap-

proach prior achievement causes subsequent self-concept. In this perspective, achievement
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functions as a basis for intrapersonal and interpersonal comparisons of performance that in-
form the formation of subsequent self-concept (Mdller & Kéller, 2004; Pohlmann & Moller,
2009). Furthermore, teachers, parents and peers provide relevant feedback on competence that
is based, at least, partially on actual achievement (Marsh et al., 2012). Thus, teacher ratings
and teacher-assigned grades have sometimes been hypothesized to be better predictors of sub-
sequent self-concept than standardized test scores (Hansford & Hattie, 1982; Marsh, 1990a).
In a synthesis of previous research contemporary theorizing construes the association
between self-concept and academic achievement as reciprocal, with prior achievement influ-
encing subsequent self-concept and prior self-concept influencing subsequent achievement
(Guay et al., 2003; Huang, 2011; Marsh, 1990a; Marsh & Craven, 2006; Moller et al., 2011;
Pinxten, de Fraine, van Damme, & d’Haenens, 2010). The strength of this relation is moderat-
ed by the domain-specificity of the self-concept assessed (Huang, 2011), i.e. the association
between domain-specific self-concept and domain-specific achievement is stronger than the
association between general academic self-concept and domain-specific achievement (Marsh
& O’Mara, 2008; Marsh, Trautwein, Liidtke, Koller, & Baumert, 2006). In this context, cross-
sectional correlations between domain-specific self-concepts and corresponding domain-
specific achievement have been found to increase steadily from early on over the course of
formal schooling, attaining an asymptotic level approximately in fifth grade (Denissen,
Zarrett, & Eccles, 2007; Eccles et al., 1993; Fredricks & Eccles, 2002; Wigfield et al., 1997).
However, with regard to a clear developmental trajectory of the relative preponderance
of processes of skill-enhancement or skill-development in the course of formal schooling, the
available empirical evidence paints a complex and, when considered in detail, partially incon-
sistent picture (Marsh & Martin, 2011). Early in elementary school, i.e. in first grade, pro-
cesses of skill-enhancement appear to take precedence over processes of skill-development
(Bossaert, Doumen, Buyse, & Verschueren, 2011; Kammermeyer & Martschinke, 2006). Ap-
parently, the overly optimistic self-concepts of early childhood continue to operate as a stimu-
lating source of confidence for some time in elementary school before social comparisons and
feedback from teachers relatively quickly start to induce a dominance of processes of skill-
development (Harter, 2006; Kammermeyer & Martschinke, 2006; Lipowsky et al., 2011). In
accordance with that, for the elementary school years from second to fourth grade, a relative
preponderance, or even exclusive prevalence, of processes of skill-development has been
found (Chapman & Tunmer, 1997; Helmke & van Aken, 1995; Muijs, 1997; Skaalvik &
Hagtvegt, 1990; Skaalvik & Valas, 1999). The years of secondary education, however, appear

to be accompanied by a progressive increase of the importance of processes of skill-

38



enhancement (Chen, Yeh, Hwang, & Lin, 2013; Guay et al., 2003; Skaalvik & Hagtvegt,
1990). In agreement with this nonlinear pattern of developmental changes, available meta-
analytic research has established either no systematic impact or a small negative influence of
students’ age at study inception on the relevance of processes of skill-enhancement, i.e. the
size of the effect of prior self-concept on subsequent achievement (Huang, 2011; Valentine,
DuBois, & Cooper, 2004). Similarly, meta-analytic research has also indentified a small nega-
tive influence of students’ age at study inception on the importance of processes of skill-
development, i.e. the size of the effect of prior achievement on subsequent self-concept
(Huang, 2011).

Apart from individual developmental trends such as children’s growing cognitive ca-
pabilities for coordination of feedback and self-representations (Wigfield & Karpathian,
1991), changes in the composition of reference groups are likely to contribute to an alteration
of the predictive strength of self-concept for subsequent academic achievement in the transi-
tion from elementary to secondary education. Generally, the occurrence of school transitions
tends to diminish the association between self-concept and subsequent achievement (Valen-
tine, et al., 2004). In the transition to secondary education, the German educational system
applies a particularly explicit form of ability grouping between different school types. Thus,
due to the big-fish-little-pond effect, students of comparatively low ability that transfer to the
school type of Hauptschule experience a significant boost of their academic self-concept. In
contrast, students of relatively high ability that transfer to the school type of Gymnasium un-
dergo a significant decline of their academic self-concept (Marsh & Hau, 2003; Valtin &
Wagner, 2004; Watermann, Klingebiel, & Kurtz, 2010). As a consequence of this, self-
concepts of students from the school types of Hauptschule and Gymnasium tend to resemble
each other, despite apparent disparities in ability, in absolute strength, engendering, in com-
parison to the situation in elementary education, a reduction of the association between aca-
demic self-concept and subsequent academic achievement in secondary education (Kreppold,
2012).

Self-concept of ability and socio-economic status. An impact of family socio-
economic status on children’s domain-specific self-concepts can be construed both along an
indirect and a direct pathway. On the one hand, developmental considerations and correla-
tional evidence suggest that socio-economic status has an influence on general evaluations of
the self (Harter, 2006; Twenge & Campbell, 2002). Thus, insofar as global self-concept, in
turn, contributes to the formation of domain-specific self-concepts, it can be assumed that

social background indirectly affects the development of domain-specific self-concepts. On the
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other hand, parental behaviors directly relevant for the formation of domain-specific self-
concepts, such as providing feedback on academic achievement and school-related activities,
are associated with family socio-economic status as well (Evans, 2004). In this vein, the im-
pact of family socio-economic status on domain-specific self-concepts might be viewed, in a
wide sense, as a form of intergenerational transmission of academic values and attitudes with-
in families (Gniewosz & Noack, 2012). Finally, as the allocation of students to different
tracks of German secondary education is intertwined in various ways with students’ socio-
economic status, the big-fish-little-pond effect appears as a plausible moderator of the asso-
ciation between social background and domain-specific self-concepts after the end of com-
prehensive education in elementary school (Maaz et al., 2009; Maaz et al., 2008).

Parent-child interactions characterized by approval, warmth and responsiveness repre-
sent a cornerstone of the development of an adaptive self-concept in early infancy and beyond
(Bretherton, & Munholland, 1999; Coopersmith, 1967; Feiring & Taska, 1996). In this con-
text, the co-construction of narratives of the child’s past in conversation is of particular im-
portance for the formation of autobiographical memory and the emergence of a positive repre-
sentation of the self (Bretherton, 1993; Harter, 2006; Nelson, 1993; Snow, 1990). Successful
realization of such parenting behavior is inversely related to family socio-economic status
(Evans, 2004; McLoyd, 1998). Specifically, low socio-economic status has been found to be
associated with comparatively harsh, punitive, unresponsive and authoritarian parenting
(Bradley, Corwyn, McAdoo, & Garcia Coll, 2001; Dodge et al., 1994; Magnusson & Duncan,
2002). Likewise, parental speech in families of low socio-economic status has been shown to
be impoverished, with regard to its amount, its responsiveness and its feasibility to initiate and
sustain parent-child conversations (Hart & Risley, 1995; Hoff, 2003; Hoff et al., 2002).
Moreover, children from families of low socio-economic status are more likely to be con-
fronted with familial violence or temporary referral to foster care than their more affluent
counterparts (Emery & Laumann-Billings, 1998; Evans, 2004; Rutter, 1981). Therefore, it
appears plausible that children with an unfavorable social background enter elementary school
with a less developed and a less positive overall self-concept than children with high family
socio-economic status. This disparity in general self-concept is likely to have an impact on the
formation of domain-specific academic self-concepts.

In addition to the preceding developmental considerations meta-analytic research has
revealed that global self-concept is associated with socio-economic status across the entire life
span. During the years of formal schooling the magnitude of this association increases con-

stantly (Twenge & Campbell, 2002). However, the probability of the occurrence of top-down
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effects from global self-concept on domain-specific academic self-concepts appears to depend
on the configuration of the learning environment: Investigating seventh-grade students from
the school type of Gymnasium in East and West Germany, Trautwein, Liidtke, Koller and
Baumert (2006) have found top-down effects from global self-concept on academic self-
concepts to be more pronounced in the ego-protective learning environments of West Germa-
ny than in the meritocratic learning environments of East Germany.

Parents, at least in western societies, are known to overestimate their children’s aca-
demic abilities (Miller, Manhal, & Mee, 1991; Pezdek, Berry, & Renno, 2002; Stevenson &
Stigler, 1992). In particular, parents tend to view their children’s academic capabilities more
favorably than teachers (Chamorro-Premuzic, Arteche, Furnham, & Trickot, 2009; Korat,
2011). Thus, with respect to the development of domain-specific academic self-concepts, pa-
rental feedback may serve as an antidote to unrelenting evaluations from teachers, supporting
the formation and preservation of positive academic self-concepts (Gniewosz, 2010). Notably,
parents of low socio-economic status appear to be less interested and less involved in activi-
ties related to their children’s formal education than parents of high socio-economic status
(Baker & Stevenson, 1986; Dumont, Trautwein, & Liidtke, 2012; Evans, 2004; Stevenson &
Baker, 1987). In extrapolation, this renders it plausible that parents of low socio-economic
status provide positively biased evaluations of achievement only sparingly to their children,
thereby exposing the development of their children’s academic self-concepts to an almost
exclusive dependence on other sources of information, such as teachers. The gravity of this
potential cause for a disparate development of academic self-concepts might be even aggra-
vated when teachers provide negatively biased feedback to students of low socio-economic
status as it looms, for instance, in teacher recommendations for track allocation in German
secondary education (Ditton et al., 2005; Schneider, 2011; Wong, 1980; see Jussim & Eccles,
1995; Karing, Matthdi, & Artelt, 2011, for evidence in favor of unbiased teacher perceptions
of student ability).

Though the considerations outlined above point towards a cumulative growth of social
disparities in domain-specific self-concepts, and thus towards an intensification of the asso-
ciation between family socio-economic status and domain-specific self-concepts in the course
of formal schooling, in case of the German school system a pronounced big-fish-little-pond
effect in secondary education, created by between-school ability grouping, tends to induce a
disentanglement of socio-economic status and domain-specific self-concepts after fourth
grade (Marsh et al., 2008; Marsh et al., 2012; Trautwein, Liidtke, Marsh, Koéller, & Baumert,

2006). Here a variant of the rationale depicted for the relation between domain-specific self-
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concept and academic achievement applies: Students of low socio-economic status are pre-
dominately referred to the lowest track of secondary education, partially due to low academic
achievement, partially due to parental preferences and institutional practices of allocation
(Maaz et al., 2009; Maaz et al., 2008). Within their new frame of reference they experience an
enhancement of their academic self-concepts (Marsh & Hau, 2003; Marsh et al., 2012). In
contrast, students of high socio-economic status are primarily enrolled in the highest track of
secondary education (Maaz et al., 2009; Maaz et al., 2008). They suffer from a depression of
their academic self-concepts due to their frame of reference (Marsh & Hau, 2003; Marsh et
al., 2012). Accordingly, it has been suggested to view schools of the lowest track of German
secondary education, i.e. of the school type of Hauptschule, as a self-worth protecting niche
for students of low academic achievement (Baumert et al., 2006b; Koller & Baumert, 2001).
In essence, students from the lowest and the highest track of German secondary education
tend to display similar academic self-concepts despite apparent differences in average socio-
economic status (Baumert et al., 2006b; Trautwein, Liidtke, Marsh, et al., 2006). This causes
an attrition of the effects of socio-economic status on domain-specific self-concepts in Ger-
man secondary education as compared to the state of affairs in elementary education.

Summary. In the context of learning in school, domain-specific self-concepts of ability
represent important motivational constructs, both as outcomes in their own right and as pre-
cursors of domain-specific academic achievement (Marsh et al., 2010). At the beginning of
formal education academic self-concepts are rather undifferentiated and overly optimistic
(Guay et al., 2003; Harter, 1999). Throughout the years of elementary school the positivity of
academic self-concepts tends to decline. Thereby self-concepts of ability are rendered pro-
gressively more realistic (Helmke, 1999).

Due to a preponderance of processes of skill-development from second grade onwards
to the end of elementary school, domain-specific self-concepts figure as weak predictors of
domain-specific academic achievement in middle and late childhood (Helmke & van Aken,
1995; Kammermeyer & Martschinke, 2006). With an increasing relevance of processes of
skill-enhancement in secondary education, however, domain-specific self-concepts tend to
become comparatively important precursors of domain-specific academic achievement in ado-
lescence (Chen et al., 2013). Similarly, under the assumption of a cumulative growth of the
effects of maladaptive parental behavior on the formation of global self-concept and domain-
specific self-concepts, the association between family socio-economic status and domain-
specific self-concepts is prone to intensify with students’ age, and thus also across the transi-

tion from elementary to secondary education (Evans, 2004; McLoyd, 1998). In addition, theo-
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retically, this relation should be moderated by characteristics of learning environments
(Trautwein et al., 2006). It should be specifically pronounced in ego-protective learning envi-
ronments, such as the comprehensive school type of Grundschule in elementary education and
the school type of Hauptschule, which has a remedial mission, in secondary education.
However, these general developmental trends in the transition from elementary to sec-
ondary education are overshadowed by the consequences of a strong big-fish-little-pond effect
induced by between-school ability grouping in German secondary education. Creating student
groups of similar domain-specific self-concept that differ widely with regard to domain-
specific academic achievement and family socio-economic status (Baumert et al., 2006b;
Maaz et al., 2008; Trautwein, Liidtke, Marsh, et al., 2006), the big-fish-little-pond effect di-
minishes the associations of academic self-concepts with these two variables in secondary
education (Kreppold, 2012). This implies a reduction of the relevance of domain-specific self-

concepts as mediators between family socio-economic status and academic achievement.

Individual Interest

What is interest? From a very general point of view, interest belongs to that class of
motivational constructs that capture students’ eagerness and willingness (“Do I want to do this
task?”’) to engage in specific tasks and to devote themselves to specific academic domains
(Wigfield et al., 2006). In particular, with regard to its overall emotional tone and its behav-
ioral consequences, interest is related to the concepts of intrinsic motivation (Deci & Ryan,
1985, 2002; Gottfried, Fleming, & Gottfried, 2001) and mastery orientation towards learning
(e.g., Ames, 1992; Blumenfeld, 1992); it also possesses partial overlap with the construct of
task value from expectancy-value theory (Wigfield & Cambria, 2010; Wigfield et al., 2000).
However, the distinguishing feature of interest is its content-specificity (Schiefele, Krapp,
Prenzel, Heiland, & Kasten, 1983). Interests are always directed towards specific objects, ac-
tivities, topics or academic subjects (Krapp, 2002a).

Resorting to the categorization of different forms of interest according to their
permanentness and stability, similar to the distinction between states and traits, two conceptu-
alizations of interest have evolved, namely situational and individual or personal interest (e.g.,
Hidi & Renninger, 2006; Krapp, 2002b; Krapp, Hidi, & Renninger, 1992; Schiefele, 2009).
On the one hand, situational interest is seen as a transient psychological state of positive emo-
tion, focused attention, improved cognitive functioning and perseverance (Hidi, 2000), in its
most extreme forms blurring the border between self and activity in experiences of flow

(Csikszentmihalyi, 1975). For instance, it has been investigated intensively which features of
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texts elicit temporary states of situational interest (Schiefele, 1996). On the other hand, indi-
vidual interest is conceptualized as a stable disposition to occupy oneself with a specific topic
or object, e.g. an academic discipline (Renninger, Ewen, & Lasher, 2002; Schiefele, 2009).
The dispositional construct of individual interest consists of several subcomponents, most
notably a feeling-related component and a value-related component. The former covers posi-
tive emotions associated with a specific object of interest, such as enjoyment of engagement
with a specific academic discipline, whereas the latter comprises evaluations of the im-
portance of a specific object of interest for the self (Krapp, 2002a; Schiefele, 2001). Especial-
ly its value-related component underscores that individual interest is conceptualized as an
integral part of personality constituting a stable relation of a person to a specific object of in-
terest.

The person-object theory of interest unifies these two forms of interest in a common
framework (Krapp, 1998, 2002a, 2002b). Specifically, the person-object theory of interest
construes the arousal, or actualization, of situational interest as resulting from characteristics
of both the individual person and the specific situation. With regard to learning in school, for
instance, a student may experience a state of situational interest in a comparatively tedious
science lesson due to a pre-existing pronounced individual interest in science. In other words,
he or she actualizes his or her dispositional interest in a given situation. On the contrary, a
science lesson that features exciting experiments and points out the relevance of science con-
tent for students’ personal lives may initiate and maintain situational interest in students ini-
tially not possessing a specific individual interest in science (Boekaerts, 1999; HauBler &
Hoffmann, 2002; Mitchell, 1993). Apart from the short-term influence of individual interest
on the emergence of episodes of situational interest, the person-object theory of interest also
postulates a long-term impact of experiences of situational interest on the formation of indi-
vidual interest: The repeated experience of transient episodes of situational interest for a spe-
cific object is thought to transform into an enduring individual interest for that object, e.g. the
academic domain of science (Krapp, 1998, 2002b). This internalization of interest is concep-
tualized to traverse multiple stages from a situational interest aroused primarily by external
stimuli to a stable individual interest integrated firmly into the self (Hidi & Renninger, 2006;
Mitchell, 1993).

Students’ individual interest in academic activities and school subjects undergoes a
substantial decline in the course of formal schooling (e.g., Frenzel et al., 2010; Gottfried et al.,
2001; Krapp, 1998). This decline is particularly profound for the domain of science (Hoff-
mann, HauBler, & Lehrke, 1998; Hoffmann, Krapp, Renninger, & Baumert, 1998). Moreover,

44



the decrease of interest in school subjects appears to be accompanied by qualitative changes
in the internal structure of the construct of individual interest: At younger ages the affective
tone of the feeling-related component dominates individual interest, whereas later on the cog-
nitive orientation of the value-related component takes precedence (Frenzel, Pekrun, Dicke, &
Goetz, 2012; Krapp, 2002b; Todt, 1990). A variety of developmental mechanisms and contex-
tual factors have been forwarded as plausible explanations for the group-average decline of
individual interest in academic domains across the years of schooling. For instance, the group-
average decrease of academic interest might be understood as a natural corollary of the onset
of puberty (Crouter, Manke, & McHale, 1995) or an inevitable reduction of the numerous
interests of early childhood (Krapp, 2002b; Todt, 1990). In addition, specifically in the transi-
tion from elementary to secondary education, changes in school and classroom environments,
such as an increasing performance orientation or ability grouping, might contribute to a de-
cline of individual interest in academic activities (Eccles & Roeser, 2011; Frenzel et al., 2010;
Wigfield et al., 2006).

The construct of interest can be linked to the frameworks of self-determination theory
and modern expectancy-value models of achievement motivation (Daniels, 2008; Wigfield &
Cambria, 2010). Interest-driven behaviors — such as reading about a topic one is interested in
— are self-intentional, i.e. they are performed independently of external incentives (Prenzel,
Lankes, & Minsel, 2000; Schiefele, 1996). In particular, the execution of interest-driven be-
haviors stands in complacent congruence with the developing self (Krapp, 1998, 2002b).
Thus, the person-object theory of interest and self-determination theory congenially interpret-
ing individual human development as a dynamic strive for an increasing integration of the
self, the construct of interest resembles the concept of intrinsic motivation (Krapp, 2002b;
Ryan & Deci, 2009). In agreement with these considerations, emotional experiences related to
the fulfillment of the three basic needs postulated in self-determination theory, the need for
competence, the need for autonomy and the need for social relatedness, are seen as essential
for the generation of interest (Deci & Ryan, 2000; Krapp, 2005). Unsurprisingly, conceptuali-
zations of individual interest in specific school subjects and conceptualizations of academic
intrinsic motivation for specific school subjects display a vast overlap in item content (e.g.,
Frenzel et al., 2010; Gottfried, 1985; Gottfried et al., 2001).

According to contemporary expectancy-value models of achievement motivation the
probability or intensity with which a student engages in a specific learning task depends on
the interaction of the expectancy of success for that task with the task value ascribed to that

task (Eccles-Parsons et al., 1983; Wigfield & Cambria, 2010; Wigfield et al., 2006). The as-
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cription of task value, in turn, decomposes into the attribution of attainment value, interest
value, utility value, i.e. the usefulness of the task for future goals, and cost (Wigfield &
Eccles, 1992). Attainment value is concerned with the importance that is placed upon doing
well in a given task (Eccles-Parsons et al., 1983). It depends on the centrality of certain tasks
for the self (Wigfield & Cambria, 2010). Interest value captures the enjoyment and positive
affect that can be gleaned from engaging in a given task (Wigfield & Cambria, 2010). Thus,
the concepts of attainment value and interest value can be roughly equated with the value-
related and feeling-related component, respectively, of individual interest.

Nevertheless, the construct of interest differs in important ways from intrinsic motiva-
tion, attainment value, and intrinsic value (see Daniels, 2008; Wigfield & Cambria, 2010).
First of all, interest is conceptualized as a decidedly content-specific construct. So, for in-
stance, the particularly pronounced group-average decline in individual interest for the school
subject of physics has been explained by characteristics of the content to be learned, such as
abstractness and limited relevance for everyday life (Hoffmann, HauBler, et al., 1998). Sec-
ondly, the person-object theory of interest clearly distinguishes and integrates the isomorphic
concepts of temporary situational interest as a state and enduring individual interest as a dis-
position in a common framework. In contrast, focusing on the explanation of engagement in
specific tasks, expectancy-value models remain comparatively vague with regard to the nature
and relevance of dispositional forms of attainment value and intrinsic value (Eccles &
Wigtield, 2002). Similarly, intrinsic motivation is described primarily as a state resulting from
the fulfillment of basic needs, whereas conceptualizations of enduring intrinsic motivational
orientation are comparatively rare (Amabile, Hill, Hennessey, & Tighe, 1994; Gottfried,
1985; Gottfried et al., 2001; see also Deci & Ryan, 1985, for the concept of dispositional cau-
sality orientations as precursors of differential intrinsic motivation).

Interest and achievement. Interest is positively related to learning and academic
achievement (Schiefele, 1996, 1998, 2009; Schiefele, Krapp, & Winteler, 1992; see Ainley &
Ainley, 2011; Lavonen & Laaksonen, 2009 for recent findings in the domain of science). In
the context of contemporary expectancy-value theory of motivation, individual interest can be
thought of as a dispositional precursor of task value. Precisely, individual interest is likely to
influence attainment value and interest value for specific tasks in that domain, because of its
value-related component and feeling-related component, respectively (see also Wigfield &
Cambria, 2010; Wigfield et al., 2006). Thus, with task value determining in interaction with
expectancy for success choices in favor of specific academic behaviors and persistence in

specific academic tasks, expectancy-value theory can be interpreted to predict an indirect ef-
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fect of individual interest on academic performance (cf. Wigfield et al., 2006). Note, however,
that in empirical research attainment value and interest value are often subsumed under the
more general construct of global task value (e.g., Eccles et al., 1993; Soric & Palekcic, 2009).

Within the framework of the person-object theory of interest, domain-specific
knowledge acquisition is an inherent companion of domain-specific interest. As the estab-
lishment and maturation of an individual interest is accompanied by devotion to the corre-
sponding object of interest, the integration of the object of interest into the self is inevitably
tied to knowledge growth (Krapp, 2002b). In agreement with this, it has been shown that
intraindividual consistency between individual interests and knowledge in various domains
increases over the life span (Reeve & Hakel, 2000). It has even been suggested to view ex-
tended domain-specific knowledge as an integral component and indicator of individual inter-
est in that domain (Renninger, 2000; Renninger et al., 2002; see Schiefele, 2009, for critical
discussion). In this respect, an individual interest in a given domain that does not entail a cor-
responding growth in domain-specific knowledge has to be considered an interest that has
cooled off, a henceforth gradually fading component of personality once deemed important to
the self (Krapp, 2002b).

On a short time scale, usually exemplified in text-based studies, interest exerts an en-
hancing influence on learning and achievement by means of positive affective states, in-
creased persistence and focused attention (Ainley, Hidi, & Berndorff, 2002; Hidi, 1995; Hidi,
Renninger, & Krapp, 2004; Schiefele, 1996). In addition, in text-based learning, interest ap-
pears to be especially related to deep-level text comprehension, as indicated by inferences
from text, conceptual understanding and transfer (Andre & Windschitl, 2003; Kunz,
Drewniak, Hatalak, & Schon, 1992; Schiefele, 1990, 2009; Schiefele & Krapp, 1996). On a
longer time scale, individual interest has been found to affect academic achievement via a
mastery orientation towards learning (Brett, Wilkins, Long, & Wang, 2012), effective self-
regulation (Metallidou & Vlachou, 2010), application of advanced learning strategies (Soric
& Palekcic, 2009), time spent on homework (Singh, Granville, & Dika, 2002) and course se-
lection (Koller, Baumert, & Schnabel, 2001).

With regard to the development of the association between individual interest and aca-
demic achievement in a given domain, thoughtful consideration of the ramifications of the
person-object theory of interest, of the consequences of ability grouping and of growth of per-
sonal independence in adolescence leads to the prediction that the relation between interest
and achievement increases in the transition from elementary to secondary education. The first

argument in favor of an intensification of the association between interest and achievement
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rests on two aspects of the person-object theory of interest. First, the development of individ-
ual interests starting with undifferentiated interest profiles in early childhood, young children
do not differ much with respect to interest strength in various academic domains. In contrast,
students at the end of their formal education display very distinct interest profiles. In other
words, at the end of school, there are large discrepancies in individual interest strength in the
various academic domains between different students (Krapp, 1998; Todt, 1990). Second,
with the human self autonomously striving towards progressive integration in personality de-
velopment, the maturation and growth of individual interests is intimately related to acquisi-
tion of new knowledge in domains pertinent to these interests (Krapp, 2002b). Thus, taken
together, these two principles of the person-object theory of interest imply an intensification
of the association between interest and achievement over the years of formal schooling as
students tend to increasingly drift apart with respect to individual interest and academic
achievement in a given domain. In partial support of this line of reasoning, the link between
interest and achievement has been found to be particularly strong for secondary science edu-
cation (Hoffmann, HauBler, et al., 1998; Krapp & Prenzel, 2011; Schiefele, et al., 1992), pre-
sumably because here, where the group-average decline of individual interest during the
school years is outstandingly pronounced (Baumert & Koller, 1998; Daniels, 2008; Osborne,
Simon, & Collins, 2003), the discrepancies between a minority of students with high interest
as well as high achievement in science and a majority of students with low interest as well as
low achievement in science are becoming exceptionally large.

For appraisal of the implications of tracking for the relation between interest and
achievement in a given domain, the following gedankenexperiment is instructive: Clearly, the
pedagogical intention of ability grouping is to create learning environments that are homoge-
neous with regard to the cognitive capacities of students, i.e. students of comparable intelli-
gence and prior knowledge are grouped together. This is supposed to ease the task of teaching
(Baumert et al., 2006b; see also LeTendre et al., 2003). Accordingly, in thought taken to the
extreme, optimal ability grouping would result in learning environments consisting of stu-
dents that are identical with respect to their cognitive capacities. It is not difficult to imagine
that in such a situation, where there is no variance in students’ cognitive capabilities in given
learning environments, non-cognitive factors like individual interest should take, beyond
group membership, precedence in the prediction of individual differences in academic
achievement. Apparently, the result of this small gedankenexperiment renders a contribution
of ability grouping to an intensification of the relation between individual interest and aca-

demic achievement in the transition from elementary to secondary education plausible. How-
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ever, the potential size of this contribution in real-world settings depends on the degree to that
the actual practice of tracking approaches the optimal ability grouping outlined above. In this
respect, the allocation of students to the different tracks of German secondary education is far
from operating in an indisputable manner (e.g., Ditton et al., 2005; Tiedemann & Billmann-
Mahecha, 2010). As a consequence of this, the distributions of students’ cognitive capabilities
and achievement for the various school types of German secondary education show, despite
differences in the respective means, considerable overlap (Baumert et al., 1997, 2006b;
Helmke & Jager, 2002; Lehmann et al., 1997).

Last but not least, the transition from elementary to secondary school and a possible
alteration of the association between individual interest and academic achievement must be
seen in the light of the more general transition from childhood to adolescence (Fend, 2000;
Hasselhorn & Silbereisen, 2008; Silbereisen & Todt, 1994). During the period of childhood,
parents serve as the central significant others. They closely monitor their children’s activities.
By and large, parental authority remains unquestioned. In contrast, confronted with various
developmental task that must be coped with in the preparation for life as an adult, adolescents
strive for growing independence from parents and teachers (Collins, 1990; Havighurst, 1972;
Lam, McHale, & Crouter, 2012; Pettit, Keiley, Laird, Bates, & Dodge, 2007). The importance
of interactions with peers in the course of socialization increases (Eccles, Wigfield, Flanagan,
Miller, Reuman, & Yee, 1989; Wigfield, Eccles, Mac Iver, Reuman, & Midgley, 1991). Natu-
rally, the process of gaining independence is accompanied by an enrichment of available ac-
tivity choices. For instance, whereas children in elementary school are inclined to fulfill
homework assignments simply because teachers and parents tell them to, adolescents in sec-
ondary school recognize the possibility to skip homework assignments in favor of leisure ac-
tivities with peers (Hofer, Schmid, Fries, Dietz, Clausen, & Reinders, 2007; Hofer, 2010;
Schnyder, Niggli, Cathomas, Trautwein, & Liidtke, 2006; Trautwein, Liidtke, Kastens, &
Kéller, 2006). Accordingly, in general terms, it is plausible that increasing freedom with re-
spect to activity choices gives way to an increasing importance of individual interest as a pre-
dictor of academic achievement in adolescence.

Interest and socio-economic status. According to contemporary theorizing about the
formation of individual interests repeated episodes of situational interest with respect to a cer-
tain object of interest precede the internalization of a corresponding individual interest (Hidi
& Renninger, 2006; Krapp, 2002b). Thereby, the fulfillment of basic needs in the sense of
self-determination theory is a crucial prerequisite for experiences of situational interest (Deci

& Ryan, 2000; Krapp, 2002a, 2005). Insofar as children’s experiences with episodes of situa-
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tional interest relevant to the various academic domains vary systematically with family so-
cio-economic status, children’s social background has to be assumed to shape the develop-
ment of individual interests in the realm of academic domains. Thus, material and financial
resources, the quality of early childcare, as well as parental interests, expectations and values,
which all vary with family socio-economic status, appear as potentially limiting factors for the
provision of opportunities to experience situational interest in academic domains (Bradley &
Corwyn, 2002; Evans, 2004; McLoyd, 1998). However, as the internalization of interests de-
pends on the fulfillment of basic needs, the effect of the provision of opportunities is probably
moderated by the quality of the parent-child relation, parenting practices, and the quality of
parental involvement in children’s education (Fan & Chen, 2001; Gottfried, Fleming, & Gott-
fried, 1994), which all also tend to vary systematically with family socio-economic status
(Bolger, Patterson, Thompson, & Kupersmidt, 1995; Duncan & Brooks-Gunn, 1997;
McLoyd, 1990). In other words, the ability to provide opportunities for episodes of situational
interest represents a necessary condition for the development of enduring academic interests,
which needs to be complemented by adequate parent-child interactions; both provision of
opportunities and parenting practices are associated with family socio-economic status (see
Figure 1). In a broader context, these mechanisms may be viewed as contributing to the trans-

fer of social identities from parents to children.

Family Socio-
economic Status

A\ 4

Material Resources Parenting Practices
Early Childcare
Parental Attitudes

Fulfillment of Basic Needs

A\ 4

Opportunities for v Individual Interest
Situational Interest

\4

Internalization

Figure 1. Tentative model of the impact of family socio-economic status on the formation of
individual interest in academic activities.

Exemplifying the preceding considerations for the domain of science, longitudinal

studies have revealed that parental behaviors supportive of science activities, including the
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purchase of science items and games, foster children’s individual interest in science (Jacobs,
Davis-Kean, Bleeker, Eccles, & Malanchuk, 2005). Obviously, families of high socio-
economic status dispose of the financial resources necessary to invest in science items and
games; they can afford to pay for visits to libraries, zoos and museums (Bradley & Corwyn,
2002; Bradley, Corwyn, Burchinal, et al., 2001; Bradley, Corwyn, McAdoo, et al., 2001).
Similarly, it has been shown that parents of low socio-economic status tend to refrain from
enrolling their children in non-compulsory preschool, depriving them of participation in early
science education (Kratzmann & Schneider, 2009). In the same vein, coinciding with high
socio-economic status (Ehmke, 2010), positive parental attitudes towards science stimulate
children’s interest in science (Jacobs & Bleeker, 2004; Turner, Steward, & Lapan, 2004). Ob-
viously, the occurrence of opportunities for children to experience situational interest with
respect to science appears to be constrained by family socio-economic status. In addition, par-
enting practices associated with low socio-economic status are prone to defy the fulfillment of
basic needs and thus to hinder the formation of enduring individual interest in science. Clear-
ly, punitive, harsh and unresponsive parenting, which is more common among families of low
socio-economic status than among families of high socio-economic status, stands in opposi-
tion to children’s need for social relatedness (Bradley, Corwyn, McAdoo, et al., 2001; Dodge
et al., 1994). Generally, poverty is associated with impoverished social support (Atkinson,
Liem, & Liem, 1986; Cochran, Larner, Riley, Gunnarson, & Henderson, 1990; Conger & El-
der, 1994). Furthermore, parent-child interactions in families of low socio-economic status are
relatively directive (Hart & Risley, 1995). Parents of low socio-economic status encourage
conformity in their children (Evans, 2004; Kohn, 1977; Luster, Rhoades, & Haas, 1989). The-
se characteristics of socially disadvantaged families probably deny children’s need for auton-
omy (Adams, 1998). Last but not least, the occurrence of learning interactions that are suita-
ble to fulfill children’s need for competence with regard to academic activities is inversely
related to family socio-economic status (Borduin & Henggeler, 1981; Bradley & Corwyn,
1999). So, in summary, parenting practices prevalent in families of low socio-economic status
are likely to hinder the fulfillment of basic needs essential for the internalization of enduring
individual interests.

At first glance, under the assumption of cumulative effects of social background on the
provision of opportunities for episodes of situational interest and on the fulfillment of basic
needs, it appears plausible that the association between family socio-economic status and stu-
dents’ individual interest for academic activities intensifies across the years of formal school-

ing. The seasonality of social disparities in achievement gains lends additional verisimilitude
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to the hypothesis of an increasing association between socio-economic status and individual
interest (Alexander, Entwisle, & Olson, 2001). The relation between socio-economic status
and school failure, a particular severe form of losing interest in academic activities, also
points in this direction (Battin-Pearson et al., 2000). Moreover; the growth of social dispari-
ties in students’ interest might be further amplified in decidedly tracked school systems as
tracking creates groups of students with comparable socio-economic backgrounds and thereby
presumably aligns the directionality of parental and peer influences on interest development.
In fact, the sustainment of high-achieving students’ interest is conventionally cited as one of
the pedagogical intentions of ability grouping (Plucker et al., 2004). In spite of this, recently
researchers have found evidence in favor of a big-fish-little-pond effect with regard to stu-
dents’ individual interest in school subjects (Frenzel et al., 2010; Trautwein et al., 2006).
However, it is unclear whether the occurrence of this big-fish-little-pond effect is apt to coun-
teract an assumed intensification of social disparities in students’ interest.

Summary. Capturing students’ eagerness to devote their time and energy to the study
of certain domain-specific topics, individual interest in academic disciplines serves as an im-
portant motivational construct for learning in school (Krapp, 1998). Across the years of for-
mal schooling, individual interest in academic disciplines undergoes a substantial decline
(Frenzel et al., 2010; Gottfried et al., 2001). This decline is particularly profound for the do-
main of science (Hoffmann et al., 1998). Moreover, this decrease appears to be accompanied
by a recession of the relevance of the feeling-related component and a parallel growth of the
importance of the value-related component for the construct of individual interest (Frenzel et
al., 2012; Krapp, 2002b). At least partly, the group-average decline of individual interest in
academic disciplines has to be understood as a natural corollary of the intraindividual reduc-
tion of the various interests of early childhood to a few highly valued interests in late adoles-
cence (Krapp, 2002b; Todt, 1990).

The person-object theory of interest assumes that the formation and existence of do-
main-specific individual interest is inherently tied to the growth of corresponding domain-
specific knowledge (Krapp, 2002b). In fact, various forms of interest have been shown to en-
hance learning, in particular deep-level learning (Schiefele, 2009). The fundamental principles
of the person-object theory of interest, speculations about the implications of ability grouping
and the developmental increase of adolescents’ independence point towards an intensification
of the relation between individual interest and academic achievement in the transition from
elementary to secondary education (Hasselhorn & Silbereisen, 2008; Krapp, 2002b). In spite

of this, at the lower level of German secondary education empirically individual interest has
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been found to be a comparatively weak or even a nonsignificant predictor of academic
achievement (Baumert & Koller, 1998; Koller et al., 2001; Marsh, Trautwein, Liidtke, Koller,
& Baumert, 2005; Schiefele, 2009).

Family socio-economic status influences the formation of students’ individual interest
in specific academic disciplines probably both via investment in the provision of opportunities
for experiences of corresponding situational interest and via the fulfillment of basic needs
(Duncan & Brooks-Gunn, 1997; Jacobs et al., 2005). Under the assumption that these influ-
ences remain relatively stable across the years of formal schooling, it appears likely that cu-
mulative effects engender a developmental intensification of the association between social
background and individual interest in academic activities (Alexander et al., 2001). Recently,
researchers have found evidence in favor of a big-fish-little-pond effect with regard to indi-
vidual interest in school subjects (Frenzel et al., 2010; Trautwein et al., 2006). Yet, it is diffi-
cult to gauge if the implications of this big-fish-little-pond effect tend to dilute the develop-
mentally plausible amplification of the relations of socio-economic status with academic

achievement and with individual interest.

Research Questions

In general, the research questions for the present investigations had a two-layered
structure. The first layer of this structure was concerned with the basic pattern of a potential
mediation of the effects of socio-economic status on student achievement by cognitive and
motivational propensities. Accordingly, this first layer covered general questions with regard
to the associations between (a) socio-economic status and student achievement, (b) socio-
economic status and cognitive and motivational propensities, and (c) cognitive and motiva-
tional propensities and student achievement. The second layer of the structure of research
questions was concerned with the potential moderation of the aforementioned set of relations
by students’ grade level or enrollment in a specific school type. In other words, it covered the
differential question whether a configuration of results obtained for an entire sample held for
relevant subsamples as well. Obviously, this second layer of the structure of research ques-
tions was inspired by hypotheses with regard to the impact of developmental and institutional
factors on the associations assembled in the first layer of the structure of research questions.

Moreover, in examining these associations and their moderations, due to the peculiari-
ties of the data set used, the present investigations differed in important ways from most pre-
vious research. First, recent research on the effects of family socio-economic status on student

achievement in Germany has operationalized student achievement broadly in terms of compe-
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tences in specific domains (e.g., Bonsen et al., 2008; Ehmke & Jude, 2010; Stubbe et al.,
2012). In contrast, in the context of the present investigations student achievement was as-
sessed narrowly, in terms of post-instructional science achievement with regard to the topic of
evaporation and condensation. Second, in field studies of the relation between social back-
ground and student achievement spanning several grade levels or school types, naturally, the
content taught could not be held constant across different grade levels or school types (e.g.,
Ehmke et al., 2006; Opdenakker, van Damme, de Fraine, van Landeghem, & Onghena, 2002;
Scott, Rock, Pollack, Ingels, & Quinn, 1995). In contrast, for the current investigations teach-
ers from different grade levels and school types were instructed alike to provide their students
with a series of lessons on the topic of evaporation and condensation (see the description of
the data set below).

The first aim of the study was to establish a social gradient in science achievement for
the data set at hand. Obviously, the presence of such a gradient constituted a prerequisite for
the subsequent examination of the mediation of effects of socio-economic status by cognitive
and motivational propensities. In sum, meta-analytic research as well as international and na-
tionwide large-scale assessments of student achievement hint at a moderate to strong associa-
tion between socio-economic status and science achievement (e.g., Bonsen et al., 2008;
Hattie, 2009; Sirin, 2005; Stubbe et al., 2012; White, 1982). However, as mentioned above,
these studies conceptualized science achievement predominately in broad terms as science
competence covering a range of varying topics. Thus, assuming that influences of family so-
cio-economic status on student achievement accumulate over time and over different topics, a
comparatively small relation between the two variables was expected for the present data set.
This expectation was located on the first layer of the structure of research questions.

Furthermore, a pair of tentative hypotheses was formulated with regard to the potential
moderation of the association between socio-economic status and science achievement by
grade level or school type. The accumulation of primary and secondary effects of social origin
has been shown to intensify the relation between socio-economic status and student achieve-
ment in German secondary education relative to the corresponding association in elementary
education (Maaz et al., 2009; Maaz & Nagy, 2009; Maaz et al., 2008; Schnabel et al., 2002).
The extrapolation of this finding to the current investigations suggested an amplification of
the association between socio-economic status and science achievement with an increase in
students’ grade level. However, as the learning sequence under consideration was limited to a
specific topic and as the subsamples of fourth- and sixth-graders were positioned closely to

the transition from elementary to secondary education, this extrapolation of the relevance of
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cumulative processes of competence acquisition bore considerable uncertainty. The aforemen-
tioned steepening of the social gradient in student achievement in German secondary educa-
tion is attributable, at least to a large portion, to the differential enrollment of students of low
and high family socio-economic status in the school types of secondary education and the
differential development of student achievement between these school types, while there oc-
curs little or no differential development of achievement along the lines of social background
within school types (Baumert et al., 2006b; Schnabel et al., 2002; Baumert et al., 2012). Ac-
cordingly, for the current examinations, restrictions of variances in socio-economic status and
achievement within school types were suspected to possibly engender a reduction of the asso-
ciation between social background and student achievement within specific school types of
secondary education as compared to the states of affairs in the comprehensive school type of
Grundschule of elementary education. However, this line of reasoning depended crucially on
the occurrence of relevant restrictions of variances within the school types of secondary edu-
cation. These hypotheses concerning the importance of students’ grade level and school type
for the association between socio-economic status and science achievement were located at
the second layer of the structure of research questions.

The second aim of the present examinations was to elucidate the role of fluid ability as
a potential mediator of the effects of socio-economic status on science achievement. On the
first layer of the structure of research questions, this covered, as a necessary initial step, the
inspection of the social gradient in fluid ability. Under the assumption that family socio-
economic status affects the development of children’s intelligence both directly and indirectly
via the endowment of home environments and the heredity of parental intelligence (Bradley &
Corwyn, 2002; Farah & Hackman, 2012), for the current data set the association between stu-
dents’ fluid ability and post-instructional science achievement was hypothesized to be of in-
termediate strength. Moreover, being a natural precursor of knowledge acquisition, fluid abil-
ity was expected to be a substantial predictor of post-instructional science achievement. Thus,
in conjunction, fluid ability was anticipated to mediate a relevant portion of the effect of so-
cio-economic status on science achievement. On the second layer of the structure of research
questions, the association between social background and fluid ability for sixth-grade students
was assumed to exceed the corresponding association for fourth-grade students. In other
words, the relation between socio-economic status and fluid ability was expected to amplify
in the transition from elementary to secondary education. This hypothesis was based on the
presumption of an accumulation of adverse effects of socio-economic status on students’ in-

telligence development during childhood and early adolescence. For this relation there were
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no further differential hypotheses with regard to students’ enrollment in the school types of
Hauptschule or Gymnasium in secondary education. The relation between fluid ability and
post-instructional science achievement was expected to attenuate with the transfer from ele-
mentary to secondary education. This hypothesis followed the idea that with growing com-
plexity of students’ knowledge and of the content to be learned students’ domain-specific pri-
or knowledge replaces general mental ability as the central predictor of subsequent student
achievement (Baumert et al., 2009). Thus, the association between fluid ability and science
achievement was assumed to attenuate both for the entire subsample of sixth-graders and
within the school types of Hauptschule and Gymnasium in secondary education. Note that if
the contention that the reduction of the strength of the relation between fluid ability and stu-
dent achievement was attributable mainly to reductions of variances in mental ability in spe-
cific learning environments was correct (see Jensen, 1998, for this argument), an attenuation
of the association between fluid ability and post-instructional science achievement would be
observable only within in the school types of Hauptschule and Gymnasium, and not for the
entire subsample of sixth-graders.

The third aim of the current study was the inspection of the contribution of prior
knowledge to the mediation of effects of social background on science achievement. The fi-
nancial capacity to provide offspring with opportunities to attain academically relevant prior
knowledge and parental behaviors fostering the acquisition of such knowledge distributed
differentially along the lines of the socio-economic status, a relatively close relation between
family socio-economic status and students’ topic-specific prior knowledge was expected for
the data set at hand. Moreover, in line with a massive bulk of research findings, students’ pri-
or knowledge was assumed to be a powerful predictor of post-instructional achievement
(Hattie, 2009; Renkl, 1996). So, prior knowledge was supposed to be an important mediator
of the effects of socio-economic status on post-instructional science achievement. Obviously,
these hypotheses were located at the first layer of the structure of research questions.

On the second layer of the structure of research questions, the association between
family socio-economic status and students’ topic-specific prior knowledge was surmised to
intensify in the transition from elementary to secondary education. Here, the same rationale as
formulated above for the potential moderation of the social gradient in post-instructional sci-
ence achievement by grade level came into effect: An accumulation of primary and secondary
effects of social origin should entail an amplification of the relation between socio-economic
status and prior knowledge in secondary education. Observations of increasing achievement

gaps between students of low and high socio-economic status during summer break lend addi-
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tional credibility to the assumption of an accumulation of adverse effects of social background
on student achievement over the course of formal schooling (Alexander et al., 2001, 2007).
However, it was not possible to devise further hypotheses for a differentiated moderation of
the social gradient in topic-specific prior knowledge by students’ enrollment in specific
school types of secondary education. Complementary to the differential assumptions formed
for the relevance of fluid ability as a predictor of science achievement, the relation between
topic-specific prior knowledge and post-instructional science achievement was expected to
intensify with students’ grade level (Baumert et al., 2009). Moreover, the contention that the
cumulatively growing complexity of students’ knowledge and of the content to be learned
renders domain-specific prior knowledge increasingly the central predictor of achievement
spawned additional differential hypotheses with regard to the school types of secondary edu-
cation: Students attending the school type of Hauptschule tend to possess considerably less
prior knowledge than students attending the school type of Gymnasium, an inevitable corol-
lary of ability grouping. Accordingly, the strength of prior knowledge as a predictor of
achievement should be more pronounced within the school type of Gymnasium than within
the school type of Hauptschule.

The fourth aim of the present investigations was the exploration of students’ self-
concept of ability as a potential mediator of the relation between family socio-economic status
and students’ science achievement. Naturally, this involved the testing of assumptions about
the association between socio-economic status and self-concept of ability in science: Plausi-
bly, both depressing top-down effects from global self-concept or self-esteem (Trautwein et
al., 2006; Twenge & Campbell, 2002) and impoverished parental feedback (Baker & Steven-
son, 1986; Dumont et al., 2012) cause children of low socio-economic status to form compar-
atively negative domain-specific self-concepts of ability, thereby constituting a social gradient
in students’ self-concept of ability science. Apart from that, domain-specific self-concepts of
ability have the capacity to enhance domain-specific academic achievement by fostering en-
gagement in learning behaviors (Eccles & Wigfield, 1995) and by hampering dysfunctional
cognitions in learning and test situations (Urhahne et al., 2011). However, in face of the find-
ings in support of a dominance of processes of skill-development in middle and late childhood
(Helmke & van Aken, 1995; Kammermeyer & Martschinke, 2006), for the sample of the pre-
sent investigations self-concept of ability in science had to be assumed to be a relatively weak
predictor of subsequent science achievement. So, on the first layer of the structure of research
questions, self-concept of ability appeared as a plausible, albeit weak, mediator of the relation

between family socio-economic status and students’ science achievement.
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Which hypotheses were derived with respect to the second layer of the structure of re-
search questions, i.e. the moderation of the strength of the relations between socio-economic
status and self-concept of ability in science, on the one hand, and between self-concept of
ability in science and science achievement, on the other hand, by grade level or school type?
In case of the German educational system with its explicit ability grouping of students into the
different school types of its secondary education, plausible general developmental trends of
the two aforementioned relations are overruled by a pronounced big-fish-little-pond effect
endowing children of differing socio-economic status and academic achievement with similar
academic self-concepts. Thus, for the current examinations, a reduction of the associations
between self-concept of ability in science and social background as well as science achieve-
ment was expected for the transition from elementary to secondary education. Under the as-
sumption that the school type of Gymnasium represents a less ego-protective learning envi-
ronment than the school types of Hauptschule and Grundschule a further differential hypothe-
sis could be formulated for the moderator of school type: As top-down effects of negative
global self-esteem should operate first and foremost in ego-protective learning environments
(Trautwein et al., 2006), the association between socio-economic status and self-concept of
ability in science was expected to be particularly weak within the school type of Gymnasium.

The fifth — and final — aim of the current analyses was the examination of the rele-
vance of individual interest in science for the mediation of effects of socio-economic status on
science achievement. This endeavor commenced, on the first layer of the structure of research
questions, with assumptions about the presence of a social gradient in individual interest in
science. Here, both disparities in families’ capacities to provide opportunities for experiences
of situational for interest in science (Bradley & Corwyn, 2002; Jacobs et al., 2005) and dispar-
ities in the quality and quantity of parent-child interactions (Duncan & Brooks-Gunn, 1997)
were hypothesized to contribute to the manifestation of a social gradient in individual interest
in science. Furthermore, individual interest in science was expected to display a small, yet
reliable association with science achievement as interest is known to foster persistence in
learning activities and deep-level processing of learning content (Hidi et al., 2004; Schiefele,
2009).

On the second layer of the structure of research questions, speculations about an ac-
cumulation of adverse effects of social background on the formation of individual interest in
academic activities over the course of formal schooling formed the basis for the assumption
that the relation between family socio-economic status and individual interest in science in-

tensified with students’ increasing age in the transition from elementary to secondary educa-
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tion. Similarly, inherent features of the person-object theory of interest, consequences of abil-
ity grouping and the growth of students’ personal independence in adolescence were conjoint-
ly weighed as arguments in favor of an amplification of the association between individual
interest in science and science achievement with increments in students’ grade level. With
respect to the school types of secondary education no further differential hypotheses were
formulated. Nevertheless, the assumed amplifications of associations with individual interest
in the transition from elementary to secondary education were possibly overshadowed by a
big-fish-little-pond-effect in individual interest in science (Frenzel et al., 2010; Trautwein,

Liidtke, Marsh, et al., 2006).

Method
Design and Data Basis

The current investigations relied on data gathered in the initial cross-sectional phase of
a longitudinal research project (Professionswissen von Lehrkrdften, verstindnisorientierter
naturwissenschafilicher Unterricht und Zielerreichung im Ubergang von der Primar- zur
Sekundarstufe — PLUS) on the development and interplay of classroom climate, science in-
struction, and students’ interest in science in the transition from elementary to secondary edu-
cation in Germany. The field study of the cross-sectional phase consisted of inspections of
fourth- and sixth-grade classrooms. Participating teachers were asked to provide their students
with a series of three 90-minute lessons on the topic of evaporation and condensation. The
first of these lessons was videotaped. Students had to complete a variety of questionnaires and
tests on three separate measurement occasions. On the first measurement occasion, before the
onset of the series of lessons, students’ fluid ability and topic-specific prior knowledge were
assessed with written tests. Additionally, students completed questionnaires on classroom
climate, on their perception of science instruction, and on different motivational constructs.
On the second measurement occasion, immediately after the videotaped lesson, students re-
ported on their appreciation of classroom climate and science instruction concerning that les-
son. The third measurement occasion, after the series of three lessons, comprised concluding
assessments of students’ perceptions of classroom climate and science instruction as well as
of several motivational constructs and science achievement with regard to the entire learning
sequence. A questionnaire containing questions on family socio-economic status was send to
the parents of all participating students. Moreover, teachers were probed for their topic-
specific content and pedagogical content knowledge. In addition they reported on their atti-

tudes towards teaching science (see Ewerhardy, 2011; Ewerhardy, Kleickmann, & Mbller,
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2012; Fricke, van Ackeren, Kauertz, & Fischer, 2012; Lange, 2010; Lange, Kleickmann,
Trobst, & Moller, 2012; Ohle, 2010; Ohle, Fischer, & Kauertz, 2011 for further analyses
based on data from the cross-sectional phase of the PLUS-project).

For the examination of the mediation of effects of socio-economic status on student
achievement by individual cognitive and motivational propensities six measures were picked
from the cross-sectional data set. Mothers’ and fathers’ free reports of current occupational
status were transformed into scores of the ISEI (Ganzeboom et al., 1992). The highest of these
values for each family was selected as the indicator of family socio-economic status. The four
possible mediators of the relation between social background and student achievement were
operationalized by four measures taken from the first measurement occasion. Here, students’
fluid ability was assessed with two subtests of the CFT 20-R (Cattell, 1963; Weil3, 2006). Pri-
or knowledge with respect to the topic of evaporation and condensation was measured by a
test containing 26 multiple-choice and multiple-select items. The motivational constructs of
self-concept of ability in science and individual interest in science were assessed with Likert-
style scales. Naturally, the central dependent variable of the potentially mediated relationship,
students’ topic-specific achievement in science after instruction, was taken from the third
measurement occasion. Science achievement after instruction was measured with the same
test as students’ prior knowledge.

Data was gathered primarily in 2008. Teachers received a book about science instruc-
tion in exchange for their efforts. Classes as a whole were paid 50 Euros for their cooperation.
Parents gave written consent to the participation of their children. A total of 1326 fourth-
graders (621 girls and 702 boys, 3 students did not indicate gender) from 60 classrooms and
1354 sixth-graders (646 girls and 708 boys) from 54 classrooms, took part in the cross-
sectional study. All participating students from fourth grade attended the comprehensive
school type of Grundschule of German elementary education. Among the 54 classrooms from
secondary schools 28 classrooms with 601 students stemmed from the school type of
Hauptschule (the lowest track of German secondary education), whereas the other 26 class-
rooms with 753 students were from the school type of Gymnasium (the highest track of Ger-
man secondary education). Average class size in fourth and sixth grade was 22.10 and 25.07
students, respectively. In the school types of Grundschule, Hauptschule and Gymnasium av-
erage class size equaled 22.10, 21.46 and 28.96 students, respectively. Students’ mean age in
elementary schools was 10.27 years. In secondary schools students’ mean age amounted to
12.16 years. The questionnaire on family socio-economic status was returned by 1904 parents.

This equaled a response rate of 71.04%. Furthermore, 503 of the responding families, i.e.
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18.77% of the total sample, indicated that at least one parent was not born in Germany. In
North Rhine-Westphalia, the federal state of Germany in which the study was conducted, in
2009 approximately 38.9% of fifth-graders — fifth grade is the first year of secondary educa-
tion — attended a Gymnasium, while only 14.6% of fifth-graders were enrolled at a
Hauptschule (cf. Autorengruppe Bildungsbericht, 2010, p. 246).

Although in most instances schools contributed exactly one classroom to the sample,
occasionally schools participated with more than one classroom. In case of the subsample of
fourth-graders, i.e. in case of the school type of Grundschule, 6 schools provided two class-
rooms for the study, whereas 2 further schools assigned three and four classrooms, respective-
ly, for participation. With respect to the subsample of sixth-graders, 1 school of the school
type of Hauptschule as well as 2 schools of the school type of Gymnasium contributed two
classrooms to the study. In addition, 1 school of the school type of Gymnasium participated
with three classrooms in the study. So, the 114 classrooms of the sample were recruited from
98 separate schools.

With regard to the population of fourth- and sixth-graders in North Rhine-Westphalia,
the sampling for the current analyses deviated from random sampling in two respects, entail-
ing specific consequences for the interpretation of results. First, the sample was a convenience
sample recruited mostly within a radius of 60 kilometers around the cities of Muenster and
Essen. The recruitment of classrooms was accompanied by substantial self-selection. Schools
were initially approached by phone. Approximately one fifth of the contacted schools con-
sented to participate with at least one classroom in the study. So, with one half of the partici-
pating classrooms located in the Muenster region and the other half of participating class-
rooms located in the Ruhr region, rural and urban classrooms were represented with roughly
equal weight in the sample. However, assuming that classrooms with burned-out teachers or
severe disturbances of learning climate refrain from participation in research projects, it ap-
pears plausible that self-selection engendered a positive bias with respect to overall function-
ing of classrooms and such variables as student achievement and motivation for the entire
sample.

Second, sampling of secondary schools was restricted to the school types of
Hauptschule and Gymnasium, thereby excluding a large portion of students of intermediate
achievement and ability from the subsample of sixth-graders. Obviously, the fourth-graders
sampled in a comparatively unrestricted manner, this introduced a certain mismatch between
the subsamples of fourth- and sixth-graders with regard to their overall representativeness for

the respective subpopulations. In particular, the estimation of the actual state of affairs in the
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subpopulation of sixth-graders based on the restricted subsample of sixth-graders is subject to
specific biases. As the correlation between variables tends to be inflated by the exclusion of
persons with intermediate values on those variables (for a memorable illustration see Stelzl,
1982/2005, pp. 144-158), it has to be assumed that, when the subsample of sixth-graders is
considered as a whole, the strength of associations between family socio-economic status,
possible mediators and student achievement is overestimated with regard to the actual rela-
tions in the subpopulation of sixth-graders. However, the severity of this biasing influence
depends on the actual distributions of critical variables in the groups of students sampled from
the school types of Hauptschule and Gymnasium, i.e. it depends on the actual intensity of the
dilution in the central areas of the distributions of critical variables due to exclusion of school
types with intermediate academic requirements. Note that the distributions of student
achievement or general mental ability display considerable overlap for different school types
in German secondary education. Moreover, as the school types of Hauptschule and Gymnasi-
um represent the least and most advantageous developmental environments, respectively, for
achievement in German secondary education (Baumert et al., 2006b), the deliberate exclusion
of school types with intermediate academic requirements presumably amplified any differen-
tial effects of assignment of students to segregated learning environments within the subsam-
ple of sixth-graders as compared to the actual state of affairs in the subpopulation of sixth-
grade students. In many respects, the use of the restricted subsample of sixth-graders for gen-
eralization to the subpopulation of sixth-graders suffers from the same methodological dubi-
ousness as the use of a comparison of extreme groups for generalization to an intact popula-
tion (Stelzl, 1982/2005).

Nonetheless, apart from the seemingly unfavorable unrepresentativeness of the sub-
sample of sixth-graders for the subpopulation of sixth-graders, the pronounced oversampling
of students from the school type of Hauptschule entails an important genuine virtue. As men-
tioned above, in 2009 only 14.6% of fifth-graders in North Rhine-Westphalia attended a
Hauptschule. Therefore, the decided oversampling of students from the school type of
Hauptschule enabled a much more accurate estimation of effects for students from this school
type than would have been attainable with a subsample more representative of the subpopula-
tion of sixth-graders. (Knight, Roosa, & Umaifa-Taylor, 2009; Wainer, 2010a). In other
words, the characteristics of the subsample of sixth-grade students allowed separate generali-
zations to the populations of sixth-graders from the school type of Hauptschule and of sixth-

graders from the school type of Gymnasium with improved precision.
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Analyses

Before substantive research questions were tackled, the data on family socio-economic
status, on the potential mediator variables and on student achievement was submitted to spe-
cific preparatory and auxiliary analyses. For a subsample of 300 families, mothers’ and fa-
thers’ free reports of occupational status were double-coded in order to investigate various
indicators of intercoder reliability for the assignment of ISEI-scores (Ganzeboom et al., 1992).
In particular, factual agreement, relative agreement, and structural agreement between coders
were examined (Agresti, 1990; Maaz, Trautwein, Gresch, Liidtke, & Watermann, 2009; Wirtz
& Caspar, 2002). The culture fair intelligence test of fluid ability, the science achievement
test, which was used to assess both prior knowledge and the dependent variable of student
achievement, and the two motivational scales, self-concept of ability in science and individual
interest in science, were submitted to test and scale analyses. This included calibration accord-
ing to psychometric models of the Rasch family (Andrich, 1978; Masters, 1982; Nering &
Ostini, 2010; Rasch, 1960), computation of central indices of classical test theory (Lord &
Novick, 1968) and model-based explorations of differential item functioning (Wu, Adams,
Wilson, & Haldane, 2007). This procedure served to obtain linear measures for subsequent
investigations, to thoroughly describe the properties of the tests and scales and to identify pe-
culiarities of the measures possibly relevant for the interpretation of results of subsequent in-
ferential analyses. The problem of missing data was handled by multiple imputation with the
R-package mice (van Buuren & Groothuis-Oudshoorn, 2011). The imputation model took into
consideration a set of background variables otherwise unrelated to the substantial analyses. A
total of 50 imputed data sets was generated for subsequent inferential analyses.

As students were nested into classrooms, it was mandatory to follow a multilevel ap-
proach in the inferential analyses in order to receive unbiased estimations of the effects
(Dedrick et al., 2009; Raudenbush & Bryk, 2002; Snijders & Bosker, 1999; see Geiser, 2010,
chap. 5 for a non-technical introduction to multilevel modeling). The relations of primary in-
terest for the current investigations, i.e. the relations between family socio-economic status,
cognitive and motivational propensities as potential mediators and the central dependent vari-
able of student achievement, were located at the individual level of the analyses. These rela-
tions were explored against a background or in a context of developmental, i.e. grade level,
and institutional, i.e. school type, variables on the class level. Some of the estimated models
contained only main effects for these variables on the class level. So, in these cases, a back-
ground pattern of mean differences in the respective dependent variable between grade levels

or school types was estimated on the class level and additively combined with the configura-
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tion of effects on the individual level. Many of the research questions, however, were con-
cerned with the possible moderation of effects located at the individual level by developmen-
tal or institutional variables located at the class level. The estimation of models that included
terms for cross-level interactions between effects on the individual level and effects on the
class level addressed this issue. In these cases, the terms for cross-level interactions captured
the moderating influence of the developmental or institutional context on basic relations at the
individual level. In more technical terminology, a variety of intercepts-as-outcomes and inter-
cepts-and-slopes-as-outcomes multilevel models was estimated to answer the research ques-
tions (Geiser, 2010; Luke, 2004).

Thereby, dealing with the research questions one at a time, the inferential analyses
proceeded in a stepwise fashion. First, the social gradient for student achievement after the
series of lessons was assessed. In other words, the inferential analysis started with the estab-
lishment of a relation between family socio-economic status and student achievement that
potentially could be mediated by individual cognitive and motivational propensities. Second,
the actual mediation analyses were performed separately for each potential mediator. This
included the examination of the association between socio-economic status and the respective
mediator as well as the exploration of the relation between the respective mediator and the
dependent variable of student achievement. Crucially, the impact of this latter relation on the
association between socio-economic status and student achievement was inspected, the final
evidence for the existence of a mediated relationship. Third, eventually, under consideration
of the results of the previous analyses, the relative importance of each of the four mediators
was evaluated. On the one hand, multilevel regression models containing more than one me-
diator simultaneously were fitted to the data. On the other hand, a multilevel path model in-
corporating all the effects and moderations identified as relevant in the preceding investiga-
tions was set up. In all multilevel analyses, both the central dependent variable of student
achievement after instruction, and the potential mediators, fluid ability, topic-specific prior
knowledge, self-concept of ability in science and individual interest in science, were included
as standardized variables. Grade level and school type were incorporated as dummy-coded
variables with fourth grade and the school type of Grundschule, respectively, as the reference
categories. The inferential analyses were conducted for each imputed data set by means of
maximum likelihood estimation. The results of these analyses were aggregated according to
the rules devised by Rubin (1987). The software package Mplus 6.12 was used for estimation
of multilevel models and aggregation of results (Muthén & Muthén, 2011).

Although structural equation modeling with full information maximum likelihood es-
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timation offers a convenient method to integrate the formulation of psychometric models, the
handling of missing data and the testing of substantial hypothesis in a single step of analysis
(Arbuckle, 1996; Kaplan, 2000; Rose, Pohl, Bohme, & Steyer, 2010), for the current analyses
these three aspects of data analysis were intentionally kept separated. This was thought to add
clarity to the analytic procedure as the mutual interdependencies of measurement and struc-
tural parts of structural equation models as well as the dependency of full information maxi-
mum likelihood estimation on variable selection might run the risk to obscure the attribution
of specific effects to one of the three aspects of data analysis (Liidtke & Robitzsch, 2010).
Moreover, the strict separation of different aspects of data analysis might foster a scientific
practice that is based on the division of labor between different researchers and thus enhances
critical scrutiny of results in all phases of data analysis. So, the global set up of the current
analyses might be considered a trade of convenience for clarity.

Of course, besides family socio-economic status, grade level, school type and cogni-
tive and motivational propensities, there is a plethora of further variables, for instance, charac-
teristics of teachers and of their instruction, that contribute to the prediction of student
achievement (Helmke, 2010; Helmke & Weinert, 1997; Lipowsky, 2006). In educational re-
search, it is conventional practice to drop long lists of variables into regression models to con-
trol for the various influences on student achievement and to explain as much variance as pos-
sible. Nevertheless, in order to obtain credible effect estimates from such analyses, the respec-
tive data has to meet certain assumptions, such as the absence of multicollinearity and the
linearity of effects on the dependent variable (Achen, 2005; Shieh & Fouladi, 2003). Unfortu-
nately, even small deviations from the assumption of linear relations can cause rather severe
distortions of effect estimates in regression models with more than one predictor (Achen,
2005). So, with regard to the estimation of specific regression weights, not with regard to the
maximization of explained variance, the simple rule that more predictors are better only holds
when additional variables conform to the underlying assumptions. However, the incorporation
of more variables in a given regression model both increases the probability that certain in-
cluded variables do not conform to the assumptions and complicates the interrelations be-
tween predictors (Achen, 2005; Stelzl, 1982/2005). Thus, sound theory and thorough, i.e. in
many cases stepwise, data analysis are essential to avoid harmful model misspecifications.
Accordingly, as the current paper did not elaborate the association of student achievement
with further variables theoretically, the regression models of the inferential analyses were
restricted to the predictors of socio-economic status, cognitive and motivational propensities,

grade level as well as school type.
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Coding of Occupational Status

In the parental questionnaire mothers and fathers were asked to provide free descrip-
tions of their current occupation. The actual wording of those questions followed the diction
of items used in previous research (Bos et al., 2005). Parents were explicitly instructed not to
name the profession in which they were originally trained but to denote their current occupa-
tion as precisely as possible. On the basis of the appendix in Ganzeboom and colleagues
(1992), these free descriptions of current occupation were transformed into scores of the ISEL
Relying on the International Standard Classification of Occupations (ISCO), the ISEI offers
four levels of increasingly fine-grained coding of occupational status. On the broadest level of
categorization the ISEI discerns effectively seven main groups ranging from professional,
technical and related workers to production workers, transport equipment operators and labor-
ers. Within the seven main groups, more detailed classifications are possible. Particularly,
descriptions of current occupation can be classified into minor groups, unit groups and occu-
pational titles, with the latter as the finest level of categorization. As a consequence of this, on
the broadest level of classification, ship engineers and chemists, for instance, share a score of
67 on the ISEI (for membership in the major group of professional, technical and related
workers), whereas, on the level of unit groups, they receive scores of 53 and 73, respectively
(cf. Baumert & Maaz, 2006). So, in the process of coding, four variables corresponding to the
four hierarchical levels of categorization were created for both mothers’ and fathers’ free de-
scriptions of occupational status. Moreover, as the original construction of the ISEI was based
on a sample of men working full time, unemployed and retired individuals, homemakers as
well as full-time students among the participating parents were assigned a score of 0 on the
four variables. This approach differed from the assessment of socio-economic status in large-
scale studies of student achievement in which non-working parents were asked to report their
last occupation. In those studies parents not active in the labor force could receive a score
larger than O on the ISEI (e.g, Maaz, Trautwein, et al., 2009; Prenzel et al., 2006). However,
in agreement with current research practice, mothers were given scores on the ISEI although it
was devised originally for a sample of men (cf. Ganzeboom et al. 1992, pp.14-15, for a dis-
cussion of this issue). According to the scheme described above, I coded the free descriptions

of current occupation for the entire data set.

Double Coding
The free descriptions of current occupation of a random sample of 375 families from

the entire data set were double coded by a student research assistant. After double coding, the
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procedure outlined in Maaz, Trautwein and colleagues (2009) was applied to the results of the
coding process in order to gauge the extent of intercoder reliability as well as the stability of
indicators of criterion validity across coders. First, factual agreement, i.e. the occurrence of
identical classifications across coders, was thoroughly explored. Moreover, as measures of
factual agreement are rather strict indicators of intercoder reliability, relative agreement be-
tween coders, i.e. the amount of systematic association between coders, was inspected. Final-
ly, structural agreement was investigated. For this purpose associations of scores on the ISEI
with external criteria were computed for different coders and compared to each other.

Factual agreement. As measures of factual agreement between coders both the joint
probability of agreement (cf. Wirtz & Caspar, 2002) and Cohen’s kappa (cf. Cohen, 1960)
were calculated for mothers’ and fathers’ scores on the ISEIL. These calculations were con-
ducted for all four levels of categorization of the ISEI The joint probability of agreement rep-
resents the most basic indicator of agreement as it simply denotes the proportion of cases with
identical classifications across coders. In contrast to this, Cohen’s kappa is a standardized
measure of agreement that corrects for chance agreements between coders. The computation
of Cohen’s kappa returns values of 0 when factual agreement does not exceed agreement ex-
pected by chance, and it returns values of 1 in case of perfect agreement, with values in be-
tween indicating increasing degrees of agreement . However, the adequacy of accounting for
chance agreements is debatable as the degree to which coders really resort to chance is un-
known (Uebersax, 1987). So, for the present investigations, the joint probability of agreement
and Cohen’s kappa might be considered as upper and lower bounds of the actual agreement

between coders.

Table 1
Intercoder Agreement by Parent and Level of Coding
Parent Level of Coding
Major Group Minor Group Unit Group Title
Joint Kappa Joint Kappa Joint Kappa Joint Kappa
Mother 87.5 .84 75.2 71 66.4 .61 64.3 .58
Father 84.8 .79 61.1 .59 49.1 47 48.5 47

Note. Joint = Joint Probability of Agreement, Kappa = Cohen’s Kappa.

The investigation of measures of factual agreement across parents and levels of classi-
fication of the ISEI revealed two general trends. Factual agreement between coders declined
with increasing exactness of the levels of categorization of the ISEI. Moreover, factual

agreement was higher for mothers’ scores than for fathers’ scores (see Table 1). The joint
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probability of agreement for mothers’ scores decreased from 87.5 percent on the broadest
level of categorization to 64.3 percent on the finest level of categorization. Similarly, Cohen’s
kappa for mothers’ scores declined from .84 to .58. With regard to fathers’ scores on the ISEI,
the joint probability of agreement between coders waned from 84.8 percent on the broadest
level of classification to 48.5 percent on the finest level of classification. Here, Cohen’s kappa
decreased from .79 to .47.

Relative agreement. If, in a given coding situation, one coder consistently assigns
scores one unit higher than another coder, this results in an absence of factual agreement be-
tween the two coders despite a perfect association between the scores. Thus, indicators of
factual agreement are rather harsh measures of intercoder reliability. So, to receive a balanced
picture of the degree of agreement between coders for the current analyses, correlations be-
tween the scores assigned by the two coders were computed for all four levels of categoriza-
tion of the ISEI. In addition, the means and standard deviations of mothers’ and fathers’ ISEI-
scores on the level of occupational titles were computed for each coder. Moreover, the inves-
tigation of the relation between social background and student achievement necessitates the
creation of a unified measure of family socio-economic status. In educational research the
highest of mothers’ and fathers’ scores on ISEI, the so-called HISEI, is often used as a com-
prehensive indicator of family socio-economic status (e.g., Watermann & Baumert, 2006).
Therefore, means and standard deviations on the level of occupational titles were also com-

puted for both coders’ HISEI-scores.

Table 2
Intercoder Correlations by Parent and Level of Coding
Parent Level of Coding
Major Group Minor Group Unit Group Title
Mother .96*** .96*** .95%** .95***
Father .90 .92%* 91 91

Note. *p < .05. **p < .01. ***p < .001.

The Pearson product-moment correlations between scores obtained from different
coders never dropping below values of .90, there was a positive and strong association be-
tween the scores of the two coders across mothers and fathers as well as across different lev-
els of classification of the ISEI (see Table 2). Differences between coders with regard to the
means and standard deviations of mothers’ and fathers’ ISEI-scores on the level of occupa-
tional titles were small (see Table 3). Two-tailed t-tests for paired samples showed that these

differences were statistically insignificant, #(372) = 1.76, p = .08, and #366) = -0.52, p = .60,
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respectively. Correspondingly, effect sizes for these differences indicated negligible effects,
Cohen’s d = 0.03 and Cohen’s d = 0.00, respectively. However, the difference between coders
with respect to the HISEI-scores on the level of occupational titles was statistically signifi-
cant, #(375) = 2.66, p = .01. Nonetheless, the calculation of the corresponding effect size, Co-

hen’s d = 0.07, indicated a practically insignificant difference between coders.

Table 3
Means and Standard Deviations of ISEI-Scores by Coder
Coder Mothers’ ISEI Fathers’ ISEI HISEI

M SD M SD M SD
Coder 1 31.53 26.65 45.47 19.51 50.36 18.23
Coder 2 32.29 27.30 45.25 19.34 51.57 17.51

Structural agreement. In order to assess the validity of measures of socio-economic
status obtained from different coders, it is suitable to investigate the association of these
measures with external criteria across different coders. For the current analyses, the student
characteristics of topic-specific science achievement prior to instruction and fluid ability as
well as the number of books at home were selected as relevant external criteria. Positive asso-
ciations with socio-economic status were expected for all three criteria. Weighted likelihood
estimates of person ability generated from specific item response models were used as
measures of science achievement and fluid ability (see the chapter below for details on the
calibration of these measures). Information on the possession of books was gathered by an
open item in the parental questionnaire. Correlations of socio-economic status with the exter-
nal criteria were calculated for mothers’ and fathers’ ISEI-scores on the level of occupational
titles as well as for the HISEI-scores on the level of occupational titles. Finally, to test predic-
tive validity across coders, regressions of science achievement on socio-economic status were
conducted, both with socio-economic status as the sole predictor and controlling for fluid abil-
ity. The HISEI-scores on the level of occupational titles were used as measures of socio-
economic status in these regressions.

The correlations of socio-economic status with student achievement, fluid ability and
books at home differed unsystematically between coders across the different forms of ISEI-
scores investigated (see Table 4). Differences between coders ranged in size from .01 to .05.
However, none of these differences was statistically significant, with two-tailed test statistics
falling between z = -0.39, p = .35 and z = 0.79, p = .22. The regression analyses featuring
HISEI-scores as predictors of science achievement yielded similar results (see Table 5). The

standardized regression coefficients for socio-economic status varied by values of .03 and .04
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in size between coders, whereas the corresponding explained variance differed by values of

.02.

Table 4
Correlations of ISEI-Scores with External Criteria by Coder
External Criterion Mothers’ ISEI Fathers’ ISEI HISEI

Coder 1 Coder 2 Coder 1 Coder 2 Coder 1 Coder 2
Science Achievement A7 18 5% 2% 24 21
Fluid Ability .08 A1 10 .08 A2* 15
Books at Home A3 4% .32** 29** .35** .30**

Note. *p < .05. **p < .01. ***p < .001.

Summary. Intercoder agreement in terms of joint probability of agreement and Co-
hen’s kappa fell in a similar range as obtained by Maaz, Trautwein and colleagues (2009) for
intercoder agreement between professional coding institutes and research assistants with re-
gard to the assignment of categories of the ISCO. In fact, intercoder agreement in the current
investigations tended to be somewhat higher, probably due to the use of ISEIl-scores. Like-
wise, the differences in means and standard deviations of ISEI-scores between coders fell
below the differences disclosed in previous research, with statistically, or at least practically,
insignificant disparities between coders. The same holds true for differences between coders
in correlations with or regressions on external criteria (cf. Maaz, Trautwein, et al., 2009). Al-
together, the preceding examinations argue in favor of a great robustness of ISEI- and HISEI-

scores against assignment by different coders.

Table 5
Regressions of Science Achievement on Socio-economic Status and Fluid Ability by Coder
Predictor Coder 1 Coder 2
Model 1 Model 2 Model 1 Model 2
HISEI 0.24*** 0.20™** 0.21*** 0.16**
Fluid Ability 0.38*** 0.38***
R’ .06 .20 .04 .18

Note. All regression coefficients are standardized.
*p <.05. **p <.01. ***p < .001.

Calibration of Instruments
Traditionally, the world of psychometrics is not of single mind on the issue of appro-
priate statistical models for measurement in the social sciences (e.g., Reckase, 2009, pp.
20/21). Whereas a faction of psychometricians contends that exclusively the application of
one-parameter logistic models, i.e. the notorious Rasch model and its refinements, leads to

70



valid measures, the majority of psychometricians considers one-, two-, and three-parameter
models as a common class of appropriate models in item response theory. These two tradi-
tions have developed genuine views on the crucial aspects of test design as well as genuine
indices and corresponding conventions for the evaluation of instrument quality. Without
doubt, both traditions represent established approaches to the construction and analysis of
psychological scales and tests (Andrich, 2004; Rupp & Zumbo, 2003; Thissen, 2009). Alt-
hough the usefulness of the concept of specific objectivity, often put forward by advocates of
the Rasch model as the theoretical reason for its allegedly exclusive status, may be disputed
with regard to the necessity to generalize from test scores to populations of persons and items
(Holland, 1990; Kane, 2011; Wainer, 2010b), the Rasch model disposes of desirable proper-
ties such as computational simplicity and a straightforward mapping of item content to person
ability (for non-technical treatments of the principles of Rasch measurement see Bond & Fox,
2007; Wilson, 2005).

Thus, all scales and tests completed by the participating students of the present study
were submitted to test analyses with models from the family of one-parameter item response
models. In particular, the culture fair intelligence test, the science achievement test, and the
two motivational scales were calibrated according to the simple Rasch model (Rasch, 1960),
the partial credit model (Masters, 1982), and the Rasch rating scale model (Andrich, 1978),
respectively. The program Acer Conquest 2.0 was used for these calibrations (Wu, Adams,
Wilson, & Haldane, 2007). This program provided the multidimensional random coefficients
multinomial logit model as a general framework for the estimation of various one-parameter
item response models by means of marginal maximum likelihood estimation (Adams, Wilson,
& Wang, 1997).

As its name suggests, the simple Rasch model is the basic blueprint of a one-parameter
item response model. The simple Rasch model is suitable for the calibration of dichotomously
scored items. Defining the probability of a correct response as an exponential function of the
difference between person ability and item difficulty, the simple Rasch model locates esti-
mates of person ability and item difficulty on a common logit scale. For a test composed of
dichotomously scored items, the application of the model provides an individual estimate of
difficulty for each item (Rasch, 1960). The rating scale model represents a refinement of the
simple Rasch model that is adequate for the analysis of Likert-style items with ordered re-
sponse categories. In order to understand the structure of the rating scale model, it is helpful
to conceive the endorsement of a specific response category as the passing of successive steps

of increasing difficulty. In this regard, the endorsement of the highest response category of an
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item with three response categories entails two steps, namely the transition from the first to
the second response category and the transition from the second to the third response catego-
ry. So, the application of the rating scale model to a scale of Likert-style items yields esti-
mates of item difficulties as well as estimates of step parameters of a step structure common
to all items. In order to determine the exact difficulty of a specific step of a specific item, it is
necessary to add the respective item difficulty and step parameter. In other words, the formu-
lation of the rating scale model extends the item difficulty of the simple Rasch model to a sum
of item difficulty and step parameter (Andrich, 1978). The partial credit model, in turn, con-
stitutes a refinement of the rating scale model. Whereas the rating scale model assumes a step
structure that is common to all items, the partial credit model assumes a specific step structure
for each item. Therefore, the partial credit model is suitable for the calibration of tests that
comprise both dichotomously scored items and polytomously scored items with varying num-
bers of ordered response categories. The application of the partial credit model provides esti-
mates of item difficulties as well as estimates of item-specific step parameters (Masters,
1982).

The weighted mean square residual (infit) and the unweighted mean square residual
(outfit) served as indicators of the fit of the items to the three one-parameter item response
models (Wilson, 2005; Wright, 1984; Wright & Masters, 1981; see Karabatsos, 2000, for a
critical discussion of residual fit statistics). For these two indices, values close to 1.0 flag op-
timal compatibility of the observed data to the model under consideration. Values greater than
1.0 indicate greater variability in the observed responses than predicted by the statistical mod-
el whereas values smaller than 1.0 detect less variability in the observed responses than ex-
pected by the model applied. The item infit weighs responses according to the distance be-
tween respondents’ ability and the difficulty of the item under consideration. A small distance
between ability and difficulty implies relative amplification of a respondent’s impact on the
item infit. In contrast, investigated respondents contribute to the item outfit in the same way,
irrespective of their individual ability (Bond & Fox, 2007; Wilson, 2005; Wright & Stone,
1999). Popular recommendations for the evaluation of item fit define reasonable fit ranges
with respect to the nature of the instrument at hand. For conventional multiple-choice tests fit
values between 0.7 and 1.3 are widely considered as acceptable. For high stakes testing fit
values of 0.8 and 1.2 have been proposed as boundaries of reasonable item fit (Adams &
Khoo, 1996; Bond & Fox, 2007; Smith, 2000; Wright, Linacre, Gustafsson, & Martin-Lof,
1994). For rating scale instruments fit values between 0.6 and 1.4 have been suggested as

constituting adequate item fit (for an elaborate classification see Fisher, 2007; Wright et al.,
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1994). Generally, mean square residuals above 1.0, i.e. underfit to the model applied, are con-
sidered more detrimental to the purpose of accurate measurement than mean square residuals
below 1.0, i.e. overfit to the model applied (Bond & Fox, 2007; Wilson, 2005). However,
items with substantial overfit tend to inflate estimated standard errors and reliability (Bond &
Fox, 2007).

Beyond item infit and item outfit, the targeting of the items on the persons was con-
sulted for the evaluation of instrument quality as well. An item provides most information for
the estimation of a person’s ability when its difficulty is similar to that person’s ability. That
is why a calibration in which the person ability distribution matches the item difficulty distri-
bution yields an overall more accurate estimation of person ability than a calibration in which
the person ability distribution and the item difficulty distribution are located far apart (Wright
& Stone, 1999). In order to gauge this aspect of instrument quality, the means and standard
deviations of the ability and difficulty distributions were computed for each instrument.

Estimates of individual person ability for each instrument were obtained by weighted
likelihood estimation (Warm, 1989). The weighted likelihood estimates of person ability were
used as linear measures in the subsequent substantial analyses. Correspondingly, the person
separation reliability of these estimates was inspected as an indicator of instrument quality. As
its name suggests, this reliability index — adopting values between 0 and 1 — quantifies the
capacity of an item pool to differentiate persons from each other with respect to their ability.
It is similar to Cronbachs’ alpha (Cronbach, 1951; Wright & Stone, 1999).

For comparative purposes, indicators of instrument quality pertinent to classical test
theory were computed for all instruments as well. With respect to individual items, these in-
cluded the proportion of correct responses or the mean raw score, depending on the type of
item, and the item discrimination. With regard to instruments as a whole, the percentage of
the total variance explained by the first component of a principal components analysis as well
as the ratio of the first and second eigenvalues of a principal components analysis were calcu-
lated as indicators of unidimensionality (Hattie, 1985). As a rough guideline, it has been sug-
gested to assume unidimensionality when the first component explains at least 20% or 40% of
the total variance (Carmines & Zeller, 1979; Reckase, 1979). Similarly, a large ratio of the
first and second eigenvalues in combination with a second eigenvalue that is not considerably
larger than the remaining eigenvalues can be considered as evidence for unidimensionality
(Hutten, 1980; Lord, 1980). Furthermore, the value of Cronbach’s alpha was calculated as an
index of internal consistency (Cronbach, 1951). The program IBM SPSS 19 was used for the

outlined analyses in the framework of classical test theory.
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Test and scale analyses concluded with an exploration of differential item functioning.
Historically, the concept of differential item functioning was elaborated in the context of
high-stakes testing (Zumbo, 2007a). According to common definitions, an item exhibits dif-
ferential item functioning when respondents from a focal group (e.g., girls) solve that item
more or less often than equally proficient respondents from a corresponding reference group
(e.g., boys), i.e. when group membership exerts an influence on solution rates under control of
proficiency (Meredith & Millsap, 1992; Zumbo, 2007a, 2007b). Emphasizing the computa-
tional implications of specific objectivity, dogmatic interpretations of the Rasch model view
the absence of differential item functioning as a central prerequisite for the its applicability
(e.g., Kubinger & Draxler, 2007). Nevertheless, the occurrence of differential item function-
ing does not threaten the obtainment of unbiased estimators of person ability as long as the
effects of differential item functioning against and in favor of a specific group of respondents
counterbalance each other (e.g., Artelt & Baumert, 2004). So, in a pragmatic approach, the
inspection of differential item functioning can serve at least two purposes. First off, it can
render information on the existence and size of biasing influences on the estimation of person
ability, and thereby potentially qualify the results of subsequent substantial analyses or reveal
the necessity of additional sensitivity analyses. Furthermore, the investigation of differential
item functioning can disclose the presence of response patterns typical for specific groups of
respondents, without necessarily compromising the unbiasedness of estimations of person
ability in a practically relevant way (see also Zumbo & Rupp, 2004; Zumbo, 2007a, 2007b).
In other words, with regard to the distinction between the general facet and the differential
facet of psychological research (Asendorpf, 1990; Cronbach, 1957; Stern, 1911), a thorough
exploration of differential item functioning can provide valuable insights into the adequacy of
a general interpretation of ability estimations.

In face of a plethora of methods for the detection of differential item functioning
(Camilli & Shepard, 1994; Holland & Wainer, 1993; Mapuranga, Dorans, & Middleton, 2008;
Wainer, 2010a), a simple and conceptually straightforward — though not computationally op-
timal — way of inspecting differential item functioning is to conduct separate instrument cali-
brations for two disjunctive groups (e.g., boys vs. girls) and to compare the resulting item
difficulties. For illustrative purposes this approach was taken as a first step of the analysis of
differential item functioning for the culture fair test of intelligence. In particular, graphs con-
trasting item difficulties from separate calibrations were inspected for the presence of differ-
ential item functioning (Wright & Stone, 1979, 1999). However, a model-based approach was

implemented as the central form of exploration of differential item functioning for all scales
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and tests (Janssen, 2011; Thissen, Steinberg, & Wainer, 1993; Wu et al., 2007). This approach
incorporated the successive comparison of nested models by means of the likelihood ratio test
(Thissen, Steinberg, & Gerrard, 1986; Thissen et al., 1993). It was explored whether the in-
clusion of additional interactions between grouping variables (e.g., gender) and item difficul-
ties or step parameters beyond main effects of grouping variables, item difficulties and step
parameters significantly improved the overall fit of the respective item response models (Wu
et al., 2007, chap. 8). Moreover, these models were used to calculate the differences in diffi-
culty of specific items or specific combinations of items and steps on the logit scale of the
Rasch model as an effect size for differential item functioning between certain disjunctive
groups of respondents. Absolute differences of less than .426 logits and of more than .638
logits were evaluated as negligible and large amounts of differential item functioning, respec-
tively. In accordance with that, absolute differences between .426 and .638 logits were con-
sidered as intermediate amounts of differential item functioning (Paek, 2002; Pack & Wilson,
2011; Wilson, 2005). Note, however, that the aforementioned procedure does not constitute a
strict analysis of differential item functioning for specific items in which items under investi-
gation are tested one by one against a context of established items free of differential item
functioning but rather represents an exploration of differential item functioning for predefined
tests and scales.

The grouping variables for the analyses of differential item functioning included gen-
der (boys vs. girls), socio-economic status (low socio-economic status vs. high socio-
economic status), immigrant background (both parents born in Germany vs. at least one par-
ent born abroad), grade level (fourth-graders vs. sixth-graders), and raw score on the respec-
tive instrument (low scorers vs. high scorers). Moreover, school type was investigated as a
grouping variable. This entailed comparisons of all three possible pairings of groups formed
by school type (Grundschule vs. Hauptschule, Grundschule vs. Gymnasium, and Hauptschule
vs. Gymnasium). The grouping variable for socio-economic status was created by a median-
split of the HISEI-score. In the same vein, the grouping variable for scoring on the instrument

was generated by a median-split of the respective raw score.

Culture Fair Assessment of Intelligence

Students completed two subtests of the CFT 20-R, a German adaptation of the Culture
Fair Intelligence Test (Cattell, 1957, 1963; Weil}, 2006). These subtests were Perceptual Se-
ries and Topology, both taken from the first part of the CFT 20-R. They featured multiple-

choice items with five response alternatives. Perceptual Series afforded students to select log-
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ical continuations of series of three figures. It consisted of 15 items. Topology confronted
students with complex figures of geometrical shapes. Students had to select figures in such a
way that the placement of dots within geometrical shapes conformed to certain given rules. It
comprised 11 items (Jacobs, Petermann, & Weil3, 2007). The intention of the use of the CFT
20-R was to assess students’ general mental capacity in terms of fluid ability, i.e. free from
influences of ethnic, cultural, social and educational background.

Test analysis. The 26 items of the two subtests of the CFT 20-R were submitted to a
joint calibration according to the simple Rasch model (Rasch, 1960). The calibration relied on
test responses from 2500 students. The estimated item difficulties ranged from -2.676 logits to
3.340 logits. Generally, the items of Perceptual Series were less difficult (M = -0.526, SD =
1.461) than the items of Topology (M = 0.718, SD = 1.220). Item infit values ranged from
0.94 to 1.06, whereas item outfit values varied between 0.77 and 1.34 (see Table 6).

Apart from item fit, the matching of students and items was investigated as a criterion
of instrument quality. The distribution of item difficulty had a — for the purpose of model
identification predefined — mean of 0.00 logits and a standard deviation of 1.48 logits. The
mean of the distribution of person ability amounted to 0.59 logits with a standard deviation of
0.74 logits. So, although the average student tended to be somewhat more able than demanded
by the average item, the distribution of item difficulty efficiently spanned the entire range of
person ability, with the easiest item solved by almost every student and the hardest item
solved by very few students. The separation reliability of the weighted likelihood estimates of
person ability was 0.70.

Finally, for comparative purposes, indices of instrument quality relevant to classical
test theory were computed. Axiomatically, the actual solution rates for the items mirrored the
estimated item difficulties. In particular, the easiest items (cft psl, cft ps2, cft ps3) were
solved by 95% or more of the respondents, whereas only 7% of the students responded cor-
rectly to the hardest item (cft tpl1). Item discriminations, i.e. corrected item-total correla-
tions, ranged from .05 to .37 (see Table 6). In order to tackle the issue of dimensionality, a
principal component analysis was conducted. The first component obtained in this analysis
explained 13.08% of the total variance. The principal component analysis identified seven
components with eigenvalues greater than 1.00. In order, the eigenvalues of the first five
components were 3.40, 1.66, 1.27, 1.22, and 1.09. Correspondingly, the ratio of the first and
second eigenvalues was 2.05. Cronbachs’ alpha of the test of fluid ability was .70.
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Table 6
Results of Probabilistic and Traditional Item Analyses for the Culture Fair Intelligence Test

ltem Difficulty Infit Outfit P rit
Estimate SE

cft_ps1 -2.676 0.061 0.95 0.77 .95 .28
cft_ps2 -2.733 0.061 0.94 0.67 .96 .31
cft_ps3 -2.648 0.060 0.94 0.74 .95 .30
cft_ps4 -1.009 0.044 1.01 1.07 .81 .20
cft_ps5 -1.413 0.047 0.96 0.92 .86 .29
cft_ps6 -0.978 0.044 0.95 0.91 .80 .33
cft_ps7 -0.962 0.044 0.97 0.97 .80 .29
cft_ps8 0.301 0.037 1.09 1.11 .56 12
cft_ps9 -0.274 0.039 0.99 0.98 .68 .28
cft ps10 0.132 0.038 1.03 1.04 .60 .23
cft_ps11 -0.180 0.039 1.01 1.02 .67 .24
cft ps12 -0.095 0.038 0.98 0.97 .65 .30
cft_ps13 1.318 0.039 1.01 1.02 .34 .23
cft ps14 1.512 0.039 1.00 1.01 .30 .25
cft ps15 1.811 0.041 1.01 1.09 .25 .18
cft_tp1 -0.824 0.042 0.98 0.95 .78 .29
cft_tp2 -0.927 0.043 1.04 1.10 .80 A7
cft_tp3 1.340 0.039 0.99 1.01 .34 .27
cft_tp4 0.132 0.038 0.97 0.96 .60 .32
cft_tp5 0.290 0.037 0.94 0.93 .57 .37
cft_tp6 0.200 0.038 0.98 0.98 .59 .30
cft_tp7 1.127 0.038 1.02 1.04 .38 .21
cft_tp8 0.178 0.038 1.04 1.05 .59 .21
cft_tp9 1.601 0.040 1.02 1.03 .29 .21
cft tp10 1.436 0.039 1.06 1.10 .32 13
cft_tp11 3.340° 0.216 1.03 1.34 .07 .05

Note. Item labels provide information on subtest (ps = Perceptual Series, tp = Topology) and
item position.
“Parameter estimate is constrained.

Differential item functioning. Due to missingness on the grouping variables and on the
test of fluid ability, examinations of differential item functioning were based on changing
numbers of students that deviated to varying degrees from the entire sample of 2680 students.
The investigation of differential item functioning for gender as the grouping variable com-
prised data from 1326 boys and 1173 girls. Additionally, differential item functioning was
explored for the raw score in the culture fair intelligence test as the grouping variable. Both
the low-scoring group and the high-scoring group, formed by a median-split of the raw score,
consisted of 1250 students. Furthermore, analyses of differential item functioning covered a
comparison of 893 students of low socio-economic status with 922 students of high socio-

economic status as well as a comparison of 1323 students without immigrant background with
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466 students with immigrant background. The examination of differential item functioning for
the grouping variable of grade level relied on data from 1255 fourth-graders and 1245 sixth-
graders. Correspondingly, the three pairwise comparisons constituting the investigation of
differential item functioning for the grouping variable of school type comprised 1255 students
from the school type of Grundschule, 528 students from the school type of Hauptschule and
717 students from the school type of Gymnasium.

The exploration of differential item functioning for the test of fluid ability started with
an inspection of graphs contrasting separate calibrations for the groups of the various group-
ing variables (Wright & Stone, 1979, 1999). As examples for this procedure, the graph for the
grouping variable of socio-economic status and the graph comparing the calibration for stu-
dents from the school type of Grundschule with the calibration for students from the school
type of Hauptschule are presented here (see Figure 2). The graph for the grouping variable of
socio-economic status revealed no apparent disparities between the calibrations for students of

low and for students of high socio-economic status. In this graph the pairs of item difficulties
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Figure 2. Plots of common item linkings for the grouping variables of socio-economic status
and school type (Grundschule vs. Hauptschule) with control lines following Wright and Stone
(1979).

clustered unsystematically around the identity line and none of the pairs fell prominently out-
side the control lines, i.e. the separate calibrations yielded similar item difficulties. The juxta-
position of calibrations for students from the school types of Grundschule and Hauptschule,
however, disclosed relevant discrepancies between the groups. Four pairs of item difficulties
fell into the area outside the control lines and correspondingly indicated estimations of low-

ered item difficulties for students from the school type of Hauptschule as compared to for
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students from the school type of Grundschule.

Table 7
Differential Item Functioning in Terms of Logit Differences for the Culture Fair Intelligence
Test

Item Difference in Difficulty
Boys — Loscore— Loses— Migno—- Fourth— Grund—- Grund- Haupt-
Girls Hiscore Hises Migyes Sixth Haupt Gymna  Gymna
cft_ps1 0.328 0.706 -0.078 -0.100 0.076 0.190 -0.032 -0.220
cft_ps2 -0.006 1.498 -0.060 -0.018 -0.026 -0.186 0.366 0.554
cft_ps3 0.186 0.498 0.134 -0.096 0.012 -0.088 0.254 0.338
cft_ps4 0.192 -0.388 0.096 -0.030 -0.474 -0.314 -0.634 -0.320
cft_psb 0.026 0.328 0.110 -0.404 -0.004 -0.118 0.190 0.308
cft_ps6 0.134 0.348 0.294 -0.080 -0.056 -0.376 0.438 0.816
cft_ps7 -0.046 -0.056 0.014 0.200 -0.180 -0.288 -0.032 0.256
cft_ps8 0.066 -0.678 -0.236 0.026 -0.248 0.046 -0.514 -0.562
cft_ps9 0.274 0.066 0.128 -0.102 0.060 -0.088 0.204 0.292

cft_ps10 -0.148 -0.302 -0.168 0.214 -0.266 -0.104 -0.428 -0.324
cft_ps11 -0.108 -0.234 0.080 0.148 -0.288 -0.364 -0.232 0.134
cft_ps12 -0.136 0.126 0.166 0.012 -0.114 -0.188 -0.064 0.126
cft_ps13 0.122 -0.210 -0.008 0.012 0.070 -0.160 0.140 0.300
cft_ps14 0.228 -0.096 0.150 0.182 0.214 0.066 0.232 0.166
cft_ps15 0.290 -0.296 0.046 -0.270 0.636 0.454 0.660 0.204

cft_tp1 -0.172 0.216 0.178 0.030 -0.240 -0.262 -0.212 0.050
cft_tp2 0.042 -0.362 -0.336 0.352 -0.210 0.036 -0.450 -0.486
cft_tp3 -0.198 0.092 0.128 -0.138 0.292 0.076 0.358 0.284
cft_tp4 -0.192 0.192 0.108 -0.204 0.078 0.002 0.118 0.116
cft_tp5 -0.248 0.446 0.096 -0.120 0.094 0.010 0.134 0.126
cft_tp6 0.138 0.156 0.016 -0.058 -0.198 -0.228 -0.202 0.026
cft_tp7 0.182 -0.286 -0.262 0.102 -0.150 -0.064 -0.264 -0.202
cft_tp8 0.018 -0.354 -0.168 0.070 0.130 0.402 -0.130 -0.534
cft_tp9 -0.174 -0.126 -0.096 0.048 0.030 0.156 -0.116 -0.272
cft_tp10 -0.212 -0.572 -0.348 0.228 0.150 0.606 -0.224 -0.834
cft_tp11 -0.584 -0.716 0.010 -0.008 0.616 0.786 0.444 -0.344

Note. Calculations of differential item functioning were based on interaction models compris-
ing main effects for item and the respective grouping variable as well as the interaction be-
tween the grouping variable and item. Bold print highlights intermediate, bold and italic print
signifies large differential item functioning. Loscore/Hiscore = low/high raw score on the
scale; Loses/Hises = low/high socio-economic status; Migno/Migyes = non-immigrant/immi-
grant background; Fourth/Sixth = fourth/sixth grade; Grund = Grundschule; Haupt = Haupt-
schule; Gymna = Gymnasium.

Eventually, the issue of differential item functioning was tackled in a model-based ap-
proach (cf. Wu et al., 2007, chap. 8). On the one hand, for statistical inference with regard to
the general presence of differential item functioning in the test, for each grouping variable the
overall fit of two nested models was compared to each other by means of the likelihood ratio

test, i.e. models containing only main effects for the items and the respective grouping varia-
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bles, henceforth denoted main-effects-only models, served as a baseline for the evaluation of
models comprising additionally a term for the interaction between the items and the respective
grouping variables, henceforth called interaction models. Specifically, this model-based ap-
proach allowed the investigation of differential item functioning under simultaneous control
of mean differences between student groups — via the main effect for the grouping variables —
in a common framework (cf. Pack & Wilson, 2011; Wilson, 2005). On the other hand, to as-
sess the practical relevance of differential item functioning, parameter estimates from interac-
tion models were used to calculate differences in estimated difficulty between groups of re-
spondents as effect sizes of differential item functioning for individual items (Paek, 2002;
Paek & Wilson, 2011).

With regard to the grouping variable of gender, comparison of the two nested models
revealed a significantly better fit of the interaction model, y*(25) = 92.47, p < .001. Via in-
spection of differences in estimated difficulty between boys and girls, one item (cft tp 11)
was found to display intermediate differential item functioning in favor of boys (see Table 7).
Similarly, for the grouping variable of raw score of fluid ability the likelihood ratio test identi-
fied the interaction model as fitting better to the data »*(25) = 265.29, p < .001. Here four
items displayed large differential item functioning and three items showed intermediate dif-
ferential item functioning. Notably, the first three items, which were also the easiest items
(cft psl, cft ps2, cft ps3), showed intermediate and large differential item functioning in
favor of high-scoring students. In contrast, the last two items, one of them was the hardest
item (cft tpl0, cft tpl1), exhibited intermediate and large differential item functioning in
favor of low-scoring students. In other words, low-scoring students performed worse than
expected due to their overall fluid ability at the beginning of the test and better than expected
due to their overall fluid ability at the end of the test. Specific warm-up problems and success-
ful guessing towards the end of the test might explain this pattern. In addition, for items with
extremely low or high solution rates, few unexpected responses are sufficient to distort esti-
mations of item difficulty. However, as one item showed intermediate and two items showed
large differential item functioning in favor of low-scoring students while two items displayed
intermediate and two items displayed large differential item functioning in favor of high-
scoring students, the net impact of differential item functioning on the estimation of person
ability was almost balanced across student groups.

Moreover, the interaction model was found to fit best to the data with respect to both
the grouping variable of socio-economic status, y*(25) = 55.73, p < .001, and the grouping

variable of immigrant background, *(25) = 38.11, p = .045. Nevertheless, for socio-economic
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status as well as for immigrant background as the grouping variable differential item function-
ing of all items was negligible. In case of the grouping variable of grade level the interaction
model fitted the data better than the main-effects-only model, y*(25) = 148.23, p < .001. Spe-
cifically, one item displayed intermediate differential item functioning in favor of fourth-
graders, whereas two items displayed intermediate differential item functioning in favor of
sixth-graders. In the course of the examination of differential item functioning for students
from the school types of Grundschule and Hauptschule, the interaction model was found to fit
the data best, y*(25) = 113.86, p < .001. Three items exhibited intermediate differential item
functioning in favor of students from the school type of Hauptschule. Had all items of the test
possessed differential item functioning like these three items, the mean ability of students
from the school type of Hauptschule would have been inflated by 0.615 logits relative to the
mean ability of students from the school type of Grundschule (cf. Wu et al., 2007, chap. 8).
However, only three out of a total of twenty-six items showed differential item functioning of
intermediate size in favor of students from the school type of Hauptschule. The inspection of
data of students from the school types of Grundschule and Gymnasium entailed the finding
that the interaction model fitted the data better than the main-effects-only model, y*(25) =
181.93, p <.001. In particular, four items exhibited intermediate differential item functioning
in favor of students from the school type of Grundschule, whereas two items showed interme-
diate and one item showed large differential item functioning in favor of students from the
school type of Gymnasium, an almost balanced distribution of influences of differential item
functioning. Last but not least, for the investigation of responses of students from the school
types of Hauptschule and Gymnasium, the interaction model was found to fit the data best as
well, )(2(25) = 170.95, p < .001. On the one hand, three items showed intermediate and one
item showed large differential item functioning in favor of students from the school type of
Hauptschule. On the other hand, one item possessed intermediate and one item possessed
large differential item functioning in favor of students from the school type of Gymnasium.
Thus, the distribution of effects of differential item functioning across student groups was
comparatively unbalanced.

Summary. Overall, with regard to popular conventions (e.g., Bond & Fox, 2007), item
fit values indicated excellent fit to the simple Rasch model (Rasch, 1960). Amounting to 0.70,
the separation reliability of measures of person ability was found to be adequate. Analyses in
the framework of classical test theory supported this general impression. Nevertheless, though
decontextualized reasoning tasks undeniably share common variance in the assessment of

fluid ability (Carroll, 1993; Cattell, 1987; but see Johnson & Bouchard, 2005 for an alterna-
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tive conceptualization), the first component of the principal component analysis of the two
subtests of the CFT 20-R (WeiB}, 2006) explained a comparatively small portion of the total
variance and the first eigenvalue was twice as large as the second eigenvalue. Despite this hint
at the presence of modest multidimensionality, the unidimensional measure of person ability
derived here was transferred to the next steps of data analysis in order to avoid the complexi-
ties of latent variable modeling with subscales as parcels and to maintain congruence of
measures of the potential mediators in the subsequent analyses. Due to the application of the
simple Rasch model (Rasch, 1960) all individual items contributed with equal weight to the
estimation of person ability.

In agreement with the claim of culture fair assessment of intelligence, differential item
functioning for the grouping variables of gender, socio-economic status and immigrant back-
ground was negligible in practical terms. In contrast, for the raw score of fluid ability as the
grouping variable seven items displayed non-negligible differential item functioning. Howev-
er, attributable to extreme solution rates for the easiest and hardest items, the effects of differ-
ential item functioning were balanced across the groups of low- and high-scoring students.
With respect to the grouping variable of school type, the explorations revealed a tendency
towards slight inflation of estimation of person ability for students from the school type of
Hauptschule. Finally, the CFT 20-R representing an established and, in both research and
practice, widely used instrument, the results of the preceding calibration and analyses might
be viewed, besides delineating thoroughly the properties of the measures of fluid ability, as a

frame of reference for the judgment of the quality of other instruments.

Self-concept of Ability in Science

The scale assessing students’ self-concept of ability in science consisted of seven
items. Employing the response categories not at all, a little, almost and exactly, these items
featured a 4-point Likert-scale (see Blumberg, 2008 for a precursor of the scale). Students
were instructed to think of acoustics, magnetism and optics when answering the items. As
students were not necessarily familiar with those topics, instructions included brief descrip-
tions of their characteristics. The items comprised the absolute evaluation of competence in
science (“I am good at these topics.” [scal]; “I know a lot about these topics.” [sca3]; “I can
answer questions concerning these topics most of the time already on my own.” [sca5]), the
perceived ease of understanding science (“Often I do not understand such topics correctly.”
[sca2]; “These topics are too difficult for me.” [sca4]; “Understanding such topics is easy for

me.” [sca6]), as well as the perception of relative science competence in comparison to peers
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(“With regard to such topics, I am among the best students in my class.” [sca7]). Thus, by and
large, the scale covered the same aspects of self-concept of ability as the Academic Self De-
scription Questionnaire I (Byrne, 1996; Marsh, 1990b). However, intra-individual compari-
sons across content domains were neither explicitly addressed in the items nor implicitly sug-
gested by presentation of self-concept scales for other areas but science (Harter, 1982; Marsh,
1990b). Prior to test analysis raw scores between 0 (not at all) and 3 (exactly) were assigned
to students’ responses. For the two negatively worded items (sca2, sca4) the assignment of
raw scores was reversed.

Scale analysis. The calibration of the scale for students’ self-concept of ability in sci-
ence was based on the Rasch rating scale model (Andrich, 1978, 2010). Accordingly, for each
item a mean location on the latent continuum of attitude strength as well as a step structure
common to all items were retrieved from the data (see Table 8). In order to determine the pre-
cise location of a specific category boundary it is necessary to add the respective estimates of
mean item location and step value. The resulting value of the specific category boundary rep-
resents the amount of attitude strength needed by a person to score with a probability of 50%
on that step for that item. For instance, a student with a value of attitude strength of 0.339
logits on the latent continuum of self-concept of ability in science had a probability of 50% to

respond in the category almost, i.e. to achieve a raw score of 2, on the third item (sca3).

Table 8
Probabilistic and Traditional Item Analyses for the Scale of Self-concept of Ability in Science
Parameter Estimate SE Infit Outfit M rit
Items
scal (good at) 0.196 0.028 0.71 0.72 1.79 73
sca2 (not corr.)? -0.626 0.030 1.37 1.39 2.14 .50
sca3 (know) 0.504 0.028 0.83 0.83 1.66 .70
sca4 (too diff.)? -1.504 0.035 1.38 1.34 2.44 .50
scab (answer) 0.242 0.028 0.94 0.94 1.77 .65
scab (easy) 0.022 0.029 0.85 0.85 1.87 .71
sca7 (among) 1.166° 1.14 1.12 1.36 .65
Steps
1 (little) -1.682 0.029 1.27 1.17
2 (almost) -0.165 0.023 1.40 1.36
3 (exactly) 1.847° 1.30 1.66

Note. Abbreviated item wordings and response category labels are given in parentheses. Diff.
= difficult; corr. = correctly.
“Scoring reversed. "Parameter estimate is constrained.

The results of the calibration summarized responses from 2486 students. With mean

item locations of -1.504 logits and -0.626 logits, the negatively worded items (sca2, sca4)
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were particularly easy to reject. At the opposite end of the latent continuum of self-concept of
ability in science, the item calling for interpersonal comparisons (sca7) was the hardest to
endorse. Its mean item location was 1.166 logits. Apparently, self-attributions of non-
competence and competence were not symmetric, i.e. it was easier to deny non-competence
than to approve competence. Infit values for mean item locations ranged from 0.71 to 1.38.
Similarly, corresponding outfit values varied between 0.72 and 1.39. Notably, the negatively
worded items (sca2, sca4) displayed, with some margin, the worst infit and outfit values of all
items. With estimated step values of -1.682 logits, -0.165 logits and 1.847 logits, the step
structure common to all items gave evidence for clearly separated response categories. The
infit values for the step structure varied between 1.27 and 1.40, whereas the associated outfit
values ranged from 1.17 to 1.66 (see Table 8).

In order to enable model identification, the distribution of item locations had a prede-
fined mean of 0.00 logits. The corresponding standard deviation amounted to 0.85 logits.
Note, however, that the distribution of actual category boundaries defined by a combination of
mean item locations and step values spanned a wider range of the latent continuum of attitude
strength than the distribution of mean item locations. The distribution of category boundaries,
or, expressed in the terminology used within ACER ConQuest 2.0, of item deltas, had a pre-
defined mean of 0.00 logits and a standard deviation of 1.69 logits. On the person side, the
mean of the distribution of attitude strength was 0.83 logits with a standard deviation of 1.51
logits. The separation reliability of the weighted likelihood estimates of attitude strength was
0.83.

Last but not least, indices from the framework of classical test theory were computed
for the scale. In correspondence to the results of the Rasch rating scale analysis inspection of
the mean raw scores of the items revealed that the two negatively worded items (sca2, sca4)
were particularly easy to reject (see Table 8). Item discriminations, i.e. corrected item-total
correlations, fell between ri; = .50 and r;; = .73. The two negatively worded items (sca2, sca4)
had the lowest item discriminations, i = .50 for both, of all items. In order to investigate the
dimensionality of the scale, students’ responses were submitted to a principal component
analysis. The first component explained 55.10% of the total variance. The eigenvalue of the
first component amounted to 3.86. No other component had an eigenvalue greater than 1. The
ratio of the first and second eigenvalues was 3.97. The computation of Cronbach’s alpha re-
turned a value of .86 for the internal consistency of the scale.

Differential item functioning. For each grouping variable, the model-based inferential

analysis of differential item functioning comprised comparisons of four nested models. Main-
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effects-only models containing main effects for items, steps and grouping variables in the
fixed part of the model formulation constituted the baseline for these model comparisons. On
the one hand, the baseline models were compared with models additionally incorporating in-
teractions between items and grouping variables. Henceforth, these models are called item
interaction models. The item interaction models assumed that different subgroups of students
used the scheme of response categories in the same way whereas the mean location of items
was set free to vary between different subgroups. On the other hand, the baseline models were
compared with models additionally covering interactions between steps and grouping varia-
bles. Henceforth, these models are called step interaction models. The step interaction models
presumed that the mean location of items was identical for different subgroups of students
whereas the use of the scheme of response categories was allowed to differ between sub-
groups. Thus, step interaction models were capable of capturing the presence of response
tendencies, such as leniency or a tendency towards the scale center, in specific subgroups of
respondents. Eventually, models containing interactions between items and grouping variables
as well as interactions between steps and grouping variables — henceforth these models are
denoted full interaction models — were evaluated both against item interaction models and
against step interaction models (see Figure 3). In order to retrieve effect sizes for differential
item functioning, parameter estimates from full interaction models were used to compute logit

differences in attitude strength between subgroups for all individual category boundaries.

Main-effects-only Model
item + step + gender

Item Interaction Model Step Interaction Model
item + step + gender item + step + gender
+ item*gender +step*gender

Full Interaction Model
item + step + gender
+ item*gender +step*gender

Figure 3. Overview of model comparisons for the inferential analysis of differential item
functioning in the scale of self-concept of ability in science for the grouping variable of gen-
der.

Data missing both for the grouping variables and for the scale of self-concept of abil-
ity, analyses of differential item functioning made use of groups of students deviating to vary-

ing extent from the entire sample of 2680 students. The inspection of differential item func-
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tioning with regard to the grouping variable of gender took responses from 1321 boys and
1164 girls into consideration. The item interaction model showed better fit than the main-
effects-only model, x*(6) = 103.72, p < .001, and the full interaction model showed better fit
than the item interaction model , ¥*(4) = 18.76, p = .001. Thus, the model comparisons re-
turned the full interaction model as fitting best to the data (see Table 9). Three category
boundaries displayed intermediate and two category boundaries displayed large differential
item functioning (see Table 10). For boys it was more difficult than for girls to pass the first
category boundary of the negatively worded items (sca2, sca4). In other words, here girls
avoided — stronger than expected in face of their overall self-concept of ability — selecting the
response category exactly. (Remember that the scoring for negatively worded items was re-
versed.) In contrast, it was easier for boys than for girls to ascribe themselves high compe-
tence in comparison to their peers (sca7). Girls refrained from attributing themselves superior
competence in social comparisons. However, differential item functioning with regard to gen-
der was approximately balanced, with three and two specific category boundaries favoring

boys and girls, respectively.

Table 9
Model Comparisons for Inferential Analyses of Differential Item Functioning for the Scale of
Self-concept of Ability in Science

Grouping Comparison Comparison Comparison Comparison
Variable MEOM — I[IM MEOM - SIM [IM - FIM SIM - FIM
X df p X df p X df  p X df  p

Gender 103.72 6 <.001 142 4 841 1876 4 .001 121.06 6 <.001
SCA-score 7131 6 <001 2792 4 <001 3209 4 <001 7548 6 <.001
SES 51.36 6 <.001 047 4 976 1053 4 032 6142 6 <.001
Immigration 5433 6 <.001 1.03 4 .905 251 4 643 5581 6 <.001
Grade 7172 6 <.001 25.03 4 <.001 6.17 4 187 5286 6 <.001
GSvs. HS 2024 6 .003 1581 4 .003 1447 4 .006 1890 6 .004
GSvs.GYM 11545 6 <.001 20.04 4 <.001 0.12 4 998 9553 6 <.001

HSvs.GYM 61.16 6 <.001 3.79 4 435 10.70 4 .030 68.07 6 <.001
Note. MEOM = main-effects-only model; IIM = item interaction model; SIM = step interac-
tion model; FIM = full interaction model; SCA = self-concept of ability in science; SES =
socio-economic status; GS = Grundschule; HS = Hauptschule; GYM = Gymnasium.

The investigation of differential item functioning for the grouping variable of raw
score of self-concept of ability relied on responses from 1243 low-scoring and 1243 high-
scoring students. The inferential model comparisons via likelihood ratio tests established that
the full interaction model possessed the best fit to the data. Examination of logit differences
between the two student groups — obtained from the full interaction model — for the location

of specific category boundaries revealed that five category boundaries exhibited intermediate
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differential item functioning, while two category boundaries exhibited large differential item
functioning. Of these category boundaries, three displayed intermediate and one displayed
large differential item functioning in favor of low-scoring students, whereas the remaining
three category boundaries were advantaging high-scoring students. So, save one category
boundary possessing intermediate differential item functioning, the distribution of effects of
differential item functioning across the groups of low- and high-scoring students appeared as
practically balanced.

With regard to socio-economic status as the grouping variable, data of 881 students
with low socio-economic status and 913 students of high socio-economic status was exam-
ined. As the item interaction model displayed better fit than the main-effects-only model,
%°(6) = 51.36, p < .001, and the full interaction model displayed better fit than the item inter-
action model, y*(4) = 10.53, p = .032, in the course of the model comparisons by likelihood
ratio tests the full interaction model was found to fit best to the data. Specifically, one catego-
ry boundary exhibited differential item functioning of intermediate size in favor of students
with low socio-economic status, whereas three category boundaries exhibited intermediate
differential item functioning in favor of students with high socio-economic status.

The exploration of differential item functioning with respect to immigrant background
incorporated responses of 1308 students without immigrant background, i.e. both parents
were born in Germany, and 466 students with immigrant background, i.e. at least one parent
was born abroad. In the inferential analyses, the inclusion of the interaction between steps and
immigrant background did not improve overall model fit, neither in the comparison of the
main-effects-only model with the step interaction model, )(2(4) = 1.03, p = .905, nor in the
comparison of the item interaction model with the full interaction model, )(2(4) =25, p=
.643. In contrast, the item interaction model displayed better overall model fit than the main-
effects-only model, »*(6) = 54.33, p < .001. However, merely one specific category boundary
showed non-negligible differential item functioning. It was of intermediate size.

The examination of differential item functioning for the grouping variable of grade
level relied on responses from 1239 fourth- and 1247 sixth-graders. The model comparisons
disclosed the full interaction model as the best fitting model as the step interaction model pos-
sessed better model fit than the main-effects-only model, y*(4) = 25.03, p < .001, and the full
interaction model possessed better model fit than the step interaction model, *(6) = 52.86, p <
.001. Nevertheless, only one specific category boundary displayed differential item function-
ing of intermediate size in favor of sixth-graders.

The investigation of differential item functioning for school type as the grouping vari-
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able comprised three pairwise comparisons. It used data of 1239 students from the school type
of Grundschule, 530 students from the school type of Hauptschule, and 717 students from the
school type of Gymnasium. For the comparison of students from the school type of
Grundschule with students from the school type of Hauptschule, inferential analyses of over-
all model fit identified the full interaction model as the best fitting model. Nevertheless, for
this comparison none of the category boundaries showed differential item functioning of non-

negligible size.

Table 10

Differential Item Functioning in Terms of Logit Differences for the Scale of Self-concept of
Ability in Science

ltem Step Difference in Difficulty

Boys — Loscore— Loses— Migno— Fourth— Grund— Grund- Haupt-—
Girls Hiscore Hises Migyes Sixth Haupt Gymna  Gymna

scal 1 0.156 -0.559 -0.044 0.041 -0.043 0.048 -0.112 -0.161
2  -0.124 0.183 -0.129 0.170 -0.098 -0.042 -0.149 -0.101
3 -0.284 -0.139 -0.386 0.256 0.093 0.336 -0.130 -0.458
sca2® 1 0.532 -0.679 0.504 -0.399 0.313 0.068 0.542 0.459
2 0.252 0.063 0.419 -0.270 0.258 -0.022 0.505 0.519
3 0.092 -0.259 0.162 -0.184 0.449 0.356 0.524 0.162
sca3 1 -0.014 -0.507 -0.074 0.133 0.009 0.080 -0.046 -0.129
2  -0.294 0.235 -0.159 0.262 -0.046 -0.010 -0.083 -0.069
3  -0.454 -0.087 -0.416 0.348 0.145 0.368 -0.064 -0.426
sca4® 1 0.686 -0.153 0.564 -0.529 0.137 -0.206 0.468 0.661
2 0.406 0.589 0.479 -0.400 0.082 -0.296 0.431 0.721
3 0.246 0.267 0.222 -0.314 0.273 0.082 0.450 0.364
scad 1 0.256 -0.509 -0.130 0.201 -0.153 -0.018 -0.260 -0.241
2 -0.024 0.233 -0.215 0.330 -0.208 -0.108 -0.297 -0.181
3 -0.184 -0.089 -0.472 0.416 -0.017 0.270 -0.278 -0.538
sca6 1 0.350 -0.257 0.112 -0.099 -0.159 -0.216 -0.106 0.105
2 0.070 0.485 0.027 0.030 -0.214 -0.306 -0.143 0.165
3  -0.090 0.163 -0.230 0.116 -0.023 0.072 -0.124 -0.192
sca’7 1 -0.286 -0.047 0.062 -0.153 -0.291 -0.216 -0.358 -0.141
2 -0.566 0.695 -0.023 -0.024 -0.346 -0.306 -0.395 -0.081

3 -0.726 0.373 -0.280 0.062 -0.155 0.072 -0.376 -0.438

Note. Calculations of differential item functioning were based on full interaction models com-
prising main effects for item, step and the respective grouping variable as well as interactions
of the grouping variable with item and step. Bold print highlights intermediate, bold and italic
print signifies large differential item functioning. Loscore/Hiscore = low/high raw score on
the scale; Loses/Hises = low/high socio-economic status; Migno/Migyes = non-immigrant/im-
migrant background; Fourth/Sixth = fourth-/sixth grade; Grund = Grundschule; Haupt =
Hauptschule; Gymna = Gymnasium.

*Scoring reversed.

The step interaction model displaying better model fit than the main-effects-only mod-

el, ¥*(4) = 20.04, p < .001, and the full interaction model displaying better model fit than the
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step interaction model, *(6) = 95.53, p < .001, the full interaction model appeared as the best
fitting model for the combined data of students from the school types of Grundschule and
Gymnasium. Inspection of estimated logit differences unveiled intermediate differential item
functioning in favor of students from the school type of Gymnasium for six category bounda-
ries. These six category boundaries were associated with the two negatively worded items
(sca2, sca4). In face of the strength of their overall self-concept of ability in science, students
from the school type of Grundschule were seemingly less hesitant than students from the
school type of Gymnasium to ascribe themselves non-competence in science. In addition, or
alternatively, it is plausible that students from the school type of Grundschule were more like-
ly to miss the negative orientation of items. Had all category boundaries exhibited differential
item functioning of the size of the category boundaries of the negatively worded items (sca2,
sca4), that would have depressed — relative to students from the school type of Gymnasium —
the estimated mean attitude strength of students from the school type of Grundschule by 0.487
logits, slightly less than one third of the standard deviation of the person distribution of atti-
tude strength (cf. Wu et al., 2007, chap. 8) However, only six out of twenty-one category
boundaries displayed differential item functioning of intermediate size.

In the analyses of students from the school types of Hauptschule and Gymnasium, the
item interaction model exhibited better model fit than the main-effects-only model, )(2(6) =
61.16, p <.001, and the full interaction model exhibited better model fit than the item interac-
tion model, ¥*(4) = 10.70, p = .030. Thus, the full interaction model was found to fit the data
best. With regard to the size of logit differences between groups, two category boundaries
showed large differential item functioning and six category boundaries showed intermediate
differential item functioning. Notably, those four category boundaries exhibiting intermediate
differential item functioning in favor of students from the school type of Hauptschule were all
located at the transition from the response category almost to the response category exactly. In
other words, for four items (scal, sca3, sca5, sca7) students from the school type of
Hauptschule were more likely to select the response category exactly than expected according
to their overall self-concept of ability in science. On the contrary, those four category bounda-
ries exhibiting intermediate and large differential item functioning in favor of students from
the school type of Gymnasium were located at the first two transitions of the negatively word-
ed items (sca2, sca4). As four category boundaries displayed differential item functioning in
favor of students from the school type of Hauptschule and four category boundaries displayed
differential item functioning in favor of students from the school type of Gymnasium, the net

effects of differential item functioning — setting aside the differentiation of large and interme-
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diate differential item functioning —on the extraction of person estimates of self-concept abil-
ity in science roughly canceled out each other.

Summary. Infit values for items and steps indicated very good conformity with the
Rasch rating scale model (Fisher, 2007). Notably, the negatively worded items had the worst
fit values of all items. Clearly, an instantiation of the disturbances often introduced by re-
versely coded items into measurements. These disturbances were also reflected by the com-
paratively low item discriminations of the negatively worded items. The distributions of per-
son attitude strength and category boundaries were shifted against each other. The mean of the
distribution of person attitude strength exceeded the mean of the distribution of category
boundaries by approximately half of the corresponding standard deviations. In other words,
the scale lacked some items that were hard to endorse. Nevertheless, the weighted likelihood
estimates of attitude strength possessed sufficient reliability. The results of the principal com-
ponents analysis argued in favor of unidimensionality of the scale.

The results of the explorations of differential item functioning spawned some specula-
tion about the impact of group-specific response tendencies — partly involving the negatively
worded items — on the estimation of person attitude strength. For the grouping variable of
gender, girls displayed a certain tendency towards the center of the scale. On the one hand,
they shunned the report of extreme non-competence on the negatively worded items. On the
other hand, they avoided the self-ascription of competence in interpersonal comparisons. So,
operating in opposite directions on the different items, the effects of this tendency towards the
center appeared to cancel out each other in the estimation of person attitude strength. Similar-
ly, effects of differential item functioning were approximately balanced for the grouping vari-
able of raw score of self-concept of ability in science. When socio-economic status was con-
sidered as the grouping variable, net effects disadvantaging students of low socio-economic
status equaled differential item functioning of intermediate size for two category boundaries.
For the grouping variables of immigrant background and grade level differential item func-
tioning of intermediate size was found for one category boundary, respectively.

With regard to the grouping variable of school type, the occurrence of non-negligible
differential item functioning was restricted to those comparisons that involved the school type
of Gymnasium. In particular, students from the school type of Gymnasium were more hesitant
than expected due to their overall self-concept of ability in science to ascribe themselves non-
competence than students from the two other school types. This response tendency implicated
a small depression of estimates of person attitude strength for students from the school type of

Grundschule relative to students from the school of Gymnasium. In case of the comparison
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with students from the school type of Hauptschule, the relative unwillingness of students from
the school type of Gymnasium to endorse the negatively worded items was counterbalanced
by a comparatively progressive use of the response category exactly for four of the unreversed

items.

Individual Interest in Science

Measurement of students’ individual interest in science made use of five items. These
items featured the same four response categories as the items assessing students’ self-concept
of ability in science (again see Blumberg, 2008 for a precursor of the scale). Moreover, in
further correspondence with the assessment of self-concept of ability, students were reminded
to consider the topics of acoustics, magnetism and optics when responding to the items. The
items were concerned with feeling-related (“To occupy myself with these topics is a lot of
fun.” [int5]) and value-related aspects (“I am eager to get to know more about these topics.”
[int4]) of individual interest. Moreover, the experience of flow (“When I am occupied with
these topics, I forget everything around me.” [int3]) and behavioral manifestations of interest
(“At home I often read about these topics.” [intl]; “I am delighted, when something about
these topics is broadcasted in television.” [int2]) were covered. All items addressed the posi-
tive affective tone that accompanies interest-driven behaviors. In this respect, a thoughtful
look at the item content reveals that the scale assessing students’ individual interest in science
might be denoted with equal justification a scale measuring academic intrinsic motivation in
science (see Gottfried, 1985 for items intended to assess academic intrinsic motivation).

Scale analysis. In correspondence to the scale of self-concept of ability in science, the
scale assessing students’ individual interest in science was calibrated according to the Rasch
rating scale model (Andrich, 1978, 2010). The calibration of the scale of individual interest in
science relied on data of 2484 students. Mean item locations ranged from -0.580 logits to
0.829 logits on the latent continuum of individual interest in science. At one end of the con-
tinuum, the items concerned with the behavior of reading (intl) and the experience of flow
(int3) constituted a pair of items that was difficult to affirm, whereas, at the other end of the
continuum, the remaining items (int2, int4, int5) formed a cluster of items relatively easy to
endorse. Infit values associated with mean item locations varied between 0.84 and 1.17, while
corresponding outfit values covered an almost identical range from 0.83 tol.18. The step
structure common to all items featured step values of -1.313 logits, 0.142 logits and 1.171
logits, thereby indicating clearly separated transitions from one response category to the next,

although the estimated range of the step structure was somewhat smaller than for the scale of
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self-concept of ability in science. The infit values related to the step structure fell between

1.11 and 1.13. The corresponding outfit values ranged from 1.06 to 1.51 (see Table 11).

Table 11
Results of Probabilistic and Traditional Item Analyses for the Scale of Individual Interest in
Science

Parameter Estimate SE Infit Ouftfit M lit
ltems

int1 (read) 0.829 0.027 1.02 1.05 1.07 .56

int2 (television) -0.433 0.026 1.11 1.05 1.72 .66

int3 (forget) 0.705 0.026 1.17 1.18 1.13 .58

int4 (eager) -0.521 0.026 0.90 0.89 1.76 .70

int5 (fun) -0.580° 0.84 0.83 1.79 .72
Steps

1 (little) -1.313 0.029 1.11 1.09

2 (almost) 0.142 0.027 1.11 1.06

3 (exactly) 1.171° 1.13 1.51 - -

Note. Abbreviated item wordings and response category labels are given in parentheses. Diff.
= difficult; corr. = correctly.
"Parameter estimate is constrained.

Its mean fixed for the purpose of identification to a value of 0.00 logits prior to model
estimation, the distribution of item locations displayed a standard deviation of 0.70 logits. The
corresponding distribution of category boundaries, or item deltas, possessed a predefined
mean of 0.00 logits and a standard deviation of 1.24 logits. The distribution of person attitude
strength had a mean of -0.02 logits and a standard deviation of 1.48 logits. The separation
reliability pertaining to the weighted likelihood estimates of person attitude strength amounted
to 0.78.

As the final step of the scale analysis, statistics from the framework of classical test
theory were inspected. Naturally, the arrangement of mean raw scores obtained for the items
resembled the collocation of mean item locations retrieved from the application of the Rasch
rating scale model. Note in this context that higher raw scores imply that items are compara-
tively easy to endorse, which is reflected by smaller values for item locations on the logit
scale of the Rasch rating scale model. Item discriminations attained values between ry; = .56
and riy = .72 (see Table 11). The first component of a principal component analysis explained
61.02% of the total variance. A value of 3.05 was retrieved for the first eigenvalue, with the
values of all other eigenvalues falling below 1.00. Correspondingly, the ratio of the first and
second eigenvalues equaled 5.08. The internal consistency of the scale amounted to .84 in
terms of Cronbach’s alpha.

Differential item functioning. The calibrations for both the scale assessing self-concept
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of ability in science and the scale of individual interest in science were based on the Rasch
rating scale model (Andrich, 1978, 2010). Accordingly, the model-based inferential analysis
of differential item functioning for the scale of individual interest in science followed the pat-
tern outlined for the scale of self-concept of ability. In particular, for each grouping variable
four nested models — the main-effects-only model, the item interaction model, the step inter-
action model and the full interaction model — were tested against each other with respect to
their fit to the data. Moreover, based on the parameter estimates of the full interaction models,
logit differences in attitude strength between relevant subgroups were calculated for all spe-
cific category boundaries in order to gauge the size of differential item functioning. As for the
other tests and scales, the explorations of differential item functioning made use of fluctuating
samples of students because data was missing in differing degrees for the grouping variables

as well as for the scale of individual interest in science.

Table 12
Model Comparisons for Inferential Analyses of Differential Item Functioning for the Scale of
Individual Interest in Science

Grouping Comparison Comparison Comparison Comparison
Variable MEOM — IIM MEOM - SIM [(IM - FIM SIM - FIM
X df p X df p X df  p X df  p

Gender 1146 4 .022 7.16 4 128 526 4 .262 956 4 .049
INT-score 12511 4 <.001 9.61 4 .048 1269 4 .013 12819 4 <.001
SES 3.10 4 .541 8.58 4 .072 6.71 4 152 123 4 .873
Immigration 11.28 4 .024 450 4 .343 6.54 4 162 1332 4 .010
Grade 2029 4 <.001 16.18 4 .003 1577 4 .003 19.88 4 .001
GSvs. HS 2829 4 <001 1120 4 024 1225 4 016 29.34 4 <.001
GSvs.GYM 23.02 4 <001 1299 4 011 1167 4 020 2170 4 <.001

HSvs. GYM 36.05 4 <.001 403 4 402 461 4 330 36.63 4 <.001
Note. MEOM = main-effects-only model; IIM = item interaction model; SIM = step interac-
tion model; FIM = full interaction model; INT = individual interest in science; SES = socio-
economic status; GS = Grundschule; HS = Hauptschule; GYM = Gymnasium.

Relying on data of 1321 boys and 1162 girls, the model-based examination of differ-
ential item functioning for the grouping variable of gender resulted in the identification of the
item interaction model as fitting best to the data. The incorporation of the interaction between
step and gender enhanced overall model fit neither with regard to main-effects-only model,
¥(4) =7.16, p = .128, nor with regard to the item interaction model, y*(4) = 5.26, p = .262
(see Table 12). None of the category boundaries of the scale exhibited differential item func-
tioning of non-negligible size (see Table 13).

The exploration of differential item functioning for the grouping variable of raw score

of individual interest in science, created by a median-split, took responses of 1242 low-
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scoring and 1242 high-scoring students into consideration. The model comparisons for the
inferential investigation of differential item functioning established that the full interaction
model possessed the best relative fit to the data. In particular, three category boundaries were
found to show differential item functioning of intermediate size whereas one category bound-
ary was found to display large differential item functioning. However, as one half of these
category boundaries exhibited differential item functioning in favor of and the other half
against low-scoring students, differential item functioning exerted only a very small biasing
influence on the estimation of person ability with respect to the grouping variable of raw score

of individual interest in science.

Table 13

Differential Item Functioning in Terms of Logit Differences for the Scale of Individual Inter-
est in Science

Item Step Difference in Difficulty

Boys — Loscore— Loses— Migno— Fourth— Grund— Grund- Haupt-—
Girls Hiscore Hises Migyes Sixth Haupt Gymna  Gymna

int1 1 0.126 -0.513 0.197 -0.110 0.230 0.013 0.406 0.403
2 0.011 -0.381 -0.040 0.088 -0.076 -0.233 0.040 0.280
3 -0.106 -0.787 -0.085 0.232 0.260 0.202 0.287 0.085
int2 1 -0.036 0.445 0.109 -0.028 -0.120 -0.299 0.042 0.359
2  -0.151 0.577 -0.128 0.170 -0.426 -0.545 -0.324 0.236
3 -0.268 0.171 -0.173 0.314 -0.090 -0.110 -0.077 0.041
int3 1 0.152 -0.001 0.181 -0.116 0.098 0.231 -0.004 -0.249
2 0.037 0.131 -0.056 0.082 -0.208 -0.015 -0.370 -0.372
3  -0.080 -0.275 -0.101 0.226 0.128 0.420 -0.123 -0.567
int4 1 0.152 0.121 0.179 -0.270 0.106 0.047 0.172 0.127
2 0.037 0.253 -0.058 -0.072 -0.200 -0.199 -0.194 0.004
3  -0.080 -0.153 -0.103 0.072 0.136 0.236 0.053 -0.191
int5 1 0.186 0.183 0.199 -0.376 0.146 0.103 0.196 0.093
2 0.071 0.315 -0.038 -0.178 -0.160 -0.143 -0.170 -0.030

3  -0.046 -0.091 -0.083 -0.034 0.176 0.292 0.077 -0.225

Note. Calculations of differential item functioning were based on full interaction models com-
prising main effects for item, step and the respective grouping variable as well as interactions
of the grouping variable with item and step. Bold print highlights intermediate, bold and italic
print signifies large differential item functioning. Loscore/Hiscore = low/high raw score on
the scale; Loses/Hises = low/high socio-economic status; Migno/Migyes = non-immigrant/im-
migrant background; Fourth/Sixth = fourth-/sixth grade; Grund = Grundschule; Haupt =
Hauptschule; Gymna = Gymnasium.

The investigation of differential item functioning for the grouping variable of socio-
economic status was based on data from 880 students of low socio-economic status and 913
students of high socio-economic status. Neither the inclusion of the interaction between item
and socio-economic status, y*(4) = 3.10, p = .541, nor the incorporation of the interaction be-

tween step and socio-economic status, y*(4) = 8.58, p = .072, significantly improving overall
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fit, the main-effects-only model was identified by a sequence of model comparisons to fit the
data best. In correspondence with this, in terms of logit differences in attitude strength be-
tween groups, all category boundaries of the scale displayed negligible differential item func-
tioning.

Responses from 1309 students without immigrant background and from 464 students
with immigrant background were used to explore differential item functioning for the group-
ing variable of immigrant background. The sequence of four model comparisons established
that the item interaction model fitted best to the data. Despite this, the size of differential item
functioning was negligible for all category boundaries.

The exploration of differential item functioning for the grouping variable of grade lev-
el included data of 1239 fourth-graders and 1245 sixth-graders. All four comparisons of nest-
ed models indicating preference for the more complex model, the full interaction model was
found to fit best to the data. One specific category boundary displayed differential item func-
tioning of intermediate size in favor of fourth-graders.

Three pairwise comparisons of student groups constituted the exploration of differen-
tial item functioning for the grouping variable of school type. In particular, here the investiga-
tion of differential item functioning was based on responses of 1239 students from the school
type of Grundschule, 531 students from the school type of Hauptschule and 714 students from
the school type of Gymnasium. With respect to the investigation of responses of students from
the school types of Grundschule and Hauptschule, the full interaction model was identified as
fitting best to the data. Differential item functioning of intermediate size was shown by one
specific category boundary. In case of responses of students from the school types of
Grundschule and Gymnasium, the full interaction model was found to fit the data best. How-
ever, none of the category boundaries of the scale displayed non-negligible differential item
functioning. For the combined data of students from the school types of Hauptschule and
Gymnasium, the incorporation of the interaction between step and school type (Hauptschule
vs. Gymnasium) improved overall model fit neither in relation to the main-effects-only mod-
el, y*(4) = 4.03, p = .402, nor in relation to the item interaction model, y*(4) = 4.61, p = .330.
As a consequence of this, the item interaction model was identified as fitting best to the data.
One specific category boundary showed intermediate differential item functioning in favor of
students from the school type of Hauptschule.

Summary. Infit values for items and steps flagged excellent fit to the Rasch rating
scale model (Fisher, 2007). Despite a minor discrepancy in the respective standard deviations,

the distributions of person attitude strength and category boundaries neatly matched each oth-
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er. Weighted likelihood estimates of person attitude strength were sufficiently reliable. With
respect to the content of the scale, the examinations revealed that experiences of flow and the
reading of domain-specific books were endorsed relatively reluctantly as indicators of indi-
vidual interest in science whereas general enjoyment and openness as well as watching do-
main-specific television programs were reported more willingly. The first component explain-
ing more than 60% of the total variance, the results of the principal component analysis hinted
at unidimensionality of the scale. The results for Cronbachs’ alpha and for the item discrimi-
nations pointed into the same direction. For the grouping variables of gender, socio-economic
status and immigrant background as well as for the comparison of students from the school
types of Grundschule and Gymnasium all category boundaries displayed differential item
functioning of negligible size. For the other grouping variables and comparisons non-
negligible differential item functioning was either relatively balanced or restricted to one cat-
egory boundary. In essence, it was not possible to identify a meaningful or practically relevant

pattern of differential item functioning for the investigated grouping variables.

Science Achievement

The test of students’ science achievement comprised 26 item stems, with 3 to 9 re-
sponse alternatives nested under each item stem. For 22 item stems students had to endorse or
reject response alternatives individually. For the other 4 item stems students had to select their
responses directly from the corresponding set of alternatives (i.e. selection of a specific alter-
native implied rejection of remaining alternatives). With respect to the content covered, 12
item stems were devoted to phenomena of evaporation of water, 10 item stems were dedicated
to phenomena of condensation, and 4 item stems presented the issue of phase changes in a
decontexualized manner.

The test combined the measurement of two forms of knowledge. On the one hand, the
test assessed the knowledge of simple facts. This encompassed, for instance, the knowledge of
appropriate scientific terminology and the knowledge of conditions promoting the process of
evaporation. On the other hand, the test assessed the knowledge of correct explanations for
phenomena of evaporation and condensation in different situations. In particular, the meas-
urement of this latter form of knowledge featured the presentation of common student mis-
conceptions as distractor response alternatives. A group of 11 item stems was devoted to the
assessment of the knowledge of simple facts, whereas the remaining 13 item stems covered
the recognition of correct explanations.

The achievement test was administered to the participating children both before and
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after the series of three lessons on the topic of evaporation and condensation. All instructions,
item stems and response alternatives were read out aloud to the students in their regular sci-
ence classrooms. This procedure was expected to minimize the influence of individual reading
ability on test performance. Furthermore, the instructions ensured that classrooms proceeded
in unison through the test.

The test embodied, most prominently with regard to the 13 item stems concerned with
explanations for evaporation and condensation, several potential sources of local dependen-
cies. As already said, groups of autonomous response alternatives were nested under common
item stems. Moreover, the conceptions represented in those response alternatives were repeat-
ed, albeit often in slightly different wording, across item stems. In this vein, the test contained
even actual twins of item stems that shared both the guiding question within the item stem and
the corresponding response alternatives in identical wording. Thus, a relatively complex scor-
ing procedure was applied to students’ responses before final test calibration. The scoring
procedure served three purposes. First, it was intended to counter the potential overestimation
of reliability due to local dependencies by introduction of superitems, i.e. by summarizing
over possibly dependent responses (Marais & Andrich, 2008; Swygert, MacLeod, & Thissen,
2001). Second, it was devised to reduce problems of parameter estimation due to extreme
response probabilities by summarizing over response alternatives with extremely high solu-
tion rates. Third, it was set up to obtain estimates of difficulty related exclusively to specific
student conceptions concerning evaporation and condensation. Due to ambiguous test instruc-
tions, student responses to 2 item stems could not be scored consistently. These item stems
were excluded from subsequent analyses.

Eventually, application of the scoring scheme resulted in 21 dichotomously and 12
polytomously scored items. Maxima ranging from two to three raw points could be achieved
on the polytomously scored items. Correspondingly, they featured two or three category
boundaries in test calibration. In particular, superitems scored across item stems covered the
student conceptions that objects sweat condensed water out (sat_as 1), that water turns into or
results from smoke during phase changes (sat_as 2), that evaporated water turns into oxygen
(sat_as 3), that oxygen turns into condensed water (sat_as 4), that evaporated water in closed
rooms concentrates near the ceiling (sat_as 7), that heat transforms into water and vice versa
(sat_as_8), that evaporated water ceases to exist (sat_as 9), that light creates condensed water
(sat_as_10), that coldness turns into condensed water (sat_as 11), that evaporated water turns
into steam (sat_as 12), that the sun directly attracts water (sat as 14), and that water com-

pletely emerges from or goes to hidden places, e.g. is soaked in completely by the soil
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(sat_as 15).

Wenn es sehr heiB ist, ist die Erde an manchen Stellen ganz hart und rissig. Die Erde ist aus-getrocknet. Das
Wasser, das vorher in der Erde war, ist nicht mehr dort. Was ist mit dem Wasser passiert?

[When it is very hot, in some places the soil is all hard and cracked. The soil is dried out. The water that
previously has been in the soil is not there anymore. What has happened to the water?]

Das fehlende Wasser ist jetzt... [The missing water is now...]
Kreuze nach jedem Wort ,richtig” oder ,falsch” an! [Check “correct” or “false” after each word!]

Richtig Falsch

[Correct] [False]
...Nichts. [...nothing.] O O
...nicht sichtbarer Sauerstoff in der Luft. [...invisible oxygen in the air.] O O
...Rauch. [...smoke.] O O
...Wasserdampf. [...water vapor.] O O
...nicht sichtbar in der Luft verteilt [...dispersed invisibly in the air.] O O
..Widrme. [...heat.] O O

Figure 4. Sample item stem and corresponding response alternatives from the science
achievement test in original German and English translation.

Test analysis. After application of the scoring scheme, the entire set of 21 dichoto-
mously and 12 polytomously scored items was calibrated according to the partial credit model
(Masters, 1982). As the science achievement test was administered to all students in identical
form at the pre- and post-instructional measurement occasion, and thus individual tests were
linked perfectly across measurement occasions and student groups, pre- and posttest respons-
es were submitted jointly to a concurrent calibration (Hanson & Béguin, 2002; Kim & Kolen,
2006; Lee & Ban, 2010; see Robitzsch, 2009, for a discussion of issues surrounding the
choice of concurrent or separate calibration). In particular, pretest responses of 2519 students
and posttest responses of 2512 students accumulated to a calibration sample of 5031 virtual
students. The estimated item difficulties ranged from -1.272 logits to 1.518 logits. On aver-
age, items covering phenomena of condensation were more difficult (M = 0.122, SD = 0.789)
than items addressing phenomena of evaporation (M = -0.037, SD = 0.761) or treating the
issue of phase changes in a decontexualized manner (M = -0.240, SD = 0.668). The average

difficulty of items calling for the knowledge of simple facts (M = -0.025, SD = 0.703) was
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comparable to the average difficulty of items asking for the recognition of correct explana-
tions for phenomena of evaporation and condensation (M = 0.024, SD = 0.779). In support of
the validity of the test, those items containing scientifically adequate explanations acknowl-
edging that evaporation and condensation involve changes in both the phase and visibility of
water were among the most difficult items of the test (sat_as 5, sat as 6). Item infit values
varied between 0.89 and 1.18, while item outfit values spanned the range between 0.79 and
1.21. Infit values associated with item-specific step parameters fell between 0.92 and 1.04,
whereas corresponding outfit values ranged from 0.94 to 1.76 (see Table 14).

For the virtual data set, the distribution of person ability possessed a mean of 0.85
logits and a standard deviation of 0.63 logits. With respect to the distribution of item difficul-
ty, a predefined mean of 0.00 logits was accompanied by a standard deviation of 0.73 logits.
The corresponding distribution of category boundaries displayed a mean of 0.20 logits with a
standard deviation of 0.87 logits. (Please note that the mean of the distribution of category
boundaries deviated from 0.00 logits because the science achievement test featured an unbal-
anced number of dichotomously and polytomously scored items.) The separation reliability of
the weighted likelihood estimates of person ability amounted to 0.82.

The virtual data set comprising student responses from both the pre- and the post-
instructional measurement occasion was submitted to analyses in the framework of classical
test theory as well. For the 21 dichotomously scored items the mean relative proportion of
correct solutions was 0.73 with a standard deviation of 0.13. For the 7 items with theoretical
maxima of two raw points the mean of achieved raw points equaled 1.31 with a standard de-
viation of 0.22. Finally, with regard to the 5 items with theoretical maxima of three raw points
the mean of achieved raw points equaled 1.46 with a standard deviation of 0.42. Item discrim-
inations varied between ry; = -.10 and r;; = .46 (see Table 14). Specifically, for two out of thir-
ty-three items corresponding item discriminations fell below r;; = .10. For another five items
corresponding item discriminations attained values above 7y = .10 and below ry = .20. The
first component identified in a principal component analysis explained 13.85% of the total
variance. There were ten components with eigenvalues greater than 1.00. The first through
fifth components had eigenvalues of 4.57, 1.86, 1.62, 1.44, and 1.30, respectively. Thus, the
ratio of the first and second eigenvalues amounted to 2.46. Moreover, Cronbachs’ alpha of the
virtual data set for the science achievement test equaled .77.

Differential item functioning. As the calibration of the science achievement test relied
on a virtual data set comprising both pre- and posttest responses, the examination of differen-

tial item functioning featured measurement occasion (pretest vs. posttest) as an additional
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Table 14

Probabilistic and Traditional Item Analyses for the Science Achievement Test

Parameter Estimate SE Infit Outfit M rit
ltems
sat_di_1 -0.689 0.036 0.99 1.01 0.81 18
sat di 2 0.239 0.030 1.01 1.02 0.64 .20
sat_di_3 -0.944 0.039 0.99 0.94 0.84 23
sat di 4 0.119 0.030 0.95 0.92 0.67 .34
sat_pc_1 0.685 0.019 0.97 0.96 1.1 .39
sat_pc 2 -0.640 0.034 0.98 0.96 1.60 .28
sat pc_ 3 0.505 0.022 0.94 0.94 1.17 40
sat_di_5 -0.940 0.039 0.98 0.92 0.84 24
sat di 6 -0.317 0.033 0.97 0.93 0.75 .28
sat_di_7 0.731 0.029 1.18 1.21 0.53 .10
sat di_8 -0.625 0.036 0.98 0.98 0.80 23
sat di 9 1.382 0.030 0.97 0.96 0.39 .30
sat_di_10 0.298 0.030 0.98 0.97 0.63 27
sat di_11 -0.382 0.034 1.02 1.03 0.76 .18
sat_di_12 -0.537 0.035 1.00 1.01 0.79 .20
sat_di_13 0.715 0.029 1.03 1.04 0.53 19
sat_as_1 -0.849 0.038 0.91 0.83 0.84 .34
sat_as 2 -0.712 0.036 0.91 0.81 0.82 .38
sat as 3 0.672 0.016 1.03 1.03 1.67 42
sat as 4 0.484 0.018 1.10 1.10 1.84 .34
sat as 5 1.237 0.017 1.04 1.13 1.15 .39
sat as 6 1.518 0.018 1.00 1.18 0.88 .38
sat as 7 -0.420 0.034 1.06 1.14 0.77 .05
sat_as 8 -0.011 0.023 0.89 0.87 1.44 46
sat_as 9 -0.881 0.038 0.91 0.79 0.84 37
sat_as_10 -1.272 0.044 0.94 0.83 0.89 .28
sat_as_ 11 0.522 0.021 1.04 1.05 1.75 .31
sat_as_ 12 -0.478 0.034 1.03 1.05 1.47 .20
sat_as 13 0.111 0.031 0.97 0.94 0.66 .32
sat_as_14 0.143 0.022 1.14 1.20 1.39 15
sat_as_15 0.855 0.021 1.01 1.01 1.01 .33
sat_di_14 -0.180 0.032 0.95 0.92 0.73 .32
sat_di_15 -0.339° 1.04 1.06 0.75 A3
Steps
sat_pc_1(1) 0.080 0.031 1.00 0.99
sat_pc_1(2) -0.080° 0.96 0.94 -
sat_pc_2(1) -0.777 0.042 1.01 1.00
sat_pc_2(2) 0.777° 1.00 0.99 -
sat_pc_3(1) -0.698 0.029 0.99 0.98
sat_pc_3(2) 0.698° 0.98 0.99 -
sat_as_3(1) -0.170 0.036 0.98 0.94
sat_as_3(2) 0.249 0.045 1.01 1.03
sat_as_3(3) -0.079° 0.92 0.96 -
sat_as_4(1) -0.393 0.040 1.00 0.98
sat_as_4(2) -0.084 0.042 1.01 1.02 -
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Table 14 (continued)
Probabilistic and Traditional Item Analyses for the Science Achievement Test

Parameter Estimate SE Infit Outfit M rit
Steps (continued)
sat_as_4(3) 0.477° 0.97 1.03 —
sat_as_5(1) -0.036 0.034 1.00 1.00
sat_as_5(2) -0.117 0.045 1.01 1.15 -
sat_as_5(3) 0.153° 0.99 1.46 -—
sat_as_6(1) -0.190 0.033 1.01 1.02
sat_as_6(2) 0.206 0.050 1.01 1.32
sat_as_6(3) -0.016° 0.96 1.76 -—
sat_as_8(1) -0.331 0.033 0.98 0.96
sat_as_8(2) 0.331 0.92 0.91 ---
sat_as_11(1) -1.262 0.043 1.02 1.03
sat_as_11(2) -0.178 0.039 1.00 1.00 -—
sat_as_11(3) 1.440° 1.01 1.13 -—
sat_as_12(1) -1.223 0.040 1.03 1.04
sat_as_12(2) 1.223°% 1.04 1.04 -—
sat_as_14(1) -0.151 0.033 0.99 0.99
sat_as_14(2) 0.151° 1.08 1.09 -—
sat_as_15(1) -0.599 0.028 0.99 0.99
sat_as_15(2) 0.599° 1.01 1.00 -—

Note. Item labels provide information on the scoring applied (di = dichotomously scored with-
in a stem, pc = scored with partial credit within a stem, as = scored across stems). Numbers in
parentheses indicate step position.
*Parameter estimate is constrained.

grouping variable. The analysis of this form of differential item functioning provided an ap-
proach toward the identification of those facets of knowledge about the topic of evaporation
and condensation that underwent specifically weak or intense change due to science instruc-
tion (cf. Wainer, 2010a). The science achievement test was calibrated according to the partial
credit model (Masters, 1982). Thus, the model-based inferential analyses of the general pres-
ence of differential item functioning featured a sequence of three nested models for each
grouping variable. These were a baseline model, an item interaction model and a full interac-
tion model. The baseline models contained main effects for items and the respective grouping
variable as well as an interaction between items and steps that allowed the modeling of vary-
ing numbers of steps per item in the partial credit model. In other words, the baseline models
constituted applications of the partial credit model with simultaneous control of mean group
differences in science achievement. The item interaction models extended the baseline models
by inclusion of an interaction between items and the respective grouping variable. Thereby,
the item interaction models allowed mean item difficulties to vary between groups. The full

interaction models, eventually, refined the item interaction models by replacing the interaction
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between items and steps with a three-way interaction between items, steps and the respective
grouping variable. The full interaction models allowed both mean item difficulties and item-
specific step parameters to vary between groups. So, for each grouping variable, the inferen-
tial analysis of differential item functioning consisted straightforwardly of comparisons of the
baseline model with the item interaction model as well of the item interaction model with the
full interaction model (see Figure 5). Additionally, parameter estimates from full interaction
models were used to compute logit differences between groups for, in case of dichotomously
scored items, item difficulties and, in case of polytomously scored items, difficulties of cate-

gory boundaries as measures of effect sizes.

Baseline Model
item + item*step + gender

\ Item Interaction Model

item + item*step + gender
+ item*gender

\ Full Interaction Model

item + item*step + gender
+ item*gender + item*step*gender

Figure 5. Overview of model comparisons for the inferential analysis of differential item
functioning in the science achievement test for the grouping variable of gender.

Due to missing data for the grouping variables as well as for the pre- and post-
instructional science achievement test, the explorations of differential item functioning for the
individual grouping variables resorted to samples of varying size. The examination of differ-
ential item functioning for the grouping variable of measurement occasion included responses
from 2519 students for pre-instructional measurement and from 2512 students for post-
instructional measurement. The item interaction model fitting the data better than the baseline
model, ¥*(32) = 1156.93, p < .001, and the full interaction model fitting the data better than
the item interaction model, y*(34) = 162.01, p < .001, for the grouping variable of measure-
ment occasion the full interaction model was found to fit the data relatively best. On the one
hand, three items and two category boundaries displayed differential item functioning of in-
termediate size in favor of pretest responses (see Table 15). For three further category bound-
aries differential item functioning in favor of pretest responses was large. On the other hand,
one item showed intermediate differential item functioning in favor of posttest responses,
whereas two items and one category boundary exhibited large differential item functioning in

favor of posttest responses. The items and category boundaries showing differential item
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functioning in favor of pretest responses contained the conceptions that evaporated water
turns into oxygen (sat as 3), that evaporated water concentrates beneath the ceiling
(sat_as_7), that coldness turns into condensed water (sat _as _11), that the sun attracts evapo-
rated water (sat as 14) and that empty clouds collect water (sat di 15). Moreover, they
touched the correct usage of the terms evaporation and vapor (sat di 1, sat as 12) and the
identification of matter in the gaseous phase (sat_pc_2). In contrast, the items and the catego-
ry boundary displaying differential item functioning in favor of posttest responses were con-
cerned with the rejection of the conception that water turns into warmth or vice versa during
phase changes (sat_as 8) as well as with the recognition that water droplets on cold glass sur-
faces or fog in the morning result from condensation (sat di 5, sat di 9, sat as 13). Appar-
ently, differential item functioning in favor of pretest responses occurred when extended
knowledge about evaporation and condensation, which naturally tends to be absent prior to
instruction, could induce deficient responses, such as in case of the conception of the concen-
tration of evaporated water beneath the ceiling. Furthermore, the occurrence of differential
item functioning in favor of posttest responses for items covering phenomena of condensation
suggested that knowledge about condensation prior to instruction was sparse and that those or
similar phenomena typically had been part of the instruction on evaporation and condensation.

For the grouping variable of gender, the exploration of differential item functioning re-
lied on 2674 response sets associated with boys and 2356 response sets associated with girls.
The incorporation of the interaction between items and gender improved overall model fit for
the item interaction model relative to the baseline model, y*(32) = 457.53, p < .001. However,
the additional inclusion of a three-way interaction between items, steps and gender did not
further enhance model fit, )(2(34) =30.48, p = .641. One item exhibited intermediate differen-
tial item functioning in favor of boys. One item displayed large differential item functioning
in favor of girls. Thus, in relation to the total number of items and category boundaries of the
science achievement test, the consequences of differential item functioning for the grouping
variable of gender were minimal and balanced.

With regard to raw score in the science achievement test as the grouping variable, the
investigation of differential item functioning took 2516 low-scoring response sets and 2515
high-scoring response sets into consideration. The model fit of the item interaction model
exceeded the model fit of the baseline model, ¥*(32) = 1761.91, p < .001, while the model fit
of the full interaction model outstripped the model fit of the item interaction model, y*(34) =
201.36, p <.001. In particular, one item and one category boundary showed intermediate dif-

ferential item functioning in favor of low-scoring students. Moreover, two items and three
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category boundaries displayed large differential item functioning in favor of low-scoring stu-
dents. On the contrary, two items and two category boundaries exhibited intermediate differ-
ential item functioning in favor of high-scoring students. Furthermore, three items showed
large differential item functioning in favor of high-scoring students. So, as items contribute
with more weight to the estimation of individual person ability than category boundaries, the
effects of differential item functioning were approximately balanced across subgroups, save
one item and one category boundary displaying intermediate differential item functioning in
favor of high-scoring students. Specifically, low-scoring students fared better than expected
on items and category boundaries that referred to the conceptions that water turns into oxygen
or vice versa during phase changes (sat as 3, sat as 4), that evaporated water concentrates
near the ceiling (sat as 7) and that evaporation is the attraction of water by the sun
(sat_as 14). Items and category boundaries that advantaged high-scoring students covered the
conceptions that condensed water is sweated out (sat _as 1), that water, during phase changes,
turns into or results from smoke (sat_as 2), that heat transforms into water and vice versa
(sat_as_8), that evaporated water ceases to exist (sat_as_9), that condensed water is created by
light (sat_as 10) and that coldness turns into condensed water (sat as 11). In essence, high-
scoring students did even better than expected in rejecting naive conceptions, whereas low-
scoring students were advantaged when conceptions had to be refuted that contained misguid-
ing connections to the knowledge that water consists of molecules and that heat promotes
evaporation.

The inspection of differential item functioning for the grouping variable of socio-
economic status used data of 1830 response sets for students of low socio-economic status
and of 1843 response sets for students of high socio-economic status. The item interaction
model surpassed the baseline model in terms of model fit, y*(32) = 285.96, p < .001. Never-
theless, the incorporation of a three-way interaction between items, steps and socio-economic
status to form the full interaction model did not entail a significant enhancement of overall fit,
2*(34) = 23.22, p = 919. Thus, the item interaction model was disclosed as fitting relatively
best to the data. Merely one item exhibited non-negligible differential item functioning, of
large size and in favor of students of low socio-economic status.

Response sets of 2655 students without immigrant background and response sets of
965 students with immigrant background were included in the examination of differential
item functioning for the grouping variable of immigrant background. Though the inclusion of
the interaction between items and immigrant background rendered the fit of the item interac-

tion model better than the fit of the baseline model, y*(32) = 345.42, p < .001, the full interac-
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tion model did not display better fit than the item interaction model, x*(34) = 23.84, p = .903.
Accordingly, the item interaction model was identified as the model with the best relative fit
to the data. On the one hand, one item showed intermediate differential item functioning and
one item showed large differential item functioning in favor of students without immigrant
background. These items were concerned with the student conceptions that water turns into or
results from smoke (sat_as 2) and that light creates condensed water (sat_as 10). On the oth-
er hand, two items exhibited intermediate differential item functioning in favor of students
with immigrant background. These items covered the student conception that evaporated wa-
ter in closed rooms concentrates near the ceiling (sat _as 7) and the knowledge that cloud
formation is not a phenomenon of evaporation (sat_di_7). Nevertheless, for the grouping vari-
able of immigrant background effects of differential item functioning were comparatively
small and balanced across groups.

The analysis of differential item functioning for the grouping variable of grade level
was based on responses from 2526 virtual fourth-graders and 2505 virtual sixth-graders. The
model fit of the item interaction model exceeded the model fit of the baseline model, )(2(32) =
892.80, p <.001. Moreover, the full interaction model possessed better model fit than the item
interaction model, y*(34) = 191.43, p < .001, so that the full interaction model was identified
as fitting best to the data. For one item and one category boundary intermediate differential
item functioning in favor of fourth-graders was established. For one further item large differ-
ential item functioning in favor of fourth-graders was found. In particular, virtual fourth-
graders were more likely than expected due to their overall ability to correctly name and iden-
tify instances of evaporation (sat di 1, sat di 7). Four category boundaries were shown to
possess intermediate differential item functioning in favor of sixth-graders. Two category
boundaries exhibited large differential item functioning in favor of sixth-graders. Specifically,
virtual sixth-graders displayed extraordinary strengths in recognizing that processes of evapo-
ration and condensation involve changes in both visibility and phase of water (sat as 5,
sat_as 6). Nevertheless, effects of differential item functioning tended to cancel out each oth-
er across groups.

The exploration of differential item functioning for the grouping variable of school
type relied on data of 2526 virtual students from the school type of Grundschule, 1079 virtual
students from the school type of Hauptschule and 1426 virtual students from the school type
of Gymnasium. With regard to the comparison based on virtual students from the school types
of Grundschule and Hauptschule, the item interaction model was found to fit better to the data

than the baseline model, ¥*(32) = 571.90, p < .001, and, in turn, the full interaction model was
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found to fit better to the data than the item interaction model, *(34) = 85.17, p < .001. Three
items and one category boundary exhibited differential item functioning of intermediate size
in favor of the school type of Grundschule. On the contrary, one item and four category
boundaries displayed intermediate differential item functioning in favor of the school type of
Hauptschule. Furthermore, one category boundary showed large differential item functioning
in favor of the school type of Hauptschule. So, evaluated in terms of its net effects on the es-
timation of person ability, there was a minimal tendency for differential item functioning to
advantage students attending the school type of Grundschule. Specifically, the item covering

the conception that water turns into or results from smoke during phase changes (sat_as 2)

-0.344  -0.097 -0.344 -0.020 -0.171 0.382 0.375 0.343  -0.039
0.031 -0.167  -0.302 0.136 0.078 0.472 0.124 0.468 0.334

sat_as 6
sat_as 6

Table 15
Differential Item Functioning in Terms of Logit Differences for the Science Achievement Test
ltem Step Difference in Difficulty

Pre — Boys— Losco- Loses— Migno— Fourth— Grund- Grund- Haupt-—

Post Girls Hisco Hises Migyes Sixth Haupt Gymna Gymna
sat_di_1 1 -0.478 0.018 -0.254 -0.122 -0.002 -0.686 -0.610 -0.768 -0.154
sat_di_2 1 0.202 -0.004 -0.178 0.074 -0.172 0.128 0.208 0.036 -0.174
sat_di_3 1 0412  -0.464 0.222 -0.034 0.286 0.272 0.248 0.302 0.052
sat_di_4 1 0.054 -0.118 0.410 0.196  -0.114 0.388 0.234 0.524 0.288
sat_pc_1 1 0.221  -0.006 -0.234 -0.003 -0.167 -0.248 0.252 -0.352 -0.244
sat_pc_1 2 0.259 0.030 0.210 0.255  -0.125 0.124 0.108 0.300 0.552
sat_pc_2 1 -0.680 0.003 0.409 0.359 -0.286  -0.522 -0.283 -0.796 -0.519
sat_pc_2 2 -0.056  -0.063  -0.109 0.117  -0.126 0.642 0.315 0.972 0.655
sat_pc_3 1 -0.119  -0.155 0.542 0.205 -0.227 -0.334 -0.448 -0.068 0.377
sat_pc_3 2 -0.233 0.163  -0.194 0.171  -0.113 0.762 0.444 0.872 0.423
sat_di_5 1 0.532 -0.114 0.224 0.132 -0.128 -0.280 -0.320 -0.238 0.082
sat_di_6 1 0.284  -0.052 0.316 0.012  -0.258 0.182 0.132 0.222 0.090
sat_di_7 1 -0.100 0.288 -1.320 -0.754 0.626  -0.544 0.380 -1.286 -1.660
sat_di_8 1 0.090 0.306 0.104 0.122 0.104 -0.180 -0.248 -0.112 0.138
sat_di_9 1 0.722 0.028 0.136  -0.078 0.226  -0.014 -0.176 0.044 0.222
sat_di_10 1 0.058 0.048 0.018  -0.100 0.178 -0.276  -0.440 -0.160 0.282
sat_di_11 1 0.100 -0.172 -0.306 -0.184 0.316  -0.018 0.270 -0.292  -0.560
sat_di_12 1 -0.316 0.090 -0.212 -0.104 0.138 -0.274 -0.284 -0.274 0.012
sat_di_13 1 -0.010  -0.148 -0.272  -0.260 0.260 0.262 0.430 0.096  -0.332
sat_as_1 1 -0.116 0.080 0.702 0.340 -0.310 -0.112  -0.412 0.304 0.716
sat_as_2 1 0.342 0.082 1.002 0.390 -0.766 -0.314 -0.516  -0.080 0.438
sat_as_3 1 -0.783  -0.152  -0.661 -0.038 0.220 -0.148 -0.013 -0.277 -0.266
sat_as_3 2 -0.307 -0.312 -0.254  -0.050 0.026  -0.010 0.020 -0.020 -0.043
sat_as_3 3 0.118  -0.304 0.327 0.093 -0.132 0.248  -0.007 0.303 0.309
sat_as_4 1 -0.395 -0.133 -0.673 -0.374 -0.015 -0.081 0.186  -0.384  -0.570
sat_as_4 2 -0.122  -0.136  -0.471  -0.155 0.320 -0.225 -0.044 -0.373 -0.330
sat_as_4 3 -0.239  -0.278 0.118 0.012  -0.065 0.150  -0.090 0.242 0.331
sat_as_5 1 -0.075 0.145 -0.069 -0.007 -0.016 0.421 0.287 0.578 0.285
sat_as_5 2 -0.050 0.064 -0.407 -0.021 0.292 0.475 0.516 0.386  -0.138
sat_as_5 3 0.107 -0.005 -0.316 -0.110 0.011 0.460 0.450 0.368  -0.092
sat_as_6 1 -0.125  -0.078  -0.229 0.076 0.176 0.633 0.726 0.539  -0.193

2
3
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Table 15 (continued)
Differential Item Functioning in Terms of Logit Differences for the Science Achievement Test
Item Step Difference in Difficulty

Pre — Boys — Losco— Loses— Migno—- Fourth— Grund- Grund - Haupt-—
Post Girls Hisco Hises Migyes Sixth Haupt Gymna Gymna

-0.104 -0.187 -0.173  -0.108 0.2563  -0.154 0.030 -0.342 -0.372
sat_as_15 0.036 0.103 -0.183  -0.028 0.063 0.254 0.354 0.146  -0.208
sat_di_14 0.378  -0.086 0.408 -0.080 -0.194 -0.286  -0.280 -0.308 -0.026
sat_di_15 2 -0.484 0.046 -0.474  -0.030 0.006 0.134 0.148 0.110  -0.040
Note. Calculations of differential item functioning were based on full interaction models com-
prising main effects for item and the respective grouping variable as well as for the two-way
interaction between item and the grouping variable and the three-way interaction between
item, step and the grouping variable. Bold print highlights intermediate, bold and italic print
signifies large differential item functioning. Pre/Post = pre-/posttest responses; Losco/Hisco =
low/high raw score on the scale; Loses/Hises = low/high socio-economic status; Migno/Mig-
yes = non-immigrant/immigrant background; Fourth/Sixth = fourth/sixth grade; Grund =
Grundschule; Haupt = Hauptschule; Gymna = Gymnasium.

sat_as_15

sat_as_7 1 -0.472 0.718 -0.858 -0.188 0.428 -0.082 0.190 -0.344  -0.530
sat_as_8 1 -0.101 -0.181 0.340 0.108  -0.081 -0.147  -0.222 0.001 0.225
sat_as_8 2 0.721  -0.343 0.440 -0.184 0.229 -0.109 -0.042 -0.201 -0.157
sat_as_9 1 0.242 0.072 1.098 0.326  -0.238 0.014 -0.274 0.420 0.696
sat_as_10 1 -0.316 0.322 0.592 0.318  -0.440 0.082  -0.238 0.616 0.854
sat_as_11 1 -0.474 0.123 -0.205 -0.185 0.034 -0.340 -0.291 -0.396  -0.105
sat_as_11 2 -0.168  -0.231 -0.348  -0.162 0.244 0.010 0.220 -0.191 -0.409
sat_as_11 3 0.107  -0.276  -0.401 -0.049 0.172 0.090 0.161 -0.003  -0.163
sat_as_12 1 -0.212  -0.317  -0.046 0.247  -0.380 -0.059 0.177  -0.319  -0.497
sat_as_12 2 -0.764 -0.315 -0.254 0.157  -0.356 0.219 0.127 0.259 0.133
sat_as_13 1 0.680 0.120 0.432 -0.126 0.088 0.416 0.328 0.486 0.156
sat_as_14 1 -0.638 0.186  -1.162  -0.302 0.172 0.137 0.486 -0.237 -0.724
sat_as_14 2 -0.118 0.178 -0.334 -0.126 0.304 0.123 0.126 0.105  -0.020

1

2

1

advantaged students from the school type of Grundschule, whereas category boundaries asso-
ciated with those items containing the conceptions that evaporation and condensation involve
changes in both visibility and phase of water (sat_as 5, sat as 6) and that the sun attracts
evaporated water (sat_as 14) advantaged students from the school type of Hauptschule.

The inferential analysis of differential item functioning for responses associated with
the school types of Grundschule and Gymnasium returned the full interaction model as fitting
relatively best to the data, with the item interaction model possessing better fit than the base-
line model, ¥*(32) = 1133.04, p < .001, and the full interaction model displaying better fit than
the item interaction model, y*(34) = 189.18, p < .001. In particular, two items and one catego-
ry boundary showed large differential item functioning in favor of responses related to the
school type of Grundschule. Three items and three category boundaries exhibited differential
item functioning of intermediate size in favor of responses associated with the school type of
Gymnasium. Additionally, two category boundaries displayed large differential item function-

ing in favor of responses related to the school type of Gymnasium. Thus, in sum, there was a
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minimal general tendency for differential item functioning to inflate the estimation of person
ability for students from the school type of Gymnasium. Particularly, items and category
boundaries associated with the conceptions that light creates condensed water (sat_as 10) and
that both visibility and phase of water change during evaporation and condensation (sat_as_5,
sat_as_6) advantaged students from the school type of Gymnasium.

Finally, for virtual students from the school types of Hauptschule and Gymnasium, the
model fit of the item interaction model exceeded the model fit of the baseline model, )(2(32) =
805.57, p <.001. Likewise, the full interaction model possessed better model fit than the item
interaction model, *(34) = 123.56, p < .001. Two items and three category boundaries con-
tained intermediate differential item functioning in favor of the school type of Hauptschule.
Moreover, one item and one category boundary displayed large differential item functioning
in favor of the school type of Hauptschule. In particular, the conceptions that oxygen turns
into water during condensation (sat_as 4), that evaporated water concentrates near the ceiling
(sat_as 7) and that the sun attracts evaporated water (sat _as 14) were less popular among
students from the school type of Hauptschule than expected according to their overall ability.
One item and one category boundary showed intermediate differential item functioning in
favor of the school type of Gymnasium. In addition, three items and one category boundary
possessed large differential item functioning in favor of the school type of Gymnasium. Spe-
cifically, the deficient conceptions that objects sweat (sat_as 1), that evaporated water turns
into smoke (sat as 2) or ceases to exist (sat as 9) and that light generates condensed water
(sat_as 10) were less common among students from the school type of Gymnasium than ex-
pected due to their estimated overall ability with respect to the topic of evaporation and con-
densation. Considered in total, effects of differential item functioning exhibited a minimal
tendency to advantage students from the school type of Gymnasium.

Summary. Infit values uncovered very good fit of the items to the partial credit model
(Bond & Fox, 2007; Masters, 1982; Smith, 2000). The mean of the ability distribution surpas-
sing the mean of the difficulty distribution by more than one standard deviation of the diffi-
culty distribution, many items of the test were comparatively easy to solve for the students.
According to the person separation reliability the weighted likelihood estimates of person
ability were eminently reliable. Summarizing responses across item stems, the complex scor-
ing procedure obviously did not take all possible sources of local dependency into considera-
tion. For instance, response alternatives nested under a common item stem could be locally
dependent. However, additional analyses comparing — for a subset of the items of the science

achievement test — the impact of different scoring procedures on the reliability of correspond-
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ing estimates of person ability indicated that the separation reliability obtained in the present
test analysis might be considered a lower bound for the actual reliability of estimates of per-
son ability generated with the science achievement test (Trobst, 2010). With respect to the
dimensionality of the test, the results of the principal component analysis were difficult to
interpret. Though the amount of variance explained by the first component was comparatively
low, the sequence of eigenvalues provided evidence in favor of an outstanding first compo-
nent.

The inspection of differential item functioning for the grouping variable of measure-
ment occasion highlighted a specificity of science learning. In pre-instructional measurement,
students solved items for that enriched knowledge about evaporation and condensation could
induce deficient answers more often correctly than expected due to their overall topic-specific
ability in science. In other words, rudimentarily, the occurrence of differential item function-
ing in favor of pretest responses captured the induction of misconceptions by science instruc-
tion. Items displaying differential item functioning in favor of posttest responses were con-
cerned primarily with phenomena of condensation, a hint that children acquire advanced
knowledge about condensation rather through formal instruction than by informal learning or
everyday experiences. A similar pattern was observed for the grouping variable of raw score
in the science achievement test. Low-scoring students displayed unexpected relative strengths
in avoiding response alternatives that contained confusing connections to knowledge of mole-
cules and heat as a promoter of evaporation whereas high-scoring students excelled in refus-
ing naive conceptions. The consequences of differential item functioning for the estimation of
person ability cancelled out each other for the subgroups associated with the grouping varia-
ble of grade level. With regard to the grouping variable of school type, the model-based inves-
tigations of differential item functioning uncovered in pairwise comparisons a minimal ten-
dency for inflation of ability estimations for students from the school type of Gymnasium
relative to students from the school types of Grundschule and Hauptschule. Similarly, a min-
imal tendency for inflation of ability estimations was found for students from the school type
of Grundschule relative to students from the school type of Hauptschule. By and large, the
implications of differential item functioning were negligible for the grouping variables of

gender, socio-economic status and immigrant background.

Treatment of Missing Data
Questions on socio-economic status in parental questionnaires are prone to suffer from

the occurrence of missing data. As a consequence of this, the proper handling of missing data
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is a crucial issue when parental questionnaires are used to assess family socio-economic status
(Ensminger et al., 2000; Maaz, Kreuter, & Watermann, 2006). Specifically, when treated with
the conventional method of listwise deletion, high proportions of missing data entail serious
setbacks for the credibility of inferential analyses. First, the reduced sample size implicates
reduced efficiency of parameter estimations. Second, systematic differences between ob-
served and missing data, in other words, the potential unrepresentativeness of the observed
data for the population to which generalization is intended, may cause biased parameter esti-
mations (Allison, 2001; Graham, Cumsille, & Elek-Fisk, 2003; Liidtke, Robitzsch, Trautwein,
& Koller, 2007). Fortunately, under the assumption that data is missing conditionally at ran-
dom, data augmentation by advanced methods for the treatment of missing data is capable to
prevent or, at least, mitigate inefficiency and bias of parameter estimations (Graham, 2009;
Liidtke & Robitzsch, 2010; Rubin, 1976; Spiel3, 2009). In essence, full information maximum
likelihood estimation and multiple imputation represent the two central advanced methods for
the treatment of missing data (Arbuckle, 1996; Enders, 2010; Graham, 2009).

In order to adequately reduce the bias potentially associated with the occurrence of
missing data, it is mandatory to formulate an imputation model that is at least as complex as
the analysis model. For instance, it may have some intuitive appeal not to include dependent
variables in the imputation model when researches fear they could unduly strengthen relations
between independent and dependent variables by multiple imputation. In fact, the opposite is
true. When dependent variables are omitted from the imputation model, values for missing
data are imputed under the assumption that there is no systematic association between inde-
pendent and dependent variables. In others words, in this case relations of substantial scien-
tific interest are biased towards zero (Allison, 2001; Graham, 2009; Landerman, Land, & Pie-
per, 1997). The same principle applies to the multilevel structure of data. When clustering of
data is not taken into account by the imputation model, the size of intraclass correlations is
systematically underestimated in subsequent inferential analyses (Liidtke & Robitzsch, 2010).

How many imputations of missing values are necessary to ensure accuracy of inferen-
tial analyses? With regard to this question, it has been shown that with a small number of im-
putations estimations of standard errors and of fractions of missing information suffer from
imprecision (Bodner, 2008; Liidtke & Robitzsch, 2010). Especially statistical power for detec-
tion of small effects is low with few imputations (Graham, 2009; Graham, Olchowski, &
Gilreath, 2007). Thus, in the face of recent simulation studies, the popular recommendation
that five imputations are sufficient to obtain exact inferential results must be considered obso-

lete (Schafer & Olson, 1998). Instead, for instance, Graham and colleagues (2007) have sug-
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gested the generation of at least 40 imputations when 50% of the data is missing.

Two general approaches for the imputation of multivariate missing data have evolved
(Liidtke & Robitzsch, 2010; van Buuren & Groothuis-Oudshoorn, 2011). Joint modeling
techniques, on the one hand, rely on the specification of a multivariate distribution for the
entire data set at hand. For instance, the software package NORM imputes multivariate miss-
ing data under the assumption of a multivariate normal distribution (Schafer, 1997). On the
other hand, techniques based on chained equations specify the imputation model on a varia-
ble-by-variable basis, thereby allowing the formulation of individual equations for the imputa-
tion of each incomplete variable (van Buuren, 2007). Therefore, resting on fewer assumptions
than the application of joint modeling techniques, the use of chained equations offers both a
flexible and a computationally economical approach to the handling of missing data (Liidtke
& Robitzsch, 2010; van Buuren, Brand, Grothuis-Oudshoorn, & Rubin, 2006; van Buuren &
Oudshoorn; 1999).

Table 16
Proportion of Nonresponse and Correlations with Nonresponse for the Variables of the Anal-
ysis Models

Variable % Miss SES CFT SAT1 SCA INT SAT2 Grade® Haupt® Gymn®

SES 28.96 - -12 -.16 -.03 -.08 -.26 15 20 -.02
CFT 6.72  -.10 -.07 -.05 -.04 -.12 .05 12 -.05
SAT1 6.01  -.04 -.02 -.04 -.02 -.10 .04 .09 -.04
SCA 724 -09 -.07 -.07 .02 -.11 .03 .09 -.06
INT 731 -10 -.06 -.07 -.01 -.10 .03 .09 -.05
SAT2 6.27 .02 -.01 -.03 -.02 -.01 .07 10 -.01
Grade® 0.00 — — — —
Haupt®  0.00 -
Gymn® 000 -

Note. As there was no nonresponse for the variables of grade level and school type, corre-
sponding correlations between nonresponse and variables could not be computed. SES =
Socio-economic Status; CFT = Fluid Ability (assessed with CFT 20-R); SAT1 = Topic-
specific Prior Knowledge; SCA = Self-concept of Ability; INT = Individual Interest in Sci-
ence; SAT2 = Post-instructional Science Achievement; Haupt = Hauptschule; Gymn = Gym-
nasium.

“Reference category is fourth grade. "Reference category is Grundschule (i.e. fourth grade).

Proportion of Missing Data

In the current data set, in line with the apparent susceptibility of parental reports of so-
cio-economic status to the occurrence of missing data (Ensminger et al., 2000), the variable of
socio-economic status, operationalized by the HISEI-score for each child, displayed the larg-

est proportion of nonresponses with 28.96% of the data missing (see Table 16). With regard to
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the central dependent variable and the four potential mediators, the proportion of missing data
varied between 6.01% for the measure of topic-specific prior knowledge and 7.31% for the
measure of individual interest in science. For the class-level variables of grade level and
school type there was no missing data so that nonresponses occurred exclusively on the indi-
vidual level of the multilevel structure of the data. The occurrence of nonresponses for the
variable of socio-economic status was negatively related to the other individual-level varia-
bles (see Table 16). In comparison, the negative relation to the central dependent variable,
student achievement after instruction, was particularly pronounced, with » = -.26. In other
words, students whose parents did not provide information on family socio-economic status
were likely to show low ability in the post-instructional achievement test. In contrast, the oc-
currence of nonresponses for the variable of socio-economic status was positively, » = .20,
associated with attendance of the school type of Hauptschule. By and large, this pattern of

associations for the occurrence of nonresponses held true for all individual-level variables.

Multiple Imputation

Multiple imputation of missing data for the current data set was performed by means
of chained equations with the mice-package (van Buuren & Groothuis-Oudshoorn, 2011) for
the statistical computing environment R 2.13.1 (R Development Core Team, 2011). Naturally,
the imputation model covered variables included in the analysis models. These were school
type as a dummy-coded variable, the HISEI-score for each child as well as the measures for
fluid ability, topic-specific prior knowledge, self-concept of ability in science, individual in-
terest in science and post-instructional student achievement. The variable of grade level was
not included in the imputation model due to its great overlap with the variable of school type
and the higher relevance of the latter variable for the prediction of missing responses. Fur-
thermore, three variables not relevant for the analysis models were incorporated into the im-
putation model. Besides gender, these included measures for students’ perceptions of instruc-
tional clarity and for students’ perceptions of the use of student experiments from the second
measurement occasion, i.e. for the first lesson of the series of lessons. In addition to that, vari-
ables associated with the districts or municipalities the participating schools were located in
were added to the imputation model from external sources. These variables comprised the
number of divorces per 1000 residents in 2008 (Landesbetrieb Technik und Information
Nordrhein-Westfalen, 2009), the rate of unemployed workers receiving social welfare accord-
ing to the legislation of the Sozialgesetzbuch II in April 2008 (Bundesagentur flir Arbeit,

2008), the proportion of resident aliens among the population in December 2007 (Ministerium
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fiir Generationen, Familie, Frauen und Integration des Landes Nordrhein-Westfalen, 2010, p.
18) and the average annual income of salary and income tax payers in 2007 (Landesbetrieb
Technik und Information Nordrhein-Westfalen, 2011).

The three missing responses for the variable of gender were imputed by predictive
mean matching. For the other variables, preserving relevant aspects of the multilevel structure
of the data, missing responses were imputed under the assumption of a two-level linear model
(cf. Liidtke & Robitzsch, 2010; van Buuren & Groothuis-Oudshoorn, 2011). In particular,
random intercepts across classrooms were incorporated into the equations for the substitution
of missing responses for the variables of family socio-economic status, fluid ability, topic-
specific prior knowledge, self-concept of ability in science, individual interest in science,
post-instructional student achievement, the perception of instructional clarity and the percep-
tion of the use of student experiments. With regard those relations in the analysis models that
were possibly moderated by grade level or school type, random slopes were embodied in the
imputation model. On the one hand, these were the relations of socio-economic status with the
four potential mediators, namely socio-economic status, fluid ability, prior knowledge, self-
concept of ability and individual interest. On the other hand, these were the associations of
socio-economic status and the four potential mediators with post-instructional achievement.
Moreover, classroom means for the variables of socio-economic status, fluid ability, prior
knowledge, self-concept of ability, individual interest, post-instructional achievement, the
perception of clarity and the perception of the use of student experiments were generated by
passive imputation and used for the imputation of missing responses on other variables. The
imputation algorithm was set to run through 20 iterations. A collection of 50 imputed data sets
was generated for subsequent inferential analyses. In these data sets, imputed values for the
HISEI-score that fell outside the range of permissible values were replaced by the theoretical

minimum or maximum of the HISEI-score.

Results
Descriptive Statistics
To establish congruity with the subsequent inferential analyses, computations of de-
scriptive statistics were aggregated across the entire collection of 50 imputed data sets. There-
fore, the means and standard deviations retrieved for fluid ability, self-concept of ability in
science and individual interest in science for the total sample differed slightly from the corre-
sponding means and standard deviations of the person ability and attitude strength distribu-

tions obtained in the initial calibrations (see Table 17). The comparison of students’ science
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achievement at the pre-instructional measurement occasion as an indicator of students’ topic-
specific prior knowledge (M = 0.63, SD = 0.59) with students’ science achievement at the
post-instructional measurement occasion as the central dependent variable (M = 1.06, SD =
0.80) revealed that, on average, students had acquired additional topic-specific proficiency in
the course of the instructional series on the topic of evaporation and condensation. Moreover,
the inspection of the zero-order correlations between the measures gave a first impression of
the viability of the assumed mediational paths between family socio-economic status and stu-
dent achievement. Specifically, the positive bivariate correlation between socio-economic
status and post-instructional science achievement, » = .21, hinted at the presence of a social
gradient for student achievement that set the scene for a potential mediation by student char-
acteristics. With regard to the association between socio-economic status and the potential
mediators, zero-order correlations with cognitive propensities, i.e. fluid ability and prior
knowledge, outstripped zero-order correlations with motivational propensities, i.e. self-
concept of ability and individual interest in science. In fact, the bivariate correlation between
socio-economic status and individual interest in science approached zero, » =.02. Last but not
least, positive zero-order correlations between individual propensities and post-instructional
science achievement underscored the relevance of all four potential mediators for the predic-
tion of student achievement. Nevertheless, again correlations with cognitive propensities ex-
ceeded correlations with motivational propensities. Topic-specific prior knowledge possessed

by far the closest relation to post-instructional science achievement, = .61.

Table 17

Descriptive Statistics and Intercorrelations of the Measures for the Total Sample

Variable M SD Intercorrelations

SES CFT SAT1 SCA INT SAT2

SES 47.30 20.10 - 14 .23 .09 .02 .21
CFT 0.58 0.89 - 41 10 .01 .35
SAT1 0.63 0.59 - A7 .04 .61
SCA 0.82 1.66 --- 49 19
INT -0.05 1.59 - 10
SAT2 1.06 0.80 -

Note. Computations were based on aggregation over 50 imputed data sets. SES = Socio-
economic Status; CFT = Fluid Ability (assessed with CFT 20-R); SAT1 = Topic-specific Pri-
or Knowledge; SCA = Self-concept of Ability; INT = Individual Interest in Science; SAT2 =
Post-instructional Science Achievement.

Further preliminary insights into the structure of the data were gleaned from inspection

and comparison of descriptive statistics for the subsamples of fourth- and sixth-graders. With
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regard to average family socio-economic status, differences between the subsamples of
fourth- (M = 47.69, SD = 19.70) and sixth-graders (M = 46.92, SD = 20.46) were negligible
(see Table 18). In terms of topic-specific prior knowledge, sixth-graders (M = 0.70, SD =
0.66) tended to outperform fourth-graders (M = 0.57, SD = 0.51). However, counter-
intuitively, fourth-graders (M = 1.12, SD = 0.72) surpassed sixth-graders (M = 0.99, SD =
0.87) as far as post-instructional science achievement was concerned. Presumably, this result-
ed from the overrepresentation of comparatively low-achieving students from the school type
of Hauptschule in the subsample of sixth-graders. Nevertheless, the subsample of sixth-
graders possessed superior average fluid ability, in line with the implications of age-related
intelligence growth. With respect to the motivational propensities, the picture was reversed.
Sixth-graders reported considerably lower self-concept of ability in science and individual
interest in science than fourth-graders, a hint at a general developmental decline of academic

self-concepts and interests in the transition from elementary to secondary education.

Table 18
Descriptive Statistics for the Measures by Grade Level and School Type
Group SES CFT SAT1 SCA INT SAT2

M SD M SD M SD M SD M SD M SD
Fourth Grade® 47.69 19.70 0.43 0.80 0.57 0.51 1.03 166 039 146 112 0.72
Sixth Grade 46.92 2046 0.72 095 0.70 066 062 162 -048 159 0.99 0.87
Hauptschule  38.93 19.83 0.25 0.86 036 052 055 166 -043 157 0.54 0.67
Gymnasium 53.30 18.62 1.08 0.87 096 0.63 067 159 -051 161 136 0.84

Note. Computations were based on aggregation over 50 imputed data sets. SES = Socio-
economic Status; CFT = Fluid Ability (assessed with CFT 20-R); SAT1 = Topic-specific Pri-
or Knowledge; SCA = Self-concept of Ability; INT = Individual Interest in Science; SAT2 =
Post-instructional Science Achievement.

*Naturally, the descriptive statistics reported for the fourth grade were identical to the descrip-
tive statistics for the school type of Grundschule.

In agreement with the principle that the exclusive consideration of extreme groups in-
flates correlations with respect to the state of affairs in the respective population, the zero-
order correlation between socio-economic status and post-instructional science achievement
in the subsample of sixth-graders, » = .24, exceeded the corresponding zero-order correlation,
r = .16, in the subsample of fourth-graders (see Table 19). Naturally, in the data at hand the
inflationary effects of the use of extreme groups were confounded with true developmental
variations. However, in similar form, this is the case for the effects of school types in all lon-
gitudinal studies of German secondary education that do not feature a comprehensive school

type, e.g., the school types of prolonged Grundschule or Gesamtschule, as a reference group.

115



Alternatively, the disparities between the bivariate correlations for the subsamples of fourth-
graders and sixth-graders might be viewed as evidence in favor of an accumulation of primary
and secondary effects of social background in German secondary education. With regard to
the associations between family socio-economic status and the cognitive propensities as po-
tential mediators, zero-order correlations for the subsample of sixth-graders outstripped corre-
sponding correlations for the subsample of fourth-graders. For the motivational propensities
the relation of the bivariate correlations to socio-economic status was reversed, correlations in
the subsample of fourth-graders exceeding correlations in the subsample of sixth-graders,
although correlations between socio-economic status and individual interest in science were
unanimously close to zero. The same pattern of zero-order correlations emerged for the asso-
ciations between potential mediators and post-instructional science achievement. Bivariate
Correlations for the associations between cognitive mediators and science achievement in
sixth grade surpassed corresponding correlations in fourth grade, whereas relations between
motivational mediators and science achievement were closer in fourth grade than in sixth

grade.

Table 19
Intercorrelations of the Measures by Grade Level and School Type
Variable SES CFT SAT1 SCA INT SAT2 SES CFT SAT1 SCA INT SAT2

Fourth Grade® Sixth Grade
SES - .10 19 .15 .04 .16 .18 .27 .04  -.01 .24
CFT .31 A7 .04 .31 - 46 .08 .07 42
SAT1 .25 11 .58 15 .04 .66
SCA - 48 .20 - 48 A7
INT - .10 .07
SAT2 -

Hauptschule Gymnasium
SES - .04 A2 .07  -.00 .06 .04 a5 -.02 .00 A3
CFT 24 .03 11 .22 - .39 10 .08 .31
SAT1 A1 -.02 .52 .18 10 .59
SCA - .39 14 - .55 .20
INT --- .02 13
SAT2 -

Note. Computations were based on aggregation over 50 imputed data sets. SES = Socio-
economic Status; CFT = Fluid Ability (assessed with CFT 20-R); SAT1 = Topic-specific Pri-
or Knowledge; SCA = Self-concept of Ability; INT = Individual Interest in Science; SAT2 =
Post-instructional Science Achievement.

*Naturally, the descriptive statistics reported for the fourth grade were identical to the descrip-
tive statistics for the school type of Grundschule.
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Eventually, descriptive statistics were explored for the subsamples of students from
the school types of Hauptschule and Gymnasium. (In this context, remember that the subsam-
ple of students from the school type of Grundschule was identical to the subsample of fourth-
graders.) Students from the school type of Hauptschule possessed the lowest average family
socio-economic status (M = 38.93, SD = 19.83) of all students, whereas students from the
school type of Gymnasium had the highest average family socio-economic (M = 53.30, SD =
18.62) of all students (see Table 18). The average socio-economic status of students from the
school type of Grundschule fell in between (M = 47.69, SD = 19.70). The same pattern held
true for students’ post-instructional science achievement as well as for the cognitive propensi-
ties of fluid ability and topic-specific prior knowledge. In contrast to this, for the motivational
propensities of self-concept of ability in science and individual interest in science, differences
between students from the school types of Hauptschule and Gymnasium were small, while the
average attitude strength on the motivational propensities in the school types of secondary
education was surpassed by the average strength on the motivational propensities in the ele-
mentary school type of Grundschule. Thus, at first glance, the pattern of means for the moti-
vational propensities lent only weak support for the conceptualization of the school type of
Hauptschule as a self-worth protecting niche for low-achieving students.

The zero-order correlation between family socio-economic status and post-
instructional science achievement was lowest in the school type of Hauptschule, » = .06, high-
est in the school type of Grundschule, » = .16, and intermediate in the school type of Gymna-
sium, » = .13 (see Table 19). It appears unlikely that restrictions of variances contributed
much to this configuration as standard deviations for all measures tended to be only minimal-
ly, if at all, smaller for the secondary school types of Hauptschule and Gymnasium than for
the elementary school type of Grundschule (see Table 18). Bivariate correlations between
socio-economic status and cognitive propensities in the school types of secondary education
were similar to each other and congenially smaller than corresponding correlations in the
school type of elementary education. A small positive zero-order correlation between socio-
economic status and the motivational propensity of self-concept of ability was found for the
school type of Hauptschule, » = .07. For the school type of Gymnasium, the respective corre-
lation was negative and close to zero, » = -.02. Both of these correlations fell short of the cor-
responding correlation obtained for the subsample of students from the school type of
Grundschule, » = .15. Furthermore, there were no systematic associations between socio-
economic status and individual interest in science in the school types of secondary education.

With regard to the size of the zero-order correlations between the potential mediators and
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post-instructional science achievement, the subsamples of students from the school types of
Grundschule and Gymnasium resembled each other. However, in the school type of
Hauptschule corresponding correlations tended to be smaller. In particular, the bivariate corre-
lation between individual interest in science and science achievement approached zero, r =

.02.

Social Gradient in Post-instructional Science Achievement

In order to gauge the size of the social gradient in science achievement after instruc-
tion, four multilevel models were fitted to the data. These comprised a main-effects-only
model with grade level as a covariate on the class level (Model 1A), a main-effects-only mod-
el with school type as a covariate on the class level (Model 1B), a cross-level interaction
model with grade level as a covariate on the class level (Model 1C) and a cross-level interac-
tion model with school type as a covariate on the class level (Model 1D). In particular, the
main-effects-only models comprised a main effect of socio-economic status on science
achievement on the individual level as well as a random intercept and a main effect of the
respective covariate on the class level, hereby modeling mean differences in students’ post-
instructional science achievement between grade levels or school types. In contrast, besides a
random intercept and a main effect of the respective covariate, cross-level interaction models
contained a random slope for socio-economic status on the class level. This random slope was
regressed on the respective covariate, thereby creating a cross-level interaction between socio-
economic status and the respective covariate. In other words, in the cross-level interaction
models the effect of socio-economic status on student achievement was allowed to vary across
classrooms and it was investigated if the magnitude of this effect was moderated by grade
level or school type. In the main-effects-only models the effect of socio-economic status was
modeled as constant across all classrooms. So, the moderation of the social gradient in student
achievement by grade level or school type could be evaluated by inspection of regression
weights for cross-level interactions as well as by comparison of information criteria for corre-
sponding main-effects-only models and cross-level interaction models.

The relevant research question located at the first layer of the structure of research
questions, i.e. the detection of a hypothesized small impact of socio-economic status on stu-
dent achievement, was answered by the statistical significance of the regression weight for the
main effect of socio-economic status on student achievement. The associated research ques-
tions situated at the second layer of the structure of research questions included a potential

amplification of the social gradient in post-instructional student achievement by grade level
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due to a summation of primary and secondary effects of social origin as well as a possible
diminishment of the social gradient in student achievement by school type due to restrictions
of variance within the school types of secondary education. The former assumption would be
supported by a positive, preferably statistically significant, cross-level interaction between
socio-economic status and grade level and superior model fit for the cross-level interaction
model with grade level as a covariate on the class level (Model 1C). The latter hypothesis
would be corroborated by negative, preferably statistically significant, cross-level interactions
between socio-economic status and school type and superior model fit for the cross-level in-

teraction model with school type as a covariate on the class level (Model 1D).

Table 20
Random Coefficient Models for the Social Gradient in Science Achievement
Parameter Model 1A Model 1B Model 1C Model 1D

Est. SE Est. SE Est. SE Est. SE

Individual Level
SES 0.09*** 0.02 0.09*** 0.02

Residual Variance 0.71*** 0.02 0.71*** 0.02 0.71*** 0.02 0.71*** 0.02
Class Level
Random Intercept 0.08  0.07 008 05 0.08  0.07 0.08  0.05
Random Slope SES 0.10**  0.03 0.11*** 0.03
SES*Sixth Grade® -0.02  0.05
SES*Hauptschule® -0.05 0.06
SES*Gymnasium”® -0.04  0.06
Sixth Grade® -0.22*  0.10 -0.22*  0.10
Hauptschule® -0.69*** 0.10 -0.70*** 0.10
Gymnasiumb 0.27** 0.10 0.27** 0.10

Residual Variance 0.24*** 0.04 0.13*** 0.02 0.24*** 0.04 0.13*** 0.02
Information Criteria
M SD M SD M SD M SD
AIC 145575 1535 14501.5 1519 14559.7 1497 14504.0 14.99
BIC 14598.8 15.35 14548.7 15.19 146127 1497 14568.8 14.99
aBIC 14576.5 1535 14523.3 1519 145841 14.97 14533.9 14.99

Note. Est. = Estimate; SES = Socio-economic Status.

*Reference category is fourth grade. °Reference category is Grundschule (i.e. fourth grade).
Lowest values for information criteria are printed in bold.

*p <.05. **p < .01. ***p < .001.

In the main-effects-only models a small social gradient in post-instructional science
achievement, B = 0.09, SE = 0.02, p <.001 for both models, was identified; an increase of one
standard deviation in family socio-economic status was associated with a gain of approxi-
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mately one tenth of a standard deviation in science achievement (see Table 20). For the co-
variate of grade level a negative effect on science achievement was found in the main-effects-
only model, B =-0.22, SE = 0.10, p = .02. In sixth grade students’ mean science achievement
after instruction was lower than in fourth grade. This, at first glance counterintuitive, finding
had to be attributed to the overrepresentation of, in relation to the entire population of sixth-
graders, low-achieving students from the school type of Hauptschule in the subsample of
sixth-graders. Inspection of regression weights for the covariate of school type in the main-
effects-only model underscored this interpretation: For students from the school type of
Hauptschule mean achievement was significantly lower than for students from the school type
of Grundschule, B = -0.69, SE = 0.10, p < .001, whereas mean achievement for students from
the school type of Gymnasium was significantly higher than for students from the school type
of Grundschule, B = 0.27, SE = 0.10, p < .01. In the cross-level interaction models the mean
of the random slope for the effect of socio-economic status on student achievement, B = 0.10,
SE =0.03, p <.01 and B =0.11, SE = 0.03, p < .001, revealed, in agreement with the main-
effects-only models, on the average, a small social gradient in student achievement across
classrooms. However, inspection of terms for cross-level interactions uncovered that neither
grade level, B = -0.02, SE = 0.05, p = .67, nor school type, B = -0.05, SE = 0.06, p = .38 for
the school type of Hauptschule and B = -0.04, SE = 0.06, p = .48 for the school type of Gym-
nasium, significantly moderated the relation between family socio-economic status and post-
instructional science achievement. Accordingly, information criteria were found to be lowest
for the main-effects-only model with school type as a covariate on the class level. Additional
incorporation of cross-level interactions did not enhance overall model fit.

The analyses of the impact of family socio-economic status on post-instructional sci-
ence achievement highlighted the presence of a reliable social gradient in science achieve-
ment (Models 1A—1D). Despite the emergence of an unsurprising pattern of disparities in
mean science achievement between the three school types under investigation (Models 1B
and 1D), the current explorations did not uncover an increase of the association between so-
cio-economic status and students’ post-instructional science achievement in the transition
from elementary to secondary education (Model 1C). In other words, no evidence in favor of
an accumulation of primary and secondary effects of social background in sixth grade was
found in the data. As the unrepresentativeness of the subsample of sixth-graders due to the
exclusive sampling of students from the school types of Hauptschule and Gymnasium in-
clined the data to progressively reveal the presence of secondary effects of social background,

the examinations provided particularly convincing evidence against the relevance of second-
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ary effects of social background for science achievement with regard to the topic of evapora-

tion and condensation in early German secondary education.

Testing the Univariate Mediations

The identification of a mediation proceeds in three steps (Baron & Kenny, 1986).
First, an association between a predictor and a dependent variable must be found, i.e., obvi-
ously, a relation that can be mediated has to be established in the first place. In case of the
current analyses the social gradient for post-instructional science achievement figured as this
relation. Second, it must be shown that a potential mediator is associated with the predictor.
With regard to the current analyses, it had to be demonstrated that, for instance, fluid ability
as a potential mediator was related to socio-economic status. Third, it has to be confirmed that
the mediator is associated with the dependent variable and that this association causes a re-
duction or disappearance of the relation between the predictor and the dependent variable. For
this purpose, the dependent variable has to be regressed on the mediator and the predictor
simultaneously. The size of the indirect, i.e. mediated, effect of the predictor can be calculated
by subtraction of the regression weight for the relation between the predictor and the depend-
ent variable in the third step of the analyses from the regression weight for the corresponding
relation in the first step of the analyses. Alternatively, the magnitude of the indirect effect can
be computed by multiplication of the regression weight for the relation between the predictor
and the mediator in the second step of the analyses with the regression weight for the relation
between the mediator and the dependent variable in the third step of the analyses. According-
ly, realization of the third step of the mediation analyses for fluid ability as a potential media-
tor in the current investigations involved estimation of a regression model predicting post-
instructional science achievement simultaneously by fluid ability and socio-economic status
(see Figure 6).

Considering each of the four cognitive and motivational propensities separately as a
potential mediator of the association between socio-economic status and student achievement,
the current analyses basically followed the procedure outlined above. Thus, for each potential
mediator the investigations began with the estimation of multilevel regression models deline-
ating the association between and post-instructional science achievement. In other words, ini-
tially the social gradients in each of the four potential mediators were estimated. After that,
for each potential mediator, multilevel regression models that incorporated family socio-
economic status and the potential mediator simultaneously as predictors of science achieve-

ment were set up. These models scanned the data for the presence of a substantial relation
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between the potential mediator and post-instructional science achievement. Moreover, they
provided estimates of the strength of the association between socio-economic status and sci-
ence achievement that could be compared to the social gradient in science achievement in
order to capture the occurrence and magnitude of potential mediations by cognitive and moti-

vational propensities. In addition, some of the regression models contained class-level main

(1 ) Socio-economic Status » Student Achievement

Fluid Ability

Socio-economic Status

Fluid Ability

(3)

Socio-economic Status » Student Achievement

Figure 6. The three steps of a mediation analyses exemplified for fluid ability as a potential
mediator of the association between socio-economic status and student achievement.

effects for either grade level or school type. These models were devised to examine the hy-
potheses located at the first layer of the structure of research questions; assuming constant
relations between critical variables across grade levels or school types, they modeled social
gradients and mediations in a context of mean differences between grade levels and school
types. Other multilevel regression models also included, besides main effects for grade level
or school type, cross-level interactions between grade level or school type and critical varia-
bles. These models were constructed to elucidate issues located at the second layer of the
structure of research questions. Specifically, statistically significant cross-level interactions
and superior overall model fit of models covering cross-level interactions — in comparison to
models incorporating only main effects — were interpreted as empirical evidence for the pres-

ence of relevant moderations of relations between critical variables by grade level or school

type.
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Mediation by Fluid Ability

In agreement with the general procedure outlined above, the investigation of the role
of fluid ability as a potential mediator of the relation between family socio-economic status
and post-instructional science achievement commenced with the examination of the associa-
tion between family socio-economic status and fluid ability. In other words, the social gradi-
ent in fluid ability was inspected. For this purpose, the analyses conducted for the social gra-
dient in student achievement were repeated with fluid ability as the dependent variable. On
the one hand, two main-effects-only models were fitted to the data, with grade level (Model
2A) and school type (Model 2B), respectively, as covariates on the class level. On the other
hand, two cross-level interaction models were estimated, again with grade level (Model 2C)

and school type (Model 2D), respectively, as covariates on the class level.

Table 21
Random Coefficient Models for the Social Gradient in Fluid Ability
Parameter Model 2A Model 2B Model 2C Model 2D

Est. SE Est. SE Est. SE Est. SE

Individual Level
SES 0.07** 0.02 0.06*  0.02
Residual Variance 0.79*** 0.02 0.79*** 0.02 0.79*** 0.02 0.79*** 0.02
Class Level
Random Intercept -0.16** 0.06 -0.16** 0.04 -0.16**  0.06 -0.16** 0.04

Random Slope SES 0.08** 0.03 0.08** 0.03
SES*Sixth Grade® -0.02 0.04
SES*Hauptschule® -0.03 0.06
SES*Gymnasium” -0.08 0.05
Sixth Grade® 0.26** 0.08 0.26*  0.09
Hauptschule® -0.18* 0.08 -0.18* 0.08
Gymnasium® 0.70*** 0.06 0.72*** 0.08
Residual Variance 0.16*** 0.03 0.07*** 0.02 0.16*** 0.03 0.07*** 0.02
Information Criteria
M SD M SD M SD M SD

AIC 14794.7 11.66 14725.4 11.72 147978 1181 147274 12.03
BIC 148359 11.66 147725 11.72 14850.8 11.81 147922 12.03
aBIC 14813.7 11.66 147471 1172 148223 11.81 14757.3 12.03

Note. Est. = Estimate; SES = Socio-economic Status.

“Reference category is fourth grade. "Reference category is Grundschule (i.e. fourth grade).
Lowest values for information criteria are printed in bold.

*p <.05. **p < .01. ***p < .001.

With respect to the first layer of the structure of research questions, a relevant associa-
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tion between family socio-economic status and students’ fluid ability was expected. The actu-
al presence of such a relation would be reflected by a statistically significant regression
weight for the main effect of social background on fluid ability. With regard to the second
layer of the structure of research questions, the association between socio-economic status and
fluid ability was anticipated to amplify in the transition from elementary to secondary educa-
tion. A statistically significant term for the cross-level interaction between socio-economic
status and grade level would indicate the presence of such an intensification of the relation
between socio-economic status and fluid ability. There were no further differential hypotheses
concerning the impact of school type on this relation.

Regression weights for socio-economic status in the main-effects-only models re-
vealed a small social gradient in fluid ability, B = 0.07, SE = 0.02, p < .01 and B = 0.06, SE =
0.02, p = .01 (see Table 21). Moreover, a positive effect of the covariate of grade level on
fluid ability manifested itself in the respective main-effects-only model, B = 0.26, SE = 0.08,
p = .01. Mean fluid ability in sixth grade surpassed mean fluid ability in fourth grade. None-
theless, examination of regression weights for the covariate of school type in the other main-
effects-only model pointed out that mean fluid ability in sixth grade differed by school type.
Students from the school type of Hauptschule possessed significantly lower mean fluid ability
than students from the school type of Grundschule, B =-0.18, SE = 0.08, p = .03. On the con-
trary, students from the school type of Gymnasium disposed of significantly higher mean flu-
id ability than students from the school type of Grundschule, B = 0.70, SE = 0.08, p < .001.
The mean of the random slope for the effect of family socio-economic status on fluid ability
estimated in the cross-level interaction models, B = 0.08, SE = 0.03, p < .01 for both models,
was not moderated by the covariates of grade level, B = -0.02, SE = 0.04, p = .59, and school
type, B = -0.03, SE = 0.06, p = .56 for the school type of Hauptschule and B = -0.08, SE =
0.05, p = .13 for the school type of Gymnasium. In other words, the strength of the association
between socio-economic status and fluid ability did not differ by grade level or school type. In
agreement with this, the inclusion of terms for cross-level interactions did not improve overall
model fit so that the inspection of information criteria uncovered the main-effects-only model
with grade level as the covariate on the class level as fitting best to the data. In summary, the
results of the analyses for the social gradient in fluid ability met the second condition for the
identification of a mediating relation, the establishment of an association between the predic-
tor, in this case socio-economic status, and the mediator, in this case fluid ability.

As the concluding step of the investigation of fluid ability as a potential mediator of

the relation between socio-economic status and science achievement, four multilevel models
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containing simultaneously socio-economic status and fluid ability as precursors of student
achievement were estimated. Relying on the results of the examination of the social gradient
in science achievement, in all four models the effect of socio-economic status on science
achievement was conceptualized as constant across classrooms. In contrast, the models dif-
fered with respect to the inclusion of a moderation of the effect of fluid ability on science
achievement by grade level or school type. A main-effects-only model comprising main ef-
fects for socio-economic status, fluid ability and grade level (Model 3A) as well as a main-
effects-only model incorporating main effects for socio-economic status, fluid ability and
school type (Model 3B) were estimated. Furthermore, two cross-level interaction models were
fitted to the data. Besides main effects for socio-economic status and grade level (Model 3C)
or school type (Model 3D), these models contained a random slope for fluid ability and a term
for the cross-level interaction between fluid ability and the respective covariate.

With regard to the first layer of the structure of research questions, it was assumed that
students’ fluid ability mediated a relevant portion of the effect of socio-economic status on
post-instructional science achievement. On the one hand, this entailed expecting a statistically
significant regression weight for the main effect of fluid ability on post-instructional
achievement. On the other hand, it included anticipating a sizable reduction of the effect of
socio-economic status on achievement, relative to the previously estimated pure social gradi-
ent in post-instructional achievement. With regard to the second layer of the structure of re-
search questions, the association between students’ fluid ability and post-instructional science
achievement was expected to attenuate in the transition from elementary to secondary educa-
tion, both for the entire subsample of sixth-graders and within the school types of Hauptschule
and Gymnasium. The presence of such moderations would be indicated by statistically signif-
icant terms for the cross-level interactions between fluid ability and grade level as well as
fluid ability and school type, respectively. The detection of superior model fit — by particular-
ly low information criteria — for models with terms for cross-level interactions would point
into the same direction.

Within the main-effects-only models a moderate effect of fluid ability on post-
instructional science achievement emerged, B = 0.26, SE = 0.02, p <.001 and B = 0.25, SE =
0.02, p < .001, respectively; an increase of one standard deviation in fluid ability was accom-
panied by an improvement of one quarter of a standard deviation in science achievement (see
Table 22). Simultaneously, a small, yet statistically significant, effect of socio-economic sta-
tus on science achievement was found in the main-effects-only models, B = 0.08, SE = 0.02, p

<.001 and B =0.07, SE = 0.02, p < .01, respectively. The mean of the random slope for fluid
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ability within the cross-level interaction models, B = 0.26, SE = 0.03, p < .001 for both mod-
els, closely resembled the estimates of the effect of fluid ability obtained from the main-
effects-only models. The term for the cross-level interaction between fluid ability and grade
level was found to be statistically insignificant, B = 0.00, SE = 0.04, p = .96. With regard to
the cross-level interaction for the covariate of school type, the picture was slightly more com-
plex. The mean of the random slope for fluid ability in the subsample of students from the
school type of Grundschule did not differ significantly from the mean of the random slope for
fluid ability in the subsamples of students from the school types of Hauptschule, B =-0.09, SE
= 0.05, p = .11, and Gymnasium, B = 0.02, SE = 0.05, p = .62. Nevertheless, the difference
between the regression weights for the terms of the cross-level interactions for the school
types of Hauptschule and Gymnasium exceeded the corresponding standard errors more than
two times. In other words, would have the school type of Hauptschule been chosen as the ref-
erence category, the term for the cross-level interaction for the school type of Gymnasium
would have reached statistical significance. Notably, the background pattern of the effects of
the class-level covariates deviated in one aspect from the pattern obtained for the prediction of
post-instructional science achievement without additional predictors besides socio-economic
status on the individual level: The regression weights for the school type of Gymnasium, B =
0.09, SE =0.09, p = .30 and B = 0.07, SE = 0.09, p = .46, revealed that there was no substan-
tial difference in post-instructional science achievement between students from the school
types of Grundschule and Gymnasium when controlling for the impact of students’ differen-
tially distributed fluid ability. The AIC identified the cross-level interaction model with
school type as the covariate on the class level as fitting best to the data. However, penalizing
the number of model parameters stronger than the AIC, the BIC and the aBIC indicated that
the main-effects-only model with school type as the covariate on the class level summarized
the data best.

As family socio-economic status remained a statistically significant predictor of stu-
dents’ science achievement in face of the simultaneous incorporation of fluid ability as a pre-
cursor of achievement, the preceding analyses indicated that students’ fluid ability mediated
the relation between socio-economic status and achievement at most partially. A comparison
of the social gradients in science achievement obtained without individual-level propensities
as concurrent predictors (Models 1A—1B) with the effects of socio-economic status on science
achievement in the preceding multilevel models (Models 3A—3D) revealed that approximately
one or two tenths of the effect of socio-economic status on achievement were mediated by

fluid ability. An increase of one standard deviation in fluid ability entailed a mediated effect
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of socio-economic status on achievement of one or two percent of one standard deviation in
post-instructional science achievement. This partial mediation occurred in the context of an
attrition of the effect of fluid ability on achievement in the school type of Hauptschule relative
to the school type of Gymnasium though the effect of fluid ability in both school types of sec-
ondary education did not differ substantially from the effect of fluid ability in the school type
of Grundschule.

Table 22
Random Coefficient Models for Socio-economic Status and Fluid Ability as Predictors of Stu-
dent Achievement

Parameter Model 3A Model 3B Model 3C Model 3D
Est. SE Est. SE Est. SE Est. SE
Individual Level
SES 0.08*** 0.02 0.07** 0.02 0.08*** 0.02 0.07*** 0.02
CFT 0.26™* 0.02 0.25*** 0.02
Residual Variance 0.67*** 0.02 0.67*** 0.02 0.66*** 0.02 0.66*** 0.02

Class Level
Random Intercept 0.12*  0.06 0.12*  0.05 0.12* 0.06 0.12*  0.05

Random Slope CFT 0.26*** 0.03 0.26*** 0.03
CFT*Sixth Grade® 0.00 0.04
CFT*Hauptschule® -0.09 0.05
CFT*Gymnasium® 0.02 0.05
Sixth Grade® -0.29** 0.09 -0.29**  0.09
Hauptschule® -0.65*** 0.09 -0.68*** 0.09
Gymnasium” 0.09 0.09 0.07 0.09
Residual Variance 0.18*** 0.03 0.11** 0.02 0.17*** 0.03 0.11*  0.02
Information Criteria
M SD M SD M SD M SD

AIC 6749.0 19.73 67085 1940 67495 1981 67064 19.56
BIC 67844 19.73 6749.7 19.40 6796.6 19.81 67653 19.56
aBIC 6765.3 19.73 6727.5 1940 6771.2 1981 67335 19.56

Note. Est. = Estimate; SES = Socio-economic Status; CFT = Fluid Ability (assessed with CFT
20-R).

“Reference category is fourth grade. "Reference category is Grundschule (i.e. fourth grade).
Lowest values for information criteria are printed in bold.

*p <.05. **p < .01. ***p < .001.

Mediation by Topic-specific Prior Knowledge
Students’ topic-specific prior knowledge represented the second cognitive propensity
that was examined as a potential mediator of the association between socio-economic status

and science achievement. As for the exploration associated with the cognitive propensity of
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fluid ability, the investigation of the mediating role of prior knowledge started with the esti-
mation of a sequence of four multilevel models dedicated to the assessment of the social gra-
dient in prior knowledge. These were two main-effect-only models, either with grade level
(Model 4A) or school type (Model 4B) as a covariate on the class level, and two cross-level
interaction models, again either with grade level (Model 4C) or school type (Model 4D) as a
covariate on the class level.

With regard to the first layer of the structure of research questions, a close association
between family socio-economic status and topic-specific prior knowledge was anticipated. In
other words, the observation of a large and statistically significant regression weight for the
main effect of social background on prior knowledge was expected. With respect to the se-
cond layer of the structure of research questions, the social gradient in prior knowledge was
assumed to intensify in the transition from elementary to secondary education due to a sum-
mation of primary and secondary effects of social origin. A corroboration of this assumption
would be indicated by a statistically significant regression weight for the cross-level interac-
tion between socio-economic status and grade level. Additionally, the detection of superior
model fit for the model with a term for the cross-level interaction between socio-economic
status and grade level would point into the same direction. There were no further differential
hypotheses for the moderation of the social gradient in prior knowledge by school type.

In the main-effects-only models, statistically significant regression weights for socio-
economic status indicated the presence of a social gradient in topic-specific prior knowledge,
B=0.13, SE=0.02, p <.001 and B = 0.12, SE = 0.02, p < .001, which surpassed the social
gradient in post-instructional science achievement (see Table 23). Similarly, the means of the
random slopes for socio-economic status in the cross-level interaction models gave evidence
in favor of a comparatively pronounced social gradient in prior knowledge, B = 0.14, SE =
0.03, p <.001 and B=0.15, SE=0.02, p <.001. Apparently, the strength of this social gradi-
ent was moderated neither by grade level, B = -0.02, SE = 0.05, p = .66, nor by school type,
with B = -0.05, SE = 0.06, p = .42 for the school type of Hauptschule and B = -0.04, SE =
0.05, p = .44 for the school type of Gymnasium. The regression weights for the class-level
covariate of grade level, B = 0.15, SE = 0.09, p = .10 for both models, remaining statistically
insignificant, there was no substantial difference in average topic-specific prior knowledge
between fourth- and sixth-graders. However, average prior knowledge differed significantly
between all school types because average prior knowledge in the school type of Hauptschule
fell significantly below average prior knowledge in the school type of Grundschule, B =-0.31,
SE = 0.09, p < .01 for both models, whereas average prior knowledge in the school type of
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Gymnasium significantly exceeded average prior knowledge in the school type of
Grundschule, B = 0.63, SE = 0.09, p < .001 for both models. In agreement with both the ab-
sence of a moderation of the social gradient in prior knowledge by grade level or school type
and the presence of disparities in average prior knowledge between school types, information
criteria were found to return the lowest values for the main-effects-only model with school
type as the class-level covariate. With respect to the exploration of a potential mediation, the
investigation of the social gradient in prior knowledge established the presence of a relation
between socio-economic status, the predictor, and topic-specific prior knowledge, the poten-

tial mediator.

Table 23
Random Coefficient Models for the Social Gradient in Prior Knowledge
Parameter Model 4A Model 4B Model 4C Model 4D

Est. SE Est. SE Est. SE Est. SE

Individual Level
SES 0.13*** 0.02 0.12*** 0.02

Residual Variance  0.72*** 0.02 0.72*** 0.02 0.71*** 0.02 0.71*** 0.02
Class Level
Random Intercept -0.11"  0.06 -0.11*  0.05 -0.11"  0.06 -0.11*  0.05
Random Slope SES 0.14*** 0.03 0.15*** 0.03
SES*Sixth Grade® -0.02  0.05
SES*Hauptschule® -0.05 0.06
SES*Gymnasium”® -0.04  0.05
Sixth Grade® 0.15  0.09 0.15  0.09
Hauptschule® -0.31**  0.09 -0.31**  0.09
Gymnasium”® 0.63*** 0.09 0.63*** 0.09

Residual Variance 0.21*** 0.03 0.11*** 0.02 0.21*** 0.03 0.11*** 0.02
Information Criteria
M SD M SD M SD M SD
AIC 14579.2 16.48 145189 16.16 14580.4 16.31 14521.0 15.84
BIC 14620.5 16.48 14566.0 16.16 14633.5 16.31 14585.8 15.84
aBIC 14598.2 16.48 14540.6 16.16 146049 16.31 14550.8 15.84

Note. Est. = Estimate; SES = Socio-economic Status.

*Reference category is fourth grade. °Reference category is Grundschule (i.e. fourth grade).
Lowest values for information criteria are printed in bold.

Tp<.10. *p < .05. **p < .01. ***p < 001.

In order to assess the potential mediation of the effects of socio-economic status on
science achievement by prior knowledge, four multilevel models featuring family socio-
economic status and topic-specific prior knowledge as concurrent predictors of achievement
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were set up. In particular, the estimation of these models allowed the observation of the im-
pact of topic-specific prior knowledge on the social gradient in post-instructional science
achievement. The influence of family socio-economic status on science achievement was
modeled as constant across classrooms. In other words, none of the four models contained a
random slope for socio-economic status and terms for corresponding cross-level interactions.
Nonetheless, models varied with regard to the incorporation of terms for cross-level interac-
tions between prior knowledge and grade level or school type. Specifically, there were two
main-effects-only models containing main effects for socio-economic status, prior knowledge
and grade level (Model 5A) or school type (Model 5B). Moreover, there were two cross-level
interaction models covering main effects for socio-economic status and grade level (Model
5C) or school type (Model 5D) as well as a random slope for prior knowledge and a cross-
level interaction between prior knowledge and the respective class-level covariate.

With respect to the first layer of the structure of research questions, it was suspected
that students’ topic-specific prior knowledge mediated a major portion of the effect of socio-
economic status on post-instructional science achievement. This included specific expecta-
tions for two regression weights. First, a large and statistically significant regression weight
for the main effect of topic-specific prior knowledge on post-instructional achievement was
anticipated as prior knowledge was assumed to be a powerful predictor of achievement. Se-
cond, relative to the previously estimated sheer social gradient in science achievement, a large
diminishment of the regression weight for the main effect of socio-economic status on science
achievement was expected, plausibly rendering it statistically insignificant. With regard to the
second layer of the structure of research questions, an amplification of the relation between
prior knowledge and post-instructional science achievement in the transition from elementary
and secondary education was expected as a result of the accumulation of effects of prior
knowledge. Furthermore, due to differences in mean prior knowledge, it was assumed that the
relation between prior knowledge and achievement would be stronger within the school type
of Gymnasium than within the school type of Hauptschule. The actual occurrence of these
moderations would be indicated by the observation of statistically significant regression
weights for the corresponding cross-level interactions. Moreover, the identification of the
model with the best overall model fit via the inspection of information criteria would reveal
the most important moderation.

In the main-effects-only models topic-specific prior knowledge proved to be a particu-
larly powerful predictor of post-instructional science achievement. Specifically, the regression

weights, B = 0.55, SE = 0.02, p <.001 and B = 0.54, SE = 0.02, p < .001, respectively, indi-
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cated that an increment of one standard deviation in topic-specific prior knowledge entailed
an enhancement of more than half of a standard deviation in post-instructional science
achievement (see Table 24). At the same time, the corresponding regression weights for so-
cio-economic status, B = 0.03, SE=0.02, p =.15 and B=0.02, SE = 0.02, p = .28, respective-
ly, failed to attain statistical significance. The means of the random slopes retrieved for the
cross-level interaction models, B = 0.56, SE = 0.03, p < .001 for both models, reflected a pro-
nounced general effect of prior knowledge on science achievement as well. This effect was
not moderated by grade level, B = -0.03, SE = 0.04, p = .51. With regard to the class-level
covariate of school type, a tendency towards a moderation of the effects of prior knowledge
was found. Both in the school type of Hauptschule, B = -0.10, SE = 0.06, p = .07, and in the
school type of Gymnasium, B = -0.02, SE = 0.05, p = .70, the effect of prior knowledge on
science achievement appeared to be weaker than in the school type of Grundschule though
only for the former this disparity possessed marginal statistical significance. The pattern of
background effects of class-level covariates resembled the corresponding pattern obtained for
the investigations of fluid ability as a potential mediator. Under control of students’ topic-
specific prior knowledge, which was differentially distributed across school types, there was
no substantial disparity in post-instructional science achievement between students from the
school types of Grundschule and Gymnasium as indicated by the regression weights for the
school type of Gymnasium, B = -0.07, SE = 0.07, p = .33 and B = -0.08, SE = 0.08, p = .28,
respectively. Unanimously, all three information criteria computed for the models, the AIC,
the BIC and the aBIC, identified the cross-level interaction model with school type as a co-
variate on the class level as summarizing the data most parsimoniously.

The inclusion of topic-specific prior knowledge as a concurrent predictor rendering the
effect of socio-economic status on science achievement statistically insignificant, the preced-
ing analyses yielded evidence in favor of a full mediation of the effect of socio-economic sta-
tus on achievement by prior knowledge. In terms of the reduction of the regression weight for
socio-economic status relative to the social gradient in post-instructional science achievement
(Models 1A—1B), two thirds to three quarters of the effect of socio-economic status on
achievement were mediated by prior knowledge (Models SA-5D). Accordingly, an increase
of one standard deviation in topic-specific prior knowledge implied an increase of approxi-
mately six percent of one standard deviation in post-instructional science achievement at-
tributable to the mediation of effects of socio-economic status. Nevertheless, there was a mar-
ginally significant tendency for the influence of prior knowledge on science achievement to

be weaker in the school type of Hauptschule than in the school type of Grundschule. Corre-

131



sponding information criteria unambiguously corroborated the relevance of the cross-level

interaction between topic-specific prior knowledge and school type.

Table 24
Random Coefficient Models for Socio-economic Status and Prior Knowledge as Predictors of
Student Achievement

Parameter Model 5A Model 5B Model 5C Model 5D
Est. SE Est. SE Est. SE Est. SE

Individual Level
SES 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02
SAT1 0.55*** 0.02 0.54*** 0.02
Residual Variance 0.51*** 0.02 0.51*** 0.02 0.49*** 0.02 0.49*** 0.02

Class Level
Random Intercept 0.14**  0.05 0.14** 0.04 0.14** 0.05 0.14** 0.04

Random Slope SAT1 0.56*** 0.03 0.56*** 0.03
SAT1*Sixth Grade® -0.03 0.04
SAT1*Hauptschule® -0.10"  0.06
SAT1*Gymnasium” -0.02 0.05
Sixth Grade® -0.30*** 0.07 -0.31*** 0.07
Hauptschule® -0.53*** 0.07 -0.56*** 0.08
Gymnasium” -0.07 0.07 -0.08 0.08
Residual Variance 0.10*** 0.02 0.07*** 0.01 0.10*** 0.02 0.07*** 0.01
Information Criteria
M SD M SD M SD M SD

AIC 5989.8 33.68 5966.5 33.15 59716 31.61 5946.6 31.03
BIC 6025.2 33.68 6007.6 33.15 6018.8 31.61 6005.6 31.03
aBIC 6006.1 33.68 59854 33.15 59934 31.61 5973.8 31.03

Note. Est. = Estimate; SES = Socio-economic Status; SATI1 = Topic-specific Prior Know-
ledge.

*Reference category is fourth grade. ®Reference category is Grundschule (i.e. fourth grade).
Lowest values for information criteria are printed in bold.

Tp<.10. *p < .05. **p < .01. ***p < 001.

Mediation by Self-concept of Ability in Science

The exploration of the potentially mediating function of motivational propensities for
the relation between socio-economic status and science achievement began with an investiga-
tion of the role of students’ self-concept of ability in science. As the first step of this investi-
gation, the social gradient in self-concept of ability was examined. Specifically, this examina-
tion comprised the estimation of four multilevel models featuring self-concept of ability in
science as the dependent variable. These were the estimations of a main-effects-only model

with grade level as a class-level covariate (Model 6A), a main-effects-only model with school
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type as a class-level covariate (Model 6B), a cross-level interaction model with grade level as
a class-level covariate (Model 6C) and, finally, a cross-level interaction model with school

type as a class-level covariate (Model 6D).

Table 25
Random Coefficient Models for the Social Gradient in Self-concept of Ability in Science
Parameter Model 6A Model 6B Model 6C Model 6D

Est. SE Est. SE Est. SE Est. SE

Individual Level
SES 0.08** 0.02 0.08** 0.02
Residual Variance 0.85*** 0.02 0.85*** 0.02 0.85*** 0.03 0.85*** 0.03
Class Level
Random Intercept 0.12*  0.05 0.12* 0.05 0.12*  0.05 0.12* 0.05

Random Slope SES 0.14*** 0.03 0.14*** 0.03
SES*Sixth Grade® -0.12**  0.05
SES*Hauptschule® -0.09 0.07
SES*Gymnasium”® -0.16*  0.06
Sixth Grade® -0.26** 0.08 -0.26**  0.08
Hauptschule® -0.28**  0.10 -0.29**  0.10
Gymnasium® -0.24*  0.09 -0.21*  0.09
Residual Variance 0.12*** 0.02 0.12*** 0.02 0.12*** 0.02 0.12*** 0.02
Information Criteria
M SD M SD Y SD M SD

AIC 14967.4 13.14 14969.3 13.14 14960.3 12.86 14961.7 12.42
BIC 15008.7 13.14 150164 13.14 15013.3 12.86 15026.6 12.42
aBIC 14986.4 13.14 14991.0 13.14 14984.7 12.86 149916 12.42

Note. Est. = Estimate; SES = Socio-economic Status.

“Reference category is fourth grade. "Reference category is Grundschule (i.e. fourth grade).
Lowest values for information criteria are printed in bold.

*p <.05. **p < .01. ***p <.001.

With regard to the first layer of the structure of research questions, it was expected to
observe a relevant social gradient in students’ self-concept of ability in science. Specifically,
this entailed the expectation to uncover a statistically significant regression weight for the
main effect of family socio-economic status on self-concept of ability. With respect to the
second layer of the structure of research questions, a reduction of the strength of the social
gradient in self-concept of ability was anticipated. This reduction should be particularly pro-
nounced for the school type of Gymnasium. The confirmation of these hypotheses regarding
potential moderations would, on the one hand, entail the observation of negative and statisti-
cally significant regression weights for the cross-level interactions between social background
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and grade level as well as between social background and school type of Gymnasium, respec-
tively. On the other hand, superior overall model fit in terms of smallest values for infor-
mation criteria would reveal the most relevant moderation.

Regression weights for socio-economic status obtained in the main-effects-only mod-
els, B =0.08, SE = 0.02, p < .01 for both models, indicated a small effect of family socio-
economic status on students’ self-concept of ability in science (see Table 25). However, in-
spection of parameter estimates for the cross-level interaction models revealed that this effect
was moderated crucially by grade level and school type. The means of the random slopes for
socio-economic status, retrieved from the cross-level interaction models, B = 0.14, SE = 0.03,
p < .001 for both models, showed that the size of the association between socio-economic
status and students’ self-concept of ability in the reference category, i.e. the subsample of
fourth-graders and, consequentially, students from the school type of Grundschule exceeded
the strength of the corresponding effect in the main-effects-only models. Moreover, a statisti-
cally significant cross-level interaction between socio-economic status and grade level with a
negative regression coefficient, B = -0.12, SE = 0.05, p < .01, indicated that the size of the
social gradient in self-concept of ability differed between grade levels, resulting for sixth-
grade students in a net effect of socio-economic status of almost zero. In agreement with this,
the cross-level interaction terms for the school types of Hauptschule, B =-0.09 SE = 0.07, p =
.17, and Gymnasium, B = -0.16, SE = 0.06, p < .01, revealed that the social gradients in self-
concept of ability tended to approach zero for the subsamples of students from the school
types of Hauptschule and Gymnasium although only for the latter subsample disparity in the
social gradient from the reference category of students from the school type of Grundschule
possessed statistical significance. These variations of the size of the social gradient in self-
concept of ability across grade levels and school types were modeled against a background of
mean differences in self-concept of ability between grade levels and school types. There was a
negative regression weight for the class-level covariate of grade level, B = -0.26, SE = 0.08, p
< .01 for both models. In other words, students’ self-concept of ability in science declined in
the transition from elementary to secondary education. Moreover, according to the regression
weights pertaining to the class-level covariate of school type, this decrease tended to be more
pronounced in the school type of Hauptschule, e.g., B =-0.28, SE = 0.10, p <.01 in the main-
effects-only model, than in the school type of Gymnasium, e.g., B = -0.24 SE = 0.09, p = .01
in the main-effects-only model. However, an inspection of the associated standard errors clar-
ified that the disparity in the decline of students’ self-concept of ability between the school

types of secondary education did not bear statistical significance. The identification of the
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model possessing the relative best model fit according to the three information criteria was
not unequivocal. The AIC and the aBIC favored the cross-level interaction model with grade
level as a class-level covariate, whereas the BIC marked the main-effects-only model with
grade level as a covariate on the class level as the most parsimonious model.

Eventually, family socio-economic status and students’ self-concept of ability in sci-
ence were analyzed as concurrent predictors of post-instructional science achievement in or-
der to gauge the impact of self-concept of ability on the predictive relevance of socio-
economic status. These analyses comprised four multilevel models. In line with the results of
the investigation of the social gradient in science achievement, these models incorporated
socio-economic status in terms of a main effect on the individual level, i.e. as operating with
constant fortitude across classrooms. Specifically, the estimated models included two main-
effects-only and two cross-level interaction models. The former contained main effects for
socio-economic status, self-concept of ability in science and grade level (Model 7A) or school
type (Model 7B), while the latter featured main effects for socio-economic status and grade
level (Model 7C) or school type (Model 7D) as well as a random slope for self-concept of
ability and a term for the cross-level interaction between self-concept of ability and the re-
spective covariate.

Specifically, on the first layer of the structure of research questions, students’ self-
concept of ability in science was expected to mediate a fraction of the impact of socio-
economic status on post-instructional science achievement. Accordingly, it was assumed that
a statistically significant regression weight for the main effect of self-concept of ability on
science achievement would be retrieved. Moreover, it was anticipated that the size of the re-
gression weight for the main effect of social background on achievement would be diminished
considerably, relative to the estimation of the bare social gradient in post-instructional science
achievement. On the second layer of the structure of research questions, due to the occurrence
of the big-fish-little-pond effect, the association between self-concept of ability in science and
post-instructional science achievement was suspected to attenuate in the transition from ele-
mentary to secondary education. The detection of a negative and statistically significant cross-
level interaction between self-concept of ability and grade level in the prediction of science
achievement would support this hypothesis. Likewise, the observation of a superior model fit
for the cross-level interaction model with school type as a covariate would argue in favor of
the hypothesis of an attenuating relation.

In the main-effects-only models, students’ self-concept of ability in science exerted a

moderate influence on post-instructional science achievement, B = 0.19, SE = 0.02, p < .001

135



for both models (see Table 26). In other words, in these models an increment of one standard
deviation in self-concept of ability was associated with a growth of post-instructional science
achievement of approximately one fifth of a standard deviation. Within the cross-level inter-
action models the situation was similar. The means of the random slope for self-concept of
ability in science hinted at a moderate average effect of self-concept on science achievement,
B=0.18, SE =0.03, p <.001 for both models, which was moderated neither by grade level, B
= 0.03, SE = 0.04, p = .44, nor by school type, B = -0.02, SE = 0.05, p = .66 for the school
type of Hauptschule and B = 0.06, SE = 0.05, p = .17 for the school type of Gymnasium.
There were statistically significant main effects for family socio-economic status in all four
multilevel models, e.g., B=10.08, SE =0.02, p <.001 for the main-effects-only model with the
covariate of grade level. By and large, the background effects obtained for the class-level co-
variates mirrored the results found in the analyses of the social gradient of science achieve-
ment, i.e. under control of students’ self-concept of ability in science there were characteristic
mean differences in science achievement between grade levels and school types. On the aver-
age, fourth-graders tended to outperform sixth-graders, e.g., B = -0.17, SE = 0.10, p = .08 in
the main-effects-only model. Moreover, average science performance in the school type of
Hauptschule fell short of average performance in the school type of Grundschule, e.g., B = -
0.64, SE = 0.10, p < .001 in the main-effects-only model. At the same time, average science
achievement in the school type of Gymnasium exceeded average science achievement in the
school type of Grundschule, e.g., B=0.31, SE = 0.10, p < .01 in the main-effects-only model.
The lowest values for all three information criteria were obtained for the main-effects-only
model with school type as a covariate on the class level (Model 7B). Thereby it was identified
unambiguously as the most parsimonious model of all four multilevel models.

Despite the incorporation of the motivational propensity of students’ self-concept of
ability in science as a concurrent predictor into the mediation models, the effect of family
socio-economic status on post-instructional science achievement remained statistically signif-
icant. In other words, at most, a partial mediation of the effects of socio-economic status on
science achievement by self-concept of ability in science could be observed. A comparison of
the regression weight for socio-economic status in the preceding mediation models (Models
7A-TD) with the social gradient in post-instructional science achievement (Models 1A—1B)
revealed that between slightly more than one tenth and slightly more than two tenth of the
effect of socio-economic status on achievement were mediated by students’ self-concept of
ability in science. Thus, an increment of one standard deviation in self-concept of ability in

science entailed an increment of one or two percent of one standard deviation in post-
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instructional science achievement associated with the mediation of effects of family socio-
economic status. The effect of socio-economic status on science achievement was not moder-
ated by grade level or school type. However, the partial mediation identified had to be viewed
in conjunction with differential social gradients in students’ self-concept of ability; though
there was a sizeable social gradient in self-concept of ability for the subsample of fourth-
graders, socio-economic status and self-concept of ability were unrelated within the subsam-

ple of sixth-graders.

Table 26
Random Coefficient Models for Socio-economic Status and Self-concept of Ability in Science
as Predictors of Student Achievement

Parameter Model 7A Model 7B Model 7C Model 7D
Est. SE Est. SE Est. SE Est. SE

Individual Level
SES 0.08*** 0.02 0.07** 0.02 0.08*** 0.02 0.07** 0.02
SCA 0.19*** 0.02 0.19*** 0.02
Residual Variance 0.68*** 0.02 0.68*** 0.02 0.67*** 0.02 0.67*** 0.02
Class Level
Random Intercept 0.06 0.07 0.06 0.05 0.06 0.07 0.06 0.05

Random Slope SCA 0.18** 0.03 0.18*** 0.03
SCA*Sixth Grade® 0.03 0.04
SCA*Hauptschule® -0.02 0.05
SCA*Gymnasium” 0.06  0.05
Sixth Grade® -0.17"  0.10 -0.17"  0.10
Hauptschule® -0.64*** 0.10 -0.65*** 0.10
Gymnasium® 0.31**  0.10 0.32**  0.10
Residual Variance 0.25*** 0.04 0.14*** 0.02 0.25*** 0.04 0.14*** 0.02

Information Criteria
M SD M SD M SD M SD
AIC 6830.2 16.37 6776.6 16.53 68315 16.63 67776 16.62
BIC 68655 16.37 6817.8 16.53 6878.6 16.63 6836.6 16.62
aBIC 6846.5 16.37 6795.6 16.53 6853.2 16.63 6804.8 16.62

Note. Est. = Estimate; SES = Socio-economic Status; SCA = Self-concept of Ability.
“Reference category is fourth grade. "Reference category is Grundschule (i.e. fourth grade).
Lowest values for information criteria are printed in bold.

Tp<.10. ¥p <.05. **p < .01. ***p < .001.

Mediation by Individual Interest in Science
Although the preceding investigation of zero-order correlations between family socio-

economic status and individual interest in science had given little indication of a mediation of
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effects of social background by individual interest, for the sake of congruity, the analyses
conducted for the other potential mediators were repeated for the motivational propensity of
individual interest in science as well. Specifically, the social gradient in individual interest in
science was evaluated by fitting main-effects-only models with grade level (Model 8A) and
school type (Model 8B) as covariates on the class-level and cross-level interaction models
with grade level (Model 8C) and school type (Model 8D) as covariates on the class-level to
the data.

Table 27
Random Coefficient Models for the Social Gradient in Individual Interest in Science
Parameter Model 8A Model 8B Model 8C Model 8D

Est. SE Est. SE Est. SE Est. SE

Individual Level
SES 0.00 0.02 0.00 0.02
Residual Variance 0.79*** 0.02 0.79*** 0.02 0.79*** 0.02 0.79*** 0.02
Class Level
Random Intercept 0.28*** 0.05 0.28*** 0.05 0.28*** 0.05 0.28*** 0.05

Random Slope SES 0.02 0.03 0.02 0.03
SES*Sixth Grade® -0.04 0.05
SES*Hauptschule® -0.02 0.06
SES*Gymnasium” -0.05 0.06
Sixth Grade® -0.56*** 0.08 -0.56*** 0.08
Hauptschule” -0.54*** 0.10 -0.54*** 0.10
Gymnasium® -0.57*** 0.10 -0.56*** 0.10
Residual Variance 0.13*** 0.02 0.13*** 0.02 0.13*** 0.02 0.13*** 0.02
Information Criteria
M SD M SD M SD M SD

AIC 14781.6 1510 14783.5 15.02 14783.9 15.03 14786.9 15.07
BIC 148229 1510 14830.6 15.02 14836.9 15.03 14851.7 15.07
aBIC 14800.7 1510 14805.2 15.02 14808.3 15.03 14816.8 15.07

Note. Est. = Estimate; SES = Socio-economic Status.

“Reference category is fourth grade. "Reference category is Grundschule (i.e. fourth grade).
Lowest values for information criteria are printed in bold.

*p <.05. **p < .01. ***p < .001.

With regard to the first layer of the structure of research questions, it was expected to
uncover a relevant social gradient in individual interest in science, i.e. to obtain a statistically
significant regression weight for the main effect of family socio-economic status on students’
individual interest in science. With respect to the second layer of the structure of research
questions, it was speculated that the accumulation of adverse effects of social background
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with students’ age should lead to an intensification of the social gradient in individual interest
in science in the transition from elementary to secondary education. Obtaining a statistically
significant regression weight for the cross-level interaction between socio-economic status
and grade level — in conjunction with a superior model fit for the cross-level interaction model
with grade level as a covariate — would flag support for this hypothesis.

Neither in the main-effects-only models, B = 0.00, SE = 0.02, p = .96 and B = 0.00, SE
=0.02, p = .93, respectively, nor in the cross-level interaction models, B = 0.02, SE = 0.03, p
= .54 for both models, a systematic relation between family socio-economic status and indi-
vidual in interest in science was found (see Table 27). Furthermore, there was no evidence in
form of statistically significant cross-level interactions in favor of a substantial variation of
the effects of socio-economic status on individual interest by grade level, B = -0.04, SE =
0.05, p = .43, or school type, B =-0.02, SE = 0.06, p = .78 for the school type of Hauptschule
and B = -0.05, SE = 0.06, p = .37 for the school type of Gymnasium. However, a negative
effect for the covariate of grade level indicated large disparities in average individual interest
between fourth and sixth grade, e.g., B = -0.56, SE = 0.08, p < .001 in the corresponding
main-effects-only model (Model 8A), constituting evidence in favor of a substantial decline of
individual interest in science in the transition from elementary to secondary education. Nota-
bly, the size of this decline did not differ much by school type, e.g., B =-0.54, SE = 0.10, p <
.001 for the school type of Hauptschule and B =-0.57, SE = 0.10, p <.001 for the school type
of Gymnasium in the respective main-effects-only model (Model 8B). In agreement with the
absence of mean differences in individual interest between school types as well as the absence
of variations of effects of socio-economic status on individual interest by grade level and
school type, the investigation of information criteria disclosed the main-effects-only model
with grade level as the covariate on the class level as possessing the relative best fit to the
data. Crucially, the analyses revealed that there was no substantial social gradient in individu-
al interest in science. Thus, a central prerequisite for the establishment of a mediation of ef-
fects of socio-economic status by individual interest was not fulfilled. Apart from that, evi-
dence in favor of a general decline of individual interest in science in the transition from ele-
mentary to secondary education was found.

Despite the lack of a social gradient for individual interest in science, four additional
multilevel models were estimated. These models included socio-economic status and individ-
ual interest as concurrent predictors of post-instructional science achievement. Thereby, as for
the other mediators, the effect of socio-economic status on science achievement was con-

strued as constant across classrooms. In particular, no cross-level interactions between socio-
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economic status and grade level or school type were assumed. However, candidate models
varied in terms of the incorporation of cross-level interactions for the association between
individual interest in science and science achievement. On the one hand, two main-effects-
only models containing main effects for socio-economic status, individual interest in science
and grade level (Model 9A) or school type (Model 9B) were fitted to the data. On the other
hand, two cross-level interaction models covering interactions between individual interest and
grade level (Model 9C) or school type (Model 9D) besides the main effects for socio-
economic status and the respective class-level covariate were estimated.

With respect to the first layer of the structure of research questions, initially individual
interest was expected to mediate a part of the effect of socio-economic status on post-
instructional achievement. As already said, this assumption was untenable after the investiga-
tion of the absent social gradient in individual interest. Nonetheless, students’ individual in-
terest in science was anticipated to predict science achievement. In other words, it was ex-
pected to obtain a statistically significant regression weight for the main effect of individual
interest on science achievement. With regard to the second layer of the structure of research
questions, it was speculated that the association between individual interest and science
achievement could amplify in the transition from elementary to secondary education. Specifi-
cally, a statistically significant regression weight for the cross-level interaction between indi-
vidual interest and science achievement would indicate support for this speculation.

Both within the main-effects-only models, B = 0.08, SE = 0.02, p <.001 for both mod-
els, and within the cross-level interaction models, B = 0.08, SE = 0.03, p < .01 for both mod-
els, a small, yet statistically substantial effect of individual interest in science on post-
instructional science achievement was identified (see Table 28). At the same time, a similarly
small, but nonetheless statistically significant effect of socio-economic status on science
achievement was uncovered both within the main-effects-only models and within the cross-
level interaction models, B = 0.09, SE = 0.02, p < .001 for all four models. There was no evi-
dence for a moderation of the effects of individual interest on science achievement by grade
level, B = -0.00, SE = 0.04, p = .93. Moreover, the strength of the association between indi-
vidual interest and science achievement for the school type of Grundschule, which functioned
as the reference category, did not differ substantially from the strength of the corresponding
relations for the school types of Hauptschule, B = -0.06, SE = 0.05, p = .22, and Gymnasium,
B =0.04, SE = 0.05, p = .38. Nonetheless, the difference between the regression weights for
the cross-level interactions between individual interest and the school types of Hauptschule

and Gymnasium surpassed the respective standard errors two times. This indicated a statisti-
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cally significant disparity in the strength of the relation between individual interest and sci-
ence achievement for the two selected school types of secondary education. In the subsample
of students from the school type of Hauptschule the association was considerably weaker, in
fact approaching zero, than in the subsample of students from the school type of Gymnasium.
However, according to the information criteria of AIC, BIC and aBIC the main-effects-only
model with school as a covariate on the class level (Model 9B) displayed the best relative fit
to the data. Of course, as there was no association between socio-economic status and indi-
vidual interest in science in the first place, a reduction of the social gradient in science
achievement due to the inclusion of individual interest as predictor of science achievement
was not observable in any of the models. The effects of socio-economic status on science

achievement were not mediated by individual interest in science.

Table 28
Random Coefficient Models for Socio-economic Status and Individual Interest in Science as
Predictors of Student Achievement

Parameter Model 9A Model 9B Model 9C Model 9D
Est. SE Est. SE Est. SE Est. SE

Individual Level
SES 0.09*** 0.02 0.09*** 0.02 0.09*** 0.02 0.09*** 0.02
INT 0.08*** 0.02 0.08*** 0.02
Residual Variance 0.71*** 0.02 0.71*** 0.02 0.70*** 0.02 0.70*** 0.02
Class Level
Random Intercept 0.06 0.07 0.06 0.05 0.06 0.07 0.06 0.05

Random Slope INT 0.08** 0.03 0.08** 0.03
INT*Sixth Grade® -0.00 0.04
INT*Hauptschule® -0.06 0.05
INT*Gymnasium” 0.04  0.05
Sixth Grade® -0.18"  0.10 -0.18"  0.10
Hauptschule® -0.65*** 0.10 -0.67*** 0.10
Gymnasium® 0.31**  0.10 0.32**  0.10
Residual Variance 0.24*** 0.04 0.13*** 0.02 0.24*** 0.04 0.13*** 0.02
Information Criteria
M SD M SD M SD M SD

AIC 6933.8 16.06 6876.9 1592 6937.0 16.27 68779 16.60
BIC 6969.1 16.06  6918.1 15.92  6984.1 16.27 6936.8 16.60
aBIC 6950.1 16.06 6895.9 1592 6958.7 16.27 6905.0 16.60

Note. Est. = Estimate; SES = Socio-economic Status; INT = Individual Interest in Science.
“Reference category is fourth grade. "Reference category is Grundschule (i.e. fourth grade).
Lowest values for information criteria are printed in bold.

Tp<.10. *p <.05. **p < .01. ***p < 001.
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Summary of Univariate Mediation Analyses

With respect to the first aim of the study, the inferential analyses established a small
social gradient in post-instructional science achievement. An increment of one standard devia-
tion in family socio-economic status entailed an increase of approximately one tenth of a
standard deviation in science achievement. In agreement with the hypotheses, the size of the
social gradient in science achievement found for the current data set appeared small in com-
parison to the size of effects of social background on science achievement reported for con-
temporary large-scale assessments of student competences in Germany (Bonsen et al., 2008;
Stubbe et al., 2012).

The zero-order correlations between socio-economic status and post-instructional sci-
ence achievement obtained for the different subsamples followed the pattern predicted by the
assumed moderations of the social gradient in science achievement by grade level and school
type. Specifically, for the subsample of sixth-graders, the zero-order correlation between so-
cio-economic status and science achievement exceeded the corresponding correlation for the
subsample of fourth-graders. Moreover, within the selective school types of Hauptschule and
Gymnasium in secondary education, zero-order correlations between socio-economic status
and science achievement were smaller than the respective correlation within the comprehen-
sive school type of Grundschule in elementary education. Despite these descriptive results,
the inferential analyses by multilevel regression models yielded no evidence in favor of a
moderation of the social gradient in post-instructional science achievement by grade level or
school type. Apparently, an accumulation of primary and secondary effects of social origin in
the transition from elementary to secondary education was not observed for the current data
set.

The second aim of the current investigations was concerned with the role of students’
fluid ability as a potential mediator of the association between family socio-economic status
and post-instructional science achievement. On the first layer of the structure of research
questions, the assumption of a substantial social gradient in students’ fluid ability found em-
pirical support. Likewise, a comparatively strong connection between fluid ability and science
achievement was uncovered, in line with expectations prior to the analyses. Nevertheless,
students’ fluid ability mediated only a small portion of the effect of socio-economic status on
post-instructional science achievement. On the second layer of the structure of research ques-
tions, in the context of a conventional pattern of mean differences in fluid ability between
grade levels as well as between school types, the social gradient in fluid ability was moderat-

ed neither by grade level nor by school type. In other words, no evidence in favor of an accu-
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mulation of adverse effects of socio-economic status on children’s fluid ability was obtained.
Furthermore, the association between fluid ability and post-instructional science achievement
was not moderated by grade level. There were no signs of a general decline of the importance
of fluid ability as a predictor of achievement in the transition from elementary to secondary
education. However, the association between fluid ability and science achievement within the
school type of Hauptschule was significantly smaller than the corresponding association with-
in the school type of Gymnasium. Though, at first glance, it was surmised that this attenuation
of the relation between fluid ability and achievement was attributable to a restriction of vari-
ance in fluid ability within the school type of Hauptschule, an inspection of the variances in
fluid ability in the various subsamples yielded no support for this spontaneous speculation.
Unsurprisingly, in agreement with an extensive literature, students’ topic-specific prior
knowledge — in comparison to the other cognitive and motivational propensities — was found
to be an outstandingly strong predictor of post-instructional science achievement. This finding
was accompanied by the detection of a pronounced social gradient in prior knowledge. In fact,
the social gradient in topic-specific prior knowledge exceeded the social gradient in post-
instructional science achievement. So, in conjunction, on the first layer of the structure of re-
search questions, students’ topic-specific prior knowledge was observed to mediate a major
portion of the effect of family socio-economic status on science achievement. On the second
layer of the structure of research questions, no evidence in favor of a moderation of the social
gradient in prior knowledge by grade level or school type was obtained. This result resembled
the findings obtained for the social gradient in post-instructional science achievement. More-
over, the association between topic-specific prior knowledge and science achievement did not
vary by grade level. However, some indicators — i.e. a marginally significant cross-level inter-
action term and corresponding information criteria for overall model fit — pointed towards a
relevant attrition of the effect of prior knowledge on post-instructional science achievement
within the school type of Hauptschule, attended primarily by students of low prior knowledge,
relative to the state of affairs for students attending the comprehensive school type of
Grundschule. On the contrary, for the school type of Gymnasium, attended primarily by stu-
dents of comparatively high prior knowledge, no hints in support of an amplification of the
association between prior knowledge and post-instructional science achievement were found,
relative to the corresponding associations within the other school types. So, all in all, there
was merely faint evidence in favor of differential strength of the relation between prior
knowledge and post-instructional achievement across school types, hypothesized due to mean

differences in prior knowledge, and thus in complexity of the content to be covered in instruc-
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tion.

With regard to students’ self-concept of ability in science as a potential mediator of the
relation between socio-economic status and post-instructional science achievement the hy-
potheses were confirmed to some extent. On the first layer of the structure of research ques-
tions, positive associations between socio-economic status and self-concept of ability in sci-
ence as well as between self-concept of ability in science and post-instructional science
achievement were found. This entailed a minor mediation of effects of socio-economic status
on science achievement. Furthermore, on the second layer of the structure of research ques-
tions, in agreement with prior hypotheses, a dilution of the association between social back-
ground and self-concept of ability in science was established for the subsample of sixth-
graders. Moreover, also in agreement with prior hypotheses, there was a tendency for this
dilution to be particularly pronounced within the presumably least ego-protecting learning
environment of the school type of Gymnasium. However, contrary to the hypotheses, there
was no evidence in favor of a reduction of the relation between self-concept of ability in sci-
ence and science achievement in the transition from elementary to secondary education.

In fact, the dilution of the association between socio-economic status and self-concept
of ability in science in the transition from elementary to secondary education was so severe
that the association approached zero for the subsample of sixth-graders. Thus, the assumption
of a mediation of effects of socio-economic status on science achievement by self-concept of
ability proved to be viable exclusively for the subsample of fourth-graders, i.e. elementary
education; an finding unexpected in its extremity prior to the analyses.

The attempt to establish individual interest in science as a mediator of the relation be-
tween family socio-economic status and post-instructional science achievement met with re-
sound failure. Though individual interest proved to be a weak predictor of science achieve-
ment, there was no evidence in favor of the existence of a social gradient in individual interest
in science, i.e. social background and individual interest in science were unrelated. Moreover,
with regard to the second layer of the structure of research questions, the association between
socio-economic status and individual interest in science was not moderated by grade level or
school type. Likewise, the relation between individual interest in science and science
achievement did not vary substantially by grade level or school type. Thus, the differential
hypotheses of an intensification of the associations of individual interest with socio-economic
status and science achievement in the transition from elementary to secondary education were

not confirmed empirically.
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Exploring the Multivariate Mediation

After the successive univariate investigations of the mediation of effects of socio-
economic status on post-instructional science achievement by cognitive and motivational pro-
pensities, three further analyses were conducted to examine the multivariate mediation of ef-
fects of socio-economic status on science achievement. These analyses covered the investiga-
tion of fluid ability and topic-specific prior knowledge as concurrent mediators, the explora-
tion of topic-specific prior knowledge and self-concept of ability in science as simultaneous
mediators, and the examination of a comprehensive mediation incorporating all three relevant
cognitive and motivational propensities as concurrent predictors of science achievement. (As
it had been found previously to be unrelated to family socio-economic status, students’ indi-
vidual interest in science was not included as a mediator in the comprehensive mediation
analysis.)

As outlined above in the theoretical background, fluid ability is a natural precursor of
domain-specific knowledge. Therefore, it had to be assumed that students’ fluid ability and
prior knowledge shared common variance, i.e. that at least a portion of the effect of fluid abil-
ity on post-instructional science achievement obtained in the univariate mediation analysis
was actually an effect of prior knowledge. Accordingly, the examination of the concurrent
mediation of effects of socio-economic status by fluid ability and topic-specific prior
knowledge served two purposes. First, it was inspected if students’ fluid ability contributed
significantly to the prediction of post-instructional science achievement beyond the impact of
topic-specific prior knowledge. Second, it was explored if fluid ability mediated an additional
portion of the effect of socio-economic status on science achievement.

As self-concept of ability and domain-specific achievement are known to be recipro-
cally related to each other, it was also obligatory to presume that students’ self-concept of
ability in science and prior knowledge shared common variance. In other words, it was sensi-
ble to assume that a — albeit probably small — portion of the impact of self-concept of ability
on science achievement identified in the univariate mediation analyses was actually caused by
students’ prior knowledge. Thus, the investigation of the simultaneous mediation of effects
socio-economic status by students’ topic-specific prior knowledge and self-concept of ability
in science was also guided by two aims. First, it was examined if students’ self-concept of
ability had a significant impact on post-instructional science achievement beyond the effects
of prior knowledge. In other words, the viability of processes of skill enhancement was tested
for data set at hand. Second, it was inquired if self-concept of ability in science mediated a

part of the effect of family socio-economic status on science achievement in addition to stu-
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dents’ topic-specific prior knowledge. Due to a lack of theoretically sound assumptions about
direct relations, and thus directly shared common variance, between fluid ability and self-
concept of ability in science, multilevel models with these two propensities as a pair of con-
current mediators for the relation between socio-economic status and science achievement
were not estimated.

Finally, to summarize the results of all previous analyses, an investigation of the com-
prehensive mediation of the effect of socio-economic status on science achievement by cogni-
tive and motivational propensities concluded the empirical explorations. Naturally, these final
explorations took the results of the preceding analyses into account. (The same held true for
the previous examination of the pairs of concurrent mediators.) In particular, students’ indi-
vidual interest in science was not incorporated as a potential mediator as it had not been iden-
tified as a relevant mediator in the univariate mediation analyses. Moreover, with regard to
the second layer of the structure of research questions, only cross-level interactions between
mediators and school type were inquired in the multivariate mediation analyses. This was
done because in the univariate mediation analyses cross-level interactions between mediators
and grade level had not been found to be of importance for the prediction of post-instructional

science achievement.

Concurrent Mediation by Fluid Ability and Topic-specific Prior Knowledge

Students’ fluid ability and topic-specific prior knowledge constituted the two cognitive
propensities examined as potential mediators in the previous univariate mediation analyses.
Their exploration as concurrent mediators of the association between family socio-economic
status and post-instructional science achievement featured the estimation of four multilevel
models. In particular, this included the estimation of a main-effects-only model with socio-
economic status, fluid ability and prior knowledge as predictors of science achievement on the
individual level as well as with school type as a predictor of science achievement on the class
level (Model 10A). Moreover, three cross-level interaction models extending the basic main-
effects-only model in specific ways were devised: a model containing a cross-level interaction
between fluid ability and school type (Model 10B), a model incorporating a cross-level inter-
action between prior knowledge and school type (Model 10C) and, eventually, a model cover-
ing both kinds of cross-level interactions simultaneously (Model 10D). The previous
univariate mediation analyses had yielded evidence in favor of the relevance of both the
cross-level interaction between fluid ability and school type and the cross-level interaction

between prior knowledge and school type.
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Table 29
Random Coefficient Models for Socio-economic Status, Fluid Ability and Prior Knowledge as
Predictors of Student Achievement with School Type as a Class-level Covariate

Parameter Model 10A Model 10B Model 10C Model 10D
Est. SE Est. SE Est. SE Est. SE

Individual Level
SES 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

CFT 0.11** 0.02 0.11*** 0.02
SAT1 0.51*** 0.02 0.51*** 0.02
Residual Variance  0.50*** 0.02 0.50*** 0.02 0.49*** 0.02 0.48** 0.02
Class Level
Random Intercept 0.15*** 0.04 0.16*** 0.04 0.15*** 0.04 0.16*** 0.04
Random Slope CFT 0.13*** 0.03 0.12*** 0.03
Random Slope SAT1 0.53*** 0.03 0.53*** 0.03
CFT*Hauptschule® -0.05  0.05 -0.03  0.05
CFT*Gymnasium® -0.02  0.04 -0.02  0.05
SAT1*Hauptschule® -0.09  0.06 -0.08  0.06
SAT1*Gymnasium® -0.02 0.05 -0.01 0.05
Hauptschule® -0.52*** 0.07 -0.53*** 0.07 -0.55*** 0.08 -0.55*** 0.08
Gymnasium® -0.13"  0.07 -0.13"  0.07 -0.14"  0.07 -0.13"  0.07
Residual Variance  0.07*** 0.01 0.07*** 0.01 0.07*** 0.01 0.07*** 0.01

Information Criteria
M SD M SD M SD M SD
AIC 59259 3340 59271 3343 59054 31.21 5909.2 31.40
BIC 5973.1 3340 59919 3343 5970.2 3121 59917 31.40
aBIC 59476 3340 5957.0 3343 59353 31.21 5947.3 31.40

Note. Est. = Estimate; SES = Socio-economic Status; CFT = Fluid Ability (assessed with CFT
20-R); SAT1 = Pre-instructional Student Achievement Test.
*Reference category is Grundschule (i.e. fourth grade).

Lowest values for information criteria are printed in bold.
Tp<.10. *p < .05. **p < .01. ***p < 001.

In all four multilevel models students’ fluid ability affected post-instructional science
achievement in a statistically significant manner, either in terms of a main effect on the indi-
vidual level, B=0.11, SE = 0.02, p <.001 for both models, or in terms of the mean of a ran-
dom slope on the class level, B=0.13, SE=0.02, p <.001 and B=0.12, SE=0.02, p <.001,
respectively (see Table 29). The same held true for students’ topic specific prior knowledge.
Both when modeled as a main effect on the individual level, B = 0.51, SE = 0.02, p <.001 for
both models, and when modeled as a random slope on the class level, B=0.53, SE =0.03, p <
.001 for both models, it exerted a statistically significant influence on post-instructional sci-

ence achievement. Family socio-economic status, however, had no statistically significant
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effect on science achievement, in none of the multilevel models. Similarly, no evidence in
favor of a substantial cross-level interaction between the effect of students’ fluid ability and
school type was found. Though the regression weights for the cross-level interaction between
prior knowledge and school type, B =-0.09, SE = 0.06, p = .10 and B =-0.08, SE = 0.06, p =
.15, respectively, for the school type of Hauptschule, and B = -0.02, SE = 0.05, p = .71 and B
=-0.01, SE = 0.05, p = .80, respectively, for the school type of Gymnasium, failed to attain
statistical significance, all three information criteria calculated for the multilevel models
unanimously detected the model with exclusively the cross-level interaction between prior
knowledge and school type (Model 10C) as possessing the best relative fit to the data.(Note,
in this context, that the Wald test used for determining the statistical significance of individual
regression weights is only asymptotically correct.) In other words, despite the missing statisti-
cal significance of regression weights, the present investigations indicated that for students
from the school type of Hauptschule the effect of prior knowledge on science achievement
was somewhat smaller than for students from the other school types. Finally, the regression
weights for the main effect of school type on the class level revealed that students from the
school type of Hauptschule achieved on the average significantly worse than students from
the school type of Grundschule, B =-0.52, SE = 0.07, p <.001, B=-0.53, SE=0.07, p <.001,
B =-0.55, SE = 0.08, p <.001 and B = -0.55, SE = 0.08, p < .001, respectively, while there
was also a marginally significant tendency for students from the school type of Gymnasium to
perform worse than students from the school type of Grundschule, B =-0.13, SE = 0.07, p =
.08, B=-0.13, SE=0.07, p= .08, B=-0.14, SE=0.07, p=.07 and B=-0.13, SE=0.07, p =
.07, respectively. So, notably, under control of students’ fluid ability and topic-specific prior
knowledge, students from the school type of Gymnasium did not outperform students from
the school type of Grundschule in the science achievement test.

The incorporation of fluid ability and prior knowledge as concurrent predictors of sci-
ence achievement in joint models revealed that students’ fluid ability exerted a statistically
significant influence on post-instructional science achievement beyond topic-specific prior
knowledge (Models 10A—10D). However, in comparison to the results obtained in the corre-
sponding univariate mediation analysis (Models 3B & 3D), the strength of this influence was
cut approximately in half. In contrast, the magnitude of the effect of prior knowledge on sci-
ence achievement found in the current multivariate mediation analysis (Models 10A—10D) did
not differ considerably from the size of the impact of prior knowledge on science achievement
retrieved in the corresponding univariate mediation analysis (Models 5B & 5D). However, the

regression weights for family socio-economic status obtained in the present examination of
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fluid ability and prior knowledge as concurrent predictors (Models 10A—10D) did not fall
below the corresponding regressions weights estimated in the univariate mediation analyses
for prior knowledge (Models 5B & 5D). In other words, the additional inclusion of students’
fluid ability as a predictor of science achievement beyond topic-specific prior knowledge did
not entail the mediation of an additional portion of the effects of family socio-economic status
on post-instructional science achievement. With respect to the second layer of the structure of
research questions, the comparison of the information criteria retrieved for the models of the
multivariate mediation by fluid ability and prior knowledge underscored — in spite of the ab-
sence of a statistically significant cross-level interaction — the moderation of the effect of prior
knowledge on post-instructional science achievement by school type, the impact of topic-
specific prior knowledge being comparatively less important for students from the school type
of Hauptschule. The relevance of a moderation of the effect of fluid ability on science
achievement by school type that had been detected in the previous univariate mediation anal-

yses was not corroborated in the current multivariate mediation analyses.

Concurrent Mediation by Prior Knowledge and Self-concept of Ability

Self-concept of ability and student achievement having been identified in previous re-
search to be reciprocally related to each other, the cognitive propensity of topic-specific prior
knowledge and the motivational propensity of self-concept of ability in science were exam-
ined as concurrent mediators of the association between family socio-economic status and
post-instructional science achievement. The sequence of four multilevel models estimated for
this purpose mirrored the set of multilevel models computed for inspection of the concurrent
mediation by fluid ability and topic-specific prior knowledge. First, a main-effects-only model
with socio-economic status, prior knowledge and self-concept of ability as predictors of sci-
ence achievement on the individual level as well as with school type as a predictor of
achievement on the class level was estimated (Model 11A). Second, this basic model was
modified by including a cross-level interaction between prior knowledge and school type
(Model 11B). Third, the basic model was extended by incorporating a cross-level interaction
between self-concept of ability in science and school type (Model 11C). Fourth, and eventual-
ly, the basic model was supplemented simultaneously with both forms of cross-level interac-
tions (Model 11D). The preceding explorations had underlined the importance of the cross-
level interaction between topic-specific prior knowledge and school type for overall model fit
of estimated multilevel models. On the contrary, there had been no evidence in favor of a sub-

stantial cross-level interaction between self-concept of ability in science and school type in
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the prediction of post-instructional science achievement.

Table 30
Random Coefficient Models for Socio-economic Status, Prior Knowledge and Self-concept of
Ability as Predictors of Student Achievement with School Type as a Class-level Covariate

Parameter Model 11A Model 11B Model 11C Model 11D
Est. SE Est. SE Est. SE Est. SE

Individual Level
SES 0.02 0.02 0.01 0.02 0.02 0.02 0.01 0.02
SAT1 0.52*** 0.02 0.52*** 0.02
SCA 0.09*** 0.02 0.09*** 0.02
Residual Variance 0.50*** 0.02 0.49*** 0.02 0.50*** 0.02 0.48*** 0.02

Class Level

Random Intercept 0.13** 0.04 0.13**  0.04 0.13**  0.04 0.13**  0.04
Random Slope SAT1 0.54*** 0.03 0.54*** 0.03
Random Slope SCA 0.09*** 0.02 0.08** 0.02
SAT 1*Hauptschule? -0.09 0.05 -0.09" 0.06
SAT1*Gymnasium® -0.02 0.05 -0.02 0.05
SCA*Hauptschule® -0.00 0.04 0.02 0.04
SCA*Gymnasium® 0.03 0.04 0.04 0.04

Hauptschule® -0.51*** 0.08 -0.54*** 0.08 -0.51*** 0.08 -0.54*** 0.08
Gymnasium® -0.04 0.08 -0.05 0.08 -0.03 0.08 -0.04 0.08

Residual Variance 0.08*** 0.01 0.08*** 0.01 0.08*** 0.01 0.08*** 0.01
Information Criteria
M SD M SD M SD M SD

AIC 59315 3324 5913.3 30.81 5936.0 33.16 59175 30.86
BIC 59786 33.24 59781 30.81 6000.8 33.16 6000.3 30.86
aBIC 5953.2 33.24 5943.2 30.81 59659 33.16 5955.55 30.86

Note. Est. = Estimate; SES = Socio-economic Status; SAT1 = Pre-instructional Student
Achievement Test; SCA = Self-concept of Ability.

*Reference category is Grundschule (i.e. fourth grade).

Lowest values for information criteria are printed in bold.

Tp<.10. *p < .05. **p < .01. ***p < 001.

As in all preceding analyses, students’ topic-specific prior knowledge had a pro-
nounced general effect on post-instructional science achievement: This was true for those
multilevel models containing a main effect of prior knowledge on the individual level, B =
0.52, SE = 0.02, p < .001 for both instances, as well as for those models featuring a random
slope on the class level for the effect of prior knowledge, B = 0.54, SE = 0.03, p < .001 for
both instances (see Table 30). The regression weights for self-concept of ability on the indi-

vidual level, B = 0.09, SE = 0.02, p <.001 for both instances, as well as the means of the ran-
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dom slopes for self-concept of ability on the class level, B =0.09, SE =0.02, p <.001 and B =
0.08, SE = 0.02, p < .01, respectively, indicated that self-concept of ability in science exerted
a statistically significant influence in terms of a main effect on post-instructional science
achievement. So, self-concept of ability in science contributed in its own right significantly to
the prediction of post-instructional science achievement. Specifically, for students of compa-
rable prior knowledge, an increment of one standard deviation in self-concept of ability in
science was accompanied by an increase of almost one tenth of a standard deviation in post-
instructional science achievement. Thus, as a by-product, the exploration of the concurrent
mediation of effects of socio-economic status on post-instructional science achievement by
prior knowledge and self-concept of ability in science underscored the relevance of processes
of skill enhancement for the student sample and topic under consideration. No evidence in
favor of a substantial influence of family socio-economic status on science achievement under
simultaneous control of prior knowledge and self-concept of ability was found.

As for the investigation of the concurrent mediation by fluid ability and prior
knowledge, all three information criteria pointed to the relevance of the cross-level interaction
between topic-specific prior knowledge and school type, prior knowledge being comparative-
ly less important for the prediction of post-instructional science achievement in students from
the school type of Hauptschule. Moreover, in agreement with the results of the univariate me-
diation analyses, the present concurrent mediation analysis yielded no evidence in favor of a
statistically significant moderation of the effects of self-concept of ability in science by school
type in the prediction of science achievement. For comprehensive interpretation of results,
please recall, however, that a substantial cross-level interaction between socio-economic sta-
tus and grade level had been identified for the social gradient in self-concept of ability in sci-
ence: Whereas for fourth-graders family socio-economic status was associated significantly
with students’ self-concept of ability in science, for sixth-graders such a statistically signifi-
cant relation had not been established.

The inclusion of prior knowledge and self-concept of ability in science as concurrent
predictors of post-instructional science achievement in a multivariate mediation analysis es-
tablished that self-concept of ability exerted a statistically significant influence on science
achievement independently of prior knowledge (Models 11A—11D). Nevertheless, the size of
the effect of self-concept of ability on science achievement was more than halved when com-
pared to the estimated strength of this association in the corresponding univariate mediation
analysis (Models 7B & 7D). In contrast, the sizes of the regression weights and random slopes

for the main effect of topic-specific prior knowledge on post-instructional science achieve-
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ment in the present multivariate mediation analysis (Models 11A—11D) and in the correspond-
ing univariate mediation analysis (Models 5B & 5D) were virtually identical. Furthermore,
there were signs that self-concept of ability in science also contributed in its own right to the
mediation of effects of socio-economic status: Relative to the state of affairs observed for the
estimation of the social gradient in post-instructional science achievement (Models 1A—1D),
those investigations adequately modeling the cross-level interaction between prior knowledge
and school type entailed a drop of the effect of socio-economic status on science achievement
to B=0.01, SE=0.02, p = .48 and B = 0.01, SE = 0.02, p = .44 (Models 11B & 11D). This
drop exceeded the reduction in the effect of socio-economic status on science achievement
due to the exclusive incorporation of the mediator of prior knowledge by a value of 0.01
(Models 5B & 5D). In other words, in addition to the major portion mediated by topic-specific
prior knowledge, about one tenth of the original effect of family socio-economic status on
science achievement — in absolute terms equaling approximately one percent of a standard
deviation in post-instructional science achievement — was mediated specifically by students’

self-concept of ability in science.

Comprehensive Mediation by Cognitive and Motivational Propensities

To conclude the investigations, four multilevel path models portraying the comprehen-
sive mediation of effects of socio-economic status on post-instructional science achievement
by cognitive and motivational propensities were estimated. The specification of these four
models took results of previous analyses into account. As it had not been identified as a medi-
ator in the univariate mediation analyses, students’ individual interest in science was not in-
cluded as a mediator in the four multilevel path models. The four multilevel path models con-
stituted a sequence of models of increasing complexity. The first of these models (Model
12A) covered only main effects, i.e. main effects of family socio-economic status on the me-
diators of fluid ability, topic-specific prior knowledge and self-concept of ability in science as
well as main effects of socio-economic status, fluid ability, topic-specific prior knowledge
and self-concept of ability in science on the dependent variable of post-instructional science
achievement. Moreover, for all these relations the multilevel structure of the data was taken
into consideration and main effects of dummy-coded variables on the class level modeled
mean differences between the school types of Hauptschule and Gymnasium on the one hand
and the reference category of the school type of Grundschule on the other hand. This basic
model was extended in a stepwise fashion by incorporation of an additional cross-level inter-

action between socio-economic status and school type in the prediction of students’ self-
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concept of ability in science (Model 12B), an additional cross-level interaction between topic-
specific prior knowledge and school type (Model 12C) and an additional cross-level interac-
tion between fluid ability and school type (Model 12D). Path models containing grade level as
a covariate on the class level were not formulated. Necessarily, the multilevel path models
contained the mediators both as dependent variables predicted by socio-economic status and
as independent variables for the prediction of post-instructional science achievement. Insofar,
the multilevel path models represented a combination of previous models delineating the so-
cial gradients in the mediators as well as of previous models investigating the impact of socio-
economic status and the mediators on post-instructional science achievement.

Replicating the findings of previous analyses with respect to the second layer of the
structure of research questions, a comparison of the information criteria calculated for the four
multilevel path models rendered the model containing a term for the cross-level interaction
between socio-economic status and school type in the prediction of self-concept of ability and
a term for the cross-level interaction between prior knowledge and school type in the predic-
tion of science achievement (Model 12C) as possessing the relative best fit to the data, there-
by underlining the general relevance of these two cross-level interactions. In particular, this
final path model contained statistically significant social gradients in fluid ability B = 0.05, SE
=0.02, p = .02, and topic-specific prior knowledge, B = 0.12, SE = 0.02, p < .001. The social
gradient in self-concept of ability in science was crucially moderated by the class-level co-
variate of school type. As indicated by the mean of the random slope for the effect of socio-
economic status on self-concept of ability in science, it was statistically significant, B = 0.14,
SE = 0.03, p < .001, for the reference category of students from the school type of
Grundschule. Denoting the difference to the size of the effect within the reference category,
the regression weights for the cross-level interaction between socio-economic status and
school type, B = -0.09, SE = 0.07, p = .16 for the school type of Hauptschule and B = -0.17,
SE =0.06, p < .01 for the school type of Gymnasium, hinted at the absence of a relevant so-
cial gradient in self-concept of ability in science for the school types of secondary education.
(Recall that in the univariate mediation analysis for self-concept of ability in science a model
with a cross-level interaction between socio-economic status and grade level had been identi-
fied as most parsimonious in the prediction of self-concept of ability. For the current investi-
gations school type was selected as the moderator of the relation between socio-economic
status and self-concept of ability merely for the sake of uniformity of the class-level covariate
used in the comprehensive mediation analysis.)

With regard to the prediction of post-instructional science achievement, both students’
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fluid ability, B = 0.09, SE = 0.02, p <.001, and students’ self-concept of ability in science, B

Table 31
Multilevel Path Models for the Comprehensive Mediation of Effects of Socio-economic Status
on Student Achievement with School Type as a Class-level Covariate

Parameter Model 12A Model 12B Model 12C Model 12D
Est. SE Est. SE Est. SE Est. SE
Dependent Variable: CFT

Individual Level
SES 0.05* 0.02 0.05* 0.02 0.05* 0.02 0.05* 0.02

Residual Variance 0.79*** 0.02 0.79*** 0.02 0.79*** 0.02 0.79*** 0.02

Class Level
Random Intercept -0.16*** 0.04 -0.16*** 0.04 -0.16*** 0.04 -0.16*** 0.04

Hauptschule® -0.18*  0.08 -0.18*  0.08 -0.18*  0.08 -0.18*  0.08

Gymnasium®  0.70*** 0.08 0.70*** 0.08 0.70*** 0.08 0.70*** 0.08

Residual Variance 0.07*** 0.01 0.07*** 0.01 0.07*** 0.01 0.07*** 0.01
Dependent Variable: SAT1

Individual Level
SES 0.12*** 0.02 0.12*** 0.02 0.12*** 0.02 0.12*** 0.02

Residual Variance 0.72*** 0.02 0.72** 0.02 0.72*** 0.02 0.72** 0.02

Class Level
Random Intercept -0.11* 0.05 -0.11* 0.05 -0.11* 0.05 -0.11*  0.05

Hauptschule® -0.31**  0.09 -0.31**  0.09 -0.31**  0.09 -0.31**  0.09
Gymnasium®  0.62*** 0.09 0.62*** 0.09 0.62*** 0.09 0.62*** 0.09
Residual Variance 0.11*** 0.02 0.11*** 0.02 0.11*** 0.02 0.11*** 0.02

Dependent Variable: SCA

Individual Level
SES 0.08** 0.02

Residual Variance 0.85*** 0.02 0.85*** 0.03 0.85*** 0.03 0.85*** 0.03
Class Level

Random Intercept 0.12*  0.05 0.12*  0.05 0.12*  0.05 0.12*  0.05
Random Slope SES 0.14*** 0.03 0.14*** 0.03 0.14*** 0.03
SES*Hauptschule® -0.09 0.07 -0.09 0.07 -0.09 0.07
SES*Gymnasium® -0.17**  0.06 -0.17**  0.06 -0.17**  0.06
Hauptschule® -0.28**  0.10 -0.29**  0.10 -0.29** 0.10 -0.29**  0.10
Gymnasium® -0.24*  0.09 -0.21*  0.09 -0.21*  0.09 -0.21*  0.09
Residual Variance 0.12*** 0.02 0.12*** 0.02 0.12*** 0.02 0.12*** 0.02

Dependent Variable: SAT2

Individual Level
SES 0.01 0.02 0.01 0.02 0.01 0.02 0.01 0.02

CFT 0.09** 0.02 0.09*** 0.02 0.09*** 0.02

SAT1 0.48** 0.02 0.48*** 0.02

SCA 0.09*** 0.02 0.09*** 0.02 0.09*** 0.02 0.09*** 0.02
Residual Variance 0.49*** 0.02 0.49*** 0.02 0.48™* 0.02 0.48*** 0.02
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Table 31 (continued)
Multilevel Path Models for the Comprehensive Mediation of Effects of Socio-economic Status
on Student Achievement with School Type as a Class-level Covariate

Parameter Model 12A Model 12B Model 12C Model 12D
Est. SE Est. SE Est. SE Est. SE
Dependent Variable: SAT2 (continued)

Class Level
Random Intercept 0.08 0.05 0.08 0.05 0.13** 0.04 0.15*** 0.04

Random Slope CFT 0.11*** 0.03
Random Slope SAT1 0.50*** 0.03 0.50*** 0.03
CFT*Hauptschule® -0.03 0.05
CFT*Gymnasium® -0.01 0.04
SAT1*Hauptschule® -0.08 0.05 -0.08 0.06
SAT1*Gymnasium® -0.02 0.05 -0.02 0.05
Hauptschule® -0.69*** 0.10 -0.69*** 0.10 -0.58*** 0.08 -0.56*** 0.08
Gymnasium® 0.27**  0.10 0.27** 0.10 -0.04 0.08 -0.11 0.08
Residual Variance 0.14*** 0.02 0.14** 0.02 0.08*** 0.01 0.07*** 0.01
Information Criteria

M SD M SD M SD M SD

AIC 27257.2 4447 272495 4395 27230.3 4155 27234.6 41.72
BIC 27451.7 4447 27461.7 43.95 27460.2 4155 274821 41.72
aBIC 27346.9 4447 27347.3 43.95 27336.2 41.55 27348.7 41.72
Note. Est. = Estimate; SES = Socio-economic Status; CFT = Fluid Ability (assessed with CFT
20-R); SATI1 = Pre-instructional Student Achievement Test; SCA = Self-concept of Ability;
SAT2 = Post-instructional Student Achievement Test.
*Reference category is Grundschule (i.e. fourth grade).

Lowest values for information criteria are printed in bold.
Tp<.10. *p < .05. **p < .01. ***p < 001.

=0.09, SE = 0.02, p <.001, contributed substantially. With a mean of the corresponding ran-
dom slope of B =0.50, SE = 0.03, p <.001, however, students’ topic-specific prior knowledge
was the most powerful predictor of post-instructional science achievement. Though, in the
prediction of science achievement, the regression weights for the cross-level interaction be-
tween prior knowledge and school type, B = -0.08, SE = 0.05, p = .12 for the school type of
Hauptschule and B = -0.02, SE = 0.05, p = .70 for the school type of Gymnasium, failed to
attain statistical significance, the low values of the information criteria as well as the reduced
residual variance on the class level for the most parsimonious path model signaled the overall
relevance of this cross-level interaction. In the final path model the effect of family socio-
economic status on science achievement was statistically insignificant, B = 0.01, SE = 0.02, p
= .53. In other words, conjointly the propensities of fluid ability, topic-specific prior

knowledge and self-concept of ability in science mediated the entire effect of socio-economic
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status on science achievement. Two relations in this general pattern of results were moderated
by school type. Self-concept of ability in science contributed primarily for students from the
school type of Grundschule to the mediation of effects of socio-economic status as the social
gradient in self-concept of ability approached zero for the school types of secondary educa-
tion. Furthermore, topic-specific prior knowledge contributed comparatively less to the medi-
ation of effects of social background for students from the school type of Hauptschule as its
effect on post-instructional science achievement tended to be somewhat attenuated within this

school type.

Discussion
Central Findings

The univariate mediation analyses uncovered three cognitive and motivational propen-
sities as mediators of the relation between family socio-economic status and post-instructional
science achievement: students’ fluid ability, students’ topic-specific prior knowledge, and
students’ self-concept of ability in science. The cognitive propensity of prior knowledge en-
tailing a full mediation, i.e. rendering the direct effect of family socio-economic status on stu-
dents’ post-instructional science achievement statistically insignificant, the propensities of
fluid ability and self-concept of ability mediated the effect of social background only partial-
ly, i.e. they a caused a reduction of the size of the direct effect of socio-economic status on
achievement. On the contrary, for the motivational propensity of individual interest in science,
as it was unrelated with family socio-economic status, not the slightest sign of a mediation of
the effects of social background on science achievement was obtained. The further explora-
tion of the mediating pathways between socio-economic status and post-instructional
achievement in multivariate mediation analyses revealed that fluid ability did not contribute
measurably beyond students’ prior knowledge to the mediation of effects of socio-economic
status, whereas the motivational propensity of self-concept of ability mediated a barely quan-
tifiable portion of the effects of social background in its own right.

With regard to the second layer of the structure of research questions, the majority of
hypotheses was disconfirmed. The social gradient in post-instructional science achievement
was not moderated by grade level or school type. In other words, neither was there evidence
in favor of its amplification in the transition from elementary to secondary education due to a
summation of primary and secondary effects of social origin nor was there evidence in favor
of its diminishment within the school types of secondary education due to restrictions of vari-

ance in these school types. What explanations can be offered for the absence of the suspected
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moderations of the relation between family socio-economic status and student’s post-
instructional science achievement by grade level or school type? Presumably, the focus on the
topic of evaporation and condensation as well as the proximity of the subsamples of fourth-
and sixth-graders to the transition from elementary to secondary education hindered the oc-
currence of a substantial summation of primary and secondary effects of social origin in the
current investigations. Moreover, relevant restrictions of variance in post-instructional science
achievement within the school types of secondary education relative to the corresponding
variance in the comprehensive school type of Grundschule were not observed; in fact, the
variance of post-instructional science achievement in the selective school type of Gymnasium
exceeded the corresponding variance in the comprehensive school type of Grundschule.
Likewise, the role of students’ fluid ability as a mediator of the association between
socio-economic status and science achievement was not moderated by grade level or school
type. In particular, contrary to the hypotheses, the social gradient in fluid ability did not in-
crease with students’ age, i.e. grade level. In other words, there was no evidence in favor of an
accumulation of adverse effects of social background on students’ fluid ability. Here, the
comparably small difference in students’ mean age between the subsamples of fourth- and
sixth-graders applies as a plausible explanation for the disconfirmation of hypotheses located
at the second layer of structure of research questions. Moreover, though the univariate media-
tion analyses suggested substantially disparate strengths of the relation between fluid ability
and post-instructional achievement for the school types of Hauptschule and Gymnasium, the
multivariate mediation analyses yielded no evidence in support of a substantial moderation by
grade level or school type. This finding contradicted the assumed relative shift from fluid abil-
ity to prior knowledge as the dominant predictor of post-instructional achievement with stu-
dents’ age. The topic of evaporation and condensation constitutes a component of the curricu-
la of both elementary and secondary education in the German federal state of North Rhine-
Westphalia (Gesellschaft flir Didaktik des Sachunterrichts, 2002; Ministerium fiir Schule und
Weiterbildung des Landes Nordrhein-Westfalen, 2008a, 2008b, 2011). Nevertheless, elemen-
tary school teachers might have a tendency to avoid the provision of instruction on topics of
the hard natural sciences (Appleton, 2007). Thus, it might have been suspected that the cumu-
lative acquisition of knowledge with respect to the topic of evaporation and condensation,
which represents a necessary prerequisite for the assumed relative shift from fluid ability to
prior knowledge as the central predictor of post-instructional achievement, had not occurred
in full effect for the sample of the current study. A quick inspection, however, of students’

average prior knowledge and post-instructional achievement in the different grade levels and
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school types under investigation denied this suspicion.

In resemblance to the findings for the social gradient in post-instructional science
achievement, the current investigations did not uncover a substantial moderation of the rela-
tion between family socio-economic status and topic-specific prior knowledge by grade level
or school type. Here, too, no evidence in favor of a summation of primary and secondary ef-
fects of social origin in the comparison of fourth- and sixth-graders was found. Again, the
restriction of the current analyses to one particular topic, evaporation and condensation, and
the proximity of the students subsamples to the actual transition from elementary to secondary
education appear as plausible explanations for the absence of substantial moderations.

With regard to the mediation by self-concept of ability in science, a general decou-
pling of the associations of students’ self-concept of ability in science with both socio-
economic status and post-instructional science achievement was expected due to the assumed
impact of the big-fish-little-pond effect in the transition to secondary education. However, the
corresponding analyses did not reveal any substantial moderation of the association between
students’ self-concept of ability in science and post-instructional achievement. In other words,
though the students of the current study displayed a typical decline of self-concept of ability
in science in the transition from elementary to secondary education, no evidence in favor of
an accompanying diminishment of the relevance of self-concept of ability for the prediction of
science achievement was uncovered. As noted repeatedly before, the student subsamples of
fourth- and sixth-graders were located relatively closely to the actual transition from elemen-
tary to secondary education.

Finally, with regard to the mediation by individual interest in science, a general ampli-
fication of the relations of students’ individual interest in science with both family socio-
economic status and post-instructional science achievement was hypothesized prior to the
analyses. The analyses revealed no substantial moderations of the two aforementioned rela-
tions. Particularly, no empirical support for an intensification of the association between so-
cial background and individual interest in science due to an assumed accumulation of adverse
effects of socio-economic status on the formation of academic interest in the course of formal
schooling was found. Likewise, the analyses yielded no evidence in favor of a general ampli-
fication of the relevance of individual interest in science as a predictor of post-instructional
science achievement in the transition from elementary to secondary education. Notably, this
absence of systematic moderations for mediational paths involving the motivational propensi-
ty of individual interest was embedded in a background of a typical deterioration of students’

individual interest in science.

158



Nonetheless, some hypotheses with regard to the second layer of the structure of re-
search questions were not, or at least not totally, disconfirmed. The impact of prior knowledge
on post-instructional science achievement not intensifying generally in the transition from
elementary to secondary education, the importance of prior knowledge as a precursor of
achievement tended to be smaller for students from the school type of Hauptschule than for
students from the school type of Grundschule. As the relevance of prior knowledge as a pre-
dictor of science achievement was suspected to increase with students’ level of science com-
petence, this observation concurs with the fact that students from the school type of
Hauptschule displayed the lowest average prior knowledge and post-instructional achieve-
ment of all student groups defined by school type. However, although students from the
school type of Gymnasium possessed the relatively highest average topic-specific prior
knowledge, the relation between prior knowledge and post-instructional science achievement
was not found to amplify within the school type of Gymnasium. Clearly, this finding does not
conform to the conception that the relevance of prior knowledge as a predictor of academic
achievement increases with students’ level of competence and the complexity of the content
to be learned. Indeed, at first glance, it invites the speculation that the science achievement
test did not cover the entire breadth of the content taught in the classrooms of the school type
of Gymnasium. Nevertheless, somewhat contrary to this speculation, there was not the slight-
est sign of a ceiling effect for the post-instructional performance of students from the school
type of Gymnasium in the science achievement test.

Last but not least, a rather comprehensive pattern of empirical support was obtained
for the hypothesized moderations of the social gradient in students’ self-concept of ability in
science. In agreement with a general decoupling of the association between socio-economic
status and self-concept of ability in science in the transition from elementary to secondary
education, an effect of social background on students’ self-concept of ability was disclosed
for the subsample of fourth-graders but not for the subsample of sixth-graders. Furthermore,
there was a statistically non-significant tendency for this dwindling of the relation between
socio-economic status and self-concept of ability in science to be more pronounced within the
school type of Gymnasium than within the school type of Hauptschule. This accords with the
additional assumption that the school type of Gymnasium represents the least ego-protective
learning environment of the school types included in the current study and thus is the most
likely of these school types to hamper top-down effects from general self-concept, which in
turn is associated presumably with socio-economic status, on domain-specific self-concept of

ability in science.
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Strengths and Limitations of the Study

The numerous large-scale assessments of student achievement in Germany of the past
decade have yielded a detailed picture of social disparities in achievement in various academ-
ic domains (e.g., Ehmke & Baumert, 2007; Ehmke & Jude, 2010; Maaz et al., 2009; Walter,
2008). Researchers, policy makers and the public have been surprised by the actual size of
these disparities (GeiBler, 2004). The present study complements and extends previous re-
search by applying research questions generated mainly in the context of the evaluation of
educational systems to an investigation of actual instruction. Moreover, it expands previous
research by including psychological propensities as potential mediators of the relation be-
tween socio-economic status and student achievement for students before and after the critical
transition from elementary to secondary education, with the topic of instruction under investi-
gation held constant across grade levels and school types (see Baumert et al., 2003, for an
exploration of the mediating role of psychological propensities for reading competence in 15-
year-olds). In addition, two methodological characteristics of the present study deserve specif-
ic recognition. First, the relevance of the school type of Hauptschule and the proportion of the
student population enrolled in the school type of Hauptschule varies between the federal states
of Germany (Ditton, 2013). In fact, some federal states have abolished the school type of
Hauptschule or are currently undergoing such a process of abolishment. In the federal state of
North Rhine-Westphalia, in which the current study had been conducted, the school type of
Hauptschule only serves a minority, i.e. about 15%, of the student population, a minority of
comparatively low-achieving students (Autorengruppe Bildungsbericht, 2010). Thus, the
oversampling of students from the school type of Hauptschule in the current study improved
the precision of the estimation of effects for students from the school type of Hauptschule as
compared to the use of a representative sample of students from secondary education. Second,
in studies of social gradients in academic achievement, the occurrence of high proportions of
missing data on socio-economic status for socially underprivileged families poses a serious
threat to the validity of results, especially when parental reports are used to operationalize
students’ social background. The current study dealt with missing data by means of multiple
imputation with a sophisticated imputation model that included variables from external
sources and preserved the multilevel structure of the data.

The choice of a measurement model for a test or a scale is not an unambiguous affair,
yet it may impact the conclusions about the substantial research questions under consideration
(Robitzsch, Dorfler, Pfost, & Artelt, 2011; Rupp & Zumbo, 2003). For the calibration of the

tests and scales of the current study, a straightforward decision in favor of the use of the sim-
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ple Rasch model and its variants was made. This approach ensured a clear mapping of item
content to the measured constructs, i.e. the items of a given test or scale contributed with
equal weight to estimates of person ability or person attitude strength; in case of two-
parameter item response models the contribution of individual items to the estimation of per-
son ability or person attitude strength is determined empirically by the sample under consider-
ation. For the current study, the concurrent calibration of the test and scales was deemed justi-
fiable as all participating students completed the same tests and scales. Within the framework
of the Rasch family of item response models, thorough test and scale analyses were per-
formed. By and large, the corresponding retrieval of estimates of person ability and person
attitude strength appeared acceptable.

Naturally, with respect to the second layer of the structure of research questions, the
present study suffered from the conventional limitations of a cross-sectional field study; it
confounded age and cohort effects (e.g., Hua & David, 2008; Schmiedek & Lindenberger,
2007; Zelinski, Kennison, Watts, & Lewis, 2009). However, as the subsamples of fourth- and
sixth-graders were separated merely by approximately two years in terms of students’ mean
age, it appears very unlikely that a confound of age and cohort effects substantially compro-
mised the results of the present investigations. (Obviously, the plausibility of the occurrence
of confounded effects of age and cohort increases with the age range covered in a cross-
sectional study.) Furthermore, to avoid precipitate hail of longitudinal investigations, note that
longitudinal studies also bear limitations, in the sense that they confound age with epoch ef-
fects; a limitation not displayed by cross-sectional studies. Apart from that, with regard to the
first layer of the structure of research questions, the present analyses relied on a, at least, par-
tially sequential design (cf. Cole & Maxwell, 2003; Mitchell & Maxwell, 2013): The meas-
urement of the potential mediators preceded the assessment of the final criterion, students’
post-instructional science achievement. Though family socio-economic status as the primal
predictor was assessed in temporal vicinity to the measurement of the mediators, it was based
on parental reports, not on students’ accounts. In addition, with some justification, socio-
economic status can be considered a comparatively stable characteristic of families. Thus, the
schedule of data collection of the current study adequately represented the temporal structure
of the causal mechanisms supposed to underlie the investigated mediation.

When students’ topic-specific prior knowledge was statistically controlled, there was
no difference in mean post-instructional science achievement between students from the
school type of Grundschule and students from the school type of Gymnasium (see e.g., Model

5D). In other words, sixth-graders with an average age of 12.16 years from the selective
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school type of Gymnasium did not outstrip fourth-graders with an average of 10.27 years
from the comprehensive school type of Grundschule in terms of their learning gains over the
course of the series of lessons on the topic of evaporation and condensation. (Recall that the
same test instrument was used for the assessment of prior knowledge and for the assessment
of post-instructional science achievement.) This counterintuitive observation may raise doubts
concerning the validity of the use of the science achievement test for students from the school
type of Gymnasium, in particular, and for students from secondary schools, in general. How-
ever, thoughtful consideration of the content of the science achievement test is apt to clarify
the substantiality of these doubts. A large portion of the items of the science achievement test
requested students to endorse correct explanations for phenomena of evaporation and conden-
sation as well as to reject associated misconceptions. Another significant portion of the items
called for the knowledge of simple facts about evaporation and condensation. Only few items
directly assessed knowledge related to the particle model of matter. Thus, in fact, it appears
possible that the science achievement test did not capture the learning progress induced by
instruction in the sixth grade of the school type of Gymnasium in its entirety. It is plausible
that greater learning gains had occurred for students from the school type of Gymnasium than
for students from the school type of Grundschule if instruction in the school type of Gymnasi-
um had really concentrated on explanations for phenomena of evaporation and condensation
and associated misconceptions. Nevertheless, there were no floor or ceiling effects in the as-
sessments with the science achievement test, neither for topic-specific prior knowledge nor
for post-instructional science achievement.

Students’ topic-specific prior knowledge and students’ post-instructional science
achievement were assessed by the repeated use of the same test instrument. Thus, here stu-
dents’ responses presumably shared variance beyond variance attributable to students’
knowledge of the topic of evaporation and condensation, variance pertinent to other features
common to the two assessments, such as, for instance, the response format of items. Moreo-
ver, unavoidably, the scope of the two assessments was identical. On both occasions, topic-
specific knowledge concerning evaporation and condensation was assessed. In contrast, stu-
dents’ motivational propensities were measured in a domain-specific frame, as self-concept of
ability in science and as individual interest in science. By definition, fluid ability was assessed
as a domain-general capability. These differences in scope possibly restricted the potential
overlap in students’ measures on prior knowledge and post-instructional achievement, on the
one hand, and students’ measures on the motivational propensities and fluid ability, on the

other hand. So, in sum, the dominance of prior knowledge as mediator of the relation between
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socio-economic status and science achievement obtained in the present investigations might
be considered an upper bound of the true mediating role of prior knowledge. Presumably, the
use of distinct tests for the assessment of prior knowledge and post-instructional achievement
would have resulted in a more conservative appraisal of the role of prior knowledge as a me-
diator of the relation between socio-economic status and science achievement. Correspond-
ingly, the use of topic-specific measures for assessment of students’ motivational propensities
probably would have engendered a more progressive estimation of the relevance of motiva-
tional propensities as mediators. Of course, given the clear dominance of prior knowledge as
the central predictor of science achievement and as the crucial mediator of the relation be-
tween socio-economic status and achievement, such variations in the scope of instruments
would not have overthrown the general pattern of associations between relevant variables
obtained in the present analyses.

In a very general perspective, to fully understand the contribution and relation of the
results of a study to the empirical knowledge base of a field, it is necessary to recognize what
the implicit and explicit null hypotheses of the analyses of that study were: Is the null hypoth-
esis that instruments function comparably for different student groups, and is thus strong evi-
dence needed to establish differential functioning of instrument across student groups? Or, is
differential functioning of instrument across student groups assumed beforehand, and is thus
strong evidence needed to demonstrate actual uniformity of functioning of instruments across
different student groups? Is the null hypothesis that critical associations between socio-
economic status, cognitive and motivational propensities and science achievement are princi-
pally the same across grade levels and school types, and do we thus need strong evidence for
the actual presence of differences in these associations between grade levels and school types?
Or, are the relations among socio-economic status, individual propensities for successful
learning and post-instructional achievement are assumed beforehand to differ fundamentally
across grade levels and school types, and is thus strong evidence needed to establish the actual
uniformity of relevant relations across grade levels and school types? Certainly, the present
investigations took the approach of first assuming uniformity of functioning of instruments
and uniformity of relations among critical variables across grade levels and school types and
subsequently seeking strong evidence in favor of deviations from this assumed uniformity.
Accordingly, the approach taken in the current analyses was conservative with respect to the
detection of variations of the relations between social background, propensities for learning

and academic achievement by grade level or school type.
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Implications for Practitioners and Policy Makers

In the present study the major portion of the effects of family socio-economic status on
science achievement was mediated by students’ prior knowledge, with students’ fluid ability
and students’ self-concept of ability in science being of minor importance as mediators. This
finding represents a straightforward counterpart to the observation that social disparities in
student achievement increase during summer breaks, i.e. periods without formal schooling
(Alexander et al., 2001, 2007; Becker et al., 2008). So, practitioners are probably right to as-
sume that learning processes at home and students’ prior domain-specific learning history
constitute the main sources for social discrepancies in post-instructional academic achieve-
ment. Moreover, as evidenced in the current investigations by a diminishment of the effect of
prior knowledge on post-instructional science achievement within the school type of
Hauptschule, the contribution of prior knowledge to the prediction of achievement, and thus
its relevance as a mediator of effects of socio-economic status, increases with the complexity
of the content that has to be acquired. However, in the present study there was no relation
between socio-economic status and students’ individual interest in science, and thus interest in
science was not a mediator of the association between social background and post-
instructional achievement. In face of findings of teachers’ negative views about the prospects
of students of low socio-economic status (Diamond et al., 2004; McLoyd, 1998), for practi-
tioners this certainly is an admonition to recognize socially disadvantaged children’s interest
in and enthusiasm for learning as an important resource for their potential future development.
Apparently, at least for the age group investigated in the present study, late childhood and
early adolescence, students of low socio-economic status do not lack interest in and positive
emotions towards learning science. They rather fall short from their more affluent peers in
terms of fluid ability, prior knowledge and, in consequence, self-confidence in their own abili-
ties. In other words, put as a criticism of practices of teaching, contemporary science instruc-
tion is presumably not tailored well to the specific needs of underprivileged children given
their restricted cognitive abilities and prior knowledge.

The present investigations also have implications for policy makers aiming at a reduc-
tion of social disparities in academic achievement. Recall that students’ prior knowledge was
found to be the central mediator of the relation between family socio-economic status and
post-instructional science achievement. As learning in formal settings generates prior
knowledge for subsequent instruction, this finding, in conjunction with evidence in favor of
the equalizing power of formal education (Alexander et al., 2001, 2007; Becker et al., 2008;

Caro & Lehmann, 2009), certainly advocates preschool education programs and the extension
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of schooling hours as possible pathways to a diminishment of social inequalities in academic
achievement (Anders, 2013; Bellin & Tamke, 2010; Expertenrat Herkunft und
Bildungserfolg, 2011; Holtappels, Radisch, Rollett, & Kowoll, 2010). With respect to actual
instruction in classrooms, teacher education and teacher professional development need to
introduce candidate and in-service teachers to instructional strategies for addressing disparate
levels of prior knowledge in order to enable them to deliver instruction that counteracts the
widening or proliferation of social inequalities in academic achievement.

The aforementioned recommendations for practitioners and policy makers are formu-
lated with a focus and positive outlook on schooling as an agent for changes in social discrep-
ancies in academic achievement. However, as outlined in the theoretical background for the
current analyses, social disparities in children’s health and home environments constitute a
ubiquitous phenomenon of contemporary western societies (Bradley & Corwyn, 2002; Evans,
2004; McLoyd, 1998). Apparently, theses societies find it acceptable that children’s physical
and psychosocial environments vary considerably with parental inheritance and occupational
success. So, in face of the omnipresence of social inequalities in western societies, it is justi-
fied also to ask how reasonable it is to expect formal schooling to eradicate social disparities

in academic achievement.

Directions for Future Research

Within the current state of knowledge about the role of formal schooling in the genesis
of social disparities in academic achievement there appears to be discrepancy between the
results and implications of quantitative studies on the one hand and the results and implica-
tions of qualitative studies on the other hand. In agreement with the findings of the present
analyses, quantitative studies have tended to identify formal schooling as an equalizer of so-
cial disparities, e.g. in research on the effects of the summer break on academic achievement
(Alexander et al., 2001, 2007; Becker et al., 2008; Downey et al., 2004). On the contrary,
primarily qualitative studies often have found that teachers may hold adverse views of stu-
dents of disadvantaged socio-economic status and may have low expectations for their aca-
demic success (Diamond et al., 2004; Helsper et al., 2009). These findings suggest that teach-
ers and formal schooling actually increase social disparities in academic achievement (Tate,
1995; McLoyd, 1998). In this context, the impact of students’ social background — beyond
actual academic ability — on teachers’ recommendations for the choice of school type in sec-
ondary education represents a contribution of teachers and formal schooling to the generation

of social discrepancies in student achievement identified by quantitative research (Maaz &
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Nagy, 2009; Wagner, Helmke, & Schrader, 2009). Surely, the reconciliation of this, at first
glance, contradictory conclusions about the role of formal schooling in the emergence of so-
cial disparities in academic achievement is a worthwhile endeavor for future research. Are
teachers’ attitudes towards and expectations for students of low socio-economic status identi-
fied in qualitative studies merely superficial characteristics of formal schooling without any
substantial consequences for the formation of social discrepancies in student achievement?
Has the equalizing power of formal schooling the potential to increase when teachers’ nega-
tive views about and expectations for students of low socio-economic status are alleviated?
The investigation of multilevel differential item functioning for extant data sets of
large-scale assessments of student achievement can be utilized to further substantiate the
claim that formal schooling acts as a great equalizer of competence (or to detect that formal
schooling spurs the development of social inequalities in academic achievement): For data
sets with intact classrooms the estimation of multilevel differential item functioning uncovers
for which items student performance varies substantially between classrooms. Thus, multi-
level differential item functioning can be consulted to distinguish items that are particularly
sensitive to competence development triggered by instruction from items that measure
knowledge acquisition attributable primarily to non-school processes, for instance, learning at
home (Muthén, Kao, & Burstein, 1991; Robitzsch, 2009). Obviously, a positive interaction
between the student characteristic of social background and the item characteristic of multi-
level differential item functioning in the prediction of student performance in an explanatory
item response model would indicate an actual reduction of social disparities in academic
achievement by formal instruction. In correspondence to this, a negative interaction between
students’ socio-economic status and the multilevel differential item functioning of items in
such an analysis would detect an amplification of social discrepancies by formal instruction
(De Boeck & Wilson, 2004; Wilson, De Boeck, & Carstensen, 2008). Possibly, data sets of
assessments of student achievement that have aimed for curricular validity are particularly apt
for the investigation of this interaction between student and item characteristics (Bonsen,

Lintorf, Bos, & Frey, 2008; Wendt, Tarelli, Bos, Frey, & Vennemann, 2012).
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