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Abstract

Student sé Achievement Motivation Du
Development, Correlates, and Effects of Ability Grouping

Abstract

Theoretical and empirical research assumes a negative development of student
achievement motivationver the course of theischoolcareers (i.e., medevel declinesof
achievement motivation). However, the exact magnitudeisitbtivational change remains
elusive and it is unclear whether different motivational constructs show similar develapment
trends. Furthermore, it isnknown whether motivational declines are related to a particular
school stage (i.e., elementary, middde,high school) or the school transitioand which
additional changesire associatedvith motivational decreases (e.g., changes in student
achievemat). Finally, previous researdhmas remainednconsistentregardingthe question
whether ability grouping of students helps prevent motivational declines or results in additional
motivational Acostso for students.

This dissertation presents three artidlest were designed to address these research
guestions. In Article 1, a metmalysis based on 107 independent longitudinal studies
investigated student medevel changes in sesteem, academic sabncept, academic self
efficacy, intrinsic motivation and achievement goafsom first to 13" grade. Article 2
comprised two longitudinal studigsth German adolescen{Study:n = 745studentsassessed
in four waves in grades- B Study 2:n = 1420 students assessed in four waves in gra@gs 5
Both lorgitudinal studies investigated the separate and the joint development of achievement
goals, interest, and achievement in math. In Article 3, a longitudinal stad96 highability
studentsassessed in four waves in gradeg) Snvestigated the effectsf full-time ability
grouping on student development of academicamiicept and achievement in math.

The metaanalysis revealed significant decreases in math and langeagemic self
concept, intrinsic motivationand mastery and performanapproach gals, whereas no
significant changes igelfesteemgeneralacademic sel€oncept, academic sedfficacy,and
performanceavoidance goals were found. Interestingly, motivational declines were not related
to school stage or school transition. In Articl@l@creases in interest and mastery, performance
approach, and performanegoidance goals were indicated by both longitudinal studies.
Developmenbf mastery and performanapproach goals was positively related or unrelated
to developmentn interest andichievementwhereasdevelopmenbdf performanceavoidance
goals was negatively related or unrelatedegelopmentf interest and achievemerkinally,
the longitudinal study in Article 3 revealed no significant change in student academic self

concept inmath over time. Ability grouping showed no positive or negative effects on student
Il
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academic seltoncept. However, highbility students that were grouped together

demonstrated greater gains in their achievement tharalbigty students in regular cless
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Chapter 1. Introduction

Chapter 1. Introduction

Working as a lecturer at Trier University and holding coursestetligence | often
noticed a deep frustration in some of my students when they realized that general intelligence
is the best predictor aichool grades. As it turned out, these students assumed that effort,
persistence, and something that they catedivation- concepts these studertnsidered
malleabled et er mi ne school achievement and not nf
intelligence. At first glance, their assumptions seemed to be seriously questioned by the
empirical fact that intelligence is the best predictor of school grades. However, just as it is
true that metanalytic findings suggest a high correlation between intellgsoores and
school gradeg € .54 Roth et al., 2015), these findings do not contradict the assumption that,
to some extent, school achievement is also determined by effort, persistence, and motivation.

In my courses, | noticed that this frustration quidtiyappeared when studengslized that

even with a high correlation o .54, 69% of school grades variance remains unexplained by
intelligence. That is, the portion of school grades variance that is not explained by intelligence
is considerably larger than the portion thatndact, empirical research has shown that
motivational constructs are able to explain school grades beyond intelligence (Steinmayr &
Spinath, 2009). Finally, a smaller correlation between motivational factors and grades in
comparison to intelligence andagles just means that, on average, differences in motivation
are less predictive of grades than differences in intelligence. This does not rule out the
possibility that motivation plays an even larger role than intelligenparticular cases. For
example it is possible that at the end of my course, a highly intelligent student purposely
decides to submit a blank sheet instead of the course work to demonstrate that sometimes
motivation can influence 100 percent of the (academic achievement) outcome.

Recanizing the power of motivation for school achievement and assuming that
motivation is more variable than intelligenc
motivation is treated responsibly. Regarding intelligence, it is well known that each additional
school year b e@eeifl9ol; Ritclhiet &TdckeDdrobs2017)IHQwever the
same cannotbgaida bout t he devel opment of Onthedent sdé s
contrary theoretical approaches and longitudinal research suggest a dedineund e nt s 0
achievemenmotivationover the course dheir school caresi(Eccles, et al., 199%ottfried,

Fleming, & Gottfried, 2011; Wigfield & Wagner, 2005 hus,frustraton about findingon

student motivation should lvelated tahe fact that studds lose motivatiover the course
1



Chapterl. Introduction

of their school caresiand notto the fact that motivation is less predictivkachievement
than intelligence.

The motivational decline is often explaineddigigeenvironment fit theoryEccles et
al., 1993) according o whi ch, a mi smatch between adol esc
opportunities afforded by the school environment fostelscline in student achievement
motivation. However, precise statements about the magnitude of the decline and whether this
changas more pronounced at certain grade levels (e.g., in adolescence after middle school
transition) remain elusiveas no metanalysis has examined motivational development
during the school caretw date Furthermore, itemainsunknown, whether different
motivational construstshow the same or different developmental trends. This is because
different predictions regarding different constructs can be derived from previous theoretical
and empirical research. For exlg,mapdue, regardi
predictions can be assumed in accordance with-siageonment fit theory. It has been
assumed that the myriad of changes and challenges faced by adolescents during the adolescent
period lead to a shift from mastery goal pursuit to performgoeépursuit (Anderman &

Midgley, 1997; Eccles et al., 1993; Nicholls, 1989). However, one alternative is that the
stageenvironment fit mismatch results in a decreased commitment to competence per se, so
that not only mastery goal pursuit, but also penianceapproach and performanegoidance

goal pursuit decrease (Paulick, Waterman, & Nuckles, 2013). Furthermore, it remains unclear
which factors contribute to motivational decline and whether this decline is related to declines
in additional constructsuch as school achievement.

Student grouping and | esson adjustment ac
valid method to reduce the mismatch between
with stageenvironment fit theory. However, ihe literature, no consensus has been reached
regarding the utility of ability grouping for the development of student achievement
motivation and achievement (Dai, 2004; Mash et al., 2008; Seaton, Marsh, & Craven, 2009).

The remaining open research questioegarding student motivational development

can be summarized as follows:

1. How does student achievement motivation develop during the school career?
2. What are the correlates of achievement motivation development?
2a. Which variables predict achesment motivation development?
2b. Which changes are associated with changes in achievement motivation?

3. How does ability grouping affect student motivational development?
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This dissertation comprises three articles that address these research qUédstions.

first article consists of a metmalysis of longitudinal studies investigating student

development on various motivational constructs. The second article presents two longitudinal

studies investigating the (joint) development of achievement gotdsest, and achievement

in German students. The third article consists a new longitudinal study investigating whether

grouping highability students into special classes is related to their development of

achievement motivation and achievement. Table icteewhich research questions were

addressed by which article and displays which particular motivational constructs were

investigated respectively.

Table 1.O0verview of Research Questions and Motivational Constructs Investigate@ by th

Reported Articles

Articles  Investigated Research question 1: Research question 2: Research question 3:
motivational How doesstudent What are the correlates of  How does attity
constructs achievement achievement motivation grouping affect studen

motivation develop development? motivational
during the school developmer
career?

a.Which b. Which

variables changesre

predict associated

achievement with

motivation changsin

development? achievement

motivation?

Article 1 -Selfesteem
-Academic V V
self-concept
-Self-efficacy
-Intrinsic
motivation
-Mastery
goals
-PAP goals
-PAV goals

Article 2 -Interest
-Mastery V V V
goals
-PAP goals
-PAV goals

Article 3  -Academic

V

self-concept

V

Note.PAP = Performaneapproach. PAV = Performaneoidance.
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Chapter 2. Theoretical Background

2.1 Why do Students Learn? Theories of Achievement Motivation

Before investigating studentsd motivation
careers, it is necessary to define what is meant by the term achievement moti\&tticients
providea wealth of different answers when asked why they learn for school (Buff, 2001,
Urhahne, 2008). Studerlarn, because school grades are important, betasgant to
master the materidhecause of an extrinsic rewalscause it is fun, because their parents
want them to learn, because they want to be one of the lbsirolass, because they do not
want to embarrass themselves in front of others,usecthey want to avoid a punishment,
because they think that they are good in school, and because they expect to succeed. In short,
students learn for school because they are motivated.

The term Amotivationo is der i veanditof rom t he
moved. Thus, motivation is what gets us to moReidolph 2009). A student without
motivation does not move and does not leklore precisely, motivation is a psychological
process that initiates, organizes, sustains, controls, and evaluatesgbulrpctions of
individuals Grassinger, Dickhauser, & Dresel, 20.1Bhis process cannot be directly
observed, but indirectly estimated by various indicators, such as previous behavior or self
reports. Althouglvariousreasons for learning can be sumined under the term
(achievement) motivation (Murphy, & Alexander, 200)s does not mean thiaie reasons
have the same origin, nor that they work in the same way or even the same direction. In fact,
various combinations of different reasons and itéyas between these reasons are possible.
For example, intrinsically oriented students learn because they enjoy the learning process,
whereas extrinsically oriented students learn because they expect positive consequences.
Interestingly, extrinsic rewardsright undermine the free choice and intrinsic enjoyment of
doing a task (Deci, 1971; Deci, Koestner, & Ryan, 1999)

From antique times until today, researchers have developed various distinct (but
sometimes overlapping) theories to describe, explaingtsire, quantify, and predict

motivational processes and their outcomes in humans (and animals). Long before modern

I Note that in Article 1 the termompetence motivatiois used instead of the terathievement motivation
following the arguments dlliot, Dweck, and Yeager (2017, p. &)cording to which the terocompetenceffers
amore precise definition of motivation than the texanievement

2 Some researchers doubt the universality of the undermining effect of extrinsic rewards on intrinsic motivation
(e.g., Cameron & Perce, 1994, Eisenberger & Cameron, 1996; Lepper & Hegd2060).

4



Chapter 2. Theoretical Background

psychologythe Greek philosopher Epicurus developed the hedonistic school, which has been
labeledasone of the first motivation theori¢Rudolph 2009) . According to
all actions can be explained by two expected conditions for oneself: the pleasure that one
wants to maximize and the displeasure or pain that one wants to minimize. Most of the
reasons why students learn céneady be roughly categorized in terms of the hedonistic

school. For example, enjoying the learning process, the desmaster the materiaio be

one of the best itheclass or to achieve an extrinsic reward, can all be classified into the
pleasure ondition. The desire to avoid either an embarrassmdmnt of othersor a

punishment can be classified into the displeasure condition. Furthermore, Epicurus already
distinguished between physiological and mental pleasure condiRow®iph 2009), wheh

allow a further distinction between the reasons why students learn. An extrinsic reward is
rather attributable to the physiological pleasure condition, whereas enjoying the learning
process is truly a mental pleasure condition. Obviously, the motightieasons why students
learn show further distinctionbdt cannot beatisfactorilydifferentiated by the hedonistic

school. For example, according to the hedonistic school, intrinsic interest in doing a task and
the desire to master a task would bertkdias a mental pleasure, respectively. However,

these reasons can be further distinguished at both the theoretical and empiri¢gcieles| &
Wigfield, 2002;Hulleman, Durik, Schweiger& Harackiewicz, 2008Korn & Elliot, 2019.

In fact, several moda achievement motivation theories are required to sufficiently describe
and allocate the reasons why students learn.

Modern achievement motivation theories focus on intentional and conscious
motivational processes and suggest motivational constructegrasent the different reasons
why students learn (Grassinger, Dickh&user, & Dresel, 2019). For example, in achievement
goal theory, the performaneoidance goal is a construct that represents the desire to avoid
embarrassment in front of others (Ell& Hulleman, 2017). In the present research, several
motivational constructs were investigated: ssifeem, academic sebncept, academic self
efficacy, intrinsic motivation, interest, and achievement goals (mastery, performance
approach, and performesavoidance goalsBelf-esteem reflects the overaltitude toward
oneds self (Rosenberg, School er, Sanbepte nb ac h,
referstoaseleval uati on of oneds ability in gener al
& Craven, 1997; Marsh & Shavelson, 1985; Shavelson et al., 1976). Acadengffisalfy
refers to beliefs abowunées future performance on a specific task and the glidiregulate
0 n eo@rslearning activities and to master the task (Bandura, 1993; Bariglarbaranelli,
Caprara, & Pastorelli, 1996; Pajares, 1996). Note thatfiethicy and seltoncept show
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greatsimilarity, as both constructs refer to perabcompetene beliefs(Wigfield & Eccles,
2002). However, they can be distinguished at botlhberetical (Bong & Skaalvik, 2003)

and the empirical level (Ferla, Valcke, & Cai, 2009; Scherer, 2013). Intrinsic motivation is a
nondrive-based motivational propensity for behavior thagstwt require reinforcement for

its maintenance (Deci & Ryan985). Interest is characterized by an appreciaifdhe target

(of interest), autonognregardingnteraction with the target, and positive emotions durieg th
interadion (Schiefele, 1996). Intnsic motivation and interest show strong conceptual
similarities, as both constructs refer to enjoyment during engagewitdna taskand are often
used interchangeably in the literee (e.g., Rawtkorne & Elliot, 1999; Baranik et al., 2010).
Thus, dfferences betweemtrinsic motivation and interestre not futher distinguisheah the
mainarticlesof this dissertatioh Finally, achievement goals are the purpose for engaging in a
competenceelevant behavior (Elliot & Hulleman, 2017). Table 1 depicts which exact
constructs were investigated in which of theortgd articles (see Chapter 1).

Although various theorists have made an effort to integrate motivational constructs
from other theories into their own frameworks (e.g. Eccles & Wigdfield, 2@0)e is still no
undisputed theory that is able to integraiteof the mentioned motivational constructs in a
consistentvay (Spinath, 2008). Athe investigated constructs are central constructs within
the structural model of setioncept, the achievement goals theory, the expectzaiag
theory, and the setleermination theory, a summaof these theories @ovided in the
following. In addition, theconstructself-esteems introducedas seHesteem was also
investigated in the present reseafdbte that selesteem is related to motivatidsutis not a
measure oimotivation itself. Finally, the volitiomodel of action phasgHeckhausen &
Heckhausen, 2006) is introduced and the investigated constructs are allocated in accordance
with Urhahneés (2008) attempt t altheoritcsegr at e ¢
within the volitionmodel of action phase
2.1.1. Structural Model of Self-Concept

In educational researcbtudent academgeli-conceptis one of the mdsnvestigated
predictor variablsof achievement outcomes.{.,Guay, Marsh, & Boivin2003;Huang,

2010 . I n d iel-dorteptefers  the perceptions and beliefs about oneself in general

=]

(e.g., Al am aorteeperceptionsof a@ds paehraspecificgneal e . g . ,
amgoodamat h o ; ,1988;8havklson, Huler, & Stanton, 1976)The sekconcept

3 Some researchers have discussed a further differentiation behtréesic motivationandintereston the
theoretical (Renninger, 2000) and empirical level (Reeve, 1988 thatintrinsic motivationandinterestare
subsumed under the teintrinsic motivationin Article 1 and under ternmterestin Article 2.

6
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allows individuals to categorize a vast amount of information about themselves and to
evaluate this information with regard to others individuals and other perceptions of oneself
(Shavelson, Hubner, & Stanton, 197&ccording to structural model of setbncept (e.g.,
Marsh 1990), seHconcept is multifaceted and hierarchical, with the generatseltept at

the apex of the model and specific smhcepts, such as the academic-seffceptat a
subordinate levsl In the literature, a positive academic sadhcept is posited as a desirable
outcome that ipositivelyassociated witlstudent effort (e.g., Skaalvik & Rankin, 1995),
cognitive strategy use and sedfgulation (Pintrich & De Groot, 1990), mastery acbiment
goals (Bong, 2001; Roeser, Midgley, & Urdd896), intrinsic motivatiorfGottfried, 1990)

and achievementfuang, 201}

Accordingtothe nt er nal / external frame of referen
self-concepts are formed by internal andegnal comparison processes. Internal comparison
processegdimensional comparisons)e f er t o t he ¢ o m@aliffereston of on
domains (e.g@ n e 6 s inanath Veisusyn e 6 s indhle Germart Ignguage). Internal
comparison processes uéisSn selfconcept decreases the worsdomain and sel€toncept
increase®n the best domain (Méller & Marsh, 2018xternal comparison processes (social
comparisons) referto h e ¢ o mp a r absitp am one Homaimith Gtreesdabilities on
thesamedomait e. g., oneds ability in math versus t
Dependent on the ability of the social reference group of one doexa@mnal comparison
processescanncr ease or de econeeptorthesame dognaim wn s el f
2.12. Achievement Goal Theory.

Achievemengoal theoryis a further prominerdapproach to explaihow students
think, feel, and behave in school settingscording to this theory, achievement goals are
competenceelevant purposes for engaging in behavigliot & Hulleman, 2017).

Depending on the underlying achievement goal model, a different number of achievement
goalsare postulatedn the initial model of achievement goals, a dichotomous differentiation
between mastery and performance goals was pedpbdsastery goals focus on the

development of task competence, whereas performance goals focus on the demonstration of
competence relative to others (Dweck, 1986; Nicholls, 1984). In the trichotomous model,
performance goals were additionally split intafpenanceapproach and performance

avoidance goals. Performarapproach goals focus on trying to demonstrate a higher level of
competence relative to others, while performaaeeidance goals focus on trying to avoid
demonstrating incompetence relativeotbers (Elliot & Harackiewicz, 1996; Middleton &

Midgley, 1997). Furthermore, the 2 x 2 model split mastery goals into magiprgach and
7
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masteryavoidance goals in addition to the maintained differentiation of performance

approach and performanesoidance goals. Mastefgpproach goals focus on trying to

approach intrapersonal or tals&sed competence, whereas maséengidance goals focus on

trying to avoid intrapersonal or taslased incompetence (Elliot, 1999; Pintrich, 2000a).

Finally, based on thgpecific standard of evaluatiomasteryapproach and mastery

avoidance goals were additionally divided into intrapersonal anebtesgd goals in the 3 x 2

model (Elliot, Murayama, & Pekrun, 2011). Intrapersonal mastery goals (approach or

avoidance) focusn intrapersonal competence and refer to the self as the standard of
evaluation (Al want t-lbased mastbredodlsqapprdacharmn bef or e
avoidance) focus on tadglased competence and refer to an absolute criterion as the standard
ofevabati on (Al want to be as good as possi bl e
achievement goal models do not make previous models obsolete and that usually just a subset

of specific achievement goals is investigated at once (Elliot & Hulleman, 201tR)s|

dissertation, only achievement goals from the trichotomous model were investigated (i.e.,
mastery, performaneapproach, and performanregoidance goals). These are the most

studied goals in the literature and the most relevant goals to studemtstadige groups

(Elliot, 2005).

According to achievement goal theory, mastery goals are posited to be the most
beneficial and performanee/oidance goals are posited to be the most detrimental of the three
goal s f or st u-tkclevantgracessegdouteomnes nferfotmanapproach
goals are posited to fall between mastery and perforrrermidance goals and to show some
positive and some negative outcomes (Elliot & Hulleman, 2010). Concerning the motivational
constructs that were investigated e fpresent research, achievement goals are posited to be
subsequent to perceived competence (e.g., academansekipt and sekfficacy) and
antecedent to interest and intrinsic motivation (Elliot & Hulleman, 2010). A high level of
perceived competencg posited to predict high mastery and performance approach goals and
a low level of perceived competence is posited to predict high perforrasnmance goals
(e.g., Baranik et al., 2010). In turn, high mastery and perforrrapeach goals are posited
to predict a high level of interest and high intrinsic motivation, whereas high performance
avoidance goals are assumed to predict a low level of interest and low intrinsic motivation
(Elliot & Hulleman, 2017, Hulleman et al., 2010; Korn & Elliot, 201l&)addition, implicit
assumptions about the changeability of intelligence (i.e., incremental thesys\entity

4 An earlierhypothesighat perceived competence is a moderator of achievement goalsmaisedmnostly
unsupported by empirical research (Hong et al., 1999; Kaplan & Midgley, 1997)
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theory; Cury, Da Fonseca, Rufo, & Sarrazin, 2081#) achievement motives (e.g., need for
achievement, fear of failur&lliot & Church, 1997 are posited to predict achievement goals.
Moreover, basic human needs for competence, autonomy, and relatedness, as proposed by
selfdetermination theory (Deci & Ryan, 1985), halso shown to predict (mastery)
achievement goals mgrowing number of sidies €.g.,Lazarides & Raufelder, 2017; Ruzek

& Schenke, 2018).

2.1.3 SelfEsteem.

Self-esteem, defined dke positive evaluations of osef as a totality, is a
fundamental and core human motive (Rosenberg et al., 1995; Rosenberg, Schooler, &
Schoeach, 1989)Highselfe st eem i s a favorable gl obal eva
competence and accomplished achievements in subjectively importaniLaneaelfesteem
implies a dissatisiction withoneself as a person amith previous achievements (Harter,
1990a). Different principles such as reflected apptasocial comparison, and self
attributions contribute to the formatioh self-esteem (Rosenberg, Schooler, & Schoenbach,
1989). In the hierarchical Shavelseinal.model of seHconcept, selesteen is defined as the
most general level of setfoncept (Shavelson, Hubner, & Sttam 1976). Selesteem shows
positive correlations with job satisfaction and job performance (Judge & Bono, 2001), social
relationships (Hendrick, Hendrick, & Adler, 1988; e & Asendorpf, 2001), and subjective
well-being (DeNeve & Cooper, 1998) and negative correlations with depression (Sowislo, &
Orth, 2013) and health problems (O6Connor &
1998). Furthermore, small positive relaitsobetween selisteem and school achievement
have beemeported in the literature (e.g., Bowles, 1999; Davies & Brember, 1999; Hansford
& Hattie, 1982).

2.14. ExpectancyValue Theory.

According to expectaneyalue theory (Eccles et al., 1983; Wigfield&cles, 2002),
student performance, choice, and persistence are most directly predicted by their expectancy
of success and the subjective value they attach to success. In tuspdeasic beliefs such as
perceptions of difficulty and assumptions oftcae assumed to influence personal
expectancies and values. Expectancies of suc
will master an upcoming task. These expectancies focus on personal competence beliefs and
encompass individual competence ifiestent areas (Wigfield & Eccles, 2002). The
individual value of a task comprises four components: intrinsic value, attainment value, utility
value, and cost. Intrinsic value is the enjoyment gained from performing the task for its own

sake. Attainment Jae is the personal importance of being good at the task. Utility value is

9
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the usefulness of performing the task for further goals. Costs are all negative aspects that are
associated with doing the task. l odi vi dual so
performance variables, whereas individual sbo
such as choice, effort, and persistence (Trautwein & Mdller, 2016; Wigfield & Eccles, 2002).
Furthermore, research suggests a positive interaction of expectaheglae (Nagengast et

al. 2011; Trautwein et al., 2012). That is, the effect of expectancy on performance is

additionally enhanced by a positive value.

In the literaturethe constructs of expectancy and value have been operationalized in
various ways. dlleman, Barron, Kosovich, and Lazowski (2016) suggested a framework to
allocate motivational constructs as either expectancy or value beliefs. In the pgssanth
four of the investigated motivational constructs can be allocated to either expemtaabye
beliefs in accordance with Hulleman or colleagues (204&)ording to Hulleman and
colleagues (2016ncademic sel€oncept and academic selfficacy are expectaneaglated
constructs, whereas intrinsic motivation and academic interest arelegarhpaluerelated
constructs (i.e., intrinsic value).

2.15. SelfDetermination Theory.

Self-determination theory is an approach that examines the conditions that elicit and
sustain intrinsic and extrinsic motivatioDdci & Ryan, 1985Ryan & Deci, 200). Thus, in
contrast teexpectancyalue theory, selfletermination theory focuses on the appearance of
motivation rather than its outcomes. According to-deliermination theory, the general and
initial goal of individualdgs selfdetermination, whicltan be derived from psychological
needs for competence, autonomy, and relatedness. The need for competence is defined as the
desire to be effective when dealing with the environnfeositive feedback tends to satisfy
and negative feedback tendstoundermi peopl eds need for compete
autonomy i s the desiPReapletemndtodnterpitetrextrinsicoaewads,s 0 wn
directives, and deadlines as an external control of their behavior that undermine their need for
autonomy, whilemakng oneds own deci si dainestionsaredthlinepport u
with this need (Deci & Ryan, 2010). The need for relatedness is the desire to be connected
with and caring for others. This need is wund
others.

10
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According to seHdetermination theory, there are two basic types of motivation:
intrinsic and extrinsic motivatidnin contrast to intrinsic motivation, extrinsic motivation
refers to the drive of activities in order to attain some separable anetrinsic outcome
(Ryan & Deci, 2000). According to satietermination theoryntrinsic motivation for doing a
task is enhanced when the psychological needs for competence, autonomy, and relatedness
are satisfied. Thus, a challenging and novel tagkctin be solveéfficiently, freedom of task
selection and during the work process, and a connective social environment, where the
individuals care for each other, will promote optimal intrinsic motivation for a task.
Regarding the enhancement of extrimsiativation, it is obvious that extrinsic rewards can
stand in conflict with the need for autonomy. This has been impressively demonstrated by the
so-called undermining effect of extrinsic rewards. The undermining effect means that
extrinsic rewards for amtrinsic driven activity will foster extrinsic motivation, but
undermine the enjoyment of doing the task (Deci, Koestner, Ryan, 1999). Thus, in contrast to
intrinsic motivation, extrinsic motivation is not so much determined by the need for autonomy
(Deciand Ryan, 2000H On the other hand, satisfaction of the needs for competence and
autonomy is proposed to foster extrinsic motivation (Deci and Ryan, 2000b). For example,
those students who feel themselves respected and cared for by a teacher akelntoe li
accept extrinsic demands stated by this teacher. Similarly, adopting an extrinsic goal requires
that one assumes to b#icaciouswith respetto it (Deci and Ryan, 2000b).
2.1.6 Volition Model of Action Phases.

According to thevolition model d action phases (Heckhausen, & Heckhausen, 2006;
2018),i ndi v maotivated axtions are directed by factors ofieesonand thesituation
by the interaction of th@ersonand thesituation and by the anticipateslitcomeof theaction
and itsconseqgences The basic model of action phases is depiotdegurel. All
motivational influences that reside within the person are definpdraen factorsPerson
factorscan consist of universal behavior tendencies and basic needs as well as dispositions
that vary between persons such as implicit motives, explicit motives, personal goals, and
personality. In empirical research, individual dispositions are typically used to explain
individual differences in behavior. However, accordingleckhausemand Hecklusen

(2018), by only considering the personal factors, one would divide the world in thieves and

5 Extrinsic motivation is additionally split into extrinsic motivation based on external, introjected, identified, and
integrated regulation. Furthexmotivationcan be suggested as a third category of motivation (Ryan & Deci,
2000a; 2000b).

6 Of note, inegrated extrinsic motivation is more strongly dependent on the need for autonomy than externally
regulated extrinsic motivation.
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nortthieves, whereas, in reality, it is also the opportunity that makes aShigdtion factors
are defined as opportunities and possible incent@isaionsdiffer regarding the level of
situationoutcomeexpectanciesgction-outcomeexpectancies, amitcomeconsequences
expectancies. Highituationoutcomeaxpectancy means thasauationautomatically leads

to anoutcome For example, in a class wieegach student gets an A+ regardless of student
achievement, the students would assume aditghtionoutcomezxpectancy. Thus, this
situationprovides no incentive to act. In contrast, in classes where the gragesraely
det er mi ned fortystudents woeldhasssirde higttion-outcomeexpectancies.
This situation provides incentives to act, particularly in cases where good grades are favorable
for aimedoutcomesuch as praise from parendgtionsandoutcomesan contain intrinsic
incentves such as enjoyment of doing a task thatackthtionally motivate individuals.
Consequencesan contain extrinsic incentives that can be derived from the result of the
actionand theoutcomgle.g., a welpaid job as a consequence of student effortgard
grades in school). Finally, thieteraction of thgersonand thesituationmeans that based on
personfactorsthat vary between persons, the saieationsare interpreted differently.
Therefore, different persons will anticipate different incesgiand show a different level

motivation for actions, even in similar situatiohte¢khausen, & Heckhausez()18).

2. Situation

.................

.................

3. Person x situation
interaction

._
o
(1]
P
]
h 4

i Long-term goals

Self-evaluation

b : ! Situation-action i
: i expectancies

6. Canseguences

outcome-
consequences :
expectancies :

...............................................

4. Action

5. Qutcome { Action-outcome expectancies |

Figure 1. Thevolition model of action phasébleckhausen, & Heckhause2006;2018.
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2.1.7. An Integral Framework Based onthe Volition Model of Action Phases.

Based orthe volitionmodel of action phasgBrhahne (2008) developed a framework
to integrate several existing theories of achievement motivation (i.e., expeetdneytheory:
Eccles et al., 1983%elt-determination theoryDeci & Ryan, 1985 achievement goal theory:
Dweck, 1986; achievement motive thedicClelland, Atkinson, Clark, & Lowell, 1953
attribution theory; Kelley, 1967; social motivation theory: Baumeister & Leary, 1995) and
motivational constructs consideredby¢é¢ se t heor i es. I n the foll ow
and his considerations of expectaivayue, seHdetermination, and achievement goals
theories are discussed. His considerations adchievement motive, attribution, and social
motivation theories aneot presented in the following, because motivational constructs from
these theories were not investigated in this dissertation. Finally, a suggestion is made on how
selfesteem and academic setfncept could additionally be integrated into this framework

and critiques from Spinath (2008) are presented.

2. Situation

Needs for i Self-esteem
i competence,
i autonomy,

i and relatedness

1. P | 3 .Person x situation
- rersen k interaction

i { Academic self-concept

h 4

¢ Person-outcome Person-action
i expectancies i expectancies

i Utility value ECosts H
ty i.e, self-efficacy §

DExtrinsic  § | 7.CoNsequences e i Performance goals | 4. Goal formation
{ Motivation } £ J O |

A

Mastery goals
i Outcome-
i consequences :
: expectancies

¥

] { Intrinsic motivation/
5. Action i intrinsic value/
i task Interest

6. Outcome

| ptainment valoe
Figure 2 The volition model of action phasess anintegrative framework for motivation
aspects fromexpectancyalue, seHldetermination, achievement goals, and -sstEem

theories. Performance goalsomprise performaneapproach and performanegoidance
goals.

In accordance to the volitiamodel of action phasgbirhahne (2008) assumed that

motivated actions are directed pgrson factorssituation factorsthe interaction of the
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person and the siaion, and by anticipatedutcome®f theactionsand theirconsequences
In addition, Urhahne suggestgdals formatioras a further phase that comes after the
interaction of the person and the situat@md before thaction In contrast to Heckhausen
ard Heckhausen (2018), Urhahne ordered the phases as a repetitive cycle to demonstrate that
consequencedf actionscan, in turn, affegbersonandsituation factors The modified
volition model of action phases is depicted in Figure 2

Concerning the expemtcies from expectaneyalue theory and in accordance with the
original model of action phasgbrhahne theorized that individuals asswuangon-outcome
andoutcomeconsequencesxpectancies. In addition, Urhahne suggested that individuals
assume, whetherh ey can perform an action by themsel
able to |l earn vocabulary one hour a day. o0) .
to achieve an outcome (e.g., Al am tabd). to a
Thesepersonactionandpersonoutcomeexpectancies show great similarities to the construct
of seltefficacy that is investigated in this dissertation. Concerning the values from
expectancyvalue theory, Urhahne theorized that #ttion phases camvolve an intrinsic
value, theoutcomecan involve attainment value and ttensequencesan involve utility
value and costs for individuals. Regarding-skdfermination theoryJrhahne postulated that
general psychological needs for competenceraumy, and relatedness are exampés
person factorsOpportunities to satisfy these needs ingitationwill elicit and sustain
intrinsic motivation during thaction Furthermore, Urhahne allocated extrinsic motivation
exclusively to the&eonsequence€orcerning achievement goal theory, Urhahne suggested
that all achievement goals are created during the phagmbformation but also refered to
further subsequent phases. Mastery goals have the purpose of develop competence. As
competencies can be incsea duringactionand verified by th@utcoms, mastery goals
focus on these two phases. Performance goals focus on the demonstredimpetence and
the avoidance of incompetence in comparison to others. The comparison to others is apparent
in theconsguencephase. Further, others are compared to the self, and the self
representation can, in turn, affgerson factors Therefore, performance goals (approach and
avoidance) focus on tlensequences phasadpersan factors

Although Urhahne (2008) didot consideself-esteem and academic setincept,
both constructs could be additionally integrated into his framework and allocaked to
person factorsBoth constructs are relatively stable and 4iké evaluations otheself and
refer to the susum of previous experiences rather than to a sjmglecrete situationfhus,

analogous to othgrerson factorsnentioned byHeckhausemnd Heckhauser2018 such as
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motives and personality, sedsteem and setfoncept can be defined persoal dispositons
that vary between persons.

Note thathe Urhahne framework to integrate different motivational theories was
critized and rejected by Spinath (2008). Spi
Urhahneds t heor e actionsart awaye phe of theituationane raotivatiorny
is always part of thperson In addition, Spinath argued that motivationahstructs were
sometimes seemingly arbitrarily assigned to the phases and that alteaiati@gons are
equally (or even more) plalde. For example, she questioned why only performance goals
and not mastery goals should affpetson factors S o me o friticBm conlé ke hs@ds
to I mprove Ur hwahlesenieritiquesauastiondhe kBasic idea of the
framework in itsdl It is not the aim of this dissertation to create a new theoretical framework
for achievement motivation. Thus, in this dissertatiom, hahne dés model serves
framework to define and allocate tfedevant motivational constructs, whereas iaged that

that this is not a perfect or unquestioned theoretical model.

2.2 Theoretical Views Regarding Motivatioral Declines in SchoelAged Students

ADevel opment is | ess gradual and more sal
stormand stred  ( Ha l, p. xii). 1 90 4

Nearly 100 yees after Hall (1904) proposeds view of adolescence as a time of
storm and stress, the assumption that adolescence is necessarily a turbulent time is still
popular among parents, teachers, and adolesd&ntbigna, 2003. However, to a large
extent psychological research rejects the view that storm and stress are universal and
inevitable in adolescence (for a reviesge Arnett, 1999However,when considering the
motivational development of adolescents, songrekeof storm and stress cannot be
completely rejectedas longitudinal research indeed indicates a decline in motivation
throughoutst udent s6 school careers (e.g., Eccles
& Wagner, 2005).In the pbllowing, sveral theoretical views explang why student
motivationoftendeclines over the school career gmesentedThen, conclusions based on the
theoretical overview are made.

2.2.1. CognitiveDevelopmental Approach.
One classic theoreticakplanation fomotivational decline irfprimarily young)

children and adolescernitsbased n P i a g e t-degelopmerdahappachPiaget
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(1928a, 1928hallocated children under seven to fireoperational stagand proposed that
these children lack operatialcambilities. It is difficult for children in the preoperational
stage to distinguish between events and their own mental construction and representation of
the events. Furthermore, they do not distinguish between abilities, luck, andcegfqptain
achiexement. Therefore, preoperational childrenwam@ble to form coherent concepts and
theyperceive their abilities as unrealisticatiigh (Butler, 2005). According to Piaget, older
children develop logical reasoning, are more aware of external events@ndedless
egocentric. Thus, with advancing cognitive development, childeeceive their abilities
more realistially and, consequently, aster. Moreover, research suggetstst at later
stageschildren and adolescernitireasingly base their sedvduations on external feedback
and social compariso(Harter, 1999). Tis additionally decreases their selfaluations and
leads to a better integration of positive and negativepsetfeption@anda morebalanced
selfview.

The cognitivedevelopmental gpoach also offers an explanation for higher
persistence and effort in yourgildren. Researchers have argued that failuselsmnaller
negativempact on younger children than older children, as younger children do not attribute
failure to deficiencie their performance. Furthermore, young children believe that more
effort will inevitablylead them to achieve the desired performance (Butler, 2005).
2.2.2.Environmental I nfluences.

A further explanatiorof motivational declinés studentd e x p ®im scheoi after
the transition from elementary toiddle school. The learning environment plays a crucial role
in student motivation (Eccles et. al., 199Bapa et al., 2013; Wigfield, Eccles, & Rodriguez,
1998. For example, school climate is relatedtd u d e nesteetn (Hoge] Simit, & Hanson,
1990), seHconcept (Heal, 1978), incentive to lea@opdenow & Crady, 199%oudas &
Biddle, 1994), and school satisfaction (Zullig, Huebner, & Patton, 2010).

Researchers have argued that the quality af¢heol environment usually decreases
after the transition to middiechool (Anderman & Maehr, 1994; Eccles et al., 1993; Wigfield
& Wagner, 2005). As a consequence, negative clsdodlee school environment might
affectstudentmotivation. Changeto the school environment include the disruption of
student sdé fr i en dtedchinga langertnuwnber ¢&f stydents ana nokiggtto s
know their students as well as in elementary school, and a detfamily involvement
during the middleschool yars (Wigfield & Wagner, 2005). Aftéransition to middleschool,
students have fewer opportunities to participate in decisiaking regarding their own

learning as whole class tasks are applied more frequently than in elementary school (Midgley
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& Feldlaufer, 1987). Tachers and students in middlehool perceive the school cultucebe
more performancéocused and less taskicused in comparison to teachers and students in
elementary school (Midgley, Anderman, & Hicks, 1995). Furthermore, compared to
elementary school teachers, middt#ool teachers exert more control and discipiin
behaviors (e.g., Mend&z Knoff, 2003; Midgley & Feldlaufer, 1987; Midgley, Feldlaufer, &
Eccles, 1988and feel less efféiwve (Midgley, Feldlaufer, & Eccles, 198®idgley,
Anderman, & Hicks, 1995). Eccles and colleagues (1993) suggest the more bureaucratic
nature and the larger size of middEhools compared to elementary schools may explain
these changes.

2.2.3 StageEnvironment Fit Theory.

In addition to negative eironmental changes as an explanatiostatlent motivation
decline, Eccles and colleagues (1989, 1993) suggestetbtsamedegreethe motivational
declineis aresultofa gr owi ng mi smatch between student s¢
offered to thenby their school (and home) environment. According to Eccles and colleagues
(1989, 1993), developing psychological and social needs that are notably different from those
of children and adults can be expected for adolescents. For example, with increasingd ag
pubertal development, neefits autonomyjndividual identity safe and intellectually
challenging environmentself-focus,and peer orientation BgEccles et al., 199Fimmons
& Blyth, 1987) In addition, adolescents often attempt to createagrazable distance
between themselves aadquainteddults. In contrast, the opportunities to satisfy these needs
offered by the environment decrease with rising grade level, especially after the transition to
middleschool (see the section abaweenvironmental influences). Teicombination of
developmental changes in both the individual and the enviromesuits in a poor stage
environment fifleadng to a motivational declinen many students

To test the implications aftageenvironment fitheory, Midgley and colleagues
(1989; foran overviewsee also Eccles et al., 1993) conducted a{scgée, tweyear, four
wave longitudinal study (i.e., The Michigan Study of Adolescent Life Transition MSALT),
which followed a sample of 1500 adolescents img¥rom the sixth gradef an elementary
school into the seventh grade of a midsttbool Individual and environmental factors in the
two schools were examinadth regard testageenvironment fittheory.Students who moved
from high-efficacy math teachis in elementary school to leefficacy math teachers in
middleschool reported lower motivation in math than adolescents who experienced no
changeof teacher efficacy or moved from legfficacy to highefficacy teachergviost middle

schoolmath teachereportedow selfefficacy. For studerteacher ret@onships, Midgley
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and colleaguegl989) reported similar finding&urthermore, both the adolesceatsl their
teachers reported fewer opportunities for participation in classroom dewisking in the
seventh grade than in the sixth grade, wher ec
classroom decisiemaking increased after the school transition. Interestingly, the female
adolescents who were physically more mature expressed a greater desissfoouoia
decisionmaking, but reported fewer opportunities for participation, compartéee less
physically mature female adolescents in the same classrooms. That is, students with faster
developing needs perceived the new school environment as paryicodgumpropriate. These
findings are in support aftageenvironment fitas an explanation for the declioeadolescent
achievemenmotivation.

2.2.4. SelDetermination Theory.

In the literature, selfleterminatiortheory has often been applied to explsiudent
motivation (e.g., Lazarides & Rubach, 2017; Otis, Grouzet, & Pelletier, 2005) arastmam
declines (e.gBirkeland,Melkevik, Holsen, & Wold 20129. According to seldetermination
theory, decreases of student motivation are the resulssdittfaction of three fundamental
human needs (i.e., the needs for achievement, autonomy and relatedness). For a more detailed
description of selfletermination theory, see section 2.1.4.
2.2.5.Conclusions from Theoretical Views Regarding tident Motivational Decline.

Motivational decline in schoadged students can be explained by various theoretical
views. In principle, the theoretical views do not contradict each other and can be used
complementarily. Motivational decline in elementary children isag@y partly based on
studentso6é cognitive devednd gonsequentyowereeédi ng t o
expectancies (i.e., cognithgevelopment approach). It is up for discussion whether more
realistic, but lower selbeliefs are favorable or desirable. Motivational decline after the
transition from elementary to middle school and during middle school can be reasonably
explained by (school) environmental changesagdowing mismatch between student needs
and opportunities (i.e., environmeniafluences and stagenvironment fit theory). These
truly undesirable effects could be avoided by better (middle) school practice (Eccles & Roser,
2009). In addition, selfletermination theory is not limited to a specific developmental stage.
According tothis view, human needs for achievement, autonomy, and relatedness are
fundamental and whenever these needs are not satisfied, a motivational drop can be expected.

For the most part, this dissertation refers to seageronmental fit theory as a
frameworkto explain motivational decline. First, this is because the empirical studies reported

in Articles 2 and 3 were conducted in middle schools (i.e., the school stage that is the focus of
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stageenvironment fit theory). Second, all motivational constructswlegie investigated in the
three articles were associated with stageironment fit theory in previous research (iself-
esteemBooth & Gerard, 20125utman & Eccles, 200'Academic seltonceptFenze)

2000; Parker, 20)0academic seléfficacy: Booth & Gerard, 2012; Bong, 2005trinsic
motivation:Lazarides & Raufelder, 201Zgpper, Corpus, & lyengar, 2005; achievement
goals:Roeser, Midgley, & Urdan, 1998ong, 2005%.

2.3ThePresentResearch

After consideration ofhetheoretical backgroungeveral things become clehr.
general, all psychological process that initiate, organize, sustain, control, and evaluate
purposeful actions of students in academic settings can be summarized under the broad term
achievement motivatioigseeGrassingerDickhauser, & Dresel, 20)9Depending on the
theory, various reasons for why students learn can be differentiated and interactions between
these reasons can be expected. Most reasons why students learn can be subsumed under the
concepts of selésteem, aademic selconcept, academic sedfficacy, intrinsic motivation,
interest, or achievement goals (mastery, performappeoach, and performanegoidance
goals). These constructs can be allocated to one or several action phases of the modified
volition modelof action phasedHeckhausen, & Heckhausen, 2006; 2008ahne, 2008). In
the literature, student achievememtivationdecline over the coursesft udent s schoo
careethave been reported in a growing number of stu@es,Anderman, & Midgley,1997;
Gottfried et al., 2001\WVigfield & Wagner, 2005and explained by several theories. In the
following, three research questions regarding achievement motivation development are raised.
Further, information is provided on how these research questienesimvestigated in the
three articles that are presented in this dissertation.

2.3.1 Research Question How Does Student Achievement Motivation Develop During
the School Gireer?

According to stag environmenf i t t heor y -levalstolisdfestedrs 6 me an
academic sel€oncept, academic sedfficacy, intrinsic motivation, interest, and mastery
achievement goals decline as a function of the growing gap between student needs and
opportunities afforded by their environment (primarily in middle schoHBls)vever, it is
unclear whether these constructs, stemming from varying theories and allocated to different
phases of theolition model of action phaseare affected bgtageenvironment mismatches
in the same wayTheoretically, it is plausible thatelquantity and direction of medevel

changes differs between the varying motivational constructs.
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Given that selesteem, academic s@bncept, and academic sefficacy refer to
different levels of selevaluation, the effects of stagavironment fi in school on the
development of these constructs should display a different (quantitative) proportion.-As self
esteem refers toself-evaluation of oneself as a whoRdsenberg et al., 1995t is
guestionabl e whet her mi g oppdrtenhies s, schaolishoele n o ne 6
play a major role for this general construct. In contrast, a strong impact of the stage
environment mismatch could be expected for academicsetfept, as this construefers to
theselfe v al uat i competricemascheobos a specific schodbmain(Marsh &
Craven, 1997; Marsh & Shavelson, 1985; Shavelson et al.). 183 &elfefficacyrefersto
oneds capability to s o(Bandurapl993;8BanduracBalbaanellis p e c i
Caprara, & Pastorellil996; Pajares, 1996nore variation of seléfficacy development
(based on situational factors) can be expected. Therefore, it is reasonable to assume only a
limited effect of the (generaffagee nvi r onment mi smat c heffoagy. st uder
Accordingly, in comparison to the less specific-ssfeem and the more specific self
efficacy, |l arger declines cotwbndepthe expected
Regarding studentsd intrinsic motivation
the school career (Eccles et al., 1993). Howevemtagnitudeof thedeclines is uncertain as
no metaanalysis has investigattide average amount of decliae these constructs.
Regarding student s éenaranmentdivtheonstshevclagwcally s, st age
predicted a shift frormasteryto performance goal®\nderman & Midgley, 1997; Eccles et
al., 1993. However, these predictions were made before performance goalspheiao
performanceapproach and performane®oidance goals and bef@eemeadaptiveeffectsof
performanceapproach goals were identified. Taking into account these updates of
achievement goal theory (Elliot & Harackiewicz, 1996)p alterative sets of predictiofer
the development of achievement gaalsy be derivedh accordance with the basic
assumptions of stagenvironment fit theory. One alternative is that the se&geronment
mi smat c h r e s detréased commitsnéntuta compietende panskiding all types
of goals(Paulick, Waterman, & Nuckles, 2013)ccording to seHdetermination theory, this
psychological condition could be labeledamsotivation(Ryan & Deci, 2000a; 2000b)
Another alternative is a decreased commitment to mastery and performance approach goals
and an increased commitment to parfanceavoidance goals as a mechanismetf-s
protection(Alicke & Sedikides, 2011; Baumeister, Bratslavsky, Finkenauer, & Vohs, 2001)
Empirically, for nearly all of the considered motivational constructs, varying

development trajectories (i.e., incregs#screases, or no change) have been reported in the
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literature (e.g.Anderman & Midgley, 1997/Bong, 200%Bronstein,Chubb, Fertman, &

Ross, 1997Ginsburg, & Herrera, 200%5ottfried, Fleming, & Gottfried, 2001 However,

the shape and magnitude ovdepment during the school career have not been investigated
by metaanalytic methods for any of these constructs, excepestdem Qrth, Erol,&

Luciang 2018).

To sum up, the literature shows empirical and theoretical inconsistencies regarding
studen s6 mean | evels of development on centr al
careers. The main aim of this dissertation was to depict a clear empirical picture of student
motivational development during the school career. Therefore, all thremésarticles
investigated the mednvel development on (some) motivational constructs. Article 1 aimed
to dispel the inconstenciegesulting fromprevious empiricatesearcland quantify the
averagemagnitude of motivational developmaeaitself-esteemacademic selfoncept,
academic seléfficacy, intrinsic motivation, anchastery, performaneapproach, and
performanceavoidance goals. Therefore, a matalysis of longitudinal studies that
investigated student development on these constructs wascteddStudents from first to
13" grade were included in this megaalysis. In Article 2, two new longitudinal studies
examining German middle school students (Study=1745, ' grade to ¥ grade;Study 1n
= 1420, %' grade to 8 grade) from the ighest school track (i.e., Gymnasium) are presented.
This article focused on student development of interest and mastery, perfoapanaach,
and performancavoidance goals. In Article 3, a longitudinal study of gifted students (

296, 3" grade to ¥ grade) in regular and special classes is reported. In this study, the
development of academic selbncept in math was investigated.

2.3.2Research Question 2What Are the Correlates of Achievement Motivation
Development?

Considering that an overall gative development of student achievement motivation
during the school career can be expected based on previous research, two additional questions
arise First, (a)which conditions are antecedent to declioasnotivational constructs?

Second, (byvhich dhanges are associated with changes in achievement motation

Research question 2arhefirst question investigates causes of motivational decline.
According to stagenvironment fit theory, motivational decline is explained by a growing
gap between studeneeds and afforded opportunities. It is assumed that this gap primarily

occurs after the transition from elementary to middle school. Indeed, declines on motivational

"In article 1, previous findings regarding the development inagtiéem, academic s@bncept, academic self
efficacy, intinsic motivation, and achievement goals are described in more detail.
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constructs after the transition to middle school have been reported by variousdioagitu
studies (e.g., Midgley et al., 198Paulick, Waterman, & Nuckles, 2013However, in

addition, declines have also bdennd before €.g.,Weidinger, Steinmay& Spinath 2017
andafter school transitiore(g.,Neel & Fuligni, 2012. Thereforeit remains unclear, whether
motivational decline during the transition are greater than motivational decline during other
school stages. Further, staggvironment fit theory assumptions are basedrapirical
evidencehatdates back more than three decg@esles et al., 1989; 1993)daninistrative
changes in the educational syst@ny., as a result of tHISA survey;Beycioglu, &

Kondakci, 2014Grek, 2009 could have since made the assumptions regarding middle
schools obsolete.

In this dissertation, v&us factors were investigated as possible predictors of
motivational development in Articles 1 and 2. In the ratalysis presented in Article 1,
school transition, school stage (elementary, middle, and high school), grade level, particular
academic domin, date of data collection, year of publication, and geographic location were
tested as predictors of developmenself-esteem, academic s&bncept, academic self
efficacy, intrinsic motivation, andhastery, performaneapproach, and performance
avoidance goalsin the longitudinal studies reported in Article 2, cognitive ability, gender,
parent sd hi gh e s,tandédguagebadkgronral Weredirerestigatexl as predictors
of development of interest amgiastery, performaneapproach, and perforanceavoidance
goals Note, predictors of motivational development were not the focus of Article 2 and were
simply considered as control variables.

Research question 2bThe second question investigates whether development of
motivational constructs i®lated to development of further constructs. Different correlates
were derived for different motivational constructs depending on the underlying theory. For
example, in achievement goal research, inter
outcomes thatra assumed to be subsequent to achievement @¢aais & Elliot, 2016, p. 4)
From this perspective, one could also assume a associated development of achievement goals
and their typical outcomes. However, only a few studies have investigated the aorrelati
between achievement goals change and interest or achievement eéhgndeatarides &
Raufelder, 201;7Shim et al., 2008 These studies indicated positive (or fsagnificant)
relations between the development of mastery and perforragupreach goaland the
development of interest and achievement. Note that perforrzamoigance goals were not

investigated in these studies.
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In this dissertation, the joint development of all three achievement goals as well as
interest and achievement was investigatetthe two longitudinal studies presented in Article
2. In addition, in the longitudinal study reported in Article 3, the joint development of
academic sel€oncept and achievement was depicted. Although this relation was not the
focus of Article 3, an assiated development of academic saihcept could be expected, as
reciprocal effects between these variables have been shown in previous réseanc); (

2011).
2.3.3Research Question 3How Does Ability Grouping Affect Student Motivational
Development?

Stage environment fit theory assumes motivational decline as a consequence of a
persorenvironment mismatch. Eccles and Roser (2009) suggested adjusting the school
environment to student needs that can be expectedtticular developmental stages (e.qg.,
classroom practices that support student autoriorthe middle school stagay one solution
to overcome this mismatch. School reform programs that have been conducted in accordance
to stageenvironment fit theory support this suggestion (e.g., Maehriéghy, 1996;

Midgley, Anderman, & Hicks, 1995). Howevétrjs important to note that even studewtso
are the same aghffer with regard taheir personiity, ability level, and needd hus,general
environmentdjustments are more effective for soreents than for others, when
differences between students are not considered. This is especially true for students who
strongly deviate from the average, such as-aigilty or gifted students.

In educational practice, ability grouping is a commonrapgh to ensure a better fit
between students and their school environment by taking interpersonal differéaces
account. The effects of ability grouping on student achievement motivation and achievement
have been investigated in numerous studies €aews, se&eaton, Marsh, & Craven, 2009
Steenbergeiiu, Makel, & OlszewskKubilius, 201§. However, this research reveals a
rather inconsisterpicturei especially for higkability students. Regarding student
achievement, minimal benefits were repdrire metaanalyses (e.g., Kulik, 1992). Regarding
student seltonceptssome research showed that hadtility grouping was associated with
A c ost sCoave() Marst,.& Print, 2000Preckel, Zeidner, Goetz, & Schleyer, 2008;
Nagengast & Marsh, 20),2vhereas other research indicateceffects (e.g., Herrmann et al.,
2016, Preckel & Br ¢l |, 2010) . | n-islrlittle-i st ent r
pondef fect 6 that i s produced by contrast and ¢
Negatie effects of ability grouping on setbncept can be explained by the contrast effects.

Note that studentds most sal i eWotters ©otpin,a refe
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van Damme, de Laet, & Verschueren, 20Therefore, external comparisoropesses can
lowerhigha bi | i t y sconaeptewherisep aresgeolipkd with other higibility
students and compare themselves to this high achieving reference group (i.e., their class
mates; Marsh & Parker, 1984). On the other hand, some resaahnelvernoted contrast
effects are short term and not univergadi( 2004. In addition, being a part of a highbility
class can also make students proud of themselves and improve theanselptdy means of
assimilation effectsJeaton et al., 20080verall, only few studies have investigated the
effects of grouping on the development of academiecsgitept over time.

To conclude, the research is inconsistent regarding the benefits and costs of ability
grouping. Therefore, in the longitudinal stuayported in Article 3, effects of grouping on the
development of academic selbncept and achievement were investigated in a savhple
high-ability students. Higtability students visited either regular classes othilgaest
educatiom! tracknéasiemo) iGy speci al classes for
selection bias are a common problem when investigating the ability grouping etthiig
students (Dai, Swanson, & Cheng, 2011). Therefdifeerences between students in special
and regulaclasses on various variables, such as cognitive ability, sex, or agesoménaled

by using propensity score matching.
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Chapter 3. Article 1

Development of Motivational Variables and SeHEsteem During the

School Career: A MetaAnalysis of Longitudinal Studies

Vsevolod Scherreand Franzis Preckel

3.1 Abstract

Theoretical approaches and empirical research suggest a decline in the levels of
motivational variables and sedsteem among students during the school career. However,
precise statemeng&bout the magnitude of the change remain eluS§ieaducting a meta
analysis of 107 independent longitudinal studies with 912 effect sizdeunwe an overall
decr e as e po-fl108GVeaan avérage duration of 1.654 years. Change significantly
differed by construct with the largest decreases in intrinsic motivation, math and language
academic sel€oncepts, mastery achievement goals, and perforrepm®ach achievement
goak. There were no significant mekavel changes in sefisteem, general academic self
concept, academic sedfficacy, and performaneagvoidance achievement goals. School stage
and transition to middle school or high school were not significantly assbevitethe
change. Findings generalized over academic domain and questionnaire used for all constructs
except for academic setbnceptThe decline was larger in Europe than in North America or

Asia.

Key words: motivation, seHesteem, longitudinal reaech, metaanalysis, stage

environment fit
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3.2Introduction

Most researchers share the view of declining motivation during the school career (e.g.,
Eccles et al., 1993; Gottfried et al., 2011; Wigfield & Wagner, 200&Yidwing the literature
ofmoti vational development, Eccles and coll ea
declines have been documented for such motivational constructs as interest in school; intrinsic
motivation; seconceptandselfp er cept i on; and c o ralfabilidessnce i n
especially f ol |l e®.iAvastamaunt bfueceate@mpiri¢apfindings@lso
documents this motivational decline throughout the school careeRedgly, Rhodes, &
Mulhall, 2003;Shapka & Keating, 2005; Wang & Pomerantz, 20689y adolescents, the
decline in levels of motivational variables is often explained by staggonment fit (SEF)
theory (Eccles et al., 1993). According to SEF theory, the motivational decline in part results
from a mi smatch be tpwmgneds andltioelogpsricratiestaffoeddy v e |l o
the school environmen®o far no quantitative review or medaalysis has examined the
motivational change during the school career. Therefore, precise statements about the
magnitude of the change are missiligs further unknownf this change is more pronounced
at certain grade levels (e.g., in adolescence after msitileol transition) or if it differs by
motivational construct.

With the present study, we want to close this research gap. Usingnadyéc
methods we investigated the development of psychological constructs that were addressed by
Eccles and colleagues (1993), assessed the magnitude of change in these constructs during the
school career (i.e., first grade to thirteenth grade), and investigdnether the change was
related to certain events like the transition to midatleool. Our theoretical expectations were
primarily grounded on SEF theory as this theory has exerted a major influence on
motivational research in the last three decades, facobs, Lanza, Osgood, Eccles, &
Wigfield, 2002; ZimmetGembeck, Chipuer, Hanisch, Creed, & McGregor, 2086cles and
colleagues (1993) applied SEF theory to a wide range of theoretically distinguishable but
sometimes overlapping psychological consts such as intrinsic motivation, setincept,
sefper cepti ons, confidence in oneds intellect
responses to failure, task mastery, or-esteem. In the present metaalysis, we investigate
the developrant of a portion of these constructs, that is-estéem, academic sebncept,
academic seléfficacy, intrinsic motivation, and achievement goals. For these constructs, a
sufficient amount of longitudinal investigations are available and their dewelthas been
frequently explained by SEF theory (e.g., ssfeemBooth & Gerard, 20125utman &
Eccles, 2007; academic selinceptFenze] 2000; Parker, 2010; academic sefficacy:
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Booth & Gerard, 2012; Bong, 200i®trinsic motivation: Lazarides &aufelder, 2017;

Lepper, Corpus, & lyengar, 2005; achievement goals: Roeser, Midgley, & Urdan, 1996,
Bong, 2005)We subsume these constructs under the broader categories of motivational
variables and selésteem, anffame the motivational variables ierms of competence
motivation, defined as the way which individuals energize and direct their behavior to

reach effectiveness, ability, sufficiency, or success (Elliot, Dweck, & Yeager, 2017). By using
thetermcompetence motivatiome do not reject thatility of the frequently used term
achievement motivatidout follow the arguments dlliot, Dweck, and Yeager (2017, p. 3)
according to which the term competence offers a more precise, clear, and broadly applicable
definition than the term achievement.

The definition ofcompetencenotivationas the way in which individuals energize and
direct their behavior can be directly applied to intrinsic motivation and achievement goals.
While intrinsic motivation refers to pleasure and interest in learningsfamn sake
(Gottfried, 1990), achievement goals guide behavior to a flteesed competenaelated
end state (Elliot & Thrash, 2002)e further allocate academic selficacy and academic
self-concept to the broader category of competence motiv&mth. constructs partly explain
why individuals choose to engage or disengage in different activities (Eccles & Wigfield,
2002;Ferla, Valcke, & Schuyten, 2010, Schunk, 1p®cademic selefficacy refers to
beliefs about onedscfifbtaoareapkrbodmbaheeebdbnra
persistence and task engagement (Pajares, 1996). Acadentorsspt refers to beliefs
about oneb6s current abilities in broader aca
major accounts of human motivati including expectaneyalue theory (Eccles et al., 1983)
and seldetermination theory (Deci & Ryan, 2000; for an overview see Trautwein & Mdller,
2016).In line with our framing, Murphy and Alexander (2000) defined-sefthpetence, self
efficacy, intrirsic motivation, and goadrientation as fundamental terms within the
motivation literature associated with the study of academic achievement and academic
development.

We assign selésteem to a single category. SEF thdway been frequently applied to
sdf-esteem. However,sef st eem compri ses the overall emot
(Rosenberg, Schooler, Schoenbach, & Rosenberg, 1995), which is related to motivation but
not a measure of competence motivation itself. In sum, in ouranelgsis wancluded
constructs whose development was frequently explained by the SEF theory in the last

decades, and organized them into the categories of competence motivation-astkepif
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3.2.1.StageEnvironment Fit (SEF) Theory

SEF theory (Eccles et al.989, 1993) provides a prominent approach to explain
studentsdé decline i n -asteemiBeces andaoledgues (4989, ab |l e s
1993) advanced the hypothesis that some of the negative psychological changes associated
with adolescent developmeresult from a mismatch between the developing needs of the
students and the opportunities offered to them by their social environment. A case in point is
adol escent sd experiences after theThappetnsi ti or
al., 2aL3; Wigfield, Eccles, & Rodriguez, 19p&Researchers have argued that the quality of
the school environment usually decreases after the transition to middle school (Anderman &
Maehr, 1994; Eccles et al., 1993; Wigfield & Wagner, 2005). Changes in thal scho
environment include the disruption of studen
involvement during the middischool years; further, teachers lecture a larger number of
students and do not get to know their students as well as in elementaol(S¢hyfield &

Wagner, 2005). After transition to middle school, students have fewer opportunities to
participate in decisiomaking regarding their own learning as whole class tasks are applied
more frequently than in elementary school (Midgley & Feltfigul987). Teachers and
students in middle school perceive the school culture as more perforfopansed and less
taskfocused in comparison to teachers and students in elementary school (Midgley,
Anderman, & Hicks, 1995).

On t he ot her evwlapmgneedsincludt a reasenébly dafe and
intellectually challenging envir eeifment , grea
determinationpeer orientation (including sexual relationships),-gmttis and self
consciousness, and individual iden{iBccles et al., 1989, 1998jmmons & Blyth, 1987).

These needs increase with the age of the students and their pubertal develdproeding

to SEF theory (Eccles et al., 1989, 1993)t he gap bet ween students?o
offered in the scha environment widens primarily after the transition to middle school as the
opportunities to satisfy these needs offered by the environment often decrease. Therefore, the
combination ofdevelopmental changes in both the individual and the environmesttzad

bigger motivational decline than each would predict alone.

In 1993,Eccles and colleagues carried owbaprehensive review of the motivational
literature available at that time and brought forward evidence for SEF theory. However, some
open quesbns remain. First, SEF theory was introduced as a framework that can be applied
to a wide range of psychological constructs, but it is unclear whether different constructs
change in the same way. That is, it is unclear whether constructs like académonsept or
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self-esteem decline a comparable amount and during the same developmental phase. Second,
it is unclear whether the decrease happens primarily after the transition to middle school or if
it is a rather steady eer. Dhodetbesempricat avidegcest ude nt
present at the conceptualization of SEF theory dates back more than three decades. Since
then, administrative changes in the educational system have significantly changed school
environments (e.g., Au, 201Bprman, HewesOverman, & Brown, 200Ertmer &
OttenbreitLeftwich, 2010). One can assume that these changes could affect the motivational
development of students. Thus, it is unclear if the conclusions of the revieecl®s and

colleagues (1993) still apply todayhe current metanalysis of recent longitudinal research

in motivational variables and sadsteem aims to shed light on these open questions by
providing a highresolution picture of the developmentsefifesteem, academic s&lbncept,
academic seléfficacy, intrinsic motivation, and achievement gadsing the school career.
3.2.2.Self-Esteem

Selfesteem comprisemi n d i v poditivaol négativeattitudetowardsthe self as
a totality Rosenberg, Schooler, Schoenbach, & Rosenberg).19&5the overall emotional
eval uat i o nwodhforaovalle fudgensert bfoneself (Burrus & Brenneman, 2016).
Highselfest eem refers to a highly favorable gl ob
subjectively important domains, whereas low-gsléem is the outcome of negative
assessments and subjective weaknesses (Harter, 1990a). In the hierarchical Shavelson model
of seltconcept (Shavelson, Hubner, & Stanton, 1976);estlfem presents the most general
level of seltconcept, with underlying ggific domains such as academic s&lhcept and
physical seHconcept.

A high level of seHesteem is positively related to job satisfaction and job performance
(Judge & Bono, 2001), social relationships (Hendrick, Hendrick, & Adler, 1988; Neyer &
Asendapf, 2001), and subjective weldeing (DeNeve & Cooper, 1998). A low level of self
esteem is |linked to depression (Sowislo, & O
Vallerand, 1998; Vingilis, Wade, & Adlaf, 1998). Many studies that investigated i@
of selfesteem and school performance reported small but significant positive correlations
(e.g., Bowles, 1999; Davies & Brember, 1999; Hansford & Hattie, 1982). However, the
results of longitudinal investigations do not support strong causalseéiestlfesteem on
school achievement (Baumeister et al ., 200 3;

With regard to the development of seteem, researchers assume that it is relatively

stable (Harter, 1990b). In a medaalysis of retest correlations, Trzesrs&yDonnellan, and
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Robins (2003) observed increasing ramier stability throughout adolescence and early
adulthood and declining rardeder stabilities in mid or late adulthood.

The evidence regarding whether the mean level ofestdfem decreases, ieases, or
does not change during the school career is mixed. Using data from 326,641 individuals from
age 9 to 90, Robins, Trzesniewski, Gosling, and Potter (2002) found higéstadimn in the
youngest age group, followed by a decline over childhoodhdntéscence. The implications
of this study are limited by its crosgctional design and selective bias when recruiting the
sample. Some longitudinal studies have also observed a declineasteein through
adolescence (e.gsreene, Way, & Pahl, 200Reddy, Rhodes, & Mulhall, 2003). Other
studies found an increase in se$fteem (e.g., Harris et al., 20Y8ay & Robinson, 2003 or
no change over tim&Chubb, Fertman, & Ross, 1997; Granleese & Joseph,)19Bdrefore,
the developmental trend of sel§teem through the school career remains elusive.
3.2.3.Academic SelfConcept

Academic sekconcept referstothe sedfv al uati on of oneds abili
am good at school 6) or in a specific&academi
Craven, 1997; Marsh & Shavelson, 1985; Shavelson, Hubner, & Stanton, 1976). Its structural
organization is hierarchical, with a general academiecseitept at the apex of the hierarchy
and domairspecific factors like mathematical academic-selficep or verbal academic self
concept at a subordinate level (Brunner et al., 2010).

Academicseic oncept iis positively related to st
Rankin, 1995), cognitive strategy use and-ssffulation (Pintrich & De Groot, 1990),
mastey achievement goals (Bong, 2001; Roeser, Midgley, & Urdan, 1996), and intrinsic
motivation, interest, or academic value (Gottfried, 1990; Meece, Blumenfeld, & Hoyle, 1988).
Academic sekconcept and academic achievement show positive reciprocal relatiems o
time (Huang, 2011). Longitudinal research suggests that correlations between-gpet#io
academic seltonceptanddomaispeci fi ¢ perf ormance increase
(Denissen, Zarrett, & Eccles, 2007), which indicates that the domain sipecfiacademic
self-concept increases through the school career.

Regarding its development, academic-selficept shows high retest correlations that
sometimes are even higher than that of the corresponding achievement (Marsh & Yeung,
1998; Niepel, Bruner, & Preckel, 2014a). Note that young children often generally view
their abilities as unrealistically high and undifferentiated and this optimism persists even in

the face of failure (Stipek & Daniels, 1988). During elementary school, however, self
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perceptions of ability become not only lower but also more realistic, more differentiated, and
more responsive to underlying information (Harter, 1990b, 1999; Schmidt et al., 2017).
A mean level decrease in general academieceeitept (e.g.Shapka, & Keatig, 2005;
Spinath & Spinath, 2005math academic setfoncept (e.gDickh&user et al., 2017; Wigfield
et al., 1997, and reading academic selincept (e.g\Wigfield et al., 1997 through the
school career was observed in multiple longitudinal studigeer@ongitudinal studies
indicated no significant change (Bronstein, Ginsburg, & Herrera, 2005) or even an increase in
general academic satbncept Hteiger, Allemand, Robins, & Fend, 2Q1Fherefore,
evidence concerning the magnitude of change in géaad in domaispecific academic
self-concepts remains inconclusive.
3.2.4.Academic SelfEfficacy

Academic sekefficacyr ef er s t o studentsdé specific bel
regulate their own learning activities and to master difficult subpetters Bandura, 1993,
Bandura, Barbaranelli, Caprara, & Pastorelli, 198gfield & Eccles, 200 According to
Pajares (1996), academicself f i cacy i nfl uences studentsd ch
they will expend on an activity, and their thdigatterns and emotional reactions. Students
with low academic seléfficacy may believe a task is tougher than it really is, and thus do not
engage in the task or expend much effort on it. On the other hand, high acadeegficcaely
students create éiings of serenity in approaching even difficult tasks, choose to engage in
tasks, and put a lot of effort in accomplishing those (Pajares, 1996).

The academic se#fficacy construct shows an obvious and crucial similarity to the
academic seltonceptonst ruct as the individual 6s sense
constructs\Vigfield & Eccles, 2002 In the literature, academic selbncept and academic
selfefficacy are often used interchangeably as high correlations of these constructseave be
obtained in empirical research (Eccles & Wigfield, 20DZutwein & Moller, 201%.
However, academic setioncept and academic selffficacy can be distinguished at both the
theoretical levelBong & Skaalvik, 200Band the empirical leveFerla, Valke, & Cai,
2010; Scherer, 20)3For instance, academic sefficacy is usually measured quite
specifically and emphasizes the individual 6s
particular task, whereas academic-selicept comprises the bebef about oneds com
at a domairspecific level and includes comparative processes regarding competence in other
domains and the competence of other individuals (Wigfield & Eccles, 2002).

Academic seHefficacy is positively related tocourse selectio (Hackett & Betz, 1989;
Pajares, & Miller, 1995), intrinsic motivation (Zimmerman & Kitsantas, 1999), academic
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aspirations (Bandura, Barbaranelli, Caprara, & Pastorelli, 2001)y;aardr choices (Bandura,
Barbaranelli, Caprara, & Pastorelli, 200%eveal metaanalyses indicated a robust positive
relationship between academic sefficacy and academic achievement (Multon, Brown, &
Lent, 1991Richardson, Abraham & Bond, 201Robbins, Lauver, Langley, & Carlstrom,
2009.

Concerning its development, trenk-order stability of academic sedfficacy is
moderate and slightly smaller than the raméer stability of academic satbncept (e.g.,

Bong & Skaalvik, 2003; Caprara, Vecchione, Alessandri, Gerbino, & Barbaranelli, 2011;
Pajares & Graham, 199%Ithough most longitudinal investigations indicated a decrease in
mean level academic sadfficacy through the school career (e.g., Anderman, Maehr, &
Midgley, 1999;Pajares & Graham, 1999; Urdan & Midgley, 2D0&her studies showed an
increase (Shell, @an, & Bruning, 1995). The mixed results regarding the mean level
development might be explained by the different grade levels of the samples and different
scales of selefficacy used, but an empirical test of these assumptions is still necessary.
3.2.5.Intrinsic M otivation

Intrinsic motivation can be understood as a-dame-based motivational propensity
that accounts for play, exploration, and other behaviors that do not require reinforcement for
their maintenance (Deci & Ryan, 1985a; Hunt, 1965; keegpHenderlong, 2000 Academic
intrinsic motivation refers to pleasure and interest in learning for its own sake (Gottfried,
1990). As intrinsic motivation shows strong conceptual similarities to the constructs of
intrinsic value (Wigfield & Eccles, 200Qinterest, and flow (Csikszentmihalyi, 1988;
Renninger et al., 1992), we subsume these constructs under the term intrinsic motivation in
the following overview and analyses.

Intrinsic motivation is positively related to academic achievement (Jacobs20GH;
Krapp, Schiefele, Schreyer, & 1993), and some longitudinal investigations have proposed
bidirectional and reciprocal relations of these constructs (e.g., Marsh et al., 2005). Intrinsic
motivation and academic salbncept are also positively redat across time (Marsh et al.,
2005; Spinath & Steinmayr, 2008).

Regarding the development of intrinsic motivation, empirical research shows high
rank-order stability in intrinsic motivation throughout adolescence and an increase of this
stability with st e n t s @ottfreed, €lenfing, & Gottfried, 20Q1In agreement with Eccles
and colleagues (1989, 1993), a mean level decline in intrinsic motivation in adolescence can
be observed in most longitudinal studies (eSginath & Spinath, 2005; Wigfield ek a
1997. Of note,Wang and Pomerantz (2009) found a decrease in intrinsic motivation in an

32



Chapter 3. Article 1

American sample but not among Chinese studé&untshermore, the magnitude of the decline
in intrinsic motivation differed by study. No meaaalysis has yet iddfied the average
amount of decline and potential moderators of it.

3.2.6.Achievement Qals

In general, achievement goals compfigeire-focused cognitive representatichst
guide behavior to a competenedated end state (Dweck, 19&liot & Thrash, 2002;

Hulleman, Schrager, Bodmann, & Harackiewicz, 20I0@e end state may include either the
development of competence (i.e., mastery) or the demonstration of it (i.e., performance).
Furthermore, achievement goals can be classified in approachitiggopoatcomes or
avoiding negative ones (Elliot & McGregor, 2001; Pintrich, 2000).

This conceptualization results in a framework of four possible kinds of goals (i.e.,
masteryapproach, mastergvoidance, performanegpproach, and performanregoidance).
Masteryapproach oriented individuals want to develop competence, whereas the mastery
avoidance oriented individuals try to avoid incompetence. Perforrappmeach
achievement goals comprise the goal to perform better than others do, whereas performance
avoidance achievement goals comprise the goal to avoid doing worse than others do. Of note,
the differentiation of approach and avoidance of the mastery achievement goals is a rather
new field of researctHulleman, Schrager, Bodmann, & Harackiewicz, 2ah@t has rarely
been applied in longitudinal research. Therefore, in the presentamatgsis achievement
goals are classified according to three facets: mastery achievement goals (mastery),
performanceapproach achievement goals (PAP), and performanmielance achievement
goals (PAV). In metanalytic research, PAP and PAV showed medsimed positive
correlations, whereas mastery was only weakly positively related to PAP and weakly
negatively related to PAV (Payne, Youngcourt, & Beaubien, 2007). letaanalysis
including schoclged children and ungraduated studddtdleman, Schrager, Bodmann, and
Harackiewicz (2010) foundifferent relationships between mastery, PAV, and PAP with
achievement and intrinsic motivatigpositive for mastery approacmixed for PAR and
negative for PAV). That is, mastery, PAP, and PAV showed different relations to the relevant
schootrelated constructs.

In most longitudinal studies, achievement goals have shown moderate to high rank
order stabilities (e.g., Anderm&Anderman, 1999; Anderman & Midgely, 1997; Bong,

2005; Meece & Miller, 2001; Niepel, Brunner, & Preckel, 2014b). Some longitudinal research
indicated a decrease in mastery but no change in PAP, and an increase in PAV through the
school career (e.g., Andean & Midgley, 1997Bouffard, Boileau, & Vezeau, 20QUrdan
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& Midgley, 2003). Other researchers also observed a decrease in PAP and PASh{(eng.,
Ryan, & Anderson, 2008Thus, overall the results of achievement goals reas changes

are heterogeras.

3.3.The Present Study

Based on an extensive literature review, we identified the need for a quantitative meta
analysis of the longitudinal research findings on the development of motivational variables
and selfesteem during the school career. Goesng that Eccles and colleagues (1993)
carried out &omprehensive review of the literature available at that time, we constrained the
metaanalysis to articles published after 1993. Our research questions were fourfold: (1) What
is the exactmagnitudeof change in motivational variablesandself t eem t hr ough st
school career? (2% the change comparable over different constructs (i.e-eselém,
academic seltoncept, academic sedfficacy, intrinsic motivation, and achievement goals)?
(3) Is thechange more pronounced at certain stages, i.e., after school transitions, in higher
grade levels during adolescence, or in certain school stages like middle school as compared to
elementary school or high school? (4) Finally, what are possibleefurtoderators of the
change in the motivational variables and-gstieem? In this vein, we investigated whether
the development of motivational variables differed by academic domain (i.e., general, math
domain, and verbal domain) as subjsgécificity d motivation is an important topic in
recent research (Gogol, Brunner, Martin, Preckel, & Goetz, 2017). In addition, we carried out
moderatotranalyses for typical moderator variables in rraatalyses investigating motivation
(e.g., Hulleman et al., 2010hcluding the questionnaire used to assess a construct, duration
between measurement points, year of data collection, year of publication, and geographic
region in which the study was conducted.

Using metaanalytic methods, we estimated the magnitud@@bverall change for
the motivational variables and sekteem. In accordance with Eccles and colleagues (1993),
we expected a general decrease through the school career. We further compared the
magnitude of the change for the single constructs, thag¢lisesteem, academic s&bncept,
academic seléfficacy, intrinsic motivation, and achievement goals. In previous research,
mixed findings were reported regarding the motivational development of most of these
constructs. Due to the inconsistent fingBrfor selfesteem, we explored the magnitude of
self-esteem change as an open research question. For academmunesefit, academic self
efficacy, and intrinsic motivation we expect

accordance with Eccles @eolleagues (1993) and most recent research findmgerman,
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Maehr, & Midgley, 1999Dickhauser et al., 201 Pajares & Graham, 1998hapka, &

Keating, 2005; Spinath & Spinath, 2005; Wigfield et al., 1990 in accordance with

Eccles and colleagag1993) and based on recent empirical findings (e.g., Anderman &

Midgley, 1997;Bouffard, Boileau, & Vezeau, 200Urdan & Midgley, 2003), we expected
achievement goals to decline in the mastery facet, whereas we expected no change or even an
increase iPAP and PAV over time.

We further investigated if the transition to middle school or high school, as well as the
grade level and school stage (i.e., elementary school, middle school or high school)
moderated the change in motivational variables aneesedem. Based on SEF theory, we
expected that the middkrhool transition and the middéehool stage would be associated
with a particularly strong decline in motivational variables andestéem. With respect to
the grade level of students, no preding were made. Finally, we investigated whether the
magnitude of change varied by academic domain (i.e., general, math domain, verbal domain),
guestionnaire, duration between measurement points, year of data collection, year of

publication, or geographiotation (i.e., Asia, Europe, and North America).

3.4.Method

3.4.1.Identification of Relevant Articles and Classification of Scales

Figure 3summarizes the detailed search process for articles containing longitudinal
studies as well as the classificatiprocess of the scales used in these studies. Overall, 529
different articles were located by four search strategies (i.e., PsycINFO; articles that cited
Eccles et al., 1993; reference lists of relevant reviews andanatgses; reference lists of
articles found by the other search strategies and exploratory search). The first author scanned
these articles and checked the studies for inclusion and exclusion criteria. The inclusion and
exclusion criteria were: (a) Scales of setteem, academic sabncet, academic self
efficacy, intrinsic motivation, or achievement goals were used in a longitudinal study (i.e., in
at least two points of measurement). (b) There was no experimental manipulation or
intervention relating to the constructs. (c) The partitipavere school students. (d)
Measurement points could be assigned to a particular grade level. (e) The article was
published after 1993. (f) The article was published in English in arpe@wed journal. In
total, 425 articles were excluded due to thiecsiteria (see Table Alh AppendixA for
examples of excluded articles) leaving 104 articles Fsgpare 3for additional information).
A second rater validated these ratings in a randomly assigned subsample of 50 articles. Both
raters excluded the samb studies of this subsample.
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{2aGSYIFGAO tAGSNI GdzNBE aSIFNOK F2N) 2y 3AddR
esteem published in English in peegeviewed jourrals between 1994 and November 2017.

Search strategy 1Database PsycINFO. Search strflogngitudinal studyjand
(developmentland (student attitudesor academic achievement motivatiar intrinsic
motivation or selfesteemor selfefficacyor selfconcept or selfconfidenceor goal
—plorientation) and (elementary schoabr junior schoolor middle schoobr second school
or school transitioror child developmenbr adolescent development); peer reviewed
o | ljournals from 1994 until November 2017. + 267 articles
[}
©
"g | Seart strategy 2:Google Scholar search in articles that cited Eccles et al. (1993). Se
s |2 GNRAYy3AY (GAGE S Oeefievieived &omudd92 yndl NavelzRér JOL7 v 59 articles
<
o
E N Search wategy 3:Reference lists of relevant reviews and metzalyses: Valeire,
% DuBois, & Cooper (2004); Huang (2010); Trzesniewski, Donnellan, & Robins (2003).160 articles
N Search gategy 4:Reference lists of articles found by search strategl@anid + 43
exploratory search [E 529 article$
Exclusion criteria
(a) Relevant constructaot gathered in tle longitudinal section or no means/SDs givéno12
(b) Intervention study; experimental manipulation; study of extreme groups - 34
(c)Sample consisted of no school students - 58
(d) Means contain values of more than one different class levels (e.g., t1 = gr&des|5 23
(e) Published before 1994 - 74
|(f) No peer reviewed journal in English language - 24
[ET04articles|
Classification of different scales in the articles <
Number of different scales in the articles = 144 scales
Classification of scales with regards to the construct by Rater 1
selfesteem = 1 scales; academic selbncept = 25 scales; academic sdffcacy
" = 8 scales; intrinsic motivation = 38 scales; achievement goals 29 scales; qthe
% constructs = 27 scales; not unequivocally assignable = 6 scales
‘g Validation of the scale classificationytRater 2
S Agree with Rater 1= 139 times (96.53%); not unequivocally assignable = 1] s
‘©
%’ Discussion of theloubtful scales->Exclusion of 34 scales
x
]
Final number of scales included in the me#aalysis = 110 scales
seltesteem = 11 scales; acadensielfconcept = 25 scales; academic sffcac)
= 7 scales; intrinsic motivation = 38 scales; achievement goals = 29 scales
Lyp{ Exclusion criteria of articles

(g) All scales used in article were excluded through the classification process |- 5 artickes

Figure 3.Chronological search process of the articles and classification process of the scales.
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In the 104 articles, 144 different scales were applied to measotivational
constructs. Any single article could contain several different scales and a number of articles
used identical scales (e.g., the sdfeem scale of Rosenberg was utilized in 19 different
articles). Scale name, original author(s) of thées@nd example items and/or scale
descriptions of the 144 scales were transferred into a table. The first author went through this
table scale by scale and assigned each scale to the construettessti (11 scales),
academic sel€oncept (25 scales)cademic selefficacy (8 scales), intrinsic motivation (37
scales), achievement goals (29 scales), Aot h
His ratings were added into the table. The second author checked this table scale by scale,
agreed wih 139 ratings (96.53%), and was unsure about 5 further scales. Both authors
discussed the 11 questionable scales (i.e., unknown and unsure) and decided together to
exclude 8 of these scales from further analyses and to assign 3 scales to the motivational
construct categories. 26 scales that were as:s
excluded from further analyses. Five articles included only scales that were discarded through
this classification process. Therefore, these 5 articles were eddhate further analyses
(exclusion criteria g). For examples of the assigned scales for each construct, see Trable A2
AppendixA.

At the conclusion of the classification process, 99 different articles with 110 scales
remained for the metanalysis. Thesarticles contained 107 independent studies as six
articles each reported several different studies with independent samples. The 1Meseales
assorted by questionnaife.g., questionnaire of Harter, 198B)verall,52 different
guestionnaires were idéfied, and each questionnaire could contain several séales
academic sel€oncept, academic sedfficacy, intrinsic motivation, and achievement goals,
we classified scales for academic domain (i.e., general domain, math domain, or language
domain).We classified the achievement goals scales into mastery, PAP, or PAV categories.

Publication bias. Meta-analytic methods have been criticized for thealted
publication bias because of their inclusion of a-nepresentative proportion of significant
studies indicating positive directionBval & Tweedie, 2000; Egger, Smith, Schneider, &
Minder, 1997)Publication bias occurs when the likelihood to publish an article depends on
the outcome of an experiment or research study (i.e., significant riesthliespredicted
direction). This is particularly problematic in metaalyses that only consider studies from
the published scientific literatur®(val & Tweedie, 2000

On the other hand, unpublished literature is hard to identify by common search
straegies, difficult to obtain, and especially heterogeneous, which makes it less amenable to
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traditional forms of archiving, analysis, synthesis, data extraction, and integradi@ms,
Smart, & Huff, 2018. Furthermore, authors of meaaalyses who includenpublished
studies tend to obtain a noapresentative set of unpublished studies and torepeesent
their own research (Ferguson & Brannick, 2012)

In our metaanalysis, most of the longitudinal studies we considered did not aim to
investigate mean W&l change in motivation but rather crdagged relations of motivational
variables with other variables (e.g., Heo & Kim, 2015; Lazarides & Rubach, 2017; Madjar &
Chohat, 2016). Therefore, in most cases the likelihood of publishing an article should not
depend on a particular or significant direction of the mean level change. For this reason, we
focused our search strategy on published studies. To account for publication bias in these
studies, we conducted a funnel plot analysis of the 107 independdiessiith 912 effect
sizes by using the metafor package iWie¢htbauer, 2020 The funnel plot indicated no
publication bias, as we observed a symmetric distribution of the effect sizes (see Figure Al
AppendixA). This result and the aforementioned liations of unpublished studies suggest
that our decision to only include published studies did not lower the quality of the present
metaanalysis.

3.4.2. Study Variables and Coding Procedure

The 99 articles were coded by year of data collection (i.eyethein which the data
collection started), year of publication, country, grade level, grade level of transition to
middle school, grade level of transition to high school, number of participants, and means and
standard deviation$SD) in motivational consucts per measurement point. The complete
dataset including all moderator variables, can be obtained via email as PDF file from the first
author. Frequencies of study variables are depictédlhe 2 Variables were coded and/or
computed as follows:

Effect sizes.The effect size of change was calculated by subtracting the mean score of
a construct at the earlier measurement point (i.e., T1) from the mean score of the construct at
the later measurement point (i.e., T2); the difference was divided by tbétB®earlier
measure. This effect size is known as the prgtesttest raw score effect size (Morris &
DeShon, 2002) or as Glassods ®. A negative ef

effect size represents an increase in a construct over tim

Gl as s 65—
In the cases in which a study provided more than two measurement points, the effect
sizes were computed for all possible pairs of measurement points. That is, in a study with

three measurement points, three effectssizere calculated: one for the change between
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measurement point 1 and 2, a second one for the change between measurement point 2 and 3,
and a third one for the change between measurement point 1 and 3. Overall, we computed 912
different effect sizes.

Effed size variance was estimated according to the formula proposed by Borenstein,
Higgins, and Rothstein (2009, p. 29) using the effect size G| a 5 thessample sizen),

and the autocorrelations between the considered points of measurement.

Vai= - — ¢p |
Note that the correlations among measurements at different points in time were only
available in a subsample of 65 studiBiserefore, we had to estimate plausibé®efficients
for the studies without information obased on the subsample with reported
autocorrelations. Thus, we calculated the average correlations separated by construct and time
interval (a < 1 year, b =\lear, and c > 1 years) and used these average values as estimations
for the missing correlations (see Table A3 in AppendixA for the average correlations).
Percent of maximum possible (POMP) scoreddean scores of each measurement
point were transfored into POMP scores (Cohen et al., 1999). POMP scores represent a
percent of the maximum possible score available on the scale and are commonly used to
compare scales with different ranges (Cohen et al., 1999). For example, a mean of 3 on a scale
from 1 to4 was transformed into a POMP score of 66.67, as 66.67 percent of the maximum
possible score has been reached. In the preseriamaligsis, POMP sores were used
descriptively to illustrate developmental trajectersd means ifrigure 4 However, all
stdistical analyses (i.e., metagressions) were carried out using the standardized effect sizes
Gl agps 6s
Construct. Constructs were classified into seteem, academic selbncept,
academic seléfficacy, intrinsic motivation, mastery achievement gpRIAP, and PAV and
coded as dichotomous dummy variables (e.g., academicaelépt: 1 = construct is
academic sel€oncept, 0 = construct is not academic-selicept). These variables were used
as moderators in metagressions of all available effesizes in the complete dataset. The
complete dataset was divided in sevendatasets based on the motivational construct.
These datasets were used to compute separateegedasions for each construct (e.g., meta
regression of sekésteem) and furtherederator analyses (s&able 2for an overview of the

separate datasets).

Table 2 Frequency of Study Variabl&eparated by Construct
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Variable Dataset
Overall  Self Self- Self- Int. Mastery  PAP PAV
esteem concept efficacy Mot.
Effect sizeslf), studiegk) and participantsn}

h/k 912/107 208/39 278/41 41/8 222/34  71/19  58/16 34/9

nin studies 121692 50357 35955 4179 32166 19281 18081 14858

Frequencyp< 0 596 70 200 17 178 60 49 22

Frequencyp>=0 316 138 78 24 44 11 9 12

Minimal value ofp -1.26 -1.24 -1.26 -.83 -1.10 -.88 -.96 -1.22

Maximal value oftp 1.16 .61 1.10 1.16 .24 .26 .26 .25
Domains [ effect sizes k studie$

general 329/46 0 12121 9/4 83/19 56/15 42/11 18/6

math 253/38 0 118/22 14/4 89/16 11/6 12/7 9/4

language 122/24 0 39/13 18/2 50/12 4/4 4/4 712
Questionnairesh(effect sizes k studies)

Eccles et al. 6812 3417 34/7

Harter 18117 89/11 78/11 1/1 712 6/1

Midgley et al. 75/10 9/4 28/9 25/8 13/3

Marsh 58/8 2/2 50/8 6/1

Rosenberg 99/19 99/19

Spinath 144/5 67/3 67/3 4/2 3/1 3/1

Other 287/36 18/7 49/12 31/3 115/23 32/6 24/9 18/5
School stageheffect sizes k studies)

Elementary 279127 24/8 120/16 2/2 97/11 17/3 18/4 1/1

Middle-school 367/58  87/20 127/21 9/5 36/12 46/15  32/11 30/7

High-School 199/34  58/17 2417 18/1 84/15 6/2 6/2 3/1

Missing Information 67/20 3914 7/5 12/1 5/4 2/1 2/1 0
School transitionH{ effect sizes k studies)

Transition 260/75  58/19 65/15 29/6 59/12 22/11  21/10 6/4

No transition 552/52 90/24 206/29 4/1  154/25 43/12  31/10 24/8

Missing information  100/25  60/16 716 8/1 9/5 6/2 6/2 4/1
Geographic locatiorh(effect sizes k studies)

Asia 65/6 6/1 3/1 18/1 23/2 10/3 4/2 11

Europe 344/38  46/10 147/17 0 118/19 7/3 7/3 19/4

North America 481/59 154/26 109/19 2317 80/12 54/12  47/11 14/4

Other 22/5 2/2 19/4 0 1/1 0 0 0
Start year of data collection

Min 1966 1966 1979 1994 1979 1993 1993 2005

Max 2014 2006 2009 1995 2014 2011 2007 2010
Year of publication

Min 1994 1994 1994 1995 2001 1997 1997 2005

Max 2017 2017 2017 2010 2017 2015 2015 2010

Average 2008 2005 2008 2003 2010 2007 2006 2011

Note.Overall = complete datasetel&concept = Academic setfoncept. Selefficacy =
Academic seHefficacy. Int. mot. = Intrinsic motivatiolRAP = Performancapproach
achievement goals. PAV = Performaresidance achievement goals

Transition to middle school or high schoolTransition to middle school or high
school was coded as one dichotomous dummy variable (1 = transition to middlesschoo
high school took place between the two measurement points, O = both measurement points
took place at the same school stage). Overall, there were 260 effect sizes for the change
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between two measurement points with a transition. For 100 effect sizesambiguous
assignment to the transition variable was not possible as no information about school
transition was available.

Grade level.Grade level of students was gathered from the articles and coded at 3
month intervals. For example, a scale completetie beginning of grade 3 was coded as
3.00 and a scale completed halfway through grade 7 was coded as 7.5. Although information
from two grade levels were available for each computed effect size (i.e., grade level at
measurement point 1 and the gradeslat measurement point 2), we only considered the
grade level at measurement point 2 in further analyses. That is, when means were collected at
Grade 6 (measurement point 1) and Grade 8 (measurement point 2), the computed effect size
was coded as GradeMeasurement point 1 was not included in further analyses because the
duration of intervals between two points of measurement was computed for each effect size in
number of years as one further variable. Thus, no information was lost.

School stageThe A2 effect sizes were coded as either the elementary school stage,
the middle school stage, or the high school stage. We computed three dichotomous dummy
variables representing these stages based on the school stage of the later measurement point
(e.g., elenentary school stage: 1 = T2 took place in elementary school, 2 = T2 took place not
in elementary school). An unambiguous assignment to one of the school stages was not
possible for 67 effect sizes as no information about the school type was available.

Year of data collection and year of publication.In 52 studies, the year in which data
collection started was available. This information was coded as a continuous variable. Year of
publication was coded as a further continuous variable.

Domain. Several domais (i.e., math domain, language domain, or general domain)
could be distinguished in all constructs besidesestlfem. These domains were obtained
from the articles and coded as separate dichotomous dummy variables (e.g., math domain: 1 =
domain is math)) = domain is not math).

Questionnaire.Overall, 51 different questionnaires were utilized in the considered
articles. Each questionnaire could contain several scales of different constructs and in some
studies several different questionnaires were u3aty. the questionnaires of Eccles and
colleagues (1983), Harter (1985), Midgley and colleagues (2000), Marsh and colleagues
(1983), Spinath and Spinath (2005), and Rosenberg (1989) were used in four or more
independent stiies (for frequencies s@@ble 9. Wecoded each of these six questionnaires

as separate dichotomous dummy variables (e.g., Rosenberg, 1989: 1 = questionnaire is
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Rosenberg, 1989; 0 = questionnaire is not Rosenberg, 1989). All other questionnaires were
subsumed into one further dichotomoaua r i abl e Aot her questionnair

Geographic location.Studies were carried out in 17 different countries. Due to their
geographic location, we subsumed these countries into the four separate dichotomous
variables: North America (United States and Candelappe (Belgium, Croatia, Estonia,
England, Finland, Germany, Italy, Netherlands, and Norway), Asia (China, Korea, and
Thailand), and other location (Australia, Israel, and New Zealand).
3.4.3.Data Analysis

Our main research aim was to summarize finding® longitudinal studies reporting
changes in motivational variables and s=feem by a metanalysis ando quantify he
magnitude of chang&Ve selected 107 independent studies for this analysis, but many
contained several different constructs anchdms or scales. Furthermore, multiple studies
collected data at more than two measurement points and hence contained more than one effect
size based on the same participants. This led to a complex data structure with 912 partly
dependent effect sizes withL07 independent studies. Common strategies to deal with
dependency (e.g., averaging dependent effect sizes within studies or selecting one effect size
per study) are easy to implement. However, they reduce the statistical power of the analysis
(Hedges &Pigott, 2001, 2004), lead to a loss of information, and obscure differences within
studies (Cheung, 2014; Hedges, Tipon, & Johnson, 2010; see Bornstein et al., 2009, p. 217
223 for a review of common methods). Therefore, we used the recently introdunest Ro
Variance Estimation (RVE) method that controls for the dependence of effect sizes within
studies without the loss of power and information that results from the common approaches
(Hedges, Tipton, & Johnson, 2010; Tipton, 2013). To conduct the RVEanatgsis, we
followed the guidance of Tanr&mith, Tipton, and Polanin (2016) and usedrtimimeta
package in r (Fisher & Tipton, 2016).

Magnitude of change To estimate the magnitude of change in motivational variables
and selfesteem, we calculatedandom effect RVE meteegression for the full dataset of the
912 effect sizes. The c aprepreserastthe dverage ehangel | e f f
between all possible pairs of measurement points in the selected studies. When determining
the averag time duration of the overall effect size we took into account the weights of effect
sizes used in the RVE regression. That is, the duration of each particular effect size was
included in the mean duration calculation proportional to its weight. In RVEmagression

weights are calculated as follows:

Wi =
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Wherev, is the average sampling variance in stjjdy is the estimate of the between
study variance, ankj is the number of effect sizes within each stu¢iedges, Tipton, &
Johnson, 2010; Tann&mith, Tipton, & Polanin2016). For exact weights of all effect sizes
in the considered datasets see Figure A2 iRppendixA.

Moderator Analyses.We conducted several moderator analyses to examine whether
different moderator variables were associated with different changels.rioderator analysis
was conducted independently of the other moderator analyses. If we found a significant
categorical moderator, we calculated separate RVE regressions for the separate categories to
estimate the particular magnitude of change in eatdgory. Of note, separate meta
regressions were calculated only for those categories that included at least four independent
studies as a minimum of fodf is recommended for RVE metagressions (Fisher & Tipton,
2016).

Change in different constructsTo test whether the change was comparable over
different constructs we included the dichotomous dummy variables acadentorsept,
academic seléfficacy, intrinsic motivation, mastery, PAP, and PAV into the meggiession
of the complete dataseth@& selfesteem category was set as the reference category. All
further moderator analyses were conducted for the complete dataset as well for the separate
datasets of selisteem, academic sebncept, academic sedfficacy, intrinsic motivation,
mastery PAP, and PAV.

Change after transition and at different grades or school stagestest whether
transition to middle school and transition to high school were associated with motivational
devel opment the dichot omous fhthereigrenceaategoayb | e
Ano transitionod was included i-efficacywas anal yses
excluded from these analyses becaus# wélues lower than 4.

To examine whethdéhe change of motivational variables and sedteem was nme
pronounced at certain developmental stages and whether it was influenced by environmental
changes we included the continuous variable grade level (T2) into theegetasions. The
separate datasets of academic-s#itacy and PAP were excluded frahese analyses
because odif values lower than 4.

Next, we tested whether the change varied by school stage. Therefore, we included the
dichotomous dummy variables elementary school and high school into theegetssions,
with middle school set as theference category. Of note, effect sizes without unambiguous

assignment to one of the school stages were excluded from these analyses. Furthermore, we
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excluded the separate datasets of academiefiglhcy, mastery, PAP, and PAV dued
values lowerhan 4.

Further moderators: Domain, questionnaire, duration of intervals, year of data
collection/publication, and geographic locatiolNext, we examined whether specific
domains were associated with a different magnitude of change. The dichotomous dummy
var i abl es fAimath domainodo and Al anrggueaspre domai no
whereas the general domain was set as reference category. The datasestdesalfvas
excluded from these analyses, as articles in this dataset did not differentiatenbseeific
domains. We did not consider the RVE regressions in the separate dataset of academic self
efficacy because thdf values were less than 4.

Likewise, we tested whether the degree of change differed by questionnaire.
Therefore, we included sevédichotomous dummy variables representing individual
guestionnaires in the metagressions. The most frequently used questionnaire was set as
reference category. Of note, these analyses were not applied in the separate dataset of
academic seléfficacy kecause of df value lower than 4. Because most questionnaires assess
a particular construct, this moderator analysis was not conducted for the complete dataset.

We tested whether the duration of the interval between measurement points showed a
relation b the effect sizes by including this continuous variable into the-ragtassions of
the full dataset and of the separate datasets. Becadbeahifies lower than 4, the separate
datasets of academic selfficacy, PAP, and PAV were not considered irsthanalyses.

Finally, in three separate analyses we tested whether the continuous variables year of
data collection and year of publication were significant moderators of the change and whether
the change differed by geographic location. In the analysgsanfof data collection and the
analyses of year of publication, we did not consider the separate datasets of academic self
efficacy and PAV due tdf values lower than 4. In the analyses of geographic location,

Europe was set as the reference categoeydild not consider the separate datasets of

academic seléfficacy, PAP and PAV in these analyses becauséwaflues lower than 4.

3.5.Results
3.5.1Magnitude of Change.
The RVE metaegression analysis of the complete dataset including07
indepaendent studies with = 912 effect sizes of change indicated a small but significant
overall decrease in the considered construpts{108,p < .001, 95% CI{.154,-.063]). The
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average interval duration was 1.654 years. That is, on average the mean level of the constructs
decreased by .108Dover 1.654 school years in the 107 studies.
3.5.2.Change in Different Motivational Constructs.

Table 3provides the detailed results of the moderator analyses of each construct. In
the complete dataset, the change differed significantly by congpracO(). More
specifically, the dichotomous moderator variables of academicaetiept f = -.152,df =
62.41,p < .05), intrinsic motivationl{=-.214,df = 58.24,p < .001), and mastery
achievement goal® & -.206,df = 20.90,p < .01) indicated a significantly stronger decrease
than the reference category setteem.

RVE metaregressioranalyses in datasets separated by construct revealed a significant
decrease in academic setincept ¢p=-.122,p < .001, 95% CI4.187,-.058]), intrinsic
motivation (p=-.190,p <.001, 95% CI1{.253,-.127]), masterycp=-.196,p < .001, 95% CI
[-.280,-.111]), and PAP=-.144,p < .05, 95% CI4{.250,-.039]). The average durations of
intervals in academic setfoncept, intrinsic motivation, mastery, and PAP were 1.718, 1.656,
1.103, and 1.094 years. However, the RVE rnetgessions revealed na@sificant changep(
> .05) in the datasets of se&l$teem, academic safficacy, and PAV. For more information
on the overall change in the separate dataset3atde 4

To visualize the observed differences in the development of the motivatiorsddleari
and selfesteem, all means were transformed into POMP scores and depiEtgdran4
Descriptively, the mean levels of academic-selficept, intrinsic motivation, mastery, and
PAP seemed to decrease, whereas the mean levels-e$tssm remainadther stable. For
academic seléfficacy and PAV, contradictory developmental trends could be noted in
different studies. This picture was in agreement with the results of the changes that were
observed for the different motivational constructs in théanegressions. For a detailed
overview of all effect sizes and studies used in the smegfgession analysis, see also the

forest plots shown in Figure A2 in tAgpendixA.
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Moderat Dataset Predictor Reference b df p 95% 12 U)
or category Confidence
analysis interval
Construct
Overall Self-concept Selfesteem -.15 62.41 .01 -27,-.03 98.%4 .06
Selfefficacy Self-esteem -.02 7.00 .90 -.36, .32
Int. mot. Sef-esteem -21 5824 <01 -.34,-.09
Mastery Selfesteem -21 2090 <01 -.33,-.08
PAP Selfesteem -.15 18.09 .07 -.31, .02
PAV Selfesteem -.19 8.84 .15 -.46, .09
School transition
Overall Transition No transit. -.02 78.80 .68 -.14, .09 9870 .07
Selfesteem Transition No transit. -.02 29.@0 .86 -.24, .20 98.80 .08
Self-concept Transition No transit. .02 23.30 .82 -.14, .17 97.62 .05
Int. mot. Transition No transit.  -.14 18.9 .09 -.31, .03 9790 .06
Mastery Transition No transt. -.08 16.36 .29 -.23, .07 96.74 .04
PAP Transition No transit. .09 13.42 .33 -.10, .28 97.82 .06
PAV Transition No transit.  -11 4.24 .75 -1.01,.78 98.81 .10
Grade level
Overall Grade level .01 45.0 .47 -.01, .03 98.78 .07
Selfesteem Gradelevel .00 140 .90 -.04, .4 98.53 .06
Self-concept Grade level .00 190 .97 -.03, .02 97.40 .05
Int. mot. Grade level .00 1570 .70 -.02, .03 97.72 .05
Mastery Grade level .06 5.13 .02 02, 1 95.24 .03
PAP Grade level .03 422 .20 -.02,.07 97.60 .06
School type
Overall Elementary Mid-school .03 37.20 .56 -.07,.13 98.14 .06
High-school Mid-school .02 63.10 .71 -.10, .14
Seltesteem Elementary Mid-school .08 8.94 .19 -.05 .21 97.81 .05
High-school Mid-school .02 28.65 .88 -.20, .23
Selfconcept Elementary Mid-school -.03 25.93 .70 -.18 .12 97.57 .05
High-school Mid-school -.08 9.19 .47 -.34, .17
Int. mot. Elementary  Mid-school .05 17.4 .58 -12,.21 97.84 .06
High-school Mid-school .02 18.0 .80 -.16, .20
Academic domain
Overall Math General -.06 54.80 .16 -.14, .02 97.79 .05
Language General .00 33.10 .95 -.14, .11
Selfconcept Math General -19 330 <01 -3,-06 96.% .04
Language General -15 18.20 .10 -.33, .30
Int. mot. Math General .02 2480 .76 -.11, .15 97.69 .05
Language General -03 15.90 .74 -.18, .13
Mastery Math General 11 6.18 .16 -.06, .27 97.00 .04
Language General <4.00
Pap Math General .02 993 .84 -22,.27 97.92 .06
Language General <4.00
Pav Math General .05 488 .82 -.52, .63 99.27 .17
Language General <4.00
Questionnaire
Selfesteem Harter Rosenberg -.04 23.13 .47 -.16, .08 98.52 .06
Marsh <4.00
Other quest. Rosenberg -.35 10.98 .08 -.75, .06
Self-concept Eccles Harter -21 10.94 .04 -42,-01 97.30 .05
Marsh Harter -07 1553 .48 -.28, .14
Other quest. Harter -14 20.55 .14 -.32,.05
Spinath Harter <4.00
Int. mot. Marsh Eccles <4.00 97.75 .06
Other quest  Eccles -07 9.20 .99 -17,.17
Spinath Eccles <4.00
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Moderat Dataset Predictor Reference b df p 95% 12 U)
or category Confidence
analysis interval
Mastery Harter Midgley <4.00 9221 .04
Other quest. Midgley .11 10.86 .30 -.11, .33
Spinath Midgley <4.00
PAP Harter Midgley <4.00 96.09 .07
Other quest. Midgley -18 10.90 .13 -.41, .06
Spinath Midgley <4.00
PAV Other quest. Midgley 25 433 .26 -.27,.76 98.87 .19
Spinath Midgley <4.00
Duration of interval
Overall Duration -05 234 .12 -12,.02 98.62 .07
Selfesteem Duration -.07 8.0 44 -.29, .14 98.58 .06
Self-concept Duration -08 107 <01 -12,-04 96.82 .04
Int. mot. Duration -07 741 01 -.12,-.03 97.28 .04
Mastery Duration -16 6.95 .04 -31,-.01 96.88 .04
Year of collection
Overall Year of coll. .00 17.7 .76 -.01, .01 98.98 .07
Selfesteem Year of coll. .00 6.65 .69 -.02, .02 98.99 .07
Selfconcept Year of coll. .00 5.18 .93 -.01, .02 96.19 .03
Int. mot. Year of coll. .01 6.33 .07 .00, .02 98.24 .06
Mastery Year of coll. .01 417 .50 -.02, .03 98.49 .05
PAP Year of coll. -04 436 .02 -.05,-01 98.35 .05
Year of publication
Overall Year of pub. .00 553 .94 -.01, .01 98.63 .07
Selfesteem Year of pub. .01 2220 .08 .00, .02 98.45 .06
Self-concept Year of pub. .00 21.8 .57 -.01, .01 97.39 .04
Int. mot. Yearof pub. .01 200 .02 .00, .02 97.68 .05
Mastery Year of pub. .01 85 .33 -.01, .02 96.82 .04
PAP Year of pub. -02 8.60 .01 -.03-01 97.69 .06
Geographic location
Overall Asia Europe 21 6.80 .03 .03, .39 98.65 .07
N. America  Europe 11 7860 .05 .00, .22
Other Europe .16 5.0 .07 -.02 .34
Selfesteem Asia Europe -03 890 .83 -.35, .28
N. America  Europe .05 16.0 .74 -.26, .35
Other Europe <4.00
Self-concept Asia Europe <4.00 96.97 .04
N. America  Europe .08 3420 .24 -.05, .21
Other Europe <4.00
Int. mot. Asia Europe <4.00 97.73 .05
N. America  Europe .00 22& .95 -.13, .13
Other Europe <4.00
Mastery Asia Europe 19 4.0 .37 -32,.71 96.55 .05
N. America  Europe <4.00
Other Europe <4.00

Note. Overall = complete datasetel&concept = Academic setfoncept. Selefficacy =
Academic sekHefficacy. Int. mot. = Intrinsic motivation. PAP = Performatagproach
achievement goals. PAV = Performaramidance achievemengoals. Analyses were
conducted in the complete dataset and in datasets separated by construct if possible. Results are
not reported ifdf < 4.00. A reference category is reported if the moderator variable was coded

as dichotomous dummy variable.
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Figure 4 All reported means of the considered studies separated by motivational construct and transformed into POMR.@@prEeiftis represent
collected measurement points in longitudinal studies. Horizontal line depict time of collection ihgseleo
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3.5.3. Change in Different $ages.

The transition to middle school or high school was not related to a distinct change as
in all datasets the dichotomous variable transition was not a significant moderator of the
developmenty > .05; for exachumbers see Table 4). In the dataset examining mastery,
grade level of students was a significant moderdter.056,df = 5.13,p < .05) of the
developmental change. That is, with rising grade level the decrease in mastery became
smaller. In the dataseof all further constructs and in the complete dataset, the change was
not significantly related to grade level¥ .05; for exact numbers s&able 3. The particular
school stage was not significantly associated with change; the dichotomous variables
elementary school and high school were not significant predictors of theregg&ssions in
the complete dataset or in the datasets separated by construbt( for exact numbers see
Table 3.

Further moderators. Moderator analyses of the specific dam(i.e., general, math,
verbal) in the complete dataset (without ssdfeem) and in the separate datasets of intrinsic
motivation, mastery, PAP, and PAV indicated no significant differences by domain. That is,
for these constructs the two dichotomougsderator variablemath domairandlanguage
domaindid not differ @ > .05; for exact numbers séable 3 from the reference category
general domainin the dataset of academic setincept, however, we found a significantly
larger decrease in the math dmm({ =-.173,df = 32.7,p < .01) and in the language domain
(b=-.178,df = 20.3,p < .01) in comparison to the general domain. Conducting separate RVE
metaregression for the academic setfncept domains, we found a significant decrease in the
acadert seltconcept math domaimg=-.181,p < .001, 95% CI1{.249,-.113]; average
interval duration = 1.651 years) and the academieceel€ept language domaimp€ -.149,p
< .05, 95% Cl{.244,-.055]; average interval duration = 1.200 years). Genesaleanic sel
concept showed no significant changae=(-.022,p = .659, 95% CI1{.125, .081]; average
interval duration = 1.457 years).

Moderator analyses with specific questionnaires as dichotomous predictors revealed
no significant difference in the dats of seHesteem, intrinsic motivation, mastery, PAP,
and PAV > .05; for exact numbers s&able 3. In the dataset of academic setincept, we
observed a significantly bigger decreasstudies that used the scales provided by Eccles and
colleague41983) compared to studies that used the questionnaire of Harter (G885p(3,

p < .05, 95% CI1{.416,-.009).

The duration of interval was negatively related to the change in the datasets examining

academic sel€oncept p = -.080,df = 10.7,p < .001), intrinsic motivationl(=-.073,df =
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7.41,p< .01), and mastery hievement goald(= -.158,df = 6.95,p < .05). Thus, effect

sizes based on longer intervals between measurement points indicated a bigger decrease than
effect sizes based on shorter intervals. In the complete dataset and the dataset examining self
esteemduration of interval was not a significant moderapor (05; for exact numbers, see

Table 3.

The year of data collection was not a significant moderator of the change in all
datasetsy(> .05; for exact numbers s&able 3, except for the dataset BAP where earlier
publications reported a smaller decrease than later stindes@37,df = 4.36,p = .019). The
year of publication was a significant moderator only in the dataset examining intrinsic
motivation p =.012,df = 20.7,p < .05) and PAPK= -.020,df = 8.6,p < .05). That is, older
publications reported a larger decrease in intrinsic motivation, whereas a larger decrease of

PAP was found in newer publications.

Table 4 Overall Change Separated by Motivational Construct, Domain, and @pbgr
Location

Dataset k h 13 df p 95% B U] Duration
studies effect confidence of

sizes interval intervals
Overall 107 912 -11 106.00 <.01 -.15,-.06 98.&2 07 1.65
Selfesteem 39 208 .01 37.80 74 -.07, .10 9861 .06 1.83
Self-concept 41 278 -.12 3940 <.01 -.19, -.06 9736 04 172
Self-efficacy 8 41 -.09 7.00 48 -.38, 20 9803 11 1.22
Int. motivation 34 222 -19 32.80 <.01 -.25,-.13 9768 .05 1.66
Mastery 19 71 -20 17.90 <.01 -.28,-.11 96.84 .04 1.10
PAP 16 58 -.14 15.0 .01 -.25,-.04 97.77 .05 1.09
PAV 9 34 -19 8.00 A1 -43, .05 9915 A3 .97
Self-concept general 20 121 -.02 18.80 .66 -.13,.08 96.79 .07 1.46
Self-concept math 22 118 -.18 10.90 <.01 -.25,-.11 97.90 .03 165
Self-concept math 13 39 -.15 11.80 <.01 -.24,-.06 91.60 .02 1.20
Europe 38 344 -.19 36.90 <.01 -.28,-.09 9921 A2 175
North America 58 481 -.08 56.80 <.01 -.13,-.03 9782 .05 1.65
Asia 6 65 .03 4.99 .69 -13,18 9857 .03 1.10

Note. Self-concept = Academic setfoncept. Sefefficacy = Academic alf-efficacy. Int.
motivation = Intrinsic motivation. PAP = Performarmgproach achievement goals. PAV =
Performanceavoidance achievement goal$ie duration of intervals is reported in years.

In the complete dataset the development differed by geagriaglation, as studies in
Asia (b =.212,df = 6.8,p < .05) and North Americab(= .108,df = 78.6,p < .001) reported a
smaller decrease than studies in the reference category Europe. For the datasets that included
all motivational constructs but thaevwe separated by the geographic location, RVE meta
regression analyses revealed a significant decrease in motivation in Eqprop&89,p <
.001, 95% CI{.283,-.094], average interval duration = 1.750 years) and North Amepsa (
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-.079,p< .01, 95% CI1{.133,-0.025], average interval duration = 1.645 years), whereas
studies from Asia indicated no significant change of natiton o= .022,p=.713, 95% CL
[-.126, .176], average interval duration = 1.100 years) (for more informatiohabte).

3.6.Discussion

In the current metanalysis, we investigated the development of motivational
variables and seksteem in schal-aged children to answer the following main research
guestions: What is the exact magnitude of the changes ough st ude?istthe d s c ho:
change comparable over different construtddhechange more pronounced at certain
stages, i.e., after Bool transitions, in higher grades or in middle school, respectively? In
addition, further moderator analyses investigated a possible impact of academic domain,
guestionnaire used to assess a construct, duration of interval between measurement points,
yearof data collection, year of publication, or geographic location. Our-aretbysis
included 107 independent longitudinal studies with 912 effect sizes. Results indicated an
overall decrease in the considered constructs of SI&ter an average duratiaf 1.654
years. However, decreases significantly differed by construct. While findings revealed
significant decreases for academic®elhcept, intrinsic motivation, mastery, and PAP, we
found no significant changes in sedteem, academic sa&fficacy, and PAV. In academic
self-concept, we only found decreases in the math domain and the language domain but not
for the general domain. The decrease in mastery became smaller with increasing grade level.
In all constructs, particular school stage (i.eepentary, middle or high school) or school
transitions were not significantly associated with the change. Moreover, the decrease of PAP
was greater in more recent studies than in older studies. Finally, the decrease was bigger in
Europe than in North Amera or Asia.
3.6.1.Limitations

Before discussing these findings, we provide some limitations of ouranatgsis.
The strengths of the analysis are the large number of 107 independent studies with 912 effect
sizes and nine moderator variables that wetleegad from the articles. These moderator
analyses were conducted for the complete dataset and for the datasets separated by construct
as we observed different development trends inestfemacademic sel€oncept, academic
selt-efficacy, intrinsic motration, mastery, PAP, and PAV. However, there were relatively
few independent studies available after categorizing the separate datasets of the different
constructs into further categories (i.e., domain, questionnaire, sstaga, school transition,

andgeographic location). That is, the statistical power of the moderator analyses in the
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datasets separated by construct was restricted and some moderator analyses in the datasets of
academic seléfficacy, mastery, PAP, and PAV goals could not be computedadihne small
number of independent studies per moderator category.

The differentiated evaluation of grade level as a continuous moderator of the
development is a further strength of our analysis. However, usingamalgtic methods we
could not invesgate quadratic development trends of motivation that were observed in some
investigations (e.gGreene, Way, & Pahl, 200¥an de Gaer, Pustjens, Van Damme, & De
Munter, 2009).

Although we computed our megaalyses in separate datasets of several éliffer
motivational variables and sedsteem, we did not capture the full variety of possible
psychological constructs that were discussed in the context of SEF theory (e.g., utility value,
perceived costs, or test anxieGassady & Johnson, 2002¢cles etl., 1993; Wigfield &

Eccles, 2002). However, according to our systematic literature search based on four search
strategies (seligure 3, very few studies investigated these constructs in a longitudinal
setting. Therefore, we decided to limit the preseralysis to selésteem, academic self
concept, academic sedfficacy, intrinsic motivation, mastery, PAP, and PAV. Further
motivational constructs could be added to future raetlyses.

All studies included in our mei@nalysis used seteport questinnaires to assess
student motivation and sedisteem. Selfeport questionnaires are the most prevalent method
for assessing constructs like academicsetf nc e p t . I n fact, when a
states and thinking are of interest, asking the pensay even be the only choice of
assessment method (Baumeister, Vohs, & Funder, 2007XxePelit questionnaires have been
criticized for a variety of reasons including common method variance and socially desirable
or consistent responding (e.g., Pods&koOrgan, 1986) and for not being able to depict
persorenvironment interactions or behavior (Ortner & van de Vijver, 2015). Therefore,
limitations of selfreports could bias the estimation of the effect sizes of change presented
here.

Finally, metaanalytic methods do not allow one to test the theoretical explanations for
motivational development. Instead, we quantified the magnitude of the change by conducting
metaregressions and discussed this magnitude afterwards by applying SEF theory. Research
desigqis other than metanalysis are needed to test specific predictions and implications of
available theories.
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3.6.2.Magnitude of Change

Considering all constructs together, we found a significant decrease throughout
student s6 s choolkinilnawthSEF theory (ccles efal., 1998hichg i
describes and explains a motivational decline in seaget children. On average, students
lost around .10&Din the considered constructs during a period 1.654 years.
3.6.3.Change in Different Motivational Constructs

The magnitude of change differed by construct. Whileestitem, academic self
efficacy, and PAV remained stable over time, academiecseltept decreased by .13D
over 1.718 years, intrinsic motivation by .18Dover 1.656 yearsnastery by .19&D over
1.103 years, and PAP by .18Dover 1.041 years. According to SEF theory, the mismatch
between the&leveloping needs of studemisd theopportunities offered to them by their social
environmentffects the decrease. Interestinghys mismatch does not seem to affect all
constructs in the same way but rather seems to affect intrinsic motivation, mastery, PAP, and
domainspecific academic setfoncepts (i.e., math and verbal academicaaticept) but not
the more general competerugliefs (i.e., general setioncept) or selesteem.

The observed decreases in academiecs®itept, intrinsic motivation, and mastery
were in accordance with our expectations based on the previous literatwestSeth,
however, stayed stable throutie whole school career. Furthermore, we expected no change
or even an increase in PAP and PAV but found a significant decrease in PAP and no
significant change in PAV. This finding does not support the assumptions that the mismatch
of st ud e n togpdrtunities eedudts inaarshlft from mastery to performance
orientation. Instead, both mastery and PAP decreased. In PAV, we found no significant
change over time although descriptively PAV showed a bigger decrease than PA$(.186
over a period of .97¢ears vs. .148Dover a period of 1.041 years). It is important to note
that aly nine independent longitudinal studies investig&@&d. Thus, thestatistical power
of thePAV metaregression was restricted due to the small number of studies.

Surprisirgly, we also found no significant general change in academiefiethcy.
One plausible explanation for this finding is thigh variability between studies. Different
academic seléfficacy scales refer to different specific tasks and efficacy scaedrangly
related to specific events such as achievement feedback. Furthermore, only eight independent
longitudinal studies were available for the academicef@ifacy construct, resulting in low
statistical power for the academic sefficacy metaregression.

Although SEF theorhas been applied to a variety of psychological constructs, our

findings contradict the assumption that the decline is a general phenomenon that can be found
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in all constructs. As one implication for further research, we stggegting general

motivational development theories such as SEF theory to specific motivational constructs. For
example, based on the findings of this ratalysis, it is plausible to assume that the

mi smat ch b etneseand oppontuditessthsobdoes not affect general self

esteem or general competence beliefs but rather more dgpegific constructs. Further

research could investigate which type of mismatch undermines which specific construct.
3.6.4.Change at Different Stages

Of all corsidered constructs, only mastery development was positively related to grade
level. That is, with increasing grade level of students the decrease in mastery became smaller.
However, specific school stage (i.e., elementary, middle, and high school) ortsahsition
were not related to the development of mastery and of the further constructs under study. This
is surprising as the stage of middle school and the school transition are often discussed as
critical events in the literature (e.g., Eccles etl@93). Note that our findings do not
necessarily indicate that there is no growin
opportunities leading to stronger motivational declines after the school transition as
alternative explanations are also plausible.dx@mple, as students become older and more
autonomous, less motivation might be associated with less participation in studies or even
school dropout. That is, a relation between motivation and study participation (i-e., self
selection bias) might mask ninadtional declines. Moreover, the number of independent
studies per school stage and separate construct was very small in our analyses. Furthermore,
we only considered studies that were published after 1993. Therefore, positive administrative
changes in naidle schools might explain why we did not observe a stronger motivational
decrease in middle schools or after the school transition. For example, the results of PISA
exercised a worldvide influence on national education systems and played an impor&nt rol
for development efforts in individual schools and broader school systems (Beycioglu, &
Kondakci, 2014; Grek, 2009).

Yet our findings clearly contradict the assumption of adolescence as a critical stage
for studentsd mot i v a tnthemotivatonaltvériablepandselr ved dec
esteem was not specific to this or another stage. In accordance with our findings, most
researchers that overviewed the motivational development in adolescence in the last decades
did not consider adolescence as a sgarly turbulent time (Wigfield & Wagner, 2005, p.

223) and did not find adolescents to be globally unmotivated (Yeager, Lee, & Dahl, 2017, p.
431) . Li kewise, we found no support for the

motivation or seHeseem after the transition to middle school (or high school) because of a
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stronger mismatch of studentsé needs and opp
transition to middle school i mpacts specific
school environment might foster studentsod mo
3.6.5.Further Moderators

Domain. Change was not significantly moderated by specific subject domains (i.e.,
math, language, and general domain) in any constructs exceyeiafiemic sel€oncept. In
academic seltoncept, we observed significant decreases in the math and language domain
but not in the general domain. One explanation for the declines in depegific academic
self-concepts is the agelated differentiatioof academic sel€oncepts that is indicated by
decreasing correlations between the different academicastept domains with age
(Denissen, Zarrett, & Eccles, 2007; Marsh, Craven, & Debus, 1998; Schmidt et al., 2017)
Younger students tend to percethieir competence in different academic domains as
similarly high, whereas older adolescents tend to perceive themselves as more competent in
some domains but less competent in other domblioie thatMar shdés (1986)
internal/external frame of referens®del explains this finding bgimensional comparison
processes across ac ad e ntonceptdinahemwaarse sffdomaiat Al owe
while raising it in the better off domaino (
domain specificity of acadeic selfconcepts with ageould be one explanation for the
average decreases in the specific academicsalfepts. On the other hamayrelations
between the different academic sedincepts and the general academicceffcept typically
do not decrese with ageNlarsh, Craven, & Debus, 1998; Schmidt et al., 20TRat is, the
general academic satbncept seems to be unaffected bydimeensional comparison
processes across academic domains. This could explain why we found a decrease only in
math andanguage academic salbncepts but not in the general academicamticept. Of
note, these assumptions are quite speculative and need more investigation.

Questionnaire. The particular questionnaire used was not significantly associated
with the develoment in any construct except for academic-seficept. In academic self
concept, we found a larger decrease in studies that used the scales provided by Eccles and
colleagues (1983) in comparison to studies that used the questionnaire of Harter (1985). All
studies that gathered academic-selficept by the questionnaire of Eccles and colleagues
(1983) investigated either the math domain or the language domain of acadetnnseit,
whereas most studies that usedtheganeraldoméis que s
of academic seltoncept. This confound of questionnaire and academic domain is a plausible

explanation for the observed differences between these questionnaires as we found significant
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decreases in domaspecific academic setfoncepg but not i n studentso
self-concept.

Duration of interval. In academic sel€oncept, intrinsic motivation, and mastery goal
orientation, longer intervals between measurement points were associated with a larger
decrease. As the decreases@ralized over age groups in academic@aifcept and intrinsic
motivation, possible cumulative losigrm implications of the decrease in these constructs
should not be underestimated. We suggest the metaphor of-eatimg drizzleto describe
thedee | opment of the motivational variables th
short period the drop in motivational variab
over a longer period might be substantial as a huge quantity of watentaésth from
several years of drizzle.

Year of data collection and year of publication.Year of data collection was only
significantly associated with the development of PAP and year of publication was only
significantly associated with the developmehintrinsic motivation and PAP:he decrease
in PAP was smaller in older studies than in more recently published ones, whereas a bigger
decrease in intrinsic motivation was observed in older publications.

The fact that year of data collection and ydgoublication were not associated with
the development of the other constructs does not support the assumption that administrative
changes in the educational system during the last decades (e.g., AuB@0@dan, Hewes,

Overman, & Brown, 200Frtmer & OtenbreitLeftwich, 2010) play a crucial role in the

devel opment of st uedesteem.dnéaccondance with this aonclusioom, d s el f
metaanalytic research on academic achievement suggest that distal variables such as state
policies are more weakhglated to academic achievement than proximal variables such as
differences between teachers (Hattie, 2008; Schneider & Preckel, 2017).

Geographic location.Studies from Europe reported a significantly larger motivational
decrease than studies from Noftimerica or Asia. These differences might be explained by
distinct learning ideologies, school politics, and cukspecific differences in learning
related mindsets (i.e., growth mindset). For example, in comparison with students from
western countriedisdents in China perceive learning as a priority and put much effort to
achieve mastery of the material, and to perfect themselves morally and saci&605;

Tweed & Lehman, 20Q2In addition, in the United States school tracking is implemented on
the within-school level and on specific academic domains, whereas in many European
countries it is carried out on the betwesshool level and on the overall achievement

(Schnabel et al., 2002; Nagy et al., 2010). Recent research suggests that the iofluence
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tracking on students6é motivation differs acc
(Chmielewski, Dumont, & Trautwein, 201.3n some European countries like Germany

tracking occurs very early (i.e., in grade 5). Therefore, cultural context and gpadficos

need to be taken into consideration when conducting research of motivational development.

More crosscultural research including measurement invariance tests between cultures and
operationalization of cultural differences in school systems idate® explain why the

motivational development differs by geographic location.

3.6.6.Conclusions

Examining 107 independent longitudinal studies that investigated the development of
student s6 mo-ésteemaduringtimeir school caseer,|we bdecreases in
intrinsic motivation, mastery, and PAP. We further found a decrease in ssibgaific
academic sel€oncepts (i.e., math academic sathcept and language academic-self
concept), but not i n -eohcapl Relidiestatengpresaboutdahe ac ad e
development of academic seifficacy and about the development of PAV, which we found
to be stable over time, are hard to make because of the small number of independent studies
that investigated these constructs.

The motivationatleclines were moderate in size and specific to some constructs. More
research is needed to clarify how practically relevant such moderate declines are. Previous
longitudinal investigations have demonstrated that the change in motivational variables over
around one year predicts subsequent school achievement controlling for its previous level
(e.g., Gehlbach, 2006; Wang & Pomerantz., 2009). It is therefore plausible to assume that
even moderate motivational decl i ppestwhech e r el e
calls for interventions t o c oBasedenrSEFctheory, he de
Eccles and Roser (2009) proposed that the fi
offered by the school environment could be improved on akgeological levels (i.e.,
classrooms, schools, school districts, and communities). For example, the school start time is
one possible point of intervention at a higher ecological |8tatlents develop a preference
towards eveningrientation during adescence, whereas the start time of school typically
does not change with students6é grade | evel (
orientation towards eveningness is considered a risk factor in the literature as it is negatively
related to sobol grades (e.g., Preckel et al., 2011), and motivational variables such as
academic seltoncept, school value, and achievement goals (Preckel et al., 2013; Scherrer,
Roberts, & Preckel, 2016). In terms of SEF theory, a later school start time mighe tieeluc

mi smatch between studentsdé rising needs (i . e
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their opportunities (i.e., no risk for sleep deficits because of a later school start). Alternatively,
educational interventions that target particularivatonal constructs may be recommended
based on our resultds we observed decreases only in intrinsic motivation, mastery, PAP,
and in subjeespecific seconcepts, intervention programs should primary target these
constructs (for a metanalytic oveview of intervention programs, see Hulleman et al., 2016
andLazowski & Hulleman, 2016 For example, Craven, Marsh, and Raymound (1991)
demonstrated that math and reading-seticepts could be enhanced by a researcher
administrated intervention that coméd internally focused performance feedback and
attributional feedback. Note that intervention programs inceitept are often specific to
particular domains (O6Mara, Green, & Marsh,
enhancing math setfoncep, the largest changes will be observed in mathcmitept
compared to other domains or the generatsaticept. As we observed decreases only in
math and language academic smlfhcepts, intervention programs that target these self
concept domains catdibe recommended based on our results. Note that this recommendation
can be discussed against the background of N
reference model. According to the I/E model, students compare their depeaiific
academic sélconcepts by internal and external comparison processes within and across
academic domain3hat is, students compare their achievement in one domain to the
achievement of other students in the same domain (external comparison) and in relation to
their own achievement in other domains (internal comparidémgtering one particular
academic sel€oncept domain of students might entail the devaluation of the other academic
seltconcept domains because of the internal comparison processes. Howevanahgta
findings regarding interventions in academic-®elficepts do not suggest that intervention
programshave a negative impact on the untargeteds®itept domainfO6 Mar a, Gr ee n,
Marsh, 2006).

For programs foster i ng hedntewehon of Gudhrigandk r i n s i
colleagues (2006) is exemplary. To encourage-ten interest in reading, Guthrie and
colleagues (2006) stimulated situational interest byadled handson activities (i.e.,
physically interacting with a concrete obje&judents who received stimulating tasks
showed a higher intrinsic motivation to read compared to the control group. As we observed a
decline in intrinsic motivation in our results, such intervention programs are needed to prevent
motivational decreaseBinally, our findings suggest that intervention programs for fostering

student sdé motivation should not be Iimited t
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programs are necessary in elementary school, middle school, and high school as we found
motivational decreases in all school stages.

To conclude, ansidering different motivational variables and s=feem in our meta
anal ysis, we found that the motivational dec
general phenomenon affecting atinstructs in the same vein. In addition, we found that the
motivational decline is not restricted to a certain age group. Rather, our findings indicate that
supporting a positive motivational development of students is a task that is relevant in all
schal years and not only at certain critical stages, as small decreases over time might add up
to large decreases over the whole school career. Motivation and its development is affected by
environmental variables like context, culture, and instruction, lser@éfore open to
(psychological) interventions (e.g., Cohen, Garcia, & Goyer, 2017; Hulleman et al., 2016).
We hope that the present metaalysis will encourage further research that helps ensure
positive motivational development in more students fronbdgnning of their school career

on.
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Chapter 4. Article 2

Development of Achievement Goals and Their Relation to Academic
Interest and Achievement in Adolescence: A Review of the Literature and

Two Longitudinal Studies

Vsevolod SchermeFranzis Prekel, Isabelle Schmidt, and Adrew J. Elliot

4.1. Abstract

Adolescence is important for the development of achievement motivation, including
achi evement goal pursuit. Longitudinal resea
and its implicationsdr academic outcomes. In our research, we first present a systematic
review of findings on achievement goals in adolescence. Then, we report two longitudinal
studies with German adolescents in which we investigated the separate as well as joint
developmenbf achievement goals, interest, and achievement in the domain of mathematics.
Study 1 comprised 745 students assessed in four waves in gradé3% femaleageMr1 =
10.69. Sudy 2 comprised 1420 students assessed in four waves in gradé3% femée;
ageMr1 = 10.58. Students reported their mastery, performeaeqmeroach, and performance
avoidance goals and their interest in mathematics. Mathematics achievement was assessed by
school grades (from s t-reporeedih StelR) anel standaddigedi n St u
test scores (Study 1). Data were analyzed using latent growth curve and multiple processes
correlated change structural equation modeling. Findings for the two studies evidenced a
substantial degree of consistency. All goals decreasédhe decrease became smaller over
time in most instances. In both studies, findings for the joint development of goals with
interest and achievement revealed that change in mastery and perfeapprazch goals
was positively related or unrelated taaclge in interest and achievement, while change in
performanceavoidance goals was negatively related or unrelated to change in interest and
achievement. The findings are discussed in the context of social cognitive and stage

environment fit theories.

Keywords: achievement goals, adolescence, development, interest, achievement
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4.2.Introduction

Achievement goals have been central to the study of achievement motivation in
students for over three decades (Dweck, 1986; Elliot & Hulleman, 2017; Nichollg, 2084
achi evement goal i s -r@lavant pargbsevior ehgagirig o $ehaviormp et e n
and this goal is thought to establish a framework for how students think, feel, and behave in
school settings. The specific types of goals that students panspesited to influence their
achievementelevant outcomes.

A |l arge | iterature on studentsdé achi eveme
hundreds of studies) has accumulated over the years. The vast majority of this research has
been crossectiond Some longitudinal research is also available, but it is relatively scarce. In
the present research, we focus on adol escent
academic interest and achievement. Adolescence is typically considered a tagjedbs the
development of motivational constructs (Gottfried, 2019; Nicholls, 1989; Wigfield & Eccles,
2002) and academic interest and achievement
outcomes (Korn & Elliot, 2016, p. 4). Herein we present syati& reviews of the relevant
crosssectional and longitudinal literatures on achievement goals and interest/achievement;
these reviews are valuable in both summarizing the current state of empirical work in this area
and establishing the context for thegent research. We then report two new longitudinal
studies investigating the me&vel development of achievement goals over time as well as
the joint development of achievement goals, interest, and achievement in the domain of
mathematics.
4.2.1.Achievement Goal Models

Several different models of achievement goals have been proffered over the years. The
initial, dichotomous model distinguished between two types of goals: Mastery goals that
focus on trying to develop competence through task mastenyeafatmance goals that focus
on trying to demonstrate competence relative to others (Dweck, 1986; Nicholls, 1984). Both
of these were explicitly characterized as approach goals (i.e., goals focused on the possibility
of success; Ames, 1992; Nicholls, Bdtmick, Cheung, Thorkildsen, & Lauer, 1989). In the
trichotomous model, mastery goals remained the same, but performance goals were bifurcated
into performanceapproach goals that focus on trying to demonstrate competence relative to
others and performange/oidance goals that focus on trying to avoid demonstrating
incompetence relative to others (Elliot & Harackiewicz, 1996; Middleton & Midgley, 1997).

A subsequent 2 x 2 achievement goal model (Elliot, 1999; Pintrich, 2000a) extended the

trichotomous modédby additionally distinguishing between mastapproach goals that focus
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on trying to approach intrapersonal or téslsed competence, and masiavgidance goals
that focus on trying to avoid intrapersonal or tasised incompetence. Finally, a 3 x 2 elod
(Elliot, Murayama, & Pekrun, 2011) split both mastapproach and masteayvoidance
goals according to the intrapersonal/tagised distinction, yielding two approach goals (i.e.,
trying to approach intrapersonal competence and trying to approadbatsestt competence)
and two avoidance goals (i.e., trying to avoid intrapersonal incompetence and trying to avoid
taskbased incompetence).

In the present research, we focus on the trichotomous model of achievement goals.
The trichotomous model was theedominant model at the time that the longitudinal studies
of the present research were started. Furthermore, the three goals of this model have been the
most studied in the achievement goal literature and are thought to be the most relevant to
students ofmost age groups (Elliot, 2005).
4.2.2.Achievement Goals, Academic Interest and Achievement, and Development

In the achievement goal literature in general, masippfoach) goals are posited to
be the most beneficial iefementelevant grocessesagd al s f o
outcomes. The appetitive and intrapersonalftzested focus of these goals is thought to
facilitate processes such as challenge appraisals, task absorptiepra=essing,
persistence, and autonomous engagement, whictdshawve positive implications for both
interest and achievement over time (Dweck, 1999; Nicholls, 1989). Perforaanicance
goals are assumed to be the most detrimental of the three goals. The aversive and
demonstration/other focus of these goals preduyrfacilitates processes such as threat
appraisals, selfoncern, anxiety, inflexible processing, and-petitective (dis)engagement,
with negative implications for both interest and achievement (Elliot & Hulleman, 2017).
Performancepproach goals aposited to fall between mastery and performasmagdance
goals in their beneficialletrimental implications. The appetitive focus of these goals is likely
to promote some of the same positive processes as mastery goals, but the demonstration/other
focus d the goals is likely to promote some of the same negative processes as performance
avoidance goals. The net influence of these
depend on whether students focus on demonstrating ability, using otheraragaadstor
both; the demonstration focus of goals is viewed as particularly pernicious, and likely to
undermine both interest and achievement (Hulleman, Schrager, Bodmann, & Harackiewicz,
2010; Senko & Dawson, 2017).

Several theorists have posited thdolascence brings intrapsychic and environmental

changes that are problematic for studentsd m
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pursuit. Sociacognitive theorists (Dweck, 1986; Nicholls, 1984) note that cognitive

development during early adolesce facilitates the differentiation of ability from effort, and

that this leads many students to focus on demonstrating ability with as little effort as possible.
Stageenvironment fit (SEF) theorists (Eccles et al., 1993) contend that adolescence brings a

mi smatch between studentsdéd emerging needs an
encounter (especially following the middle school and high school transitions). Specifically,
adolescent students encounter a disruption in friendship networks,dppatunities to

develop close relationships with their teachers, increased normative evaluation, and a decrease
in felt autonomy in their school environment (Eccles et al., 1989; Midgley & Feldlaufer,

1987; Wigdfield & Wagner, 2005), all at a developmépgriod when they are particularly in

need of strong relational connections, moderately challenging academic tasks that foster skill
development, and a sense of autonomy and choice (Eccles et al., 1993; Simmons & Blyth,
1987).

Sociatcognitive and SEF #orists have offered the same set of predictions for
achievement goal purséita decrease in mastery goal pursuit and an increase in performance
goal pursuit during the adolescent period (Anderman & Midgley, 1997; Eccles et al., 1993;
Nicholls, 1989). Thiset of predictions was offered prior to performance goals being
bifurcated by approaeavoidance, and performanapproach goals being identified as at
least somewhat adaptive. Two alterative sets of predictions that incorporate the approach
avoidance digtction may be derived from these theories in a way that retains their core
premise of motivational difficulty during adolescence. One alternative is that the myriad
changes and challenges faced by adolescents lead to a decreased commitment to competence
per se, across standards of evaluation, such that not only mastery goal pursuit, but also
performanceapproach and performanegoidance goal pursuit decreases (Paulick,

Waterman, & Nickles, 2013). This would represent a complete declineduahétyof
motivation. A second alternative is that adolescents us@sgéction as a mechanism for
coping with the changes and new challenges they encounter (Alicke & Sedikides, 2011;
Baumeister, Bratslavsky, Finkenauer, & Vohs, 2001), which is maximized byeadedn
approach goal pursuit (mastery and performaamm@oach) and an increase in performance
avoidance goal pursuit. This would represent a complete declineqguahity of motivation.

Both socialcognitive and SEF theory focus on mdawel changes achievement
goal pursuit during adolescence; neither theory focuses on nor offers predictions regarding the
i mplications of this achievement goal change

academic interest and achievement. Two possibilitiesig#ausible. One possibility is that

64



Chapter 4. Article 2

the predictive patterns for the three achievement goals during adolescence are similar to the
predictive patterns articulated above for individuals in ge@emsstery goals are most
beneficial, performaneavoidance gals are most detrimental, and performaapproach

goals are in between (Elliot & Moller, 2003; Midgley, Middleton, Gheen, & Kumar, 2002). A
second possibility emphasizes the importance of students adapting to their changing school
climate. As the academénvironment becomes more performafmeused and less mastery
focused following the middle school and high school transitions (Anderman & Midgley,
1997; Midgley, Anderman, & Hicks, 1995), performataggoroach goals may become more
adaptive and beneficiébr students, and mastery goals may become less adaptive and
beneficial (Harackiewicz, Barron, Carter, Lehto, & Elliot, 1997; Shim, Ryan, & Anderson,
2008). The avoidance component of performaaogidance goals would render these goals
maladaptive for stlents across school climates (Murayama & Elliot, 2009).

4.2.3.Narrative Reviews of the Literature

In the following, we review the crosectional and longitudinal research that has been
conducted examining relations between the goals of the trichotcwbiessement goal
model and both academic interest and academic performance. In addition, within the
longitudinal research, we focus on the development of achievement goals over time (per se).
We include work on mastery goals from the dichotomous achiewtegpahmodel and
masteryapproach, performaneagpproach, and performance avoidance goals from the 2 x 2
achievement goal model, given that they are conceptually the same as the goals from the
trichotomous model (Elliot & Hulleman, 2017). To the extent fmsswe focus on
adolescent students in these reviews.

Academic interest may be defined as interest in or enjoyment of an educational
activity for its own sake (Deci & Ryan, 1985). This variable is usually operationalized using
selfreports of the exterid which the respondent finds a schbaked activity, a class, or
schoolwork to be enjoyable, fun, or interesting. Academic achievement may be defined as
performance relative to a standard of competence in an educational environment (Steinmayr,
Meil3ner,Weidinger, & Wirthwein, 2014). This variable is usually operationalized using
objective records or seteports of exam scores, class or school grades, or standardized tests.

Crosssectional research The vast majority of research on achievement goals an
academic interest/achievement has used @®ssonal methodologies, most commonly a
single session correlational design or a prospective design in which the goals are assessed at
one time point and the outcomes are assessed at a second time paintetmesv, we focus

on published metanalyses of this crossectional literature, targeting the goals of the
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trichotomous model (or equivalent) and interest and achievement specific to academic
environments (when specified). We target rreatalyses thancluded data from secondary
and/or middle school students; we do not include raptdyses that focused on
undergraduates or adults only.

We conducted a systematic literature search for articles containing relevant meta
analyses using the following PsyblHO keywords{g o a | ( s ) © Rai cehniteavt ei noenn t
goalORper for mankRmagd &Ir YBRpea If (0Fgnvaoni cdeeRn c e
per f oranpaprrcdedlhmeamal y6pee¢r reviewed journal s i
|l anguatWe)al so did arslevaditPsgathomh oagsQHail n Bul |
Educational MeRREdacahi Bral eROREDOS 0ORERevi ew
Review of Edu®©O®fPeobpsahaResganod Soci & PBsgdho
same keywords as imamandhsesefhrcédedsawatbhnst hat ¢g
articles publ i sTheeehrch pnocesshas wedl asjthe inclusi@nlared exclusion
criteria, are reported iRigure BL in Appendix B

We found 9 metanalyses through our search process. Tam fimdings from these
metaanalyses may be summarized in terms of the median relation for each achievement goal
and outcome variable (s@able 5for additional details); when there was an even number of
coefficients, we reported the mean of the two n@ddimbers. Mastery goals showed a
positive relation with academic interest (median.44, mediamumber of studies in the
metaanalyses = 13) and academic achievement (mediat3, median number of studies in
the metaanalyses = 74). Performanappioach goals showed a positive relation with both
academic interest (mediarr .15, median number of studies in the rratalyses = 13) and
academic achievement (median .10, median number of studies in the rreatalyses = 76).
Performancevoidance goalshowed a negative relation with both academic interest (median
r =-.07, median number of studies in the matalyses = 13) and academic achievement

(medianr = -.13, median number of studies in the matalyses 59)8

8in summarizing the data from these meatelyses, we used the goals from the trichotomous model when available, but used the equivalent
goals from the dichotomous or 2 x 2 models wheecessary. Likewise, we used data from measures of interest when available, but used
measures of enjoyment or intrinsic motivation when necessary. Data from-amagtaes that focused only on university students and
adults (Cellar et al., 2010; Paynepuigcourt, & Beaubien, 2007; Richardson, Abraham, & Bond, 2012) were not included in the summary.
All 9 metaanalyses that were included in the summary considered data from secondary students, as well as data from universitylstudents
adults. Six of thee metaanalyses tested age, grade level, or school type as a moderator of the relation between the achievement goals and
the academic outcomes (Huang, 2011; Huang, 2012; Hulleman et al., 2010; Senko & Dawson, 2017; Van Yperen, Blaga, &Pdstmes, 2
Wirthein, 2013). Age, grade level, and school type did not significantly moderate the relations of achievement goals andaitzeesic
excepting two significant effects. Hulleman et al. (2010) found that the positive relation between PAP goals andeicteasss with grade
level, and Wirthwein et al. (2013) reported a stronger positive relation between PAP goals and academic achievemesityirstuigats
compared to middle school students. Two additional types of research related to the wad icother text may be briefly mentioned. First,
research has been conducted on manipulated achievement goals and interest/achievement, but the majority of this sesbarctabocu
based games and exercises rather than academic activities (famapsas, see Rawsthorne & Elliot, 1999; Van Yperen, Blaga, &
Postmes, 2015). In addition, some research has focused on linking achievement goals to performance in sport conteidsuaiysisn
see Lochbaum & Gottardy, 2015)
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Table 5 Metaanalyses of Crassectional Studies Investigating Relations of
Achievement Goals with Academic Interest and Academic Achievement in&abol

Students and Adults

Considered
achievement goals

Relations to
related variables

interest Relations to

academi
achievement

Baranik et al.
(2010)

Burnette et al.
(2013)

Huang (2011)

Huang (2012)

Hulleman et al. (2010)

Murayama and Elliot (2012)
Senko and Dawson (2017)
Van Yperen, Blaga, and Postm

(2014)

Wirthwein et al. (2013)

M:
PAP:
PAV:

MAP:
PAP:
PAV:

M (from dich):
M (from dich):

M (from trich):
PAP (from trich):
PAV (from trich):

M (from trich):
PAP (from trich):
PAV (from trich):

M (from dich):

M (from trich):
PAP (from trich):
PAV (from trich):

M (from 2 x 2):
PAP (from 2 x 2):
PAV (from 2 x 2):

M:
PAP:
PAV:

PAP:
PAV:

PAP:

M:
PAP:
PAV:

M:
PAP:
PAV:

Interest

r=.61% k=12
r=.17* k=12
r=.09% k=12

Interest
r=.42* k=16
Enjoyment
r=.43* k=9
Interest
r=.54* k=13
r=.21* k=13
=-.08/k=13
Enjoyment
r=.42* k=6
r=.04/k=6
r=-.08/k=6

Interest

r=.44* k=52
r=.07* k=52
r=-.07* k=34

Enjoyment
r=.15* k=35

Grades, exam performance
r=.10* k=17

r=.13* k=17

r=-.18% k=17

Achievement

r=.14/k=4

r=.16/k=7

r=-.22/k=7

Grades, test scores
r=.13* k=84
Grades, test scores
r=.13* k=76

r=.07* k=76
r=-.12* k=76
Grades, test scores
r=.10%/k=19

r=.13* k=19
r=-.13* k=19
Performance outcomes
r=.11* k=95

r=.06* k=98
r=-.13* k=63
Performance
r=.10*% k=472
r=-.12* k=472

Educational achievement
r=.13% k=72

r=.10* k=75

r=-.14* k=55

Academic achievement
r=.13*k=209
r=.08*k=142
r=-.12*/k=109

Note.*p < .05. M = Mastery goals. PAP = performataggroach goals. PAV = performance

avoidance goals. Dich = dichotomous achievement goal model. Trich = trichotomous achievement

goalmodel. All metaanalyses considered schaged students and adults.
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Longitudinal research. Longitudinal methodologies involve repeated measurement of an
independent variable, a dependent variable, or both over at least two time peaidsg,
Roman HernandezSanchez, & Solli, 2015) ongitudinal studies on the relation between
achievement goals and academic interest/achievement are sparse relativesectiassl
studies. Metanalyses investigating the longitudinal relations of achievement gioals
academic outcomes have yet to be conducted, undoubtedly due to the limited number of
studies available in the literature. Herein, we conduct a narrative review of existing
longitudinal studies with adolescentargeting the goals of the trichotomausdel (or
equivalent) and academic interest, academic achievement, or both. Within this set of studies,
we also provide a narrative review of mdanel change over time for each of the three
achievement goals. We target studies focusing on middle samdfokrdnigh school students
only (i.e., adolescents) in this review.

We conducted a systematic literature search for articles containing relevant studies
using the following PsycINFO keywords searfdh:o al ( s) ©ORa cehniteavieinoennt g o
ORper f og mpn@Rnfass)t er YORp@®a If Og¥gnvaonicdeaRpe e f oF manc e
appraNchh ongi ORddolaéscent ORcehviell dhporoedh @GR v el op m:
secondarORmsddbeORhihgh NANIaocobademi ¢ aORhi evemenil
val OrRnsot i v&Ri tneniepteer revi ewed journalslnn th
addition, we searched the reference section
d e v el o pSuolemra ant Breckel (2019) for other relevant studies. The search process, as
well as tle inclusion and exclusion criteria, are reporteBigure B in Appendix B

Our search process revealsglarticles reporting 17 longitudinal studies. We
categorizedhese articles according to three different analytic approaches, A to C, used to
investpate the longitudinal relations athievement goaksnd academic interest and/or
achievementA = previous goals predict subsequent interest/achievement, B = correlated
change of goals and interest/achievement, and C = goal profiles predict subsequent
interest/achievemenséeTable 6for additional details on these studiédyote that the
considered studies varied in terms of the duration between measuremenBaumatse the

magni tudes of the coefficient Péconellortetont e v al

9 Additional longitudinal esearch related to the work reviewed in the text may be noted. Lazarides et al. (2017), Martin and Elliot (2016), and

TuominenSoini et al. (2011) investigated the longitudinal relations of achievement goals and general school value. Generaluschool val
captures perceived usefulness and perceived importance, in addition to interest irlrso@oy. instances, multiple analytic approaches were

used within a single study.
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longer, the observed magnitudes of the path coefficients are not directly comparable across
different time spans (Oud & Delsing, 2010).

In Approach A, 10 articles reported crdagged effects aiichievement goalsn
academic interest @chievement using structural equation modeling (e.g., Spinath &
Steinmayr, 2012), multiple regression (e.g., Wentzel, 1996), or latent growth curves (Wang &
Pomerantz, 2009).r8sslagged investigations test how mdamels of achievement goals at
one measrement point predict a subsequent outcome controlling for the previous level of the
outcome Mastery goals were positive crasgged predictors of subsequent academic interest
(Spinath & Steinmayr, 2012) and positive (Niepel, Brunner, & Preckel, 20idicRa
Watermann, & Nickles, 2013; Seaton et al., 2013; Wang & Pomerantz, 2009} or non
significant (Gutman, 2006; Patrick, Ryan, & Pintrich, 1999; Rilla®ies & Peterson, 2016;
Wentzel, 1996) predictors of subsequent academic achievement. Researchirsrithue
significant crosdagged effects of performanagproach goals on academic inter&gigath
& Steinmayr, 2012 The findings for croskagged effects of performanegproach goals on
academic achievement are mixed; some studies reported positbatagged relations
(Niepel et al., 2014; RubiPavies & Peterson, 2016, in a sample of Maori; Seaton et al.,
2013), whereas others found no significant ctagged relations (RubiBavies & Peterson,
2016, in a sample of Pékeha), and some have euewl negative crodagged relations
(Paulick et al., 2013). Performanagoidance goals have been shown to besignificant
crosslagged predictors of academic intere&gpifiath & Steinmayr, 20)2Either negative
(Niepel, Brunner, & Preckel, 2014) oomsignificant (Paulick et al., 2013) crekgged
effects of performaneavoidance goals on academic achievement have been found.

In Approach B, 4articles investigatetow interindividual differences in the
development ohchievement goals werelatedto interindividual differences in the
development of academic interest or achievermerihese articles, a changeaohievement
goalswas represented using manifest change scores (Gehlbach, 2006; Shim et al., 2008),
latent change scores (e.g., Lazari@ldRaufelder, 2017), or latent growth curves (e.g., Wang
& Pomerantz, 2009). Change in mastery goals was positively related to change in academic
interest (Gehlbach, 2006; Lazarides & Raufelder, 2017) and achievement (Gehlbach, 2006;
Shim et al., 2008; Wan§ Pomerantz; 2009). Change in performa@apgproach goals was not
significantly related to change in interest (Gehlbach, 2006), but was positively related to
change in achievement (Shim et al., 2008). Approach B has not been used to test the relations

of change in performaneavoidance goals and change in academic interest or achievement.
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In Approach C, 3 articles reported a person centapgaioach using median split or
latent profile analyses to estimatehievement goadrofiles of students and to preti
academic outcomes measured at a later time point by these puoafileslling for the
previous level of the outcon{elornstra, Majoor, & Peetsma, 2017; Pintrich, 2Q00b
Schwinger & Wild, 2012 The results of these studies are hard to quantify artgpare
because differerdgchievement goadrofiles were estimated in these studies. In the study by
Hornstra et al. (2017¥tudents having approach oriented profiles (high mastery, high
performanceapproach, and low performanagoidance goals) and modexarofiles
(medium mastery, performaneg@proach, and performanregoidance goals) showed stronger
increases in academic achievement than students having multiple goal profiles (medium to
high mastery, performanegpproach, and performanegoidance goaJsHowever, in the
studies by Pintrich (2000b) and Schwinger and Wild (2012), achievement goal profiles at a
previous measurement point had no consistent effects on subsequent academic interest or
achievement, controlling for the previous level of thedeaues.

With regard to meatevel change of the achievement goals per se, few studies

explicitly focused on this issue, but 9 studies provided descriptive statistics that allowed us to

compute the effect size of changie=( ) for goals at adjacent time points. For ease of

interpretation, we additionally report an adjusted avedagdue for each achievement goal
that refers to an interval duration of one y@ag., when a tw«year interval was considered
andd = .20 was conducted, this was scaled t0.10 for the duration of one yeaihe
findingsmay be summarized in terms of the meddfect size of change for one year.
Mastery goalg¢mediand = -.14, number of studies =,9erformancepproach goalénedian
d =-.16, number of studies =,4nd performancavoidance goalénediand = -.20, number
of studies = 3showed small mealevel declines over tim¥.With the exception of Paulick
et al. (2013), the issue of the functional form of change owver ti.e., linear versus nen

linear) has been ignored in this literature.

10 s0me of the studies reviewed herein provided multiple;imdependent effect sigeso caution in interpreting the medians is warranted,
accordingly.
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Table 6 Longitudinal Studies Investigating Relations of Achievement Goals with Academic
Interest and Academic Achievement in Middle School and High School Students

Key findings on longitudinal relations to Meartlevel Duration (in Scaled up
academic interest and achievement assorte change ird years) between average
by analysis approach A. to C. time points dfor1l
year
Gehlbach (2006) B. The change score of mastery goals M1-2: T1-T2: .75 M:
n=917 (from US) positively predicted subsequent achieveme d=-.25 d=-.33
T1=grade9/10 (start) on history (history tesb=.08*; grades in
T2=grade9/10 (end) history:b =.23%), and subsequent interest in PAP12: PAP:
social studies classels«,52*) at T2. d=-.14 d=-.19
The change score of PAjals did not
significantly predicted subsequent
achievement on history and subsequent
interest in social studies classes at T2.
This was tested by multiple regression with
T1 outcomes as further predictors.
Gutman (2006) A. T1 mastery goals did not significantly M1-2:d=.11 T1-T2: 1.00 M:
n=50 (from US) predict T2 grades (controlled for T1 grades, d=.11
T1l=grade8 This was tested by multiple regression. T2
T2=grade9 mastery was also included as a predictor of
gradedn this model.
Hornstra, Majoor, and  C. Approachoriented (high mastery, high Could not be T1-T2: .75 Could not
Peetsma (2017) PAP, and low PAV goals) and moderate conducted. be
n=722 (from the profiles (medium mastery and moderate PA T2-T3: .25 conducted
Netherlands) and PAYV goals) showed stronger increases
T1=grade5 (halfway) language achievement tests than multiple
T2=grade6 (start) goals profile (medium to high mastery, PAP
T3=grade6 (halfway) and PAV goals). No associations between
goal profiles and math achievement tests
werefound.
This was tested by latent profile and
multilevel analyses.
Lazarides and Raufelde B. Change in mastery goalsas positively M1-2: d=-.04 T1-T2:1.75 M:
(2017) associated with change in intrinsic motivatic =-.03
n=1088 (from (b=.13%).
Germany) This was tested by relations of latent chang
T1=grade8 (start) scores in a structural equation model.
T2=grade9 (end)
Niepel, Brunner, and A. T1 mastery §=.20%), T1 PAP §H=.20%), Could not be T1-T2: 1.00 Could not
Preckel (2014) and T1 PAV goalsb=-.37*%) were significant  conducted. be
n=769 (from Germany) predictors of subsequent T2 grades. T2 T2-T3:2.00 conducted
T1l=grade5 mastery goalsbE.14*) positively predicted
T2=grade6 subsequent T3 grades, whereas T2 PAP ar
T3=grade8 T2 PAV goals did ot significantly predict
subsequent T3 grades.
This was tested by a creEgyged structural
equation model.
Patrick, Ryan, & A. T1 mastery goals in math, English, and Math T1-T2:.75 Math M:
Pintrich (1999) social studies did not significantly predict T: M1-2: d=-.29
n=445 grades (controlled for T1 grades). d=-.22
T1l=grade?8 (start) This was tested by multiple regression. English
T2=grade?8 (end) English M:
M1-2: d=-.23
d=-17
Social
Social studies studies M:
M1-2: d=-.23
=-.17
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Paulick, Watermann,
and Nickles (2013)
n=1646 (from
Germany)

Tl=grade 4 (end)
T2=grade5 (halfway)
T3=grade6 (start)

Pintrich (2000b)
n=150
T1l=grade8 (start)
T2=grade8 (end)
T3=grade9 (end)

RubieDavies, &
Peterson (2016)
n=78

(Maori from New
Zealand)

n=319 (Pakeha from
New Zealand)
T1l=grade?8 (start)
T2=grade?8 (end)

Schwinger and Wild
(2012)

n=302 (from Germany)
Tl=grade3

T2=grade4

T3=grade5

T4=grade6

T5=grade7

A. T1 masteryf§=.14*) and T1 PAP goals M1-2:

(b=-.10%) significantly predicted sasequent d=-.24

T2 grades, whereas T1 PAV godts(02) did

not significantly predicted subsequent T2  M2-3:

grades. T2 mastery goals=(12*) d=-.54

significantly predicted subsequent T3 grade

whereas PAP= (b=-.02) and PAV goals PAPL2:

(b=-.02) did not significantly predict T3 d=-.62

grades.

This was tested by a crelgyged structural PAP23:

equation model. d=-.23
PAV1-2:
d=-.66
PAV2-3:
d=-.47

C. Participants were assorted to one of four Could not be
goals categories by median split of their T1 conducted.
mastery and PAP goal ratings. These four

groups (high M/high PAP; high M/low PAP;

low M/ high PAP; low M/ low PAPWwere not

related to the change in school grades (T1,

T2, and T3)

This was tested by ANOVA with T1, T2, ant

T3 grades as repeated measures and T1 gt

category as predictor.

Could not be
conducted.

A. T1 mastery and T1 PAP goals did not
significantly predict T2 achievement test
scores (controlled for T1 achievement) in
Pékéna. In the M&ori sample, T1 mastery wi
not a significant predictor of T2 achievemer
test scores (controlled for T1 achievement),
whereas T1 PAPbE.17*) positively
predicted the subsequent T2 achievement t
scores.

This was tested by a multilevel regseon.

C. No differences between the latent profile Could not be
were found on subsequent test perforosan conducted.
On interest, only a single effect was found:

Class 2(moderate multiple goals) showed tt

lowest subsequent intereft=(.11*).

Furthermore, subsequent school grades we

negatively predicted by class 2 (moderate

multiple goalsp=-.15*) and positively

predicted by class 3 (primarily mastery

oriented;b =.16%).

This was tested by latent profile analyses o
achievement goals and crdagged models

based on these latent profiles.

Chapter 4. Article 2

T1-T2:.75
T2-T3:.75

T1-T2:.75

T2-T3:1.00

T1-T2: .75

T1-T2:1.00

T2-T3:1.00

T3-T4:1.00

T4-T5:1.00

M:
d=-.52

PAP:
d=-.57

PAV:
d=-.75

Could not
be
conducted

Could not
be
conducted

Could not
be
conducted
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Seaton et al. (2013)
n=2786 (from Austria)
T1=grade7/8/9/10
T2=T1+6 months
T3=T2+6 months
T4=T3+6 months

Sebanc, Guimond, &
Lutgen, (2016)
n=146 (From US)
T1l=grade5 (end)
T2=grade6 (start)
T3=grade6 (end

Shim, Ryan, and
Anderson (2008)
n=588 (from US)
T1=grade6 (fall)
T2=grade6 (spring)
T3=grade7? (fall)
T4=garde7 (spring)

A. T1 Mastery goals did not significantly
predict T2 achievement test scores and T3
mastery goals did not significantbyedict T4
achievement test scores, whereas T2 masti
goals p=.04*) positively predicted T3
achievement test scores. T1 PAP goals did
not significantly predict T2 achievement tes
scores, whereas T2 PAP goals (.04%)
positively predicted T3 achievement test
scores and T3 PAP goals (.03*) positively
predicted T4 acleivement test scores.

This was tested by a crekegyged structural
equation model.

A. T1 mastery goals did not predict T2 grad
(controlled for T1 grades). T2 mastery did n
significantly predict T3 grades (controlled fc
T2 grades).

This was tested by multiple group (boys vs.
girls) structural equation modeling.

B. Change in mastery goals over time (T1 ti
T4, b=.12*) and change in PAP goals (T1 tc
T4; b=.15*) over time both positively
predicted the rates of change in GPA.

This was tested by growth curves and
hierarchical linear modeling over time.

Could not be
conducted.

M1-2:
d=.19

M2-3:
d=-.32

M1-2:
d=-.18

M2-3:
d=-.01

M3-4:
=-.11

PAPL2:
d=-.35

PAP23:
d=.03

PAP34:
d=-.07

PAV1-2:
d=-.31

PAV2-3:
=-.02

PAV3-4:
d=-.10
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T1-T2:

T2-T3:

T1-T2:

T2-T3:

T1-T2:

T2-T3:

T3-T4:

.50

.50

.25

.75

.50

.50

.50

Could not
be
conducted

d=-.20

PAP:
d=-.26

PAV:
d=-.29
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Spinath and Steinmayr A. T1 mastery goals significantly predicted

(2012)

n=348 (from Germany)
Tl=gradell
T2=gradel2

Wang and Pomerantz
(2009)

Sample 1:

n=374 (from US
T1=grade7 (fall)
T2=grak7 (spring)
T3=grade8 (fall)
T4=grade8 (spring)
Sample 2:

n=451 (from China)
T1=grade7? (fall)
T2=grade7 (spring)
T3=grade8 (fall)
T4=grade8 (spring)

Wentzel (1996)
n=290 (from Finland)
T1=grade6 (end)
T2=grade8 (end)

T2 intringc motivation (generab=.21%;
math:b=.30*; languageb=.35*%). T1 PAP
(generalb=.10; mathH=.09; language:
b=.10) and T1 PAV (generdb=.02; math:
b=.06; languageh=.01) did not significantly
predict T2 intrinsic motivation.

This was tested by a crelgyged structural
eqguation model.

A. Samplel: T1 mastery goals<10%)
positively predicted T4 school grades while
controlling for T1 schobgrades.

Sample2: T1 mastery goals=08*)

positively predicted T4 school grades while
controlling for T1 school grades.

B. Samplel: Mastery slop6<.13*)

positively predicted T4 school grades while
controlling for T1 school grades.

Sample2: Mastery sfee (=.12*) positively
predicted T4 school grades while controlling
for T1 school grades.

This was tested by structural equation
(including growth curve) modeling of
mastery and autcegression of school grade:

A. T1 mastery goals did not predict T2
English grades (controlling for T1 English
grades).

This was tested by multiple regression.
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General T1-T2:1.00
M1-2:

d=.04

Math
M1-2:
d=-.01

Language
M1-2:
d=-.06

General
PAP1-2:
d=-.13

Math
PAPZL2:
d=-.07

Language
PAPZ12:
=-.10

General
PAV1-2:
d=-.20

Math
PAV1-2:
d=-.15

Language
PAV1-2:
d=-.20

Sample 1: T1-T2: .50
M1-2:
d=-.18 T2-T3: .50
M2-3:
d=-.02

T3-T4:.50

M3-4:
d=-.03

Sample 2:
M1-2:
d=-.16

M2-3:
d=.03

M3-4:

=-.08
Could not be T1-T2: 2.00
conducted.

Geneal
M:
d=.04

Math
M:
d=-.01

Language
M:
d=-.06

General
PAP:
d=-.13

Math
PAP:
d=-.07

Language
PAP:
=-.10

General
PAV:
d=-.20

Math
PAV:
d=-.15

Language
PAV:
d=-.20

Sample 1
M:
d=-.15

Sample 2
M:
d=-.14

Could not
be
conducted

Note.*p < .05. M = Mastery. PAP = performanapproach goals. PAV = performanaeoidance goalsj—

. Negatived values indicate a medavel decrease. Analysis approach A. = Previous achievement goals

predict subsequent interest/achievement. Analysis approach B. = Change in goals predictssubsequent
interest/achievement. Analysis appebaC. = Latent profiles of the achievement goals predict subsequent
interest/achievement. The standardibéasl reported when available. The unstandardizesdreported when the
standardized was not available.
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Conclusions from the reviewsFrom the theretical overview and empirical reviews
of the literature, several things become clear. First, adolescence is a critically important time
in which to study achievement goals and their implications. Second, a great deal-of cross
sectional research has bemmducted in adolescence on links between the goals of the
trichotomous achievement goal model and two central achievement ouécacsemic
interest and academic achievement. Third, very little longitudinal research has been conducted
in adolescence ondle goals and outcomes, and on change of achievement goals over time.
Fourth, the longitudinal research that has been conducted has tended to support mastery goals
as largely adaptive, performanaeoidance goals as maladaptive (or null), and performance
approach goals as in between (positive, mixed, or null), with all three goals showing small
declines over time. In short, nearly all of the extant empirical work is-sexg®nal, and the
sparse longitudinal work that does exist has not yielded cleansistent findings for
performancebased goals. Clearly there is a pressing need for more longitudinal research in
this important area.
4.2.4.The Present Research

In the present research, we conducted two longitudinal studies designed to address this
need Specifically, we carried out two longitudinal studies with relatively large samples of
adolescent students in Germany that investigated the-leeairdevelopment of achievement
goals in these samplas well as the functional form of this developmeime@r or non
linear), and that tested whether interindividual differences in the initial level (i.e., intercept)
and development (i.e., slope) of achievement goals, interest, and achievement are related to
each other. We conducted our studies in the doofaimathematics, a core, critical subject
area in the school curriculum. Studentsé cog
language background are important predictors of their interest and achievement in
mathematics (Deary, Strand, Smith, & Fardes, 2007; Frenzel, Goetz, Pekrun, & Watt,
2010; Sirin, 2012; Strenze, 2007; Watt, 2004). We therefore controlled for these variables in
our investigations.

In Study 1, 745 students participated in four measurement points from the beginning
of Grade 5T1) to the middle of Grade 7 (T4). In Study 2, 1420 students patrticipated in four
measurement points from the beginning of Grade 5 (T1) to the middle of Grade 8 (T4).
unique strength of our work is that the two longitudinal studies are highly comparable
design, allowing a clear test of the robustness of our results.

As seen in our theoretical overview, several different sets of predictions may be

derived for both the medevel development of achievement goals and the joint development
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of achievemengoals, academic interest, and academic achievement. Empirically, longitudinal
data on achievement goals are sparse and inconsistent in linking change in pertdwasadce
goals to downstream interest and achievement. Accordingly, we did not genprite
predictions in our studies. Nevertheless, on the basis of our empirical reviews one might
tentatively expect the following patterns to emerge: a) a decrease in mastery, performance
approach, and performanegoidance goals over time (either linear onlheear), and b)

mastery goals being the most adaptive for academic interest and achievement over time,
performanceavoidance goals being the least adaptive, and perforrsgureach goals being

in between.

4.3.Methods Study 1

4.3.1.Participants and Procedure

Data from four waves of measurement were
(Schneider, Stumpf, Preckel, & Ziegler, 2012
motivation and achievement upon entering the highest track of the Germatrdbkee
secondary school systemGy mnasi um. The APULSSO project wa
MinisttyforEducati on and Culture of Bavaria (fABaye
Unterricht und Kul t-2LO855 Il 40 1018 55%).0bhe samp mber @ | | |
comprised 745 students, 425 boys and 320 ditlage at T1 in years = 10.68D= 0.43)
from 7 schools in 2 federal states of Germany (i.e., Badearttemberg = 363; Bavaria =
382) . Parentsd highest educat i oetharlthefdtbegr ee ( a
or the mother) was distributed as follows within the sample: 0.40% no school degree, 4.94%
certificateof secondaryducationf i Haupt s c hul a bgecehaketificatenf) , 23 . 38
secondareducation i Real s c hul ab gendérdlquatfisabion for udiversity 3 %
entrance (AAbituro), 39. 35 Mloststudentsihada ty degr e
German language background (87.17%); the language background of the other students was
Russia (4.26%), English (1.65%), Turkish (2.34%), or other (< 1.00%: Chinese, Italian,
French, and Spanish).

Data collection started with the 2008/2009 school year (i.e., Fall 2008). Students were
tested in groups in their classrooms at the beginning of Grafk) 5at the second term of
Grade 5 (T2), at the second term of Grade 6 (T3), and at the second term of Grad©u (T4).
average, the measurements took place 39 days (T1), 246 days (T2), 606 days (T3), and 917
days (T4) after entry into Gymnasium. Trainmedearch assistants carried out the data

collection. During the first few days in Grade 5, students were given questionnaires for their
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parents to complete at home and return within one week. Students participated voluntarily and
written parental consemtas obtained for all students. In this study, there were no

experimental manipulations, all data exclusions and variables analyzed are reportiedaand
collection was completed before any analyses were conducted.

4.3.2.Materials

Achievement goalsMastey goals, performaneapproach (PAP) goals, and
performanceavoidance (PAV) goals for math were assessed with three items each from the
German translation of the Achievement GQalestionnaire (Elliot &McGregor 2001).
Studentgesponded to the itemsoia ( inot trueo) to 5 (Atrueo)
ranged fromJ= .87 toU=.90across measurement poindl reliability coefficients as well
as item wordings are providedTable BL in Appendix B

Math interest. Interest in mathematiosas assesde wi t h t hree it ems ( «
math tasks because | enj oyscalebasadpnti@it a 1 (fAno
Regulation Questionnaire (SRAQ Ryan & Connell, 1989). Items were adapted to the math
domain Cr onbacho6s Ak ghael=r9Gaorgse deasurencent points. All
reliability coefficients as well as item wordings are provide@able BL in Appendix B

Gradesinmath.St udent s6 mat hematics grades were
records in Grade 5 (for T2), Grade 6 (i8), and Grade 7 (for T4). These grades represent
cumulative attainment in mathematics from the ongoing academic year until the midterm.

Math grades in Germany range from 1 to 6, with higher numbers indicating lower
achievement; for ease of interpretatignades were reflected such that higher numbers
represented better math attainment.

Math achievement test scoredMath achievement was assessed with standardized
achievement tests (Go6tz, Lingel, & Schneider, 2013a, 2013b) that measured competence in
arithmetic, algebra, geometry, and word problems at each time point. Four separate test
versions with partly overlapping material were used (T1 test version: 26 items; T2 test
version: 31 items; T3 test version: 37 items; T4 test version: 39 items). The mmir@ntu
maximum scores for the test versions ranged from 0 to 14 in the T1 test version, from 0 to 16
in the T2 test version, from 0 to 25 in the T3 test version, and from 0 to 27 in the T4 test
version. To compare math achievement over the different vereidhe test, we used vertical
linear equating under the common item equivalent groups design (mean/mean equating;

Kolen & Brennan, 2004). All items were taken into account with the same weight using an
IRT 1PL-Model (Embretson & Reise, 2000) for the lim$s procedure.
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Cognitive ability. The German adaptation (Heller & Perleth, 2000) of the Cognitive
Abilities Test developed by Thorndike and Hagen (1971; Kognitiver Fahigkeitstest fur 4. bis
12. Klassen; KFT4 2 + R) was used t o mebhdityatthebegnningdbfe nt s 6
Grade 5. The KFT-42+R can be used to assess verbal, numerical, and figural reasoning, and
a composite score can be created. Theni0short version of the test was used in the present
investigation with a paper and pencil famin our analyses, only the composite score
(number of correct responses on all items) was utilized; internal consistenth=w@s. The
composite score was transformed into an 1Q score lms#dte norming sample of the KFT
Demographic variables, socioeconomic status (SES), and language background.
At each wave of measurement, students reported their age, gender, andddragkggound.
As the vast majority of students reported a German language background, background was
coded dichotomously (German native speaker:
educational degr ee a aringthefirsioex gaysfindGradesSt udent s 0
students brought home questionnaires for their parents to complete at home and return within
one week. Parents reportiéek highest educational degrehieved by the mother and the
father (1 = fino school ed@d®dgr 8e&; Ani ddiileowe htoo
Ahi gh school degreeo; 5 = fiuniversity degree
variable was created that reflected the highest educational degree that was achieved by at least
one of the parents.
4.3.3.Data Analysis
The data were analyzed with SPSS 23 (IBM Corp., 2015) and MpMstBén &
Muthén, 1998017. In all analyses with Mplus, wesed the maximum likelihood estimator
with robust standard erro(MLR; Kaplan, 2009and handlednissing data with ti full
information maximum likelihood (FIML) approacAt any time of measurement, 31% to
100% of the studenfzrovided data to estimate variances or covariarm®@&a(iance
coverage: mastery goal items:-88%; PAP goal items: 589%; PAV goal items: 589%;
math interest items: 589%; grades in math: 334%: math achievement test scores8680;
cognitive ability: 6082%; sex: 62100%;p ar ent s ® hi ghes8327186ducati ona
language background: @7%).To account f or t heudantswithied dat a
classeso), the Atype Iis complexo0 option was
Attrition. To test whether dropout affected the study variables, participants were
divided into three groups by the structure of their missing values: 1 = students dropped out
after T1, T2 or T3; 2 = students joined the study at T2, T3, or T4; 3 = students participated at
T1 and T4). Students who joined later than T1 but dropped out before T4 were assigned to
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Group 1. We c dfocmeandifferedcesbetiveemtidethree groupalfstudy
variables.

Factor structure and invariance. Three confirmatory factor analyses (CFA) were
conducted to test whether a model with mastery, PAP, and PAV goals as three correlated
factors {richotomous modgkhowed a better fit to the data thamva correlateefactor model
(dichotomous modgFactor 1: all mastery goal items; Factor 2: all PAP and PAV goal items)
or a onefactor model (all goal items loaded on a single factd3. Donal dés Omega
reliability coefficients McNeish, 2017 for each gal factor at each time point were
conducted based on tlrechotomous modelat the respective time points. For interest,

Mc Donal dés Omega coefficients were conducted
estimated for each measurement pdiext, we testé measurement invariance over the four
measurement points for each scale assessing mastery, PAP, and PAV goals and for the math
interest scale. Using oraitocorrelative SEM per scale, we successively tested increasing
measurement invariance levels agaewth other (i.e., configural, metric, and scalar factorial
invariance). We used effect coding (Little, Slegers, & Card, 2006) to identify the conducted
models: The average factor loadings were constrained to 1 and the average item intercepts

were constraied to 0. Latent factor means and standard deviations calculated by effect coding

can be interpreted as the average mean of the indicators weighted by theilotatitays

(Littl e, Preacher, Selig, & Card, 2addxign) . Fol
to ¢>-difference testswe used the difference between comparative fit indigE€$ () to

compare two modelspCFI values of .01 or less were interpreted as a tolerable deterioration

in model fit.

Development of achievement goals, interest, anadlevement.To test the
development of mastery, PAP, and PAV goals, and math interest, latent growth curve models
(LGCMs) were calculated for each construct separately. For this purpose, we used the latent
factor scores of each construct from autocornsda8EM models with (partial) scalar
measurement invariance over time as manifest indicators in the LGCMs. For each construct,
we conducted a linear LGCMs and an unspecified LGCM, which allows detection of a
nonlinear shape of the growth trajectory in tladadWang & Wang, 2012), and tested these
models against each other based on thesGhare difference tests and on differences in CFlI
values. In the linear LGCMs, the factor loadings of the latent intercept factor were fixed to 1
and the factor loadingd the linear slope factor were fixed to .00, 2.00, 5.50, and 8.50 for T1,
T2, T3, and T4, respectively, to account for the different interval durations between

measurement points. In the unspecified LGCMs, the factor loadings of the latent intercept
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factorwere fixed to 1, the factor loadings of the slope factor for T1 and T4 were fixed to O
and 8.5 as in the linear model, and the factor loadings of the slope factor for T2 and T3 were
freely estimated. The freely estimated factor loadings of the slope facft2 and T3

represent the amount of change between T1 and these time points relative to the amount of
change between T1 and T4 fixed to 8.50. Based on a linear model and the interval durations
between the time points, values of 2.00 and 5.50 are epfmtfactor loadings of the slope
factor for T2 and T3, respectively. If the freely estimated factor loading of the slope factor is
larger than the fixed factor loading from the linear model, the change that occurred between
T1 and the considered measuent point was larger than predicted by a linear LGCM. For
example, an estimated value of 4.25 of the factor loading at T2 indicates that the change that
occurred between T1 and T2 was larger for this time interval than predicted by the linear
LGCM (i.e.,4.25 is bigger than 2.00). More specifically, an estimated value of 4.25 of the
factor loading at T2 indicates that half of the overall change occurred between T1 and T2 (i.e.,
4.25 is half of the factor loading of 8.50 for T4).

We used comparablegGCMsfor the achievement test scores. However, here we did
not use latent factor scores as indicators, but rather person parameters estimated by weighted
maximum likelihood estimation (Warm, 1989) within the 3Mbdel of the linking
procedure. Math grades wenalypavailable from T2 on. Furthermore, measurement
invariance of grades over time could not be tested which is a prerequisite for conducting a
LGCM. Therefore, we used a latent change score model to estimate the change in grades
between the second (T2) at# last measurement point (T4).

Joint development of achievement goal#terest, and achievementTo investigate
whether change in one achievement goal (i.e., mastery, PAP, or PAV) is associated with
change in academic interest and achievemmentjsedmultiple processes correlated change
structural equation models (SEMs) (Allemand & Martin, 2016). For illustrative purpbses, t
SEM for mastery goals is depictedrigure 5(the SEMs for PAP and PAV goals are
depicted in Figures S3 and B4Appendix B. Of note, in each SEM,GCMs for one
achievement goal, interest, and test achievement were included simultaneously. For each
construct, we chose a linear or unspecified LGCM, depending on the results for the
appropriate form found in the previous LGCM ays&ls. All intercepts and slopes were
allowed to correlate. The difference score of math grades, taken from the previously
conducted latent change score model, was additionally included in the SEM and allowed to
correlate with all intercepts and slop€®irelations between slopes or between a slope and

the difference score of math grades represent the correlated change of the two considered
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constructs. A positive correlation of the slopes indicates that students who show positive
development in one constiuare also more likely to show positive development in another
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constructCorrelations between intercepts and slopes (or the difference score of math grades)

represent the relation between the initial I§vel, meardevel at T1) and change in the same

or another construct.
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Studentsdé cognitive ability, sex, parents
background were included as time invariant control variabkes these variables were
allowed to predict all intercepts, slopes, and the difference score of math grades).
Furthermore, the T1, T2, T3, and T4 factor scores of the goals other than the focal goal were
included as time variant control variables (argthe SEM for mastery goals, we controlled
for PAP and PAV goals). These variables were allowed to predict the T1, T2, T3, or T4 factor
scores of the focal goal, the factor scores of interest, and the person parameters for the
achievement test at the respive time points. By including these control variables, we
investigated the incremental relations between the change in one achievement goal construct
and interest or achievement over and above the remaining goals from the trichotomous
framework (andove and above studentsd cognitive abil
degree, or language background).

As a complementary analysis, we tested the direction of the longitudinal relations
between the achievement goals and each outcome variable widuipr@cal effects model
(REM) over all four points of measurement. The REM included one outcome variable (i.e.,
interest, achievement test score, or math grades) and all achievement goals. In addition,
student sd cogmarnae rvtes Gddidha degreet arseckguage background
were included as time invariant control variables. For the purpose of illustration, the REM for

interest as the outcome variable is depictéigure B in Appendix B

4.4.ResultsStudy 1

4.4.1.Preliminary Analyses

Correlationdor the investigated variablese reported iTable 7and dscriptive
statistics are reported Fable 8

Attrition. Missing values at each time point are reportetfiahle B in Appendix B
Ef fect sizes f or ndebatweendattritidn groupsifar al study v@rables n 6 s
are reported iTable B3 in Appendix B There were a few significant differences>(.20).
Students who dropped out had lower cognitive ability, performed worse on the achievement
testat T1, T2, and T3nd had worse grades at T2 and T3 compared to students who reported
T1 and T4 values. Students who joined the study at a later time point had lower mastery goals
at T4, but also better grades than students who participated at T1 and T4.
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Table 7 Correlations of the Investigated Variables in Study 1

N ™ <
= = = = S < < o)

= = = = § § § § 5 § § % 2 &2 &2 232328 g ¢g¢g8”
MT1 1
M T2 A4* 1
M T3 24% 44 1
M T4 29%  .36*  .46* 1
PAP T1 .29 .20 .19* .20 1
PAP T2 A7+ 37 20 .20 .54* 1
PAP T3 .06  .18* .40 .27  .41*  50* 1
PAP T4 2% 17 29%  .40*  .40* .49 50% 1
PAV T1 29%  16%  16%  .21*  71* .39% 20 27+ 1
PAV T2 20%  .39%  .26%  .22*  AT*  75%  45* 30 44% 1
PAV T3 .08  .23*  43* 27 .39* .43* .78 50* .36*  .48* 1
PAV T4 3% 19 .33*  .48*  .36*  .46* .57 .87* .33* .42%  54* 1
Int. T1 b54x 28%  19%  23*  28*  23* 14 20% .23* .16* .17*  .18* 1
Int. T2 .32 BB*  .32*  .25* .24* .39* .24 19* 14* 33* .23* .15%  .48* 1
Int. T3 19 .31 B8* .32 21 21 42 31 .15 21 .38 .32 .37 .50* 1
Int. T4 .25% 21 .38* .B6* .16* .11*  28%  44%  13*  13* 25 39  .34*  .38%  54* 1
ACH T1 .03 100 .06 .10* 0 .03 .14 08 01 .08 .11* .07 .11* 21*  14*  19* 1
ACH T2 .06 .05 .04 .03 .01 .08 .08 .04 01 12x .07 .03 .17 21 16 .19  55* 1
ACH T3 0% .09 .08 .12v  12x 02 .08 14 03 11* 11*  12%  24%  21%  20% .24 49%  A49* 1
ACH T4 .04 .05 .08 .17 04 .07 .09 17+ .03 .07 .04 16*  .20% .19 .17 .25%  47*  45%  5O* 1
GradesT2 .02 .11* .09 .10 .08 .10 .09 .17+ .07 .09 .09 .17 13* 30 .14*  18*  43* 22 .32* .35* 1
GradesT3 .04 .09 .10 13 .07 .00 .14+ 15 .03 .02 .07 .16 .10 .22* 17 19 40*  .25*  41*  .37T*  .64* 1
GradesT4 .03 .06 .10+ .15* .03 .04 12 18* -02 .03 .08 .18* .12*  20* .17 .29  40* .25%  .48*  .43*  46*  .65* 1
Cog. a. .03 .05 .07 .08 -01 -01 .11* .08 0 .07 .08 .08 .05 .15 11*  17*  49% 44 44 44 37F 38 .36* 1
Sex. -02 .00 .01 .07 -13* -12* -09* -09* -13* -11* -12* -06 -20* -13* ~-16 -13* -19* -19* -11* -14* -13* -02 -02 -.03 1
P. edu. -04 -05 -02 -06 -05 -08 -02 -02 -01 -07 -09 -02 .00 .01 .06 .07 .03 .08 .09 .07 .05 .19 07 11* .01

Language .07 .01 .04 .02 15% .09 .07 A1+ 11 .09 .09* .07 .05 .03 .04 -02 -12 -08 -08 -10* -02 -13* -14* -13* -07

Note.*p < .05. M = Mastery achievement goals. PAP = Performappeoach achievemegoals. PAV = Performaneavoidance achievement

goals. INT = Interest in math. ACH = math achievement test score. Grades = grades in math. Cog. a. = cognitive alility scerd. u . = Paren
highest educational degree. Language = language backgroGedntan native speakeryes=1;n0)=0 Corr el ati ons includin
hi ghest educational degree were estimated by Spearmands rank order
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Table 8 Descriptive Statistics of the Investigated Variables inysiud

n Min Max M SD Skew Kurtosis ICC
MT1 605 1.00 5.00 455 59 -1.71 3.78 .04
M T2 661 1.67 5.00 425 .76 -89 -03 .09
MT3 611 1.00 5.00 403 .84 -70 .01 .07
M T4 531 1.00 5.00 407 .86 -.87 .30 .08
PAP T1 605 1.00 5.00 3.55 1.14 -48 -70 .07
PAP T2 662 1.00 5.00 331 112 -19 -78 .06
PAP T3 613 1.00 5.00 3.18 110 -.07 -70 .05
PAP T4 532 1.00 5.00 3.30 113 -27 -67 .04
PAV T1 605 1.00 5.00 3.97 1.00 -90 A3 .06
PAV T2 662 1.00 5.00 359 1.05 -42 -62 .07
PAV T3 612 1.00 5.00 3.41 103 -30 -52 .07
PAV T4 532 1.00 5.00 3.42 110 -35 -63 .06
Int. T1 605 1.00 5.00 405 99 -9 22 .04
Int. T2 662 1.00 5.00 3.63 1.08 -47 -56 .08
Int. T3 613 1.00 5.00 3.40 1.08 -25 -66 .09
Int. T4 532 1.00 5.00 3.44 1.04 -28 -51 .03
ACHT1 591 -3.87 2.63 -86 .85 .04 43 .07
ACH T2 594 -3.65 3.36 -65 .97 .26 b1 .22
ACH T3 508 -4.64 2.82 -23 112 -28 1.48 .14
ACH T4 459 -2.78 2.94 .07 .85 .10 49 12
Grades T2 364 2.00 6.00 469 .74 -45 28 .14
Grades T3 294 1.00 6.00 431 .92 -39 .01 .09
Grades T4 565 1.50 6.00 406 .93 -23 -39 .05
Cog.a. 612 76.00 136.00 107.21 .90 -.23 35 .05

Chapter 4. Article 2

Note.M = Mastery goals. PAP = Performarapproach goals. PAV = Performance

avoidance goals. Int. = Interest in math. ACH = math achievementtest &rades = grades

in math. Cog. a. = cognitive ability score. ICC = intraclass correlation between the school

classes.

Factor structure and invariance. Results from the CFAs indicated that at all

measurement points a thrtsetor model (mastery vs. BRAvs. PAV) fit the data better than a

two-factor model (mastery vs. PAP and PAV) or a-tator model (for fit indices, s€kable
fomr = &5atay b .98 axrads

B4in AppendixB.Mc Donal do6s

measurement pointsgeTable BL in Appendix B. Results of measurement invariance tests

Ome g a

for all scales are presentedTiable B in Appendix B We found scalar measurement

invariance for mastery goals, PAV goals, and interestPRd goals, we had to set free the
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intercept of the first item at T1 to reach adequate fit (i.e., partial scalar measurement
invariance).
4.4.2.Main Analyses

Development of achievement goals, interest, and achievemerbr each
achievement goal and inest, the unspecified LGCM fit the data better than the linear LGCM
(pCF 1 seeTalflelB; in Appendix Bfor fit indices). In the unspecified LGCM for
mastery and PAV goals, we observed a-sgmificant negative residual in T1 factor scores,
which we fixed to zer¢Chen, Bollen, Paxton, Curran, & Kirby, 2001). For miai$t scores,
the unspecifiedl GCM did not show a better fit than the ling@adCM.

Model coefficients of the LGCMs are reportedliable 9and the developmental
trajectories for the achievement goals and interest based on factor means are depicted in
Figure & The developmental trajectory for achievement test scores bapedsom
parameters estimated by weighted maximum likelihood is depictéidume B5 in Appendix
B. All three achievement goals and interest showed a significant decrease (mastdppgoal s
b=-.06,p<.001; PAP goal slopé&=-.02,p < .001; PAV goal slopeh =-.06,p < .001;
interest slopeb =-.07,p < .001). These decreases were not linear, as indicated by the better
fit of unspecified LGCMs compared to linear LGCMs. For eatttievement goal and
interest, the estimated factor loadings of the slope factor for T2 and T3 were noticeably larger
than expected according to a linear LGCM (82 2.00; T3:b = 5.50). In fact, about half of
the decline occurred between T1 and T2 aedotiher half occurred between T2 and T3,
whereas the decreases stopped and even reversed thefFeafteath test scores, the linear
growth curve model indicated a continuous increase over time (§flepd:0,p < .001).

Finally, a latent change score d® of math grades based on T2 and T4 assessment of grades
indicated a significant decrease in math grages.002). Frequencies of slope estimates are
depicted inFigure B7 in Appendix B Note that 83.67% of the mastery goal slopes, 65.99% of
the PAP gal slopes, 78.81% of the PAV goal slopes, 84.89% of the interest slopes, and
2.06% of the achievement test score sl opes

W

achievement goals and interest and .an increa
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Table 9 Model Parameters and Fit Indices of the Latent Growth Curve Mad&sudy 1

Parameters Mastery unspecified LGCM PAP unspecified LGCM PAV unspecified LGCM Interest unspecified LGCM ACH linear LGCM

Estimate S.E. p Estimate S.E. p Estimate S.E. p Estimate S.E. p Estimate S.E. p
Means
Intercept 4.53 .02 <.001 345 .06 <.001 3.96 .04 <.001 4.05 .04 <.001 -84 .06 <.001
Slope -.06 .00 <.001 -.02 .00 <.001 -.06 .00 <.001 -.07 .00 <.001 .10 .01 <.001
Variane
Intercept A7 .02 <.001 .88 .16 <.001 .60 .05 <.001 .69 .08 <.001 .49 .07 <.001
Slope .00 .00 <.001 .01 .00 =.035 .01 .00 <.001 .01 .00 <.001 .01 .00 <.001
Factor loadings
slopeon T1 .00 fix - - .00fix - - .00 fix - - .00 fix - - .00 fix - -
slopeon T2  4.84* .34 <.001 5.48* .34 <.001 5.66* .31 <.001 5.70* 44 <.001 2.00fix - -
slopeon T3  9.27* 43 <.001 9.97* 43 <.001 8.93* .26 <.001 8.89* .35 <.001 550fix - -
slopeon T4 850 fix - - 8.50 fix - - 8.50 fix - - 8.50 fix - - 8.50 fix - -
Covariances
| with S -.01 .00 <.001 -.04 .02 =.049 -.03 .01 <.001 -.04 .01 <.001 -.02 .01 =.029
Correlations
| with S -31 .06 <.001 -58 A1 <001 -50 .05 <.001 -57 .06 <.001 -32 A1 =.004
Fit indices
CFlI @ p CFI & p CFlI (2 p CFlI @ p CFlI & p
(df) (df) (df) (df) (df)
.969 2473 <.001 .969 43.52 <.001 .988 28.48 <.001 .934 58.089 <.001 .986 9.185 =.102

(4) 3) 4 3) (©)

Note.PAP = Performanecapproach goals. PAV = Performaraeoidance goalACH = math achievement test scdt&CMs were conducted
separately for mastery, PAP, and PAV goals, interest and math achievement test score. For mastery, PAP, alsdaRiMtgoast, unspecified
LGCMs are presented. For the math achievement test score a linear LGCM is presented. In linear model, the factor loadioge dhctor were
fixed to 0, 2, 5.5, and 8.5 for T1, T2, T3, and T4, respectively. In the ufisdeutiodels, the factor loadings of the slope factor were fixed to 0 and
8.5 for T1 and T4 respectively, whereas factor loadings for T2* and T3* were freely estimated. In the mastery and th&iGidewe fixed the
residual variance of the T1 factoiose to zero as the T1 factor score showed a slightly negativesigiificant, residual variance in the

unspecified models.
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Development in Achievement Goals and Interest
Study 1n= 745

=0— Mastery approach —o— Performance approach
—o0— Performance avoidance «++0e« . [nterest
1
T1 T2 T3 T4

Figure 6 Developmental trajectories of achievement goals and interest based omieatsr
in Study 1.

Joint Development ofAchievementGoals, | nterest, andAchievement.Correlation
coefficients between the initial levels (intercepts) and change scores (slopes and math grade
difference score) of achievement goals, interest, achievement test scores, and math grades are
presentd in Tables 10a, 10b, and X0for mastery, PAP, and PAV goals as focal goal,
respectively. Regression coefficients of the time variant contra@hbias are reported in
Tables B7a, B7b, and78 in Appendix Band correlation coefficients between the control
variables are reported in Tables B8a, B8b, aBdiB Appendix B Fit indices of the SEMs
are reported iTable BY in Appendix B

Of central interest, the slope of mastery goals was positively related to the slope of
interest ( = .51;p < .001). That isstudents with larger declines in mastery goals showed
larger declines in their math interest over time. Likewise, the slope of PAP goals was
positively related to the slope of interest(.16;p = .044). That is, students with larger
declines in PAP gdsishowed larger declines in their math interest over time. There was no
significant relation between the slopes of these two goals and the slope for math test
achievement and the change score for math grades. The slope of PAV goals was not
significantly elated to the slope of interest or test achievement and the change score for math
grades.

Regarding the relations of initial level and change over time, the intercept of each
construct was negatively related to the slope of the same construct. Thateésfsivho
reported higher achievement goals or interest also reported larger declines for these variables

than students with lower initial levels. Similarly, the intercepts of mastery.80;p < .001)
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and PAP goals (=-.12; p = .013) were negativelelated to the slope of interest, and the
intercept of interest was negatively related to the slope of mastery geald; p = .020).
That is, students with initially higher mastery or PAP goals reported a larger decline in

interest than students Witnitially lower mastery or PAP goals.

Table 1@. Standardized Correlation and Regression Coefficients of the SEM Investigating
the Correlated Change of Mastery Goals, Interest, and Achievement in Study 1

Mastery Mastery Interest Interest ACH ACH Grades
intercept  slope intereept  slope intercept  slope diff.
Correlations with
Mastery slope -.39%**
Interest intercept .51*** -.15*
Interest slope -.30%** RoY R -.61%**
ACH intercept .07 .01 .16* -.02
ACH slope .02 .07 14* -.08 -.34*
Grade diff. score .03 .05 .06 .03 .14* 19*
Regressions on
Cog. a. .04 .06 .06 .08 .60*** -.06 A1+
Sex .03 .10 - 19%** .07 -.21%* 12 .06
P. edu. -.03 .03 .02 .05 -.05 L7k .02
Language b. .00 .01 -.02 .02 .10** -.03 .10
Note.*p < .05. *p < .01. ***p < .001.ACH = math achievement test score. Grades diff. =
difference score of math grades. Cog. a. = cognitive abilityseore. edu. = par ent s¢

educational degreéanguage b. = language backgroufle residual variances @f.
mastery goals factor score and the T1 interest factor score were fixed to zero as these factor
scores showed slightly negative, rgignificant, residual variances at T1.

Table 1®. Standardized Correlation and Regression filoents of the SEM Investigating the
Correlated Change of PAP Goals, Interest, and Achievement in Study 1

PAP PAP Interest Interest ACH ACH Grades
intercept  slope intercept  slope intercept  slope diff.
Correlations with
PAP slope -.82%**
Interest intercept .20*** -.08
Interest slope -.12* .16* -.35**
ACH intercept -.02 .07 19** -.02
ACH slope .03 .02 A2 -.05 -.34*
Grade diff. score .05 -.01 .05 .08 14~ .18*
Regressions on
Cog. a. .02 .01 .10* .04 .60*+* -.07 I
Sex -.05 .00 -.26%** .03 - 22%* .10 .06
P. edu. -.07 A1 .05 .03 -.05 .18%** .02
Language b. -.06 .01 -.03 .02 .10** -.05 .10

Note.*p < .05. *p < .01. ***p < .001.PAP = Performancapproach goals. ACH = math

achievemat test score. Grades diff. = difference score of math grades. Cog. a. = cognitive
abilityscoreP. edu. = parent s 6 Lbhngupded.sslangeadjes c at i on al
background. The residual varianafethe T1 PAP goals factor score was fixed to zerbhas

T1 factor score showed a slightly negative,samnificant, residual variance.
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Table 1@. Standardized Correlation and Regression Coefficients of the SEM Investigating
the Correlated Change of PAV Goals, Interest, and Achievement in Study 1

PAV PAV Interest Interest ACH ACH Grades
intercept  slope intercept  slope intercept  slope diff.
Correlations with
PAV slope - 49>
Interest intercept -.08 .06
Interest slope .04 -.07 .33
ACH intercept .01 -.10 19** -.02
ACH slope -.09 .10 A1 -.06 -.34*
Grade diff. score  -.09 .07 .05 .07* 14* .18*
Regressions on
Cog. a. .06 -.09 A1 .03 .B0*** -.06 A1
Sex -11* A1* -.26%** .04 - 22%* A1 .06
P. edu. -.02 -.06 .06 .02 -.05 L7 .02
Language b. -.07 .10 -.03 .04 .10** -.03 .10

Note.*p < .05. *p < .01. **p < .001.PAV = Performancavoidance goals. ACH = math

achievement test score. Grades diff. = difference score of math grades. Cog. a. = cognitive

ability scoreP.edu.par ent s hi g h e sliangeadelbc=danduage al degr ee
background. The residual varianafethe T4 interest factor score was fixed to zero as the T4

factor score showed a slightly negative, 1sgnificant, residual variance.

Results for the REM madd®&egression coefficients for the REMs, including all
achievement goals and one outcome variable (i.e., interest, achievement test scores, and math
grades) are reported in Tables B10a, B10b, atatih Appendix B In these analyses, the
crosslagged reldons between the goals and the outcomes are of particular interest. Out of 24
possible crostagged effects from achievement goals to interest, test achievement, and
grades, 3 effects reached significance. T1 mastery goals positively predicted T2 (ipterest
.11;p=.009), and T1 PAP goals positively predicted T2 intefest.09;p = .038). T2
mastery goals positively predicted T3 grades (12;p = .005). Out of 24 possible cress
lagged effects from interest, test achievement, and grades to acbid\wgoals, 6 effects
reached significance. T1 test achievement positively predicted T2 masterybgoald (p =
.023) and T3 grades positively predicted T4 mastery gbals15;p = .014). T1 interest
positively predicted T2 PAP goals € .10;p = .013) and T3 grades positively predicted T4
PAP goalsfy=.10;p = .013). T2 interest positively predicted T3 PAV goéils (07;p =
.022) and T3 grades positively predicted T4 PAV gdaks (09;p = .033).

4.5. Methods Study 2
4.5.1.Participants and procedure
In Study 2, we conducted a similar series of analyses as in Study 1 in a different,
larger data set collected over a longer time interval. In this data set a different achievement
goal measure was used. We o0btAa&iGoe ¢ rfog erctme ag

ongoing longitudinal study focusiran the development of student motivation upon entering
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Gymnasium. The AAVGO p Sup¢nesior and\sarsiceaprectorate ed by
of RhinelandP al at i nat e wnd Dighgtleistuagsdirdkit sn o6 ; pr ot-63 ol nur
405/29/05) The initial sample comprised 1477 students (744 boys, 661 girls, 72 missing
information on sexM age at T1 in years = 10.5= 0.51).57 students who provided no
data on all investigated variables at all measer® points, except for demographics, were
excluded from analyseStudents attended five schools in two federal states of Germany (i.e.,
RhinelandP al ati nate = 1217; Bavaria = 203). Regart
0.20% had no school degre236% had aertificateof secondaryducation
(AHaupt schul ab s c lydneracartdigateof secdnda@rpdUcatiom d a
(AReal schul abschgenespwg |, i fli9c &t5i%0 h afdora uni ver s
41.18% had a university degree, and 15.76% o
language background, 86.73% of students were native German speakers. Data collection
started with the 2005/2006 school year (i.e., Fall 2005).

Students were tested in groups in their classrooms at the beginning of Grade 5 (T1), in
the middle of Grade 5 (T2), in the middle of Grade 6 (T3), and in the middle of Grade 8 (T4).
On average, thmeasurements took place 60 days (T1), 173 days (T2), 544 days (T3), and
1265 days (T4) after entry into Gymnasiubhis longitudinal study is ongoing; priori we
decided to use the data for T1 to T4 in the analyses, as in Stlichirled research asssts
carried out the data collection. Participation was voluntarily and written parental consent was
obtained for all students. As inUgly 1, there were no experimental manipulations, all data
exclusions and variables analyzed are reported, and datetioollas completed before any
analyses were conducted.
4.5.2 Materials

Achievement goalsMastery goals, PAP goals, and PAV goals for math were
assessed with three items each from the achievement goal measure usdadjethéor the
Analysis of Leaning and Achievement in Mathemati@3ALMA; Pekrun et al., 2007).
Students responded to the items on a 1 (fAnot
ranged fromJ= .72 toU= .84 acrosameasurement pointtem wording and reliability
coefficientsare provided infable BL1in Appendix B

Math interest. Interest in mathematissas assessed with three i
i nt er est eadswered onmagptoh .nd ; r at i ng fistcrad eedhp Afnrodmt r ue
PALMA Project (Pekrun et al., 2006). Cronbad s Al p ha U= &%tgUedB2 f r o m
across measurement points. Item wording and reliability coefficients are provitadlen
B11lin Appendix B
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Grades in math.Students selfeported their mathematics grades from their latest
midterm record one to two weeks after havieageived the record in Grade 5 (T2), Grade 6
(T3), and Grade 8 (T4). At T1, students had not received any grades yet. As noted earlier,
math grades in Germany range from 1 to 6, with higher numbers indicating lower
achievement; for ease of interpretatigrades were reflected such that higher numbers
represented better math attainment.

Cognitive ability. Cognitive ability was assessed in the first term of Grade 5 (about 3
month after the school start) with the same measure used in Study 1 (thelRFRHeller
& Perleth, 2000). Internal consistency of the measure scor&lwa82. Row values were
transformed into 1Q scores basmuthe norming sample of the KFT

Demographic variables, SES, and language backgroundt the first wave of
measurement, studis reported their age, gender, and language background in a
guestionnaire. As the vast majority of students reported a German language background
(86.73%), language background was coded dichotomously (native German speaker: yes =1,
no = 0). Students furer reported thhighest educational degree of their parents as a proxy
for SES (mother and father; 1 = Ano school d
school degreeo; 4 = fAhigh school degreeo; b5
created a variable that reflected the highest educational degree that was achieved by at least
one of the parents.
4.5.3.Data Analysis

The data were analyzed with the same software and the same approaches as in Study
1. At any wave of measurement, 26% to #0f the studentgrovided data to estimate
variances or covariances (covariance coverage: mastery goal itef2%A®AP goal items:
49-72%; PAV goal items: 492%; math interest items: 42%; grades in math: 58%;
cognitive ability: 2667%; sex: 67100%;p ar ent s® hi ghest-34%ducati ona
language background: 3(0r%.

Attrition . We conducted the same attrition analyses as in Study 1.

Factor structure and invariance. We conducted the same analyses for testing the
factor structure and measunent invariance over time as in Study 1.

Development of achievement goals, interest and, achievemewe conducted the
same analyses testing the development of achievement goals and interest as in Study 1. In the
linear LGCMs, the factor loadings of thaent intercept factor were fixed to 1 and the factor
loadings of the linear slope factor were fixed to .00, 0.50, 1.50, and 3.50 for T1, T2, T3, and

T4, respectively, to account for the different interval durations between measurement points.
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In the unspcified LGCMs, the factor loadings of the slope factor were fixed to 1, the factor
loadings of the slope factor for T1 and T4 were fixed to .00 and 3.50 as in the linear model,
and the factor loadings for the slope factor for T2 and T3 were freely estimate

Joint development of achievement goaléterest, and achievementWe conducted
the same analyses testing the development and correlated change of achievement goals,
interest, and achievement (i.e., math grades) as in Study 1, except that achiessisient t
scores were not included because achievement test data were not available in Study 2.
Further, we conducted the same REMSs as in Study 1 tdeedirection of the longitudinal

relations between the achievement goals and interest and grades.

4.6.ResultsStudy 2

4.6.1Preliminary A nalyses

Correlationdor the investigated variablese reported ifable 11and dscriptive
statistics are reported rable 12

Attrition . Missing values at each time point are reportetiable BL2 in the
supplementarymat er i al s. E f dfer mdan differenees in @l sthdg vardables
between attrition groups are reported’able BL3in Appendix B There were a few
significant differencesd> .20). Students who dropped out had lower cognitive ability and
had worse grades at T2 and T3 compared to students who reported T1 and T4 values.
Furthermore, more boys than girls dropped out. Compared to students who joined the study at
a later time point students who dropped out reported higher PAV goals and woeseajrad
T3. Students who joined the study at a later time point, reported higher PAP goals and lower
PAV goals at T3 than students who participated at T1 and T4.

92
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N o™ <
s s s < < < < < = Z < = E E E B 8 B S ) o
o o o o o o a a < Z o o o
0] O O
M T1 1
M T2 58 1
M T3 43+ 51 1
M T4 27*  35*  39% 1
PAP T1 39* 31 17+ 18 1
PAP T2 32 41*  26*  23*  66* 1
PAP T3 28* 31* .41* 25* 53* 63* 1
PAP T4 A4 A7* 17* 4T+ 32¢ 40% 43 1
PAV T1 AT 32¢ 22%  12¢ 61*  .47* 38 14* 1
PAV T2 36*  47* 25 15*  47* 54*  40* 17*  .63* 1
PAV T3 25%  24*  39*  18* .40* .42* 60* .25% .49*  48* 1
PAV T4 A4 10 .10* .40 .22¢ 22*  20* 51* .25+ 27* .35+ 1
INT T1 67+ 50* .36* .30* .31* .26* .24* .16* .22* .18 .12* .04 1
INT T2 50*  .66* .44* 30* .25* .35* 28* .17* .16* .23* .09* .01 .64* 1
INT T3 35*  .41* .67 .36* .18 .20+ .36* .16* .11* .11* .17* .00 .45* 54* 1
INT T4 21* .30+ .34* 68 .17* .19* .24* 40 .04 .04 .08 .14* 34* 45* 54* 1
Grades T2 01 07 .04 11 -03 .05 .01 .07 -13* -10* -11* -10* .10* .17* .10* .13* 1
Grades T3 .08* .14+ 16+ .17+ 01 .04 .03 .09 -03 -03 -12* -14* .16* .19* .28* .23* .46* 1
Grades T4 .06 .11+ .12 24+ -03 .03 -02 .03 -04 -04 -13* -09* .14* .16* .18 .36* .35* .50* 1
Cog.a. -04 -01 .06 .06 -07* -04 -03 .03 -10* -13* -12* -08* .03 .07* .11* .11* .28 .40* 29* 1
Sex -10* -08* -02 -09* -25¢ -24* -18* -16* -12* -05 -04 .01 -14* -09* -11* -16* -03 -05 .03 .01 1
P. edu. -13* -07 -12* 00 -11 -15* -15* -07 -10 -08 ~-10 -06 -08 -09 -10 .07 .10 .09 .05 .00 -06 1
Language -09* -06 .07* .07* -13* -10* -02 -03 -07* -04 -01 .01 -02 -01 .10~ .01 .08 .08 .02 .11* -03 -07
Note.*p < .05. M = Mastery goals. PAP = Performaiagproach goals. PAV = Performar@eoidance goals. INT = Interest in math. ACH = math
achievement test score. Grades = grades in r@ati.a. = cognitive abilityscore.. edu. = parentsd highest educat
language background (@erman native speakeryes=1;n0)=0 Corr el ati ons including grades or pare]

esti mated

b yk oRlgr ecarelatioan.r56xs0 =ays, 1 = girls.
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Table 12 Descriptive Statistics of the Investigated Variables in Study 2

n Min Max M SD Skew Kurtosis ICC
MT1 1014 1 5 3.94 0.88 -0.66 -0.03 .07
M T2 1020 1 5 3.78 0.91 -0.54 -0.08 .06
MT3 987 1 5 3.58 0.96 -0.39 -0.31 .04
M T4 970 1 5 3.17 0.90 -0.10 -0.32 .04
PAP T1 1014 1 5 2.70 1.18 0.32 -0.90 .07
PAP T2 1024 1 5 2.56 1.10 042 -0.61 .04
PAP T3 992 1 5 2.53 1.16 048 -0.70 .07
PAP T4 979 1 5 2.28 1.00 0.70 -0.03 .05
PAV T1 1014 1 5 3.37 1.12 -0.28 -0.66 .04
PAV T2 1021 1 5 3.26 1.07 -0.17 -0.64 .04
PAV T3 990 1 5 3.03 1.05 -0.03 -0.57 .05
PAV T4 973 1 5 2.81 0.97 0.212 -0.35 .02
Int. T1 1014 1 5 3.61 1.05 -0.43 -0.59 .10
Int. T2 1023 1 5 3.31 1.04 -0.13 -0.72 .08
Int. T3 993 1 5 3.19 1.06 -0.05 -0.76 .07
Int. T4 979 1 5 2.70 1.00 0.26 -0.58 .09
Grades T2 1010 2 6 4.85 0.76 -1.70 3.07 .09
Grades T3 985 1 6 4.26 0.95 -0.10 -0.37 .08
Grades T4 960 1 6 4.37 1.15 -0.72 -0.75 .08
Cog.a. 944 54 148 107.92 11.2 -0.47 1.84 .06

Note.M = Mastey goals. PAP = Performanapproach goals. PAV = Performance

avoidance goals. Int. = Interest in math. Grades = grades in math. Cog. a. = cognitive ability

score. ICC = intraclass correlation between the school classes.

Factor structure and invariance. Confirmatory factor analyses indicated that at all
measurement points a threerrelatedfactor model (mastery goals vs. PAP goals vs. PAV
goals) fit the data better than a tworrelateefactor model (mastery goals vs. a common
factor for all PAP and PAVapl items), or a onéactor model (for fit indices, sekable BL4
in AppendixB.Mc Donal dés omega coeffi ciomwmt.g3taxf
= .95acrosgneasurement points (s€able BL1in Appendix B.

each

We found partial scalar measurement invariance over time for all scales. That is, we

had to set free some intercepts or factor loadings in the partial invariant models. Facdg ind

of the measurement invariance tests and more information about the coefficients that were set

free, sedable BL5in Appendix B
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Table 13 Model Parameters and Fit Indices of the Latent Growth Curve Manl&#udy 2

Parameters Mastery unspecified GCM  PAP linear LGCM PAV unspecified LGCM Interest linear LGCM
Estimate S.E. p Estimate S.E. p Estimate S.E. p Estimate S.E. p
Means
Intercept 4.00 .03 <.001 2.63 .04 <.001 334 .03 <.001 3.58 .04 <.001
Slope -.24 .01 <.001 -.07 .01 <.001 -.15 .01 <.001 -.25 .01 <.001
Variance
Intercept .35 .02 <.001 .76 .03 <.001 .58 .02 <.001 .56 .03 <.001
Slope .02 .00 <.001 .03 .00 <.001 .03 .00 <.001 .03 .00 <.001

Factor loadings

slopeon T1 .00 fix - - .00 fix - - .00 fix - - .00 fix - -

slope on T2 .87* .05 <.001 .bOfix - - .52* .07 <.001 50fix - -

slope on T3 1.72* .08 <.001 1.50fix - - 1.93* .08 <.001 1.50fix - -

slope on T4 3.50fix - - 3.50fix - - 3.50fix - - 3.50fix - -
Covariances

I with S -.05 .00 <.001 -.11 .01 <.001 -.09 .01 <.001 -.07 .01 <.001
Correlations

I with S -.55 .02 <.001 -.67 .03 <.001 -.67 .02 <.001 -53 .02 <.001
Fit indices

CFlI & p CFI @ p CFlI & p CFlI @ p
(df) (df) (df) (df)

942 97.99 <.001 .941 17780 <.001 .986 3530 <.001 .962  63.85 <.001
() (5) (©) )

Note.PAP = Performancapproach goals. PAV = Performaraeoidance goals.GCMs were conducted separately for mastery, P PAV

goals, and interest a. For, mastery and PAV goalspecified LGCMs are presented. For PAV goals and interest linear LGCMs are presented. In
linear models, the factor loadings of the slope factor were fixed to 0, .5, 1.5, and 3.5 for T1,ar] T3, respectively. In the unspecified models,
the factor loadings of the slope factor were fixed to 0 and 3.5 for T1 and T4 respectively, whereas factor loadingadof 3*2vare freely
estimated.
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4.6.2Main Analyses

Development of achievementagls and interest.The fit indices of the linear and
unspecified LGCMs for mastery goals, PAP goals, PAV goals, and interest are presented in
Table BL6in Appendix B The unspecified LGCM fit the data better than the linear LGCM
for mastery and PAV goalsgC F |  <or .PAPLlgpals and interest, there was no significant
difference in model fit of the linear LGCM and the unspecified LGCM, indicating that the
linear model adequately described the change in PAP goals and interest over time.

Development in Achievement Goals and Interest
Study 2: n = 1420

4 &
‘k?\ O——
Eé‘ Eale i S CIELPCT TS TTTRT PO —o
3 O et v htes ¢ S PP, — c—
>\C e 8
—o0
2
=0— Mastery —o0— Performance-approach
—0 == Performance-avoidance +++0ee¢ Interest
1
T T T T
1 2 3 4

Figure 7. Devebpmental trajectories of achievement goals and interest based omiectos
in Study 2.

Model coefficients of the LGCMs are reportedliable 13and the developmental
trajectories based on means are depictédgare 7 All achievement goals and intste
showed a significant decrease over time (mastery goal slepe24,p < .001; PAP goal
slope:b =-.07,p < .001; PAV goal slope =-.15,p < .001; interest slopdr=-.25,p <
.001). The decrease in mastery and PAV goals was not IFr@amastey goals, the factor
loadings from the unspecified LGCM of the slope factor for T2 and T3 were larger than
could be expected based on a linear LGCM @2:.87 vsb=.50; T3:b=1.72 vsb=
1.50). Thus, the mastery goal decrease was particularhgdbetween T1 and TEor PAV
goals, the estimated factor loading of the slope factor for T2 was nearly the same as expected
according to the linear LGCME .52 vsb = .50). However, the factor loading of the slope
factor for T3 was larger than expeci{gd= 1.9 vsb = 1.5). Thus, the PAV goal decline was
particularly strong between T2 and T3. As in Study 1, a latent change score model for math

grades based on the first and the last available time points indicated a significant decrease in
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math gradesp(< .001). Frequencies of slope estimates are depictédume B3. Note that
96.73% of the mastery goal slopes, 67.97% of the PAP goal slopes, 84.60% of the PAV goal

sl opes,

and

95.

31%

achievement goals and interest over time.

of

nt erest

s |

opes

wer e n

Joint development of achievement goals, interest, and achievemeRegression

coefficients of the time variant control vales are presented in Tables B17a, B17b, and

B17cin Appendix Band correlation coefficieatbetween the control vables are presented
in Tables B18a, B18b, andlBcin Appendix B Fit indices of the SEMs are reportedTiable
B19in Appendix B

Of central interest, the slope of mastery goals was positively related to the slope of

interest ( = .74;p < .001) and the difference score of grades (14;p < .001). That is,

students with larger declines in mastery goals showed larger declines in math interest and

math grades over time. The slope of PAP goals was positively related to thefsitupeest

(r =.14;p < .001), but was not significantly related to the difference score of grades. That is,

students with larger declines in PAP goals showed larger declines in math interest, but not in

math grades over time. The slope of PAV goals megtively related to the slope of interest
(r =-.14;p < .001) and the difference score of grades{.08;p = .008). That is, students

with larger declines in PAV goals showed larger increases in math interest and math grades

over time.

Table 14. Sandardized Correlation and Regression Coefficients of the SEM Investigating
the Correlated Change of Mastery Goals, Interest, and Achievement in Study 2

Mastery Mastery Interest Interest  Grades
intercept  slope intercept  slope diff.
Correlations with
Mastery slope =51
Interest intercept .77*** -39+
Interest slope - 46 T 4xxx - 5h*k*
Grade diff. score .07* 147 .07 21wk
Regressions on
Cog. a. .05 .03 .10* -.01 .10**
Sex -.04 -.02 -.05 -.02 .04
P.edu. -.06 .09 -.05 A3 .01
Language b. -.03 .09** .03 -.01 -.03

Note.*p < .05. *p < .01. **p < .001.Grades diff
= cognitive ability scoreP .

language background.

edu.

par ent s 6 Lhngupded.st

. = difference score of math grades. Cog. a.

educati
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Table 14. Standardized Correlation and Regression Coefficients of the SEM Investigating
the Correlated Change of PAP Goals, Interest, and Achievement in Study 2

PAP PAP Interest Interest  Grades
intercept  slope intercept  slope diff.
Correlations with
PAP slope -.62%*
Interest intercept .14*** -.05
Interest slope -.04 14%%* -.53**
Grade diff. score  -.04 .02 .04 18%**
Regressions on
Cog. a. .01 .02 A1 -.03 A1+
Sex -.30%** .16 -.0% -.01 .03
P. edu. =20 % .16** -.10 13* .00
Language b. -, 13%* .09* .03 -.05 -.03
Note.*p < .05. *p < .01. **p < .001.PAP = Performancapproach goals. Grades diff. =
difference score of math grades. Cog. a. = cognitive abilityseoeed u. = par ent so6 |

educational degreéanguage b. = language backgrounde residual variancef the T2
interest factor score and the residvalianceof the T4 PAP goals factor score were fixed to
zero as these factor scores showed slightly negatonsignificant, residual variances.

Table 14. Standardized Correlation and Regression Coefficients of the SEM Investigating
the Correlated Change of PAV Goals, Interest, and Achievement in Study 2.

PAV PAV Interest Interest  Grades
intercept  slope intercept  slope diff.
Correlations with
PAV slope - 53x*
Interest intercept  -.23*** .05
Interest slope .09* - 145k L B3R
Grade diff. score .02 -.08** .05 19rk*
Regressions on
Cog. a. - 1270 .01 J12%* -.03 A1
Sex L10%x* .03 -.05 -.01 .04
P. edu. -.03 -.01 -.05 A1 .02
Language b. .03 -.02 .05 -.06 -.02
Note.*p < .05. **p < .01. ***p < .001.PAV = Performancavoidance goals. Grades diff. =
difference score of math grades. Cog. a. = cognitildyabcore.P. edu. = parent s¢

educational degreéanguage b. = language backgroufde residual variancef the T2
interest factor score was fixed to zero as this factor score showed a slightly negative, non
significant, residual variance.

Reaarding the relation of initial level and change over time, the intercept of each
construct was negatively related to the slope of the same construct. The intercept of mastery
goals was negatively related to the slope of interest 46;p < .001). Themtercept of PAV
goals was positively related to the slope of intenest.09;p = .032). Finally, the intercept of
interest was negatively related to the slope of mastery goals39; p < .001).

Results for the REM mod®&egression coefficients fine REMs, including all
achievement goals and one outcome variable (i.e., interest or math grades) are reported in
Table B20a andlrable B20bin Appendix B The crosdagged relations between the
achievement goals and the outcomes are of particular intenaésof 15 possible crodagged
effects from achievement goals to interest and grades, 5 effects reached significance. T1
mastery goals positively predicted T2 interdést (06;p = .005), and T1 PAP goals positively
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predicted T2 interesb(= .05;p = .005). T3 PAP goals positively predicted T4 interbst (

.06; p =.040). T2 mastery goals positively predicted T3 grafles.{4;p < .001), and T3

mastery goals positile predicted T4 grade$E .10;p < .001). Out of 15 possible cress

lagged effects from interest and grades on achievement goals, 7 effects reached significance.
T1 interest positively predicted T2 mastery goéls (09;p < .001), T2 interest positively
predicted T3 mastery goals £ .10;p = .003), and T3 interesb & .13;p < .001) and T3

gradesfy = .07;p < .001) positively predicted T4 mastery goals. T3 grades positively

predicted T4 PAP goal® & .05;p = .011). T2 interest negatively predict€8 PAV goals b

=-.06;p =.039). T3 grades negatively predicted T4 PAV gdals {04;p = .048).

4.7.General Discussion
4.7.1.Results of Our New Studies

Longitudinal research on adolescentsd ach
development bacademic interest and achievement is sparse. Herein we reported two such
longitudinal studies. The studies were comparable in methodology, thereby allowing us to
discern which of the observed findings were most robust (i.e., consistent across studies).

With regard to change in achievement goals over time, our findings were highly
consistent across the two studies. Specifically, all three of the focal achievemedt goals
mastery, PAP, and PAY/showed a decrease over time, indicating an overall drop in the
guantity of motivation during secondary school. In addition, Study 1 revealed that for all three
goals the decline was larger at the beginning of the first year of secondary school and then
tapered off over time. In Study 2, this finding was also observendstery goals, whereas
PAP goals decreased linearly and PAV goals showed a particularly large drop afietdlee
of Grade 5.

Regarding the joint developmentafhievement goals and math interest, we found
positive relations between change in masgry PAP goals and change in interest in both
studies. Change in PAV goals, was either negatively related (Study 2) or unrelated (Study 1)
to change in interest. Regarding the joint development of achievement goals and math
achievement, change in PAP goalss unrelated to change in achievement in both studies,
whereas change in mastery goals was either positively related (Study 2) or unrelated (Study 1)
to change in achievement, and change in PAV goals was either negatively related (Study 2) or
unrelated (8dy 1) to change in achievement. The relations observed in thelagges!
analyses were largely consistent with the aforementioned patterns from the joint development

analyses (excepting the null findings for PAV goals in both studiespraniied a more
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detailed resolution of the relations over time. The cltagged results also showed some
evidence of interest and achievement influencing achievement goal pursuit (particularly with
regard to mastery and PAP goals)short, the findings across thed studies were either
highly consistent (exactly the same in each study) or reasonably consistent (e.g., positively
related in one study and unrelated in the other, rather than positive in one study and negative
in the other).
4.7.2.Results of Our New $udies in the Context of Prior Studies and Theoretical
Predictions

We preceded our presentation of the two new longitudinal studies with a review of
existing longitudinal work and an overview of various theoretical predictions. In the
following, we compar@ur findings with those of prior work to discern the consistency
therein and to determine which of the various theoretical predictions are best supported by the
data. In doing so, it is important to bear in mind both the sparseness of the prior empirical
work and the considerable diversity in samples, procedures, and measures across the prior and
new studies.

Longitudinal change in achievement goalsNith regard to the development of
achievement goals, prior research has observed a decrease in masteand®RRV goals
over time (e.g., Paulick, Watermann, and Nuckles, 2013; Shim, Ryan, and Anderson, 2008;
for a broader review of competence motivation development, including achievement goals,
see also Scherrer & Preckel, 2019). This is the same pattéemeludserved in both of our
studie® an overall drop in the quantity of competetfi@sed goal pursuit. So, the findings for
achievement goal development are not only robust across our studies, but are also robust
across the full empirical corpus. The des®in mastery goals during adolescence is
predicted by sociatognitive and SEF theorizing; the decrease in performbhased goals
during adolescence is not predicted by these theories, as both anticipate an increase in
performancebased goals (with nastinction made between approach and avoidance;
Anderman, Austin, & Johnson, 2002; Nicholls, 1989). However, at a broader level, the
findings observed in our and the prior studies may be seen as concordant with the
fundamental premise of sociabgnitive aad SEF theorizing, namely that secondary school is
detrimental for adolescentsé motivation (Ecc
this instance simply means a complete drop in all forms of compebaseel striving, rather
than a drop in masry goal pursuit only. A general divestment from competence striving
(akin to work avoidance; see Nicholls, Patashnick, & Nolen, 1985) is arguably even more

problematic than a specific divestment from one form of competence striving (i.e., mastery
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goals).So, from this broader perspective, the observed findings are strongly supportive of
sociatcognitive and SEF theorizing.

Prior work and theorizing has largely ignored the distinction between linear and
nonlinear patterns of achievement goal developn@miy Paulick et al. (2013) have tested
for nonlinear patterns and they, like us, found evidence for nonlinear change in all three goals.
For PAP and PAV goals, the pattern was the same in their study and our &ttieydrop in
both of these goals was ¢gst at the beginning of secondary school (i.e., the first half of the
fifth grade) and became less pronounced over time. For mastery goals, we also found
particular strong decreases between the two first measurement points in both of our studies,
whereasn the study of Paulick et al. (2013) the drop in mastery goals was apparent at the
beginning of secondary school but accelerated over time. The more precipitous drop in
competence striving at the beginning of secondary school may be seen as concdndant wit
SEF theory (Eccles et al., 1993; Wigfield & Eccles, 2002), especially our broader
interpretation of this theory. The mastery goal finding in Paulick et al. (2013) is not what one
would expect from an SEF perspective, but given that this result hasnoeitged once, it
seems prudent to wait for it to be replicated before rigorously pursuing an explanation. The
nonlinear findings in our and Paulick et al
beyond linear patterns in longitudinal analyses of aement goals; these findings provide
more detail and nuance than those afforded by the more commonplace focus on linear patterns
alone.

Longitudinal relations of achievement goals, interest, and achievemerit
discussing our findings on the longitudinelations of achievement goals with academic
interest and achievement, we address each of the two outcome variables (i.e., interest and
achievement) separately. For academic interest, prior research has found that positive
development of mastery goals isated to a positive change in interest, and we observed
these same result in both of our studies. Prior research has yielded null results for correlated
change in PAP goals and interest, whereas we found evidence for positive relations in both of
our studes. No prior research has examined correlated change in PAV goals and interest; in
our Study 1, these variables were unrelated, whereas we found a negative relation between the
change scores of PAV goals and interest in Study 2. These findings offerestrdegce for
positive mutual relations in the development of mastery and PAP goals and interest in
mathematics, and further provide suggestive evidence of a negative longitudinal relation
between PAV goals and interest. In both studies, we found thiaitiaklevels of mastery

goals and interest were negatively related to change in mastery goals and interest,
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respectively. MusiGillette, Wigfield, Harring, and Eccles (2016) observed similar patterns
between the initial level and change in interest. &ttglwho initially report a higher level of
interest seem to be prone to a larger decrease in interest over time as compared to students
who initially report a lower level of interest. Possible explanations for this and the comparable
finding for mastery gals, might be regression to the mean over time or a compensation effect
in which educational resources are primarily allocated to the promotion of less able students
(Schroeders, Schipolowski, Zettler, Golle, & Wilhelm, 2016).

For academic achievementj@rresearch has found that positive development of
mastery goals is related to a positive change in achievement, and we observed these same
results in one of our two studies (Study 2; a null result was observed in Study 1). Prior
research has found a pinge relation between change in PAP goals and change in
achievement, but we observed no relation in both of our studies. No prior research has
examined correlated change in PAV goals and achievement; in our Study 1, these variables
were unrelated, whereas found a negative relation between these variables in Study 2.
These findings provide suggestive evidence for positive longitudinal relations between
mastery goals and achievement, and negative longitudinal relations between PAV goals and
achievement. Téy raise questions regarding the robustness of the previously documented
positive longitudinal relations between PAP goals and achievement, and suggest the need to
search for moderator variables (e.g., demonstration vs. normative focus, domain of study,
country of origin, age of student, etc.; see Hulleman et al., 2010). The initial level of the
achievement goals was only related to change in achievement in one of our studies for one of
the goals; in Study 2, the intercept of mastery goals was positivelgddo the change in
achievement.

The results from the correlated change SEMs that were the focus of our research
provide important information on the relations between the three achievement goals and
interest and achievement over time. However, thealyses do not test the causal ordering of
the relations. Therefore, to complement these analyses we examinelhggeskeffects
between the achievement goals and both interest and achievemeait measurement
pointsusing REMs. Tiese analyses proach more detailed resolution of relations over time
and allow a test of causal ordering. However, in interpreting these results it is important to
bear in mind that compared ¢orrelated change SEMBEMSs underestimate the shared
development over the whetime period and do not account for Horear developmental

trends.
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In the REMs, mastery and PAP goals were positive orsigmificant predictors of
interest in both studies, whereas PAV goals did not significantly predict interest in either
study.These findings for mastery and PAV goals are consistent with-tagged findings
from prior empirical work, but our findings for PAP goals differ from prior work, which has
obtained null findings for these goals. For achievement, mastery goals were mositive
significant predictors in both studies, wher#d® and PAV goals were no significant
predictors in either study. These findings for mastery goals are in accordance with prior
research. Prior work with PAP goals has found positive, null, and negeasults, and prior
work with PAV goals has found them to be a negative orsigmificant predictor of interest.
Thus, here too questions are raised regarding the robustness of the PAP and PAV relations,
and subsequent work would do well to investigadtential moderator variables (see our
comparable point above for candidate moderators) that could unpack these diverse findings.
Interestingly, several reverse findings were observed in which interest or achievement
influenced an achievement goal. Thigigests that the development of achievement goals and
our focal outcomes of interest and achievement may be reciprocal, a possibility clearly in
need of additional, and more targeted investigation.

In sum, several points are noteworthy regarding the pattdrrelations for the three
achievement goals. First, taken together, our new and the prior findings for adolescent
students map quite nicely onto the findings observed in the undergraduate and adult literature
on achievement goals in genérahastery gols are the most adaptive for academic interest
and achievement, PAV goals are the least adaptive, and PAP goals fall in between (and tend
to be adaptive). These patterns are presumed to be grounded in the differential sets of
processes evoked by the ditfat achievement goals (see Elliot, 1999; 2005) and the
implications of these goal processes appear to be generalizable across adolescence and
adulthood. Second, there is a noteworthy degree of consistency in the prior and new results,
especially for acadeiminterest, and the inconsistency tisgpresent almost exclusively
involves a finding being significant (positive or negative) in one instance and null in another.
Third, crosdagged analyses indicate that relations between the achievement goalsmoa the
hand, and interest and achievement on the other, appear to be reciprocal rather than
unidirectional. Fourth, at least to some degree, inconsistency in findings across studies is to be
expected, given the different sample demographics, proceduresireseasd achievement
contexts across the various studies in the literature. Nevertheless, a clear priority for

subsequent empirical work is to consider methodological and substantive variables carefully
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and systematically that might moderate longitudne&dtions between achievement goals,
interest, and achievement.
4.7.3.Implications

Overall, the empirical and theoretical work on achievement goal development and
predictive utility over time clearly identifies secondary school as an important period of
motivational vulnerability for adolescents. Mastery goals are clearly beneficial for academic
interest and achievement, and PAP goals seem somewhat adaptive for these outcomes as well,
but both of these goals show a decline during secondary school. Akgtgréducators
would do well to target this period as an important time for intervention.

Several different types of interventions may be considered. One type could focus
broadly on the documented mistmatch between
practices (Eccles & Roeser, 2009). For example, smaller classes that afford better access to
teachers, the provision of extcarricular activities that signal an interest in student-well
being (Eccles & Templeton, 2002; Lee & Smith, 2007), and latersgamnes that better
align with adolescent sleep cycles (Scherrer, Roberts, & Preckel, 2016; Preckel, et al., 2013)
may help students feel more supported and engaged in the educational process. This, in turn
may result in a sustained commitment to compeen the form of mastery, and perhaps
PAP, goal pursuit. A second type of intervention could focus on structural aspects of the
achievement context per se that are expected to facilitate mastery goal pursuit (Ames, 1992).
For example, providing adolesdsmnwith autonomy in course selection, moderately

challenging and intrinsically interesting tasks, and private and intrapersonal competence

feedback may bol ster studentsd pursuit of ma

1999; Maehr & Mdefd, @érdiyahu, &Lh®eBbrink, Q@LE). A third type of
intervention could focus on explicitly and directly encouraging students to pursue mastery
goals (Elliot & Hulleman, 2017; Martin, 2008; Smeding, Darnon, Souchal, TeCapklle, &
Butera, 2013). Tlsi explicit encouragement toward mastery goals could be accompanied by
an equally explicit guiding students away from PAV goal pursuit. Perforrepmeach
goals are believed to be most beneficial when they emerge of their own accord, rather than
being enouraged from an external source (Elliot & Moller, 2003).
4.7.4.Strengths and Limitations

Our new longitudinal studies presented herein have both strengths and weaknesses.
One strength is that we conducted two mytar longitudinal studies, which isarity in the
literature (see also Wang & Pomerantz, 2009). A second strength is that both of our studies

used large sample siZe§45 and 1420 students in Studies 1 and 2, respectively. This is
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undoubtedly responsible for the substantial level of consigterfandings across the two
studies. A third strength is that our analyses on the predictive utility of achievement goals
were quite rigorous in that they controlled for cognitive ability, sex, pgrént hi g h e st
educational degree, atghguage background fourth strength is that our longitudinal
analyses were nuanced, in that they examined both linear and nonlinear change in
achievement goals, relations of both intercepts and slopes with the two central outcome
variables, and reciprocal crelsgged relaons among the achievement goal and outcome
variables.

One limitation of our research is that it focused on only one type of adolescent school
experience, that of German students in the highest track of the secondary school system. A
second, related, liitation is that our studies were conducted in only one codirnBgrmany.

The studies were conducted in three different federal states in Germany that have been shown
to have different levels of selectivity and rankings of educational quAlityer, Plinneke,

& Schuler, 2018), and this may, in part, account for the differences that did emerge across
studies. Nevertheless, the fact that both studies focused on students in Germany means that
the scope of our work was limited to a Western European educatantakt. A third

limitation is that our research focused on the three goals of the trichotomous achievement goal
model, leaving out maste@yoidance goals of the 2 x 2 model and the differentiation of task
and sekbased mastery goals of the 3 x 2 mo@alr work was the first to investigate the
longitudinal influence ointerindividual differences in PAV goals on academic interest and
achievement, but these other goal constructs were not used in our investigations and, indeed,
have yet to be investigat@uthe literature. Finally, @ only used a limited set of control
variables (e.g., studemtshd ghegni teidwec aa b iolniatly
language backgroupdAdditional variables such as academic-selficept might have

influenced bth the development of the achievement goals and the development of the
outcomes. Therefore, additional potentially confounding variables should be included in the
future research agenda.

4.7.5.Conclusion

In closing, adolescence is an important perioderdevelopment of achievement
motivation, including achievement goal pursuit. Educators, be they administrators, teachers,
or parents, would do well to attend to the unique challenges facing students during this time.
Longitudinal research is essentialdecument changes in achievement goals during
adolescence and their implications for important achievemnsdéenant outcomes. Equally

essential is intervention research that seeks to provide clear guidelines for how to best
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structure schools, classroomadahome learning environments to maximize the likelihood

that the adolescents under our care will develop to their full potential.
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High-Abi Il ity Grouping: Benefits for Gi

Development Without Costs in Acadent SelfConcept

Franzis Preckel, Isabelle Schmidt, Eva Sturifainika Motschenbacher,
Katharina Vogl, Vsevolod Scherrand Wolfgang Schneider

5.1.Abstract

Effectsoffulkt i me abi ity gr oupi nropncepmASE€tandd ent s 6
mathematis achievememere investigateth the first three years of secondary schéamlir
waves of measurement st udent sé aver age .&tgdentsavere f i r st wa
primarily from middle and upper class families living in southern GermBmg study ample
comprised 148 (60% male) students from 14 gifted classes and 148 (57% male) students from
25 regular classdsnatched by propensity score matchirigata analyses involved multi
level and latengrowth curveanalyses. Findings revealad evidence focontrast effects of
classaverage achievement or assimilation effects of class type om stids 6ASE S C .
remained stable over time. Students in gifted classes sHugleer achievement gains than

students in regular classes.

Key words:ability groupirg, giftedness, academic achievement, academic self
concept, longitudinal study, latent growth curve modeling, propensity score matching
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5.2.Introduction

Numerous studies have investigated the ef
academic achimment (for a review, see Steenberen Makel, & OlszewskKubilius,
2016) and st ud-percépsods (fara eediesvnseecSeasor, Marsh, & Craven,
2009) . Perceptions of oneds own aaneedtemi ¢ abi
(ASC) influence achievement, motivation, affect, and generatbeiig; therefore, they are
central for understanding and fostering stud
However, researchers in the field have not been able to reach a consensusaizaitithess
of ability grouping for achievement or academic-®elficept’ especially for the grouping of
high-ability or gifted students. Regarding achievement, some researchers have concluded that
no one gains academically from ability grouping (Oak@68), whereas others have
suggested that highbility students benefit from it (Colangelo, Assouline, & Gross, 2004;
Rogers, 2007). Regarding AS§hme researchers have warned of costs oféligity
grouping (Belfi, Goos, De Fraine, & Van Damme, 201Zr&h et al., 2008). Students use the
ability of their classmates as a frame of reference against which they evaluate their own
standing to form their ASCHuguet et al.2009). When the ability level of the reference
group increases, ASC decreask®e efiect of the referenegroupon individual ASGis
usually ofmedium size€.g.,for the PISA 2003 data, effect size of .49; Seaton, Marsh, &
Craven, 2009; for the PISA 2006 data, effect size of .40; Nagengast & Marsh,2012).
lowering ASC, higkabilitygrou pi ng mi ght therefore i mpair st
motivation, affect, or welbeing(Marsh et al., 2008). However, other researchers have argued
that the reference group effectofhighb i | i ty groupi ng <demasdnatdent s {
universal Dai, 2004) Overall, there is a lack of empirical evidence informing this discussion.
Despite the wealth of studies on the effects of ability grouping, few studies in the field of
high-ability grouping have investigated achievement and ASC simultaneousgvandewer
have used longitudinal datéhe present study fills this research gap. We carried owyteai3
longitudinal study that investigated the developmentof-aighi | i t y student sd ac
achievement and ASC over time as a function of ability grapim gifted classes, as
compared to heterogeneous classrooms.

When studying the effects of higtbility grouping, one has to deal with the problem
of selection bias. On average, highility students in settings of ability grouping like gifted
classes iffer from students in regular classrooms not only with regard to their higher
academic ability and achievement, but also regarding other variables such as age, gender, or

family background. For example, students in gifted classes frequently are youthgenan
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from families with a higher stioeconomic statusSchneider, Preckel, & Stum@#014 Vogl
& Preckel, 2014Roznowski, Reith, & Hong, 2000). In addition, more boys than girls attend
gifted classes (Peterson, 2013). A matalysis by Goldring (199@n achievement
differences between abiligrouped and ungrouped gifted students revealed that the number
of variables used to match students in both settings influenced the effect sizes for mean
achievement differences in favor of grouping. Studiesrttathed the students using fewer
variables obtained larger effects sizes. This suggests that a priori differences between samples
need to be taken into account when investigating the effects of ability grouping on the
achievement and ASC of higtbility students. The present study controlled for these
differences by matching students on relevant variables using propensity score matching.

To conclude, our study is the first to investigdie joint cevelopment of higlability
student s6 ac aaemsCoveatink asa fuectior of filine ability grouping
in gifted classes or regular classes with matched student samples.
5.21. Ability Grouping and Achievement of Gifted Students

Most reviews and metanalyses indicate that ability grouping geatigrdoes not
provide substantial academic benefits. For instance, Kulik and Kulik (1992) carried out a
metaanalysis on ability grouping procedures that included elementary as well as secondary
school students. The results showed that the benefits wigee small for comprehensive
grouping programs (see also Kulik & Kulik, 1982, 1984; Slavin, 1990). Similarly, in a more
recent review of metanalyses based on over 300 studies, Hattie (2009) found an average
effect size of ability grouping on educatiomaitcomes ofl = 0.11, indicating minimal effects
on learning outcomes. However, effect sizes vary depending on the form of ability grouping.
In their seconébrder meteanalyses, Steenbergétu et al. (2016) synthesized the outcomes
of 13 ability grouping rataanalyses. Results indicated that students benefited from within
class grougpgsOrf)andelesgy gadé subject gg02wypi ng ( He
whereas the benefits were negligible from betwedna s s gr ou g+-0.08). {iHedges 6
importantto note, however, that these findings do not necessarily generalize to the grouping
of gifted students. While some studies found
achievement development (e.g., Adelson, McCoach, & Gavin, 2012), mangsstegorted
positive effects for achievement outcomes (Adelson & Carpenter, Blaitle, 2002; Rogers,
2007; Tieso, 2005Kulik and Kulik (1992) identified 25 studies of special programs for the
gifted and found that ability grouping had a positive gffec( C odkx 8.41pam the
achievement of gifted elementary school children. Further supportive evidence came from a

study by Lou, Abrami, and Spence (2000) who analyzed 51 studies of ability grouping and
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found that higkability students particularly befieed from the grouping procedure. These and
further metaanalyses were included in the secamder metaanalyses of Steenbergétu et
al. (2016). The original mean effect sizes of the six included-arettyses ranged from
He d gge=9.82 to 0.47 with atatistically significant, integrated effect size of 0.37. Further,
the original effect sizes appeared to be hom
benefited from being placed in special groups or programs that were specifically designed to
servehose with initial hi gh achi evemeéwmeall evel s
2016, p. 876). This finding also corresponds
metaanalyses, which showed that there is a higher likelihood of suicckessning when
ability grouping is provided for gifted and talented students. Overall, Hattie reported an
average effect size of= 0.30 for gifted education programs. However, the size of the effect
in favor of ability grouping for the gifted is inflneed to a large extent by the number of
variables used to match students in abijitguped versus ungrouped settings (Goldring,
1990).This finding indicates that the achievement advantages ofafdity grouping for
gifted students can partly be expled by a priori differences between comparison groups
regarding achievement, ability, or other achievennelated variables (e.g., SES).
5.2.2. Ability Grouping and Academic Self-Concept of Gifted Students

Ability grouping can lower higlability student6 A SC, w hexptaimed byathe b e
A b-fish-little-ponde f f ect 0 ( BFLPE; Marsh & Parker, 198/
of reference model according to which gedfrceptions in educational settings are largely
shaped by social comparison processkgj(iet et al.2009 . St whlewemens and ASC
are positively related. However, when controlling for this relation, the average achievement of
the reference group i s nedgaatonatd.]?2008,foednat ed t o
overview) Themo st sal i ent reference group is wusuall
van Damme, de Laet, & Verschueren, 2013). Watadents engage in social comparisons
with a highly able reference group such as a gifted class, they experience a negative contrast
effect and their ASC decreases. Many findings support negative contrast effects of gifted
ability grouping(Preckel, Zeidner, Goetz, & Schleyer, 20@8aven Marsh, & Print, 2000;
Zeidner & Schleyer, 1998However belonging to a gifted class can alsake students feel
positively about their abilities by assimilation effecggéton et al., 2008Perceived
similarities should motivate students to draw closer to the &lgiity in-group by associating
themselves with its positive qualities (MussweiR003).Accordingly, or giftedclasses,
Preckel and Bril{2010) found atrong positive assimilation effect tifatly compensated for

the negative contrast effect. That is, grouping in gifledse$iad no significant negative
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BFLPE on ASCIn arecentstudy, Herrmann, Schmidt, Kessebnd PreckelZ016
investigated contrast and assimilation effects in mathematics and the verbal domain in regular
and gifted classesn mathematics, an assimilation effecnoémbership in gifted classes
compensated faregative contrast effects of claasgerage achievement on ASC even after
controlling for previous ASC. In the verbal domain, there was no evidence for a significant
contrast or assimilation effect. Some investigations of gifted education programs simbyved o
shortterm declines in ASC or even no decline at all (Dai & Rinn, 2008; Makel, Lee,
OlszewkiKubilius, & Putallaz, 2012). Moreovethe ASC of higkachieving students appears
to be less affected by the BFLPE than that of lower achieving studéatsh& Rowe, 1996;
Trautwein, Ludtke, Marsh, & Nagy, 2009). However, more research is needed to clarify the
extent to which high achievement or positive assimilation effects buffer negative contrast
effects of a higkability reference group (Makel et al., 2QE2e also Chmielewski, Dumont,
& Trautwein, 2013). Further, no study of gifted grouping modetatrast effects of class
average achievement aasgsimilation effects of class type, while controlling for selection bias
by matching students in the diffetastass types. However, a priori differences in cognitive or
academic ability, age, soegconomic status, or gender might relate to these effects. For
example, soci@conomic status might interact with assimilation effects. Therefore, in our
study we invstigated contrast and assimilation effects of gifted ability grouping with a
matched student sample.
5.23. Relation of Academic Achievement andAcademic SelfConcept

Academic achievement and ASC show reciprocal, mutually reinforcing relations. That
is, piior ASC has a positive effect on subsequent achievement beyond what can be explained
by prior academic achievement. In addition, subsequent ASC is also positively affected by
prior achievement beyond what can be explained by prior ASC (Huang, 2011; Marsh &
Martin, 2011). In a recent study, Seaton, Marsh, Parker, Craven, and Yeung (2015)
investigated reciprocal effects between achievement and ASC comparing academically
selective and mixedbility comprehensive schools. The findings supportedebtiprocal
effects model foiboth school types indicating its generalizability over heterogeneous and

high-ability environments

5.3.The Present Study
We investigated the development of sshcept and achievement in highility
students in both gifted classest{wfull-time ability grouping) and regular classes in the

hi ghest educational t rack (-trackeseconddiy@shaoh a s i u mo
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system. In Germany, the placement of students to Gymnasium is based on their academic
perf or mancee,c otmemeecnhdeartsidlons, and parentsdo pref e
itself not a gifted track given that approximately one third of the total student cohort attends
these schoold~ederal Statistical Office, 201.3Within this track, schools in our study eféd
full-t i me abil ity gr oupi-within-aenc hypstatting th Grade &.9ns e s (
these gifted classes the standard curriculum was presented at a faster pace (acceleration) and
more in depth (enrichment) than in the regular classe®téldhe schools offered a
compacted curriculum, bilingual lessons, additional lessons in scientific subjects (e.g.,
computer science or experiments) and interdi
achievement and ASC in the domain of mathematias times over a thregear period at the
beginning of secondary school. We controlled for selection bias by using propensity score
matching (se®articipants.

Past studies investigating the BFLPE for ability grouping of gifted students have
reported mied findings (negative BFLPE raven et al., 2000; Zeidner & Schleyer, 1998; no
negative BFLPEPreckel & Brtill 2010;Herrmann et al.2016; Makel et al., 2012). Using the
BFLPE framework (i.e., multilevel analyses), we therefore investigated contrast and
assimilation effects of ability grouping in either regular classes or gifted classes at each wave
of measurement of our study. We conducted multilevel analyses with a matched student
sample to rule out alternative explanations of our findings by a primupgdifferences.
Additionally, wec ont rol Il ed for studentsé prior ASC in
to changein ASC. We thus conducted a rigorous test of contrast and assimilation effects of
gifted ability groupingin response to the incossent research findings concerning negative
referencegroup effects and positive assimilation effects of gifted ability grouping (e.g.,
Chmielewski et al., 2013; Makel et al., 2012).

Further, we compared the development of academic achievement and ASithever
as a function of class type (gifted vs. regular). We investigated group differences in the
development (i.e., change) in achievement and the level of achievement at the last wave of
measurement. There is metaalytic evidence for positive effectsgifted ability grouping
on student sd ac h-Heeta. 2@16)tbut hoSttawitablefindings evere
based on unmatched samples and thus might in part be explained by selection bias (Goldring,
1990). For ASC, we expected decreases in both ttpes because a number of studies have
described a normative pattern of developmental decline in multiple@®tept domains
including math ASC from middle childhood into adolescence (Gest, Molloy, & Ram, 2015;
Wigfield & Wagner, 2005). We explored whet the decrease in ASC was stronger in gifted
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classes than in regular classes with no specific hypothesis in mind because, as stated above,
research findings for negative referergreup effects of gifted ability grouping are not clear.
Based on evidender the reciprocal effects model for higibility studentsNiepel, Brunner,

& Preckel, 2014Seaton et al., 2015), we expected positive relations between the

development of ASC and the development of achievement over time.

5.4.Method
5.4.1.Procedureand Participants

The data used in this study were collecte
assessed developmental patterns in academic achievement and motivation in the early
secondary school years (i.e., from Grade 5 to 7) in regulasttagh schots (Gymnasiums)
of the German threrack secondary school system that offered regular classes and gifted
classes (i.e., fultime ability grouping). The gifted classes were part of the regular secondary
school setting and thus could be compared withebalar classes in the same school.

Data collection took place in class in group sessions. Students were tested at the
beginning and at the end of Grade 5, at the end of Grade 6, and in the middle of Grade 7.
Before starting the regular or gifted classe&rade 5, all students had attended a regular
primary schoalThe average number of days between the transition from elementary school
and measurement was 39 days for the first wave, 246 days for the second wave, 606 days for
the third wave, and 917 dafar the fourth wave of measurement, with no differences by class
type. Studentsd cognitive ability was assess
academic achievement and ASC were assessed at all four waves of measurement (see
Material).

St u d eantitipation was voluntary, and written parental consent was obtained for
all participants. In addition, parents filled out questionnaires at home. Student and parent data
as well astsident data across waves of measurements were matched by using a pseudo
anonymized identification code (i.e., sgnerate@lphanumeric code according to a
predefinedporocedure)On average, 25 students in regular classes and 20 students in gifted
classes participated in the study (response rates: 82% for regular cla%¥sés:;, gifted
classes).

The overall sample comprised 922 students from two successive cohorts (beginning
with the school year 2008009) attending seven regular higlack schoolsn southern
Germany Four schools were located in the federal state of Bad@ritembergone in a

small city, two in midsized cities, and one in a large citiy)ree schools were located in the
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federal state of Bavari@ne in a small city, one in a mgized city, and one in a large city)
The cohorts did not differ significdgton any variable included in the present studyMo nt h 0
of data collection were October 2008/2009, February 2009/2010, May 2009/2010, and
February 2010/2011 (cohort 1/2). Most students had a German language background (89%);
the language background of thiher students was Russian (4%), English (2%), Turkish
(2%), or other (<1%: Chinese, Italian, French, and Spanish). The majority of students came
from middle and upper class familidas 61% of these families, at least one parent had a
college/universitydegree or #hD( see Tabl e 15 for exact inforn
educational degree)

From the overall sample of 922 stude@2®&3 (186 male) students attended 14 gifted
classes and 639 (355 male) students attended 26 regular Cléssesstudestwho entered
the gifted classes in Grade 5 had to apply f
initiative. That is, application for gifted classes was based oisskétion, and therefore not
all gifted students attended gifted classes. For vaneasons, some gifted students attended
regular classes:or those students who applied for thited classesall schools employed
multistage selection procedures. The selection procedures were comparable over schools and
included intelligence tests (mi mum | Q of 120), teacher obseryv
during one or two days of probationary class, and interviews with parents. Applicants were
then selected in a conference among teachers, school psychologists, and school board
members based orpartly compensatory strategy (i.e., high achievement could partly
compensate for an 1Q of slightly below 120 and vice versa).

Propensity score matched sample.control for differences between the students in
gifted classes and regular classes, we psegensity score matching. We estimated a
propensity score (PS) for each student by boosted regression (McCaffrey, Ridgeway, &
Morral,2004) A PS i s defined as Athe conditional |
treatment given a vector of obsernedd v ar i at es o ( Rosenbaum & Rubi
study, the treatment comprised attending a ¢
cognitive ability, age, gender, parentso6é hig
the particular deool the student attended, student test achievement (math, reading speed, text
comprehension), ASC (general, math, verbal), rmaetl for cognition defined as the
Aitendency for an individual to engage in and
116).A detailed description of the PS estimation is given in the Appedihe covariates
were assessed at the first wave of measurement and were selected hblasecktoal

considerations; they all showsnificant positive relations with the treatmeatiable.

114



Chapter 5. Article 3

Table 15 Description of the Unmatched Sample (Overall and by Class Type) and the

Mat ched Sample ( Model 3) on the Covariates
for Mean Differences between GC and RQ &hd between Matched StudentsirGC and

all Students from GC £

Unmatched Sample Matched Sample
All RC GC GC RC
Covariates N=922 n=639 n=283 di n=148 n=148 di d»
. . 111.98 107.21 122.61 118.77 117.98
Cognitive abilityM (SD) (12.31) (9.90) (10.35) 1.49 (8.68) (6.75) A2 .37
. 126.34 127.90 122.83 125.64 125.94
Age in monthsM (SD) (6.62) (5.16) (8.04) .63 (5.96) (5.84) .05 .35
Math ACHM -.57 -.87 .10 -15 -.23
(SD) (.96) (83)  (.90) 108 (g5 (71) 2
. 7.81 7.22 9.21 8.78 8.23
Reading speeM (SD) (5.43) (5.91) (3.71) .54 (3.78) (3.28) A7 .12
. 23.48 22.10 26.62 25.60 24.55
Text comprehensiol! (SD) (6.01) (5.95) (4.85) .93 4.63) (5.37) 20 .21
4.14 4.11 4.23 4.19 4.24
General ASQVI (SD) (.65) (.66) (62) .19 (.65) (.58) .09 .06
4.09 3.98 4.32 4.24 4.24
Math ASCM (SD) (.86) (.89) (.75) .45 (.82) (.75) .01 .11
4.09 4.03 4.22 4.19 4.16
Verbal ASCM (SD) (73) (.74) (.70) .26 (71) (.63) .05 .04
Need for cognitiorM (SD) ?6?82) ?gg) (367;4) .48 ?66;) ?6519) 10 .14
Gender male 541 355 186 89 85
femalen 381 284 97 59 63
Parentsdéd higl?2 1:2 1:0 1:0 1:1
educational degree 2: 27 2:.26 21 2.1 2:2
(degreen parents) 3:155 3:123 3:32 3:22 3:19
4:119 4:98 4:21 4:15 4:16
5: 343 5:207 5:136 5:59 5:56
6:132 6:70 6:62 6:36 6:32

Note.GC = gifted classes. RC = regular clasge3H = achievement. ASC = academic sedhceptd =
standardi zed me ad(diferentefoMSE andveRC divided hySDSC).Educational degree:
1 = o educational degree, 2 = certificate of secondary education, 3 = secondary school level | certificate, 4 =
vocational/university entrance dipf@, 5 = cokkge/university degree, 6 = PhD.

Using the PS, matching of students in gifted and regular classes was implemented with
the Matchlt Package (Ho, Imai, King, & Stuart, 2011) in the statistical program R. Overall,
we applied five different matchgnstrategies in various combinations resulting in five
different matching solutions or modefs detailed description of the matching strategies and
resulting models is given in tlgpendix C Of note, the student subsamples selected from

thegifted and egular classegaried by model. For all model§able Q in theAppendix C
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reports standardized mean differences in covariates between studentiftedhand regular
classedbefore and after the matchintable A further reports standardized meaneatiéinces

in covariates between all students in gifted classes and those students in gifted classes selected
by the matching procedure. These values indicate whether the matched students from the

gifted classes were representative of the full student pepuliatthe gifted classes or

whether a systematic distortion accrued due to the exclusion of some students.

We compared the matching solutions from Models 1 to 5 and chose Model 3 as the
best modelrf = 148 students per group; s&ppendix Cfor a detailedlescription of the
model comparison). It offered the best solution taking into account (a) the balancing of
covariates (i.e., effectsizdD . 20 for mean differences betwe
representativeness of the gifted class subsample foud#rds in the gifted classes. There
were no relevant mean differenced (lifferenceswerdO . 20) bet ween t he mas
students from regular classes and gifted classes and very few small diffecenc28 {o .50)
between the students from gifted cksselected by the matching procedure and all students
in the gifted classes. Therefore, all further analyses were computed using the subsample
selected by Model 3, which comprised 148 (89 male) students from 14 gifted classes and 148
(85 male) studentsdm 25 regular classes (sEable 15.

To test the robustness of findings from the different matching solutions, we
additionally ran all analyses with the subsamples from Model 1, 2, and 4. Model 5 was
excluded from further consideration because of theemé weights of some students in
regular classes (e.g., two higlerforming students from regular classes accounted for 90
students from gifted classes). Robustness checks revealed that findings were very robust over
the fourmatching solutiongresults ae reported in Appendix D)Ve found no differences in
the results of thenultilevel analyses testing the BFLAR addition, the results fahelevel
and thedevelopment ofcademic achievement and AS€a function of class type (gifted vs.
regular)werecomparable over the four matching solutions. However, there was one
exception: For Model 1, which included all students from gifted classes, the effect of class
type on the development of math achievement shortly missed t#ségB¥fscance levelf =
.063 see Appendix D, Table D5).

Before the matching, effect sizes for mean differences between all 639 students in
regular classes and all 283 students in gifted classes were large for cognitive ability, math
achievement, and text comprehension>.80), ofmedium size for age and reading speid (
= .50 to .80), and small to narlevant for differences regarding the other covariates (

.50) (se€Table 15. After the matching, all effect sizes for mean differences between regular
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and gifted classeseresmalldO . 20) . Moreover, the distribut
highest educational degree was comparable over class type.
5.4.2.Materials

Math achievement.We used standardized achievement t&€3tiZ, Lingel, &
Schneider2013a, 2013b) that assessed compmisnn arithmetic, algebra, geometry, and
word problems. The test content matcheddbjectives of the math curriculum showing
curricular validity.Separate test versions with partly overlapping material were used for each
of the four measurement poir{test version 1/2/3/4: 26/31/37/39 items). The minimum and
maximum scores for the test versions ranged from 0 to 14 (Version 1), from 0 to 16 (Version
2), from 0 to 25 (Version 3), and from 0 to 27 (Version 4). All students got Version 1 at the
first waveof measurement, Version 2 at the second wave of measurement, etc. Internal
consistencies of all four 7.87¢ 3hereweserngdeibngs wer e
effects (skewness values for the four versions lay between 0.031 and 0.377 fqulde re
classes and betwee®.116 and0.761 for the gifted classes).

Academic seltconcept.ASC in math was assessed with four items from the Self
Description Questionnaire (SDQ; Marsh, 1990) whgcbonsidered to be one of the best-self
concept instrumen available (Byrne, 2002). ltems wekéathematics is one of my best
subjects| get good marks in mathemati¢$ave always done well in mathematiaadlI
learn mathematics quicklyfhe first three items represent the math-setfcept scale used in
PISA 2000; the fourth item was added in PISA 20@3nlitranslation into German was
carried out in the context of the PISA study (Kunter et al., 2005t research has
documented the reliability and validity of measuring ASC with a short scale (&gm 3
scalesGogol et al., 2014). Students responded to the items groabrating scale ranging
from 1 (strongly disagreefo 5 (strongly agree)with higher scores indicating a higher ASC.
Sample internal consistencies were high, ranging from .87 to .92.

Cognitive ability. We used the Cognitive Ability Test for Grades 4 to 12 (Kognitiver
Fahigkeitstest fur 4. bis 12. Klassen; KFIL2+R; Heller & Perleth, 2000) which is a German
adaptation of the Cognitive Abilities Test developed by Thorndike and Hag&a)( In
Germany, the KFT-42+R is one of the most frequently used cognitive ability tests in the
research on giftedness and education. The KEZ+R can be used to assess verbal,
numerical, and figural reasoning as well as a composite score. Reaabititggr the
Acapacity for processing power/ for mal | ogi ca

p. 64) is a core construct of general intelligence (Carroll, 1993). Teird@te short version
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of the test was administered in class using a papépencil format. The sample alpha was
.95 for the composite score.

Parent sd0 educ at Paemsaréportedaieik yghest educhtional degree
in a separate parentsd questionnairenon an
educatiorl degree, certificate of secondary education, secondary school level | certificate,
vocational/university entrance diploma, college/university degree, PhD

Student background variables.Students reported their gender and birthday in a
demographic questiomire that accompanied the tests.
5.4.3.Data Analysis

Equating of math test scoresTo compare achievement over the four versions of the
math test, we used vertical linear equating under the common item equivalent groups design
(meanmean equating; Kote& Brennan, 2004)Table C3in the Appendix Cshows the
design. We used an IRT 1Mlodel (Embretson & Reise, 2000) for the linking procedure. All
common items were taken into account with the same weight. Item and person parameters
were estimated with theoftware ConQuest 2.0 (Wu, Adams, Wilson, & Haldane, 2007). We
used the data of all participants who worked on the respective test version and estimated
person parameters by weighted maximum likelihood estimation (WLE; Warm, 1080
equating the mutilevel structure of the data was not taken into accotadtle C3in the
AppendixC shows the item parameters of the vertically linked test versions as well as the
reliability of person parameters per test version.

BFLPE: Multilevel analyses.For the inestigation of the BFLPE, weonducted
manifest multilevel analyses (Raudenbush & Bryk, 2Q@¥)g Mplusversion7.4 (Muthén &
Muthén, 199&015. Continuous variables were standardized over the whole sample of 922
studentsil = 0, SD= 1); the dichotomousariable class type remained in its original metric
(regular classes = 0; gifted classes = 1). Math test scores were aggregated at the class level
from the standardized achievement measures including all students from thesawepdd of
922 students tobtain an index of the average achievement per class and were not re
standardizedBy doing so, Level 1 and Level 2 coefficients can be read as standardized
outcomes and the Level 2 coefficient for claserage achievement directly depicts the
contrast #ect (Raudenbush & Bryk, 2002¥lissing data were handled using the full
information maximum likelihood (FIML) algorithm in Mplus. Further analyses were
conducted with the matched student samidle (48 students per class typedr reasons of
comparabity with traditional BFLPE research, vedsoreport the results from a BFLPE
analyses with the whole sample in the Apper@i¥able C3.
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To calculate the manifest mean scale score of the ASC measure from each wave of
measurement as dependent variablecavaputed aandominterceptmultilevel model
including individual math ability as Level 1 predictor (i.e., individual level) and -@aesage
math ability as well as class type as Level 2 predictors (i.e., class level). From the second
wave of measuremenn, we controlled for ASC from the prior wave of measurement by

including it as an additional Level 1 predictdhe equation for our final model was:

Levell: (ASC) = oot 1°¢ (prior ASCr1) +1 2 (individual achievement) rm (1)
Level2:T o= 00+ 01 (Wholeclassaverage achievement) +2 (class type) + oo
I 1= 10
I 2= 20
Legend:
I oe=random intercept of the regression at Letel
I 1= effect of prior ASG.1on ASC at Levell
I o= effect of individual achievement on ASC at Letel
i @=residual at Level
[ o0 = average intercept
[ 10=slope of Levell predictor pior ASCr.1; pooled withinclass regression coefficient
for prior ASCr1
[ 20=slope of Levell predictor individual achievement; pooled witltiass regression
coefficient forindividual achievement
[ 01= effect ofwholeclassaverage achievemen’! ¢a
[ 02= effect of class typen] ¢a

‘ ge=residual at LeveP

Common development of achievement and ASC: Confirmatory analysethe
common development of achievement and ASC was investigated with confirmatory methods
(factor analyses, CFA; structdrequation models, SEM; latent growth curve models,
LGCM). Weused the maximum likelihood estimator with robust standard €ivtiR;
Kaplan, 2009)n Mplus 7.4 (Muthén & Muthén, 1998015) 75% to 100% of the students
provided data to estimate varianoesovariances at any time of measurement (covariance
coverage; ASC items: 798)0%; math tests: 785.5%; cognitive ability test: 79-800%).
Missing data were handled by the full information maximum likelihood (FIML) approach
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implemented in MplusToca r ect f or the clustered sampl e s
classeso), we used the Atype is complexo opt

Measurement invariance testing\s a precondition for our analyses, we had to ensure
measurement invariance of the ASC measure for therelift class types and for longitudinal
analysis. First, we ensured measurement invariance of the ASC maeams®class types
per wave of measuremanta multigroup CFA We applied a stepwise strategy to test three
levels ofmeasurement invarianc@) configural invariance (same pattern of factor loadings
across groups), (2) metric factorial invariance (factor loadings were additionally constrained
to be equal across groups), and (3) scalar factorial invariance (invariant item intercepts were
additiorally constrained to be equivalent across groups) (e.g., Meredith, @8&cith &

Horn, 200). Second, within each class type, measurement invargmoss timevas tested

using a formwave SEM and the same stepwise strategy described above. We sebgessiv

tested increasing measurement invariance levels against each other. Measurement invariance
was assumed if the more restrictive model showed only minor deteriorations in model fit.

Foll owing Chenés (2007) r ecommeonpadtivedtn, we u
indices (uCFI) to compare two models, in additiondedifference testsypCFI values of .01

or less were interpreted as a tolerable deterioration in model fit.

Latent growth curve modeling/Ve estimated individual LGCMs to represent change
in achievement and ASé&xrross the first three years in secondary school based on four waves
of measurement. As indicators, we used person parameters from achievement test equating
andi given the scalar measurement invariance of the ASC measuiRgsak3 i latent
factor scoes of ASC. With linear LGCM, two latent variables are estimated, namely a level
growth parameter (i.e., intercept) and a growth rate parameter (i.e., linear slope). We also
estimated quadratic growth curves that can identify more complex trajectoridiséaain
growth curve models, as they include one extra quadratic growth curve parameter (i.e., the
guadratic slope). The quadratic slope factor indicates the amount of acceleration or
deceleration of the constant rate of change indicated by the meariné#regrowth curve
parameter (Newsom, 2015).

The analyses were conducted in two steps. First, we fitted univariate LGCMs; that is,
separate LGCMs for achievement and ASC. In each class type, we determined the adequate
form of each growth trajectory bymparing the fit between two nested models, namely one
specifying a linear form and the other specifying a quadratic form. Because we were
interested in theffectsof ability grouping, the last wave of measurement was chosen as the

reference point, meargrthat the intercept referred to the level of achievement or ASC in the

120



Chapter 5. Article 3

middle of Grade 7. The unequal intervals between the different waves of measurement were
specified in the model in order to obtain adequate estimations of the growth curve parameters.
Second, we investigated the common development of achievement and ASC and their
dependence on class type by a conditional-guadess LGCM (McArdle & Nesselroade,

2003). For all latent growth factors we used class type as a categorical predictor variable
(regular class = 0; gifted class = 1). The repeated measures were represented by the following
latent growth factors: an intercept, a slope, and if applicable, a quadratic factor; the different
factors were allowed to eaary with each other. To evaluatedel fit, the following criteria

were used: (a) the normed version of thesthiare statistic (Bollen, 1989), (b) the Root

Mean Square Error of Approximation (RMSEA), (c) the Comparative Fit Index (CFl), the
TuckerLewis Index (TLI),and (d) the Standamkd Root Mean Square Residual (SRMR; Hu

& Bentler, 1999).

5.5.Results

Table 16 Means and Standard Deviations for Academic-Selficept (ASC) and Achievement
(ACH; Person Parameters) by Class Type and Wave of Measurement (Matched Sample,
Model 3)

Gifted Classes Regular Classes

n M SD n M SD d
ASC1 138 4.236 0.819 137 4.245 0.751 -0.011
ASC2 133 4.105 0.865 132 4.098 0.806 0.008
ASC3 131 3.832 0.956 133 3.942 0.856 -0.121
ASC4 122 3.902 1.052 116 4.036 0.835 -0.141
ASC1_FS 148 0.342 0.973 147 0.267 0.848 0.082
ASC2_FS 148 0.094 0.996 147 0.112 0.961 -0.018
ASC3_FS 148 -0.213 1.124 147 -0.104 1.017 -0.102
ASC4_FS 148 -0.193 1.241 147 -0.021 0.955 -0.155
ACH1 138 -0.160 0.880 131 -0.233 0.705 0.092
ACH2 141 0.428 1.095 137 -0.056 0.913 0.480
ACH3 137 0.818 1.018 128 0.449 1.089 0.350
ACH4 117 0.945 1.177 116 0.555 0.821 0.384

Note.Numbers following ASC and ACH refer to wave of measurement. _FS = Latent factor dcores.
=Stadar di zed mean difference Cohenos

Table 16reports descriptive statistics as well as standardized mean differences for
ASC manifest scale scores, ASC latent factor scores, and achievement scores (person
parameters from achievement test equating) fonthiehed subsample by class type and
wave of measurement. Because of the PS matching, at the first wave of measurement there
were negligible mean differences between both class types (ASC scalaedsceded11; ASC
factor scored = 0.082; math achieveme d = 0.092). For the following three waves of
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measurement, mean differences in ASC were also negligibbefween 0.008 and.141)
while differences in achievement were of medium sisdbétween 0.350 and 0.480) with
higher levels in the gifted class.
5.5.1.Results for Multilevel Analyses Testing the BFLPE

We investigated the relation of ASC with classerage math achievement (i.e.,
contrast effect) and class type (i.e., assimilation effect) controlling for individual math
achievement, andfrom the second wave of measurement dor prior ASC (sed able 17
for results). Intraclass correlations at wave of measurement 1/2/3/4 for the ASC measure were
.078/.076/.092/.054, respectively; for the math achievement test these correlations were
.270/.35/.307/.290, respectively. Regarding the predictors at the individual level {Lgvel
math achievemerandprior ASC were always positively and significantly related to ASC.
Regarding the predictors at class level (Le2)lour findings indicated neithsignificant
contrast effects of classserage achievement nor significant assimilation effects of class type.
That is, regarding the four waves of measurement there was no evidence for a negative
BFLPE and no evidence for positive assimilation effectiftéd ability grouping in special

classes.

Table 17 Regression Coefficients from Multilevel Analyses for each Wave of Measurement
(T17 T4) relating Math Academic Selfoncept (ASC) to Math Ability, Prior Math Academic
Selfconcept, Clas®\verage MatlAbility, and Class type (Gifted vs. Regular; Matched
Sample, Model 3)

Math ASC T1 Math ASC T2 Math ASC T3 Math ASC T4

B SE p B SE p B SE p B SE p
Individual
level
Math
ability .21 .08 .007 .28 .08 <.001 .23 .08 .002 .24 .05 <.001
Prior
ASCr., 44 06 <.001 54 .07 <.001 .61 .06 <.001
Class
level
Math
- -23 .21 .284 -15 .17 .376 -09 .13 .486 -07 .12 556
ability
,SS;S .18 .20 .379 -02 .17 922 -03 .13 .815 -19 .18 274

Notes?Class type coded as 0 = regular classes vs. 1 = gifted classes.

5.5.2.Results for the Confirmatory Analyses
Measurement invariance testing.o prepare our longitudinal analysis, we investigated
measurement invariance of the ASC measure over class tgpgren Results are reported in

Tables A.3 and A.4 in the Appendix The inspection of the model fit indices as well as the
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differences in these indices between models suggested that a scalar invariant model
specification provided a good approximatiortteé data. This level of measurement
invariance allows comparing latent factor means (Meredith, 199Bkeguent analyses were
therefore conducted with latent factor scores of ASC, which were derived fronaees
multiple-group model (i.e., gifted vs.galar classes) assuming scalar measurement
invariance.

ASC and achievement over time: Latent growth curve modelingially, we
determined the adequate form of the growth trajectories of ASC or achievement (linear or
guadratic form) within each classs. Results are reported in the AppendifseeTable G
for model fit and parameter estimatds regular classethe c?-difference test for testing a
LGCMwitha | i near factor against a LGCM?=with
12. 7@94,p=gpl3;seeTable &: ASC, Model B). Growth in achievement was
sufficiently modeled as purely linear as indicated by the nonsignificedifference test
(gift e d c lca=sr9EHsdfedgp= . 135; r e girl ar WE2ps fBts :
seeTable &: achievement, Model B).

Based on these findinge conditional duaprocess LGCM was conducted with
modeling a quadratigrowth trajectory for ASCand a linear growth trajectory for
achievement (see FiguBsandTable 18for results).The model showed a good & =
27.681df=19,p=.090, RMSEA = .039 (90% CI .00069), CFI =.988, TLI =.977, SRMR
=.033.

Regarding ASC, at the fourth waverneasurement the level of ASC was comparable
over class typé.e., there was no significant effect of class type on intercept ASCG0.199,

p = .184. ASC showed no significant linear decrease over (stope linear ASC: regular
classed =-0.003,p = .949;gifted classeb =-0.066,p = .309. The variance of the quadratic
growth factor was significant indicating a ntimear change of ASC over time. Change in
ASC showed no significant relation witltass typgclass type on slope linear ASK = -
0.069,p = .355;class type on slope quadratic ASC=-0.004,p = .758. That is, students in
both class types showed comparable developmental trends in ASC over time.

Regarding achievemerdt the fourth wave of measuremstudents in gifted classes
showed significantly higher achievement levels (class type on intercept BE:.441,p =
.016. The average development of achievement was positive and significant in both class
types (slope linear ACH: regular clas$es 0.159,p < .001; gifted classds= 0.224,p <

.001). Further, change in achievement was significantly related to classlgetype on
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slope linear ACHb = 0.065,p = .010) That is, students in gifted classes both showed higher
achievement levels in the middle of Grade 7 and ibdévelopment of achievement over

time than comparable students in regular classes.

Figure 8.Results (unstandardized estimates) of the conditionaiptoakss LGCM with an intercept

for ASC (I ASC), a linear slope for ASC (S ASC), a quadratic slopASC (Q ASC), an intercept

for achievement (I ACH), a linear slope for achievement (S ACH), and class type (regular classes = 0,
gifted classes = 1) as predictdm(< .05.** p < .01.*** p <.001)

Concerning the common development of ASC and aehient, two of the six
correlations between intercepts and slopes were significant. Students with a higher ASC
showed a higher level of achievement (intercept ASC with intercept AEH32,p < .00])
and a better development of achievement (intercept WiCslope linear ACHr =.037,p=
.003). The development of ASC was unrelated to the level of achievement at the last wave of
measuremer(slope linear ASC with intercept ACH=.012,p = .735;slope quadratic ASC
with intercept ACHr =-.005,p = .439) andlie development of both constructs was
independent of each other (no significant correlations between sl@dpesonclude, higher
levels of ASCat the fourth wave of measuremevds related to higher levels of achievement
at the fourth wave of nasuremenand a better development of achievement over time.
Beyond that, both constructs were independent of each other. That is, changes in ASC were

not related to changes in achievement, and vice versa.
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Table 18 Results of the Conditional Dudlrocess Latent Growth Curve Model for
Achievement (ACH) and Academic Satincept (ASC) (Matched Sample, Model 3)

Unstandardized Estimates S.E.
Regular classesGifted classe8  Regular classes Gifted
classes$
Means
Intercept ASC -0.144,p=.081 -0.34 p=.006 .082 126
Slope linear ASC 0.003,p=.949 -0.066,p=.302 .038 .064
Slope quadratic ASC 0.013,p=.058 0.009,p=.403 .007 .011
Intercept ACH 0.53Q p<.001 0.972p<.001 .111 147
Slope lin@ar ACH 0.159p<.001 0.224p<.001 .017 .018
Residual Variances
Intercept ASC 1.066 p<.001 126
Slope linear ASC 0.181, p<.001 .046
Slope quadratic ASC 0.004 p=.011 .001
Intercept ACH 0.695 p<.001 .105
Slopelinear ACH 0.015 p=.005 .005
Covariances
Intercept ASC with Slope linear  .184, p=.002 .059
ASC
Intercept ASC with Slope quadratic.010,p = .294 .009
ASC
Slope linear ASC with Slope .024, p=.001 .007
quadratic ASC
Intercept ASC with IntercefACH  .432 p<.001 .070
Intercept ACH with Slope linear  .012,p=.735 .034
ASC
Intercept ACH with Slope quadratic-.005,p = .439 .006
ASC
Intercept ASC with Slope linear  .037,p=.003 .012
ACH
Slope linear ASC with Slope linear .006,p = .419 .008
ACH
Slope quadratic ASC with Slope .001,p=.713 .001
linear ACH
Intercept ACH with Slope linear  .067, p<.001 .018
ACH
Class type on ASE
Intercept ASC -0.199,p=.184 .150
Slope linear ASC -0.069,p = .355 .074
Slope quadratiaSC -0.004,p=.758 .013
Intercept ACH 0.441 p=.016 .184
Slope linear ACH 0.065 p=.010 .025

Note.2= Because of the use of the categorical predictor class type (0= regular classes, 1 = gifted
classes) means of latent factors refahtgroup coded as 0. Therefore, the model was tested twice,
once with regular classes coded as 0 and once with gifted classes coded as 0. Estimaies for (co
variances are unaffected by this coding. The size of the effects of the categorical predgtypelas
also unaffected by this coding but not the prefix; the prefixes reported here refer to the coding of
regular classes as 0.
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5.6.Discussion

Ability grouping has been the subject of heated debate, partially because empirical
evidence for achimment gains seems to be limited. Further, the grouping ofatidity
students has been criticized due to potenti a
ASC (i .e., BFLPE), which among other things
developmentWhen studying effects of ability grouping of highility students, selection
bias presents a specific challenge and many studies in this field suffer from the lack of
suitable control groups (Dai, Swanson, & Cheng, 2011). We investigated the effieits of
time ability grouping of highability students in gifted classes as compared to regular classes
on studentsodo ASC and -gearperiedvattmdeginning of scovadarh o v e
school. To control for selection bias when comparing studertsth class types, we matched
students by propensity score matching. By doing, our study makes three key contributions.
First, it studies achievement and ASC simultaneously. Second, it employs a longitudinal
design, which is rare in intervention studiearticularly in grouping studies. Third, the study
contributes a new investigation to the vast, but aging research literature on ability grouping,
employing more rigorous statistical controls and design features than many previous studies
on the effects odbility grouping in schools.

Our main findings for our matched student sample were as follows: There was no
evidence for significant negative referergreup effects or for significant positive
assimilation effects of ability grouping on highilitysttd e nt s 6 ASC. ASC r emai
over time in both class types. Further, ability grouping showed a significant and positive
i mpact on studentsd achievement devel opment.
significantly better development of achievement dirae and, accordingly, a higher level of
achievement at the last wave of measurement than congatatients in regular classes.
Higher levels of ASC at the fourth wave of measurement related to higher levels of
achievement and a greater developmentbfewement over time. Howevdigher levels of
achievemenat the fourth wave of measuremergre not significantly related whanges in
ASC. Moreoverchanges in ASC were independent of changes in achievement, and vice
versa.
5.6.1.Limitations

Beforediscussing these findings further, we would like to point to some limitations of
our study. Our sample only comprised students from the highest academic track of the
German secondary school system. In comparison to the other scholastic tracks, the

Gymnasium differs with respect to school quality and learning environment, with more
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cognitively demanding and activating instruction (Becker, Lidtke, Trautwein, Kéller, &
Baumert, 2012). Generalizability of our findings to other school systems therefore warrants
further investigation.

Moreover, our sample only included schools that offered both regular and gifted
classes. Thus, it remains an open question if the wétthiwol comparisons used in the
present study would generalize to betweehool comparisons. &lents typically use their
classmates as a reference group (Wouters et al., 2013). Thus, the class context seems more
relevant to studentsd soci al comparisons tha
out the possibility that the presence of giftéasses at the schools affected the self
perceptions and achievements of students in regular classes and vice versa. We did not have
any schools without gifted classes in our study, and therefore could not examine this research
guestion. Oumatchingdesgn, on the other hand, did allow us to control for the influence of
each particular school (see e.g., Hattie, 2009, for school effects).

Further, we investigated our research question in the domain of mathematics only.
Although the data of our study steradhfrom a project with a rich data base, only the math
achievement tests could be equated over time. Thus, our findings cannot be generalized to
other achievement domains without further investigation. However, most of the published
research on referenceogp effects on ASC has used the domain of mathen{dtiesrmann
et al, 2016;Chiu, 2012, which enhances the comparability of our findings withstof
other studies.

Finally, although we used propensity score matching we could not control for all
possibly relevant sample differences. In applied research such as in our stelig tio
experimental control and no way to randomly assign students to class type. However, by
using propensity score matching we could control for some bias a posteriori. Furthermore, our
matching strategy resulted in the exclusion of the most capaiolergs in the gifted classes
because there were not enough students in the regular classes showing similarly I@gh 1Qs.
average, the students selected by the matching were lower in cognitive ability by three 1Q
points (small effect). Further, they weabout three month older (small effect sizee W
conducted robustness checks and our findings were stable across multiple matching solutions
including a model in which no student was discarded from the gifted classes (Mddblel
Clin theAppendix Q. However, there was one notable exception: For Model 1, which
included all students from gifted classes, the effect of class type on the development of math
achievement was not significamt£ .063; see Appendix D, Table D5). This indicatbat

the positve achievement effects only hold fymepart of the digibution, namely the
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matched students from gifted classes who were marginally older and somewhat lower in
intelligence than all students from gifted classes. However, these differences were of small
effect size.
5.6.2.Ability Grouping and its Effects on the Development of Academic Sel€oncept
and Achievement

We found very little evidence for specific costs or gains of grouping gty
students regarding their ASC. In our matched sample, m#aredces in ASC between class
types were negligible and class type had no significant effect on the level or development of
ASC. There was neither evidence for significant negative contrast effects ehvtaage
achievement nor for positive assimitatieffects of class typ&ather, in both class types
ASC stayed stable over time. Our findings regarding the ability grouping of gifted students
offer no support for the BFLPE and no supporttf@ notion of a general declinen st udent s
academic selperceptions after the transition to secondary school #igfield & Wagner,
2005. This decline has been frequently explained by psychological factors such as an
increasingly realistic selfoncept and by contextual factors such as stricter evaluative
feedback, less teacher support, or a stronger performance orientation in secondary school as
compared to elementary school (e.g., Gest et al., 2015). However, independent of class type,
high-ability students in our sample did not show this decline in acadsesificoncept. Given
the design of our study, it cannot be ruled out that students experienced a decline in ASC
during the first month in secondary school. As noted above, our first wave of measurement
took place approximately one morsfier the studends t r ansi ti on to the ne
the BFLPE is also assumed to operate in stable environments (Marsh, 1987) and longitudinal
studies offer empirical evidence for negative referegrceip effects in stable environments
(e.g., Marsh, 1994; Marsh, Kong Hau, 2000). Therefore, the finding of no significant
changes in ASC from the first month in secondary school until the middle of Grade 7, which
covers a period of two and a half years, is noteworthy. It indicates that highly able students in
both regudir and gifted classes do not suffer in their academigsetfeptions in the first
years in secondary school, possibly because they receive more positive evaluative feedback,
and possibly because an increasingly realisties®itept would mirror thetigh ability.
Our findings are well aligned with those of other studies that showed that the ASC-of high
achieving students appears to be less affected by refegemae effects than that of lower
achieving students (Marsh & Rowe, 1996; Trautwein, Lud#arsh, & Nagy, 2009).

However, our findings need replication in other school settings and achievement domains.
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Controlling for achievement differences between class types at the beginning of Grade
5, we found that in Grade 7 students in gifted classesezheignificantly higher levels of
achievement than comparable students in regular classes. That is, students in gifted classes
showed greater achievement gains over time. Because of our matching procedure, these
achievement gains cannot be explained byi@iifferences between students but rather
point to an impact of class type. One crucial element of gifted education (or education in
general) is appropriate developmental placement that plétss sfudents in learning
environments that correspondtteir abilities and preferencesupinski & Benbow, 2000).
The gifted classes in our study were characterized not only by ability grouping butdiey
also specifically designed to serve gifted students with high achievement levels and high
learning pogntial. That is, thepecific curriculum offered more differentiation, problem
based learning, independent study, enrichment, and acceleftiume{der et 312014).
Research on gifted education supports the effectiveness of these instructionaésttatggi
Rogers, 2007; se®obinson, Shore, & Enersen, 2007, for an overvieWwg ability grouping
of gifted students in special classes allows students to progress at a higher speed. It offers
advantages for teachers because they know in advancetladqatential of their students.
This increases the likelihood that teachers develop high achievement expectatioeis for
students and that they more effectively instruct students in their zone of proximal
development (Tieso, 2005). Akachers in oustudy did not only teach in gifted classes but
also taught in regular classes. However, it is very likely that teachers were able to influence in
which class type they taught. Thus, it cannot be excluded that more motivated teachers taught
in gifted classs. All of these factors increase the probability of more favorableevement
trends.
5.6.3.Conclusion

Our findings in the domain of mathematics offer further empirical evidence that ability
grouping combined with a specific curriculum is beneficialtfer development of gifted
students: we found gains for the development of their achievement and no specific costs for
the development of their academic gedfrceptions. Even after applying a strict matching
procedure, we found higher achievement gainsifgit-ability students in gifted classes than
in regular classes. Theaehievement gains cannot be explained by a priori differences
between students from both class types but rather point to a positive impact of ability
grouping in gifted classe®vefomd no evi dence for specific co
self-perceptions due to negative refereqce oup ef fects, which in tur

achievement development. Rather, the development of achievement and academic self
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perceptions were indepdent of each other. Thus, our findings for kedpility students only
partly supporthereciprocal effects modeff ASC and achievement (Marsh & Martin, 2011).
Students in both class types had comparably high academpesedptions, which were

stableover time.
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Chapter 6. Discussion

Besides student cognitive ability, motivational variables are central to the prediction of
achievementelevant outcomes in school (e.g., Steinmayr & Spinath, 2009; Wigfield &
Eccles, 2002). As the predictive power ofjaitive ability has been very well established and
precisely estimated (Roth et al., 2015), a trend towards investigating alternative predictors of
achievement has been observed in current educational research (Grigorenko, 2016).
Grigorenko (2016, p:) went so far as to describe this trend as:

AThe King is dead, | ong | ive the

By the old king she meant all abiktiriven factors such as thefgctor. By the new
king she meant all other constructs that predict educational outcomes beyond €ognitiv
ability. Undoubtedly, motivational variables are a major’paftthe new king (e.g.,
Steinmayr & Spinath, 2009). I n this -disserta
being were raised. Does the royal court treat the king majestically anchédesg feel well
during studentsdéd school careers? I n other wo
develop during the school career (research question 1)? Which circumstances anger the king
and what happens when the king becomes mad? In other,wdrdh variables predict
achievement motivation development (research question 2a) and which changes are
associated with changes in achievement motivation (research question 2b)? Finally, does
Adi vide and congquer 0 wor kgroliping affechstudekti ng? That
motivational development (research question 3)?

Three articles aimed at addressing these questions were presented in Chapters 3, 4, and
5. A short summary of each article is provided in the following. Then, the key findings
regardiry the three research questions are discussed and embedded in previous theoretical and
empirical research. Based on these findings, conclusions regarding theoretical and practical
implications are made. Finally, strengths and limitations are weighed agaéahother,

subsequent research is suggested, and a short outlook is given.

1 prior knowledgéhas also beediscussed as a further major factor that is able to predict educational
achievement outcomes.{., hneider Korkel, & Weinert 1989 Stern, 2001
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6.1. Summary of the Findings

6.1.1. Summaryof Article 1

In Article 1, a metaanalysis of a total of 107 independent longitudinal studies was
presented. In each of the considkl@ngitudinal studies, scheabed students reported on
their selfesteem, academic sebncept, academic seadfficacy, intrinsic motivation, or
achievement goals at at least two different time points during their school careers. Average
meanlevel chag e s (@) instheese dnestivational constructs were conducted using-meta
regressions, while the dependence of effect sizes within studies was controlled by Robust
Variance Estimation (Hedges, Tipton, & Johnson, 2010). Taking all constructs together, an
overalldecres e o f q&}.1d svas doand over an average duration of 1.65 years.
Significant differences between the considered constructs were noted:édstseli, self
efficacy, and performaneavoidance goals, no significant meamel change was found. In
academic selconcept, metaegressions indicated decreases in math and language self
concepts, but no significant change in the generakselfn c e pt ( nya=t.18overGh as s 0 s
average duration of (@=-650ver ancavesagaichtion ofd.20a ge : Gl
years). Declines were found in intrinsic motivation, mastery goals, and perforayamwach
goal s, respectivel y d=i-.h9toveran average camtion of A1 on: G
year s; mast emy-2Qovae dnsaveraghirados sf &.50 years; performance
appr oach gom=.lidover aB bverage dusation of 1.09 years).

School transition, school type (elementary, middle, or high school), grade level,
academic domain (general, math, or language), questionnaia¢ioth of the interval, year of
data collection, year of publication, and geographic location were tested as moderators of the
meanlevel development. School transition and school type were not related to théewedan
development of any construct. Grddeel only moderated the me#evel development of
mastery goals (mastery goals decreases became smaller with rising grade level). Academic
domain was only relevant for the development of academicsetfept (math and language
academic seltoncepts deeased, while no change was found in general academic self
concept). Similarly, the usage of a questionnaire was only related to thdewelan
development of academic selbncept (larger declines in studies that used the scales by
Eccles et al., 1983; satler declines in studies that used the scales by Harter, 1985). The
duration of the intervals was associated with the rieagl development of academic self
concept, intrinsic motivation, and mastery achievement goals (a longer duration was related to
larger declines). The year of data collection was only related to the lesvesrdevelopment

of performancepproach goals (smaller declines in older data). Year of publication was only
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related to the mealevel development of intrinsic motivation (largerctiees in older
publications) and performanapproach goals (smaller declines in older publications).
Finally, when all constructs were taken together, larger declines were found in Europe than in

Asia and North America.

6.1.2. Summary of Article 2

In Article 2, two longitudinal studies with German adolescents from the highest track
of the German thretrack secondary school system (i.e., Gymnasium) were reported. In Study
1, 745 students in grades/Svere investigated in four waves. In Study 2, 1420esitglin
grades 8 were assessed in four waves. In both studies, the (joint) development of
achievement goals (mastery, performaapproach, and performanegoidance goals),
interest, and achievement (grades in Studies 1 and 2; achievement test sereg i) were
investigated using growth curve modeling. Co
degree, and language background were investigated as additional predictors of motivational
developmerif.

Findings regarding medevel developmerwere consistent across the two studies.
Mean levels of mastery, performaragproach, and performanegoidance goals as well as
interest all decreased over time. In addition, the declines of all four constructs decreased with
rising grade level in Study. In Study 2, a similar trend was observed for mastery goals. In
both studies, mastery and performaap@roach goal change was positively related to change
in interest. Change in performaraeoidance goals was either unrelated (Study 1) or
negatively elated (Study 2) to change in interest. Regarding the achievement variables,
change in mastery goals showed either no relation (Study 1) or a positive relation (Study 2)
and change in performanepproach goals was not associated with change in achievement
Change in performaneavoidance goals was either unrelated (Study 1) or negatively related
(Study 2) to change in achievement. Regarding the predictors of motivational development,
mastery goals development was not predicted by any variable exceptgoadge background
in Study 2 (students with a German background showed smaller declines in mastery goals
than students with another language background). Perforragpceach goals development
was positively predicted by a higher parental education levabih studies and additionally
predicted by sex and language background in Study 2 (girls and students with a German
language background showed smaller declines than boys and students with another language

background). Performanavoidance goals develommt was not predicted by any variable

12 These variables were considered as control variablesvaenenot the focus of Article 2.
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except for sex in Study 1 (girls showed smaller declines than boys). Finally, interest
development was not predicted by any variable except for parental education level in Study 1,
which was a positive predictor.

6.1.3 Summary of Article 3

In Article 3, effects of ability grouping were investigated in a longitudinal study of
high-ability students from the highest middle school track in Germany (i.e., Gymnasium). The
sample of grade-B students was assessed in four@gand comprised 148 students from
regular classes and 148 students from special classes for gifted students. These students were
selected from a larger dataset by using propensity score matching. During the matching
process, a priori differences (i.e., @ifferences) between these students in numerous control
variables (e.g., differences in cognitive ab
were minimized. Latent growth curve modeling was applied to investigate studentanelan
developmenin math selconcept and achievement (standardized math tests). In additien, big
fish-little-pond and assimilation effects were investigated using multilevel analyses.

Latent growth curve models indicated no significant change of studeitoseképt
overtime in regular or special classes. Thus, grouping was not related teexwehn
development of academic selbncept. Student achievement increased over time and
increases in special classes were larger than in regular classes. Interestingly, change in
academic selconcept was not related to change in achievement. Finally, multilevel analyses
revealed no significant effects of class average achievement or class type (regular versus
special classes) on student ssihcepts at any time point. Thus, neithéigfish-little-pond
effect nor an assimilation effect was evident for the duration the study.

6.2. Discussion of th&ey Findings

6.2.1Research Question 1How Does Student Achievement Motivation Develop During
the School Gireer?

Research questidhrefers to general achievement motivation development as well as
the development of particular motivational constructs. According to-stageonment fit
theory (Eccles et al., 1993), a mismatch between student needs and opportunities in school
causes dclines of sellesteem, academic s&bncept, academic sedfficacy, intrinsic
motivation, interest, and mastery goals. Student Aeagl development was investigated in

all three presented articles.
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Regarding general achievement motivation developniemtnetaanalysis in Article
1 tested overall change of seteem, academic s&bncept, academic sedfficacy, intrinsic
motivation, and achievement goals. When all constructs were taken together, a small decline
was found. This finding is in acconaee withthe general assumption stageenvironment fit
theory (Eccles et al., 1993). Note that in this raatalysis the magnitude of the decline
varied by particular construct.

For example, in the me&nalysis in Article 1, no meaevel change was obsred for
student selesteem over the course of the school career. This finding does not support the
assumption that a mismatch between student needs and opportunities in school affects general
self-esteem. This finding has also been confirmed by a funtie¢aanalysis recently
conducted by Orth, Erol, and Luciano (2018). Orth and colleagues (2018) investigated the
development of selésteem from age 4 to 94 and found thatestéem increased from age 4
to age 11, remained stable from age 11 to agaridbincreased from age 15 until age 60.
Althoughthe age groups of the two mednalyses are not fully comparable (i.e., the meta
analysis presented in Article 1 was limited to schegged students), both medaalyses
showed a lack of sesteem declinesv er t he cour se of student so

Student academic satbncept was investigated in the matealysis reported in
Article 1 and in the longitudinal study reported in Article 3. The rastaysis revealed
decreases of domaspecific seconceps (i.e., math and language), but no change of general
self-concept. The longitudinal study showed no change of (math¢@etept.

Thus, only the metanalytic findings regarding domaspecific seconcept were in

accordance with stagenvironment fitheory.The differences between domapecific and

general selconcepts found in the meganalysis can plausibly be explained by-agiated
differentiation processes of academic-®elficept. Not¢ hat young studentsé
beliefsdo not much dir between domains, whereas, with rising age, students tend to assume
that they are competent in some, but less competent in other ddDamssen, Zarrett, &

Eccles, 2007; Marsh, Craven, & Debus, 1998; Schmidt et al., 2017). That is, with rising age,
internal comparison processes (e.g., How good am | at math in comparison to German?)
become more important for the formation of student academicaetiepts. Internal

comparison processes can lower-selficept regarding the intraindividually weaker domain

and strengthen setfoncept regarding the intraindividually stronger domibl{er & Marsh,

2013. Note that general setioncept is typically unaffected by internal comparison processes
(Schmidt et al., 2017). Thus, the decreases in doespgnific seHconcepts could be

explained by the fact that students carry out more internal comparison with rising age. At the
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same time, the absence of decreases of generalbseépt is explained by the fact that
internal comparison processes do not affect gesetatonceptFinally, it is noteworthy that
in the longitudinal study reported in Article 3, no decrease in matiteetfept was found.
The most plausible explanation of this finding is that the examined sample comprised
exclusively highability studentslt is possible that highly able students suffer less from
evaluative middle school environments, because they show better achievement and
consequently receive more positive evaluative feedback than regular students.

Development of academic safficacywas investigated in the mesmalysis
presented in Article 1. In disagreement with stageironment fit theory, no significant
change could be observed in this matalysis. Theoretically, this finding can be explained
by the fact that academic selfficacy refers to specific tasks and thus is less affected by a
general stagenvironment mismatch than broader constructs, such as acaderciorssipt.

In addition, in the metanalysis, only eight independent longitudinal studies examined self
efficacy, lesulting in restricted test power.

Student intrinsic motivation was investigated in the ragtalysis and student math
interest was investigated in the two longitudinal studies presented in Article 2. In accordance
with stageenvironment fit theory, the neeanalysis and the two longitudinal studies revealed
declines in student intrinsic motivation and interest, respectively. Note that the average
magnitude of the declines quantified by the rratalysis was small (i.e., on average intrinsic
motivation deceased by .1$Dover 1.66 years). Thus, in order to adequately depict small
changes in intrinsic motivation, large sample sizes are required in future research. Similarly,
researchers should not expect notable changes @dagnining short time intervals

Regarding student achievement goals development, different predictions can be
derived based on stagavironment fit theory. That is, a shift from mastery to performance
goals (approach and avoidance), decreases in all three goals (i.e., a quantitatie} decl
decreases in mastery and performaagproach goals and increases in performance
avoidance goals (i.e., a qualitative decline). Achievement goals development was investigated
in the metaanalysis presented in Article 1 and in the two longitudshadiies reported in
Article 2. Regarding mastery and performaiapgproach goals, decreases were observed in
the metaanalysis and the two longitudinal studies, respectively. Regarding performance
avoidance goals, no significant change was found in the-ametgsis, whereas both new
longitudinal studies observed declines. Note that in the-aretdysis, performaneavoidance
goals descriptively showed even larger declines than perforragameeach goals, however

these changes did not reach significances thuld be explained by lower test power when
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examining performaneavoidance goals compared to the other goals (i.e., only 9 independent
longitudinal studies investigated performance avoidance goals, whereas 19 and 16
independent longitudinal studies istgated mastery and performaraggroach goals,
respectively). Results of the medaalysis and the two longitudinal studies unambiguously
reject the assumption that student mastery goals shift to performance goals (approach and
avoidance). Although theoacept of a qualitative decline cannot be completely ruled out, the
results tend to support a quantitative decline. That is, it seems like the mismatch between
student needs and opportunities might lead to a drop in all forms of compktsstepursuit
(i.e., mastery, performanapproach, and performanregoidance goals).

6.2.2. Research Question 2:What Are the Correlates of Achievement Motivation
Development?

Research question 2 refers to possible predictors of motivational development (a) and
to congructs whose development is associated wittivational development (biRegarding
research question 2a, numerous predictors of motivational development were investigated in
the metaanalysis presented in Article 1 and the two longitudinal studies rejparferticle 2.
According to stagenvironment fit theory, the mismatch between student needs and
opportunities in school primarily occurs after the transition to middle school. Surprisingly, the
metaanalysis indicated no effects of school transitionchiosl type (elementary, middle, or
high school) on motivational development (i.e., development cesédiem, academic self
concept, academic sedfficacy, intrinsic motivation, and achievement goals). This finding
does not contradict the general assuampthat the mismatch between student needs and
opportunities causes motivational declines, as motivational declines were found (at least in
some constructs). However gitsodoes not support the assumption that the mismatch occurs
primarily during and d@ér school transition. On the one hand, it is possible that-stage
environment fit differences between elementary, middle, and high school have been
minimized as a function of administrative changethe educational system (e.g., Au, 2011,
Borman, HewesDverman, & Brown, 200&Ertmer & OttenbreH_eftwich, 2010).0n the
other hand, the metanalysis and both longitudinal studies indicated that decreases of mastery
goals became smaller with rising grade level. As the two longitudinal studies investigated
students at the beginning of middle school, sinking decreases may be seen as concordant with
stageenvironment fit theory (i.e., initial decreases after the school transition fade out over
time). In addition it must be noted that only a few studies inctlidethe metaanalysis
focused on school transition. Thus, test validity regarding transition and school type was

limited (i.e., in the metanalysis, declines during the school transition were compared to
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declines during other school stages). More prinséngies that examine the same students
before and after a school transition are required to test whether thestagsament
mismatch primarily occurs after school transition.

Interestingly, the metanalysis showed that older publications reporteceladgclines
in intrinsic motivation than more recent publications. This finding supports the assumption
thatadministrative changes the educational system might have minimized the stage
environment mismatch. In addition, the matalysis indicated lasy performancepproach
declines in recent publications than in older publications. This finding is interesting as
researchers formerly expected a shift from mastery to performance goals over the course of
the school career, whereas current research rstipports a quantitative decline of
achievement goals (see section 6.2.1). Thus, it is possible that decades ago the school
environment was beneficial for student performance goals, whereas today, student
performance goals decline over tmurse of the $wol career. Another interesting finding
from the metaanalysis is that student motivational declines were larger in Europe than in
North America or Asia. This finding can be explained by vargicigool politics between
countries (e.g., schotlacking; Stinabel et al., 200Z;hmielewski, Dumont, & Trautwein,
2013;Nagy et al., 2010) and cultuspecific ideologies (Tweed & Lehman, 2002).

I n addition, the two | ongitudinal studies
highest educational degremd st udent s6 | anguage background
development of achievement goals and interest. Girls showed smaller declines of
performanceapproach and performane®oidance goals than boys. This rather surprising
finding could be explained lihe fact that boys started with significantly higher performance
approach and performanesoidance goals (i.e., boys had greater potential for performance
goal declines than girls). Parentsd highest
devebpment in performaneapproach goals and interest. It is plausible that parents who
achieved a high educational degree themselves encourage their children to enjoy academic
activities as well as to be better than others in school. Furthermore, nativenGpeasers
showed smaller declines in mastery and performappeoach goals than students with other
language backgrounds. It is possible that the stagegonment mismatch is less destructive
for native speakers, because they can more quickly adjtret tvaluative middle school
environment. Finally, in both longitudinal studies, student cognitive ability was unrelated to
motivational development. This finding is consistent with the assumption that cognitive

ability and achievement motivation do noastrcommon variance (Bipp, Steinmayr, Spinath,
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2008). Thus, it makes perfect sense to investigate both constructs as complementary factors
that are both important on their own.

Regarding research question 2b, the two longitudinal studies reported i Articl
investigated the joint development of achievement goals and interest or achievement and the
longitudinal study presented in Article 3 tested the joint development of academic self
concept and achievement. According to achievement goal theory, irstedesthievement
are typical outcomes of achievement goals (Elliot & Hulleman, 2017). More specifically,
mastery goals are thought to have positive effgeifprmanceapproach goals are posited to
have some positive and some negative effectsparfdrmance-avoidance goals are assumed
to havenegativeeffects(Elliot & Hulleman, 2017). Both longitudinal studies presented in
Article 2 revealegositive relations between development of mastery and performance
approach goals and development of intef@stzdopment of performaneavoidancegoals,
was negatively related to development of interest in one study and unrelated in the other
study. Regarding the development of achievement, positive or null relations were found for
the development of mastery goals|imelations observed for the development of
performanceapproach, and negative or null relations were noted for the development of
performanceavoidance goals. Overall, these results are mostly in accordance with
achievement goal theory and illustrate tmportance of mealevel changes of motivational
constructs. That is, students that show larger declines of mastery and perfeamaimaeh
goals are also more likely to show larger declines of interest and achievement than students
that show smaller adines or increases of these goals.

As reciprocal relations between academic-selicept and achievement were found in
previous researctMarsh & Craven, 1997, 2007; Preckel et al., 2047oint development of
these variables could be also expectedpingly, no correlated change between academic
selfconcept and achievement was found in the longitudinal study reported in Article 3. Note
that Article 3 does not focus on the investigation of joint development. Furthermore, as only
high-ability studens were investigated in this study, this null finding can be explained by
restricted variance in student academic-seticept and achievement (i.e., average academic

self-concept and achievement were very hith).

13 Note that Preckel and colleagues (2017) obseavediprocal effect between academic smlficepts in
regular as well as in gifted students. Thus, restricted variargified students did not mask the reciprocal
effects in their investigation.

139



Chapter 6. Discussion

6.2.3.How DoesAbility Grouping Affect Student Motivational Development?

The longitudinal study reported in Article 3 investigatieel effects ofbility grouping
on student development of academic-selficept and achievement in a sample of {aigtity
students. In general, positive effectsabflity grouping can be assumed based on stage
environment fit theory. That is, grouping students regarding their ability levels could ensure a
better fit between student needs and their learning environment (e.g., an adapted level of task
difficulty). However, regarding student academic-selhcept, positive (assimilation) as well
as negative (contrast) effects of grouping can be assumed fealhigh students based on
t h e -fihHittlegponde f f ect 0 ( Mar sh & Parker, 1984) .

In the longitudinal studpresented in Article 3, neither negative contrast effects, nor
positive assimilation effects of ability grouping on student academicagetfept were found.
Thus, this study g a-fishldgtid-ponde f e or.t Ffuart htelr enofr
develgment of student academic setincept was not affected by ability grouping. On the
one hand, this finding seems to contradict the assumption that a bettergrarsonment fit
prevents motivational declines. One the other hand, no declines of acadiéroansept,
regardless of the grouping, were found (i.e., no declines in regular or special classes, see
section 6.2.1). It seems as though the investigateddtigity students in both class types did
not sufferfrom the evaluative middle school envirant. Thereforethe question whether
ability grouping could prever§potential)motivational declines in those cases in which
students do suffer from the new school environment remains. In addition, a positive effect on
student achievement development easd. That is, higtability students in special classes
showed stronger increases in achievement thandbdity students in regular classes,
whereas no differences in acaders@f-concept development were noted. Overall, the new
findings support thetility of high-ability grouping, as gains in student achievement

devel opment and necondeptewetedound.or st udent self

6.3. Conclusions
To sum up, in the presented research, achievement motivation slowly declined over
t he c¢our s e hawlfcareerns and thenntagniudesotthe dediffered by construct.
School stage and school transition were not related to the magnitude of the decline. In part,
declines were predicted by sex, parentsd hig
background. Declines in achievement goals went along with declines in interest and
achievement. Finally, higha bi | i ty grouping hadongem Acostso f

development, but fostered gains in student achievement.
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6.3.1. Theoretical Conclusions.

Several theoretical conclusions can be derived from these findings. The assumption of
declining motivation that is in accordance with several theoretical modelsd¢aifive
developmental approach, environmental influensegeenvironment fit theoryand self
determination theo)jywas confirmed (for the first time) by the metaalysis of previous

longitudinal studies and by two new longitudinal studies. For example, motivation declines

overt he course of student s O anedbypadrowinggapeer s can

bet ween studentsodé rising nstagedrnwirommert fitthgopy,or t uni

Eccles et al., 1989; 1993However, some assumptions of steg@ironment fit theory were
not supported by the findings.

Stageenvironmaet fit theory offers the same prediction for the development of various
motivational constructs (i.e., a general motivational deckioeles et al., 1989; 1993
However, different development trends were found for different constructs in the meta
analyss. General constructs that are less related to school (i.eessa#im) and specific
constructs that focus on particular school tasks (academiefeticy) seemed to be less
affected by the stagenvironment mismatch than constructs that refer todasa whole or
particular school domains (i.e., academic-selficept, intrinsic motivation, achievement
goals). Furthermore, it was found that student generatselfept suffered less than self
concept in particular domains and that kafhlity studen t s éconseptlséemed to be
scarcely affected by thevaluative middle school environmeRiegarding achievement goals,
it turned out that the former assumption of a shift from mastery to performance goals over the
course of the school career in accor@awith stageenvironment fit theoryAnderman &
Midgley, 1997; Eccles et al., 1993s obsolete. The findings rather suggest a decline in all
achievement goals, indicating a quantitative dealiinreompetencéased goal pursuilerom a
broader perspeett, these findings are in agreement withftmdamental premisef the
stageenvironment fit, which states a rising staggevzironment mismatch istrimental to
student motivational development. However, the understanding ofdetrathental means
may ned to be reconsidered. That is, declines of all forms of goal pursuit might be seen as
even worse for student development than a shift from mastery to performance goals.
Regarding intrinsic motivation and interest, the findings clearly indicated decrbatasetin
accordance with stagenvironment fit theory. Although extrinsic motivation was not
investigated in the presented articles, the theoretical idea of a quantitative decrease could be
assumed for intrinsic as well as extrinsic motivation developifnen, decreases in extrinsic

motivation in addition to the found decreases in intrinsic motivation). In accordance with self
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determination theoryRyan & Deci, 2000a; 2000pthis devebpment trend could be seen as
amotivationaldevelopment.

The findingt hat t he devel opment of some constru
parentsd highest educational degree, and stu
integrated into the stagenvironment fit framework as well as further possible prediaibrs
motivational development. That is, it warrants further investigation which interpersonal or
family factors can help students cope with the se&ggronment mismatch in school.

The found joint development of achievement goals, interest, and achievsrimen
accordance with achievement goal theory (Elliot and Hulleman, 2017) and illustrates the
importance of motivational development. That is, decreases in mastery and performance goals
goals go along with decreases in interest and achievement. Funtbetinese findings also
support the concept of a quantitative decrease. That is, it seems like some motivational
constructs decrease simultaneously (i.e., all achievement goals, intrinsic motivation, and
interest), whereas other constructs are not a p#inisoquantitative decrease (i.e., setteem,
academic seléfficacy).

The findings regarding ability grouping provided evidence of its utility for gifted
studentsGifted students that were grouped together (combined with a specific curriculum)
showedstronger achievement gains than gifted students in regular classes. For student
academic seltoncept, no advantages or disadvantages of ability grouping were found.

6.3.2Practical Implications.

The main findings are sobering. Student achievement miotivdéclines with each
additional school yedr slowly but continuouslyFortunately, student achievement
motivation isopen to various types of interventions that evidently foster positive motivational
development (Bernacki, Nokédalach, Richey, & Belenk 2016;Eccles & Roser, 2009;

Lazowski & Hulleman, 2016 Thus, an obvious practical implication would be to apply
interventions that foster student achievement motivation?

According to stagenvironment fit theory, the mismatch between student needs and
opportunities that causes motivation declines can be avoidsdveral ecological levels (i.e.,
classroom, school, school district, and community levetles & Roser, 20Q09At the lowest
ecol ogi cal |l evel , t eacher snoiesgfstmdent achievemeni,s e o f
classroom climate, and teactstudent relationships are central variables that might prevent
student achievement motivation from declining. Thus, to improve the lower ecological levels,
intervention programs that targetteechs 6 ef fi cacy or soci al rel at

(e.g., Nunn & Jantz, 2009\t a higher ecological level, school start time can be considered
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for a possible intervention. With rising ageost students develop a preference towards
eveningorientaton, whereas, in most countries, school start time stays constant throughout
theentrec our se of st ud(@&aeehnenbergsetah,@aDT). Student preference
towards eveningness is negatively connected to achievement (Preckel et al., 2011) and
motivational variables (Preckel et al., 2013; Scherrer, Roberts, & Preckel, 2016). Beginning
school later with rising grade level could ensure a better fit between student preferences and
the school environment.

In addition, specific intervention programeggarding particular motivational
constructs that were found to decrease have been suggested (e.g., acadeoncegatif
Craven, Marsh, & Raymound, 1991; intrinsic motivatiGuithrie et al., 2006achievement
goals:Bernacki, NokesMalach, Richey, & Beleky, 201§. For example, Bernacki, Nokes
Malach, Richey, and Belenky (2016) instructed students to writassdfssments of their
interest and understanding in science lessons. The results indicated that the intervention
improved student mastery goals antérest. Such intervention programs can be
recommended based on our results, as they foster a positive development of mastery goals and

additionally ensure gains in further academic outcomes such as interest and achievement.

6.4. Strengths and Limitations

The three presented articles have both strengths and limitations. The fact that
numerous motivational constructs that are covered in several motivational theories (see
section 2.1) were investigated in this dissertation is a big strength. Therelmsuhgs can be
discussed against different theoretical approaches (e.g., achievement goals theory, self
determination theory). Furthermore, similarities and differences of the particular constructs
could be compared. However, the articles were unablevir tloe full variety of motivational
constructs that were discussed in previous research with regard to motivational decreases and
stageenvironment fit theory (Cassady & Johnson, 2002; Eccles et al., 1993; Wigfield &
Eccles, 2002). That is, the presentdstigations need to be extended by examining further
important constructs such as extrinsic motivation, amotivation, attainment value, utility value,
perceived costs, and test anxiety. Similarly, the dissertation covered several domains of
motivational caistructs (i.e., general, language, and math domains were investigated in the
metaanalysis). Again, additional domains such as sport or music that were not covered by the
dissertation need to be investigated in subsequent research. Note also that ttenthree
longitudinal studies presented in Articles 2 and 3 exclusively referred to the math domain.

Accordingly, the significance of these studies is limited to the math domain.
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A further strength of the dissertation is that a large body of previous longitudi
research could be integrated and an average magnitude of motivation change could be
guantified by the conducted medaalysis. Furthermore, several moderators of development
were investigated in this metaalysis. However, two limitations regarding ttmoderator
analyses must be mentioned. First, for some motivational constructs, only a few independent
studies could be assigned to the particular moderator categories. Therefore, the test power of
the moderator analyses was limited regarding particutdivational constructs. Second, most
of the moderator analyses conducted in the rartdysis refer to the differences of reported
motivational development between studies. Differences between persons within particular
studies and within persons were alinoempletely ignored by these analyses. To some extent,
this limitation is compensated by the two longitudinal studies reported in Article 2, in which
factors that varied between persons(ceagni t i ve ability, sex, par e
degree, ad language backgroupdere used to predict interindividual differences in
intraindividual motivational development. However, these factors were simply used as control
variables and additional predictors of motivational development may be suggestedrbased
different theories. For example, based on-determination theory, differences in needs for
autonomy, achievement, and competence could be suggested as possible predictors of
motivational development.

The found joint development of achievement gaatgrest, and achievement in
Article 2 demonstrated why motivation development matters. However, the conducted
analyses of correlated change do not allow statements abmaiutbed order of the
investigated variables. To compensate for this weaknesgraoeal effect models were
additionally conducted in the studies reported in Article 2. For the most part, these analyses
revealed that the relations betweshievement goals, interest, and achievement were
reciprocal.

Regarding the investigation of abyligrouping, two strengths of Article 3 can be
highlighted. First, a longitudinal design was used, which has rarely been applied in previous
ability grouping research. Second, a priori differences between students in special and regular
classes were minimed by using propensity score matching. Thus, for the large part, the
differences in student development that were found can be attributed to ability grouping.
Furthermore, two v ar Hishihttleependda fhfad c tad(ier, e eed m ah
acacmic selfconcept and achievemeiarsh & Parker, 1984) were investigated. However,
when considering ability grouping with regard to stageironment fit theory (i.e., as a

particular approach to reduce the persamironment mismatch), additional motian
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variables could also be taken into account. That is, further research could focus on the
guestion of how ability grouping affects the development ofestfem, academic self
efficacy, intrinsic motivationinterest and achievement goals.

A furtherweakness is that all three articles focused on student achievement motivation
that was assessed exclusively by questionmiged student saléports. Selreports are a
common method to capture indivi duadndti@itsf eel i n
(Baumeister, Vohs, & Funder, 2007). Howevaethodological limitations of this method
such axzommon method variance and socially desirable or consistent responses must be
considered when interpreting the results (e.g., Podsakoff & Orga6).198

Finally, although this dissertation focused on stageronment fit theory to explain
motivational development in scheayjed students, no direct test of the theoretical
assumptions was conducted in the presented articles. This is because stuticandee
opportunities were not measured in either st
investigation was limited to the assumed consequences ofestagenment fit (i.e.,
motivational development) that were theoretically explained in accordancstagid
environment fit theory.

To sum up, this dissertation provides a broad overview of achievement motivation
developmentovertheour se of studentsd school careers.
comprises a large variety distinct, but sometimes oxlapping, constructs and it is not
possible to investigate all achievement motivation facets at ®heeefore, subsequent
research must investigate additional constructs that were not included in the present
investigations. The results were explainedaby discussed with regard to stage environment
fit theory. Additional research is needed to empirically test assumptions of this theory that

were notsupported byhe presented results on motivational development.

6.5 Subsequent Rsearch

This dissertatio provides clear answers to several research questions (e.g., the exact
magnitude of change was quantified for several motivational constructs). However, research
often raises even more guestions than it answers. Some exemplary subsequent investigations
are suggested in the following.

As noted in the previous section, the presented studies should be extended with regard
to additional motivational constructs. For example, a further-aueddysis of longitudinal
studies or new longitudinal studies could foonsthe development of intrinsic, extrinsic, and

amotivation (i.e., on constructs derived from skdfermination theoryRyan & Deci, 2000a;
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20000 or on the development oftrinsic value, attainment value, utility value, and cast (

on value constrts derived from expectancy value thedijigfield & Eccles, 2002). Based

on the quantitative decreases of achievement goals found (i.e., decreases in all goals), one
could assume similar tendencies with regard to extrinsic motivation, attainment viitye, ut
value, and cost (i.e., an overall decrease in all mentioned constructs). If subsequent research
confirms the assumption of a quantitative decrease of additional constructs, a need for
interventions that also focus on the extrinsic part of studenvatioin could be derived.

As the results of the metmalysis question the assumption of a particularly strong
stageenvironment mismatch after the school transition, subsequent research could also focus
on the effects of school transition on studentimational development. Optimally, a new
longitudinal study would capture student achievement motivation at several time points before
and after the school transition. Thus, the magnitude of decreases before, during, and after the
school transitioncoulddo c ompar ed. I n addition, studentséo
factors should be assessed. Student needs could refer to needs for autonomy, achievement,
and relatedness or to student circadian preference. School factors could consist of class
climate regading autonomy, achievement, and relatedness. Thus, it could be tested whether
the gap between student needs and opportunities indeed increases with rising age and the
school transition. In addition, it could be clarified which unsatisfied need is retated t
decreases of which motivational construct. For example, according-tiesetmination
theory Ryan & Deci, 2000a; 2000b), one could assume that unsatisfied needs for autonomy
will result in decreasing intrinsic motivation, but will not reduce extrinstivation. On the
other hand, a staggnvironment mismatch regarding needsddnievement and relatedness
could be detrimental to intrinsic as well as extrinsic motivation.

Finally, as student motivational development differed by geographic locatiba in
metaanalysis, more cross culture research can be suggested. In this regard, investigations of
the particular types of educational practices that are associated with reduced stage
environment mismatch in some countries could be conducted. Subsequentiid be

examined whether similar practices could be applied in other countries.

6.6 Outlook
If motivational variables are supposed to be the new king of educational research
(Grigorenko, 2016), i t-beingwomdnawiteverysghodl yeart t he
(i .e., a motivation decline over the course

because the individuals in schools (i.e., teachers, students, parents) do not pay as much
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attention to achievement motivation as educationalarefiers do? The king is powerful (e.g.,
achievement motivation is a powerful predictor of achievement) and this power can be used
either productively or destructively. The king does not need to be mad. In fact, if the
individuals in schools would treatrhiproperly, the king is mild (i.e., achievement motivation
is open to different types of interventions). Maythe, teachers, students, gratentgust

have to get to know the king bettdtaybe, the king just needs an image campaign like a
regular politcian.Maybe, researchers could héfie individuals in schooland the king to get
along with each other better. That is, when researchers, teachers, students, and parents
collaborate, a happy kingdom (i.e., positive motivation development) can comertrmere

students.
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Tables

Appendix A

Table A1l.Example Articles that Were ExcludBde to the Set Criteria (a) to (g)

Article

Search strategy

Inclusion and Exclusion criteria

Becker, McElvany, and
Kortenbruck (2010)

Settles, Zapolski, and Smitk
(2014)

Pullmann ad Allik (2000

Chan and Moore (2006)

Chaplin, Freiburger, Mayes,
and Sinha (2010

Goldberg, and Cornell
(1998

Bartle-Haring, Brucker, and
Hock (2003

Roberts and Robins (20D4

Elliot (1996)

Antunes and Fontaine
(2007)

Jiang, Huebner, and Siddall
(2012

Guay, Bovin, and Hodges
(21999

Wade, Thompson,
Tashakkori, and Valente
(1989

KeltikangasJarvinen (199D

Stein, Newcomb, and
Bentler (198%

Getzoff (2004)

Hoglund (1995)

Yang (1997)

Wentzel (199

Van der Werf, Opdenakker
and Kuyper (2008

Stoel, Peetsma, and
Roeleveld (203)

(1) PsycINFO search string

(2) Articles that cited Eccles e
al. (1993)

(3) Reference lists of relevant
reviews and metanalyses

(1) PsycINFO search string

(2) Articles that cited Eccles e
al. (1993)

(3) Reference lists of relewnt
reviews and metanalyses

(1) PsycINFO search string

(2) Articles that cited Eccles et
al. (1993)

(3) Reference lists of relevant
reviews and metanalyses

(1) PsycINFO search string

(2) Articles that cited Eccles e
al. (1993)

(3) Reference lists of relevant
reviews and metanalyses

(3) Reference lists of relevant
reviews and metanalyses

(3) Reference lists of relevant
reviews and metanalyses

(3) Reference lists of relevant
reviews and metanalyses

(3) Reference lists of relevant
reviews and metanalyses

(3) Reference lists of relevant
reviews and metanalyses

(3) Reference lists of relevant
reviews and metanalyses

(4) Reference lists of articles

found by search strategies31

(4) Reference lists of articles

found by search strategies31

(4) Reference lists of articles

found by search strategies31

(a) Relevam constructs not gathered in the
longitudinal section or no means/SDs give
(a) Relevant constructs not gathered in the
longitudinal section or no means/SDs give
(a) Relevant constructs not gathered in the
longitudinal section or no means/SDs give
(b) Intervention study; experimental
manipuation; study of extreme groups

(b) Intervention study; experimental
manipulation; study of extreme groups

(b) Intervention study; experimental
manipulation; study of extreme groups

(c) Sample consisted no school students

(c) Sample consisted no school students
(c) Sample consisted no school students

(d) Means contim values of more than one
different class level (e.g., t1=grades 5to"
(d) Means contain values of more than on
different class level (e.g., t1=grades 5to"
(d) Means contain values of more than on
different class level (e.g., t1=grades 5to"
(e) Published before 1994

(e) Published before 1994
(e) Published before 1994

(f) No peer reviewed journal in English
language

(f) No peer reviewed journal iBnglish
language

(f) No peer reviewed journal in English
language

(g) All scales used in article were duded
through classification process

(g) All scales used in article were excludet
through classification process

(g) All scales used in article were excludet
through classification process
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Table A2.Example Scales that Were Assigned to the Motivational Constructs

Scale name Source of the scale Desciption of the scale or example item Assigned
construct

Self-esteem Rosenberg (1989 Al am satisfied with Selfesteem

Global selfworth Harter (1985) iSome teenagers are Self-esteem

most of the time BUT other teenagers are oft
nothappywi t h t hemsel ves.

Global self DuBoisetal. (1996) il am happy with mys Selfesteem
esteem
Self-esteem Coopersmith (1975) Al often f eel ashame Seltesteem
scored)
Self-esteem Bachman (1975) il f elelhavheata number Selfesteem
Scholastic Harter (1982) iSome teenagers do v Selconcept
competence classwork BUT other
well at their classw
Mathematics Marsh (1983) fi | haavyes adome wel | i 1 Selfconcept
self-concept
Math self Eccles (1983) ACompared to ot her k Selfconcept
concept you do in math?o
Competence Spinath and Spinath iHow good are you at Selfconcept
beliefs (2005) school ?0
Perceived Whitesell, Mitchell, ACompared with your Self-concept
academic and Spicer (189) you do in school ?0
performance
Self-efficacy Midgley etal. (2000) il * m cer t ai n | c an m Seltefficacy
school this yeardo
Mathematics Pajaresand Graham i Suppose t hat you we Seltefficacy
self-efficacy (1999) following mathematics questions in a multiple
choice test tomorrow. Please indicate how
confident you are that you will give the correc
answeré6 each question c
Academic seH Schwarzer and il am certain | <can Self-efficacy
efficacy Jerusalem (1995) this year. o
Academic seH Bandura et al. (1996 Perceived capability to sucssfully master Self-efficacy
efficacy beliefs different curricular areas.
Beliefs of Pintrich and De il am sure that | c a Selfefficacy
academic self Groot (1990) problems and tasks assigned for [schoolwork
efficacy subject class]o
Intrinsicvalue of Eccles (1983) Al n general, I find Int. mot.
school (very boring to very interesting)
Intrinsic Spinath and AHow much do you | i k Int.mot.
motivation Steinmayr (2008)
Liking school Barber (2004) fi Cropared to last year, how much do you lik Int. mot.
school this year?0o0
Academic Gottfried (1985) Measures enjoyment of school in general Int. mot.
intrinsic
motivation
Affective attitude Van Schooten, de Al yvnjeading | iterar Int.mot
towards reading Glopper, and Stoel

(2004
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Scale name Source of the scale Desciption of the scale or example item Assigned
construct
Mastery goals Roeseretal. (1996) AThe main reason why Mastery
[school/ subject class] is because | like to

|l earno)
Task goals Midgley etal. (2000) il wanted to f wod ou Mastery
approach
Mastery Spinath etal. (2002) il n school , I want t Mastery
Mastery Harter (1981) iSome kids read thin Mastery
interested in the subject BUT other kids read
things because the t
TaskMastery Meeceetal. (1988) Al wanted to | earn a Mastery
Goal scale
Performance Roeseretal. (1996) il woul d feel succes PAP
approach goal most of
the other students i
Ability goals Midgley etal. (2000) il wanted others to PAP
approach
Performance Spinathetal. (2002) Al n school, want to PAP
approach things. o
Performance Kollerand Baumert Al t i s i mp olkriow mdre tharo PAP
approach goals  (1998) other students i n my
Performance Meeceetal. (1988) il wanted others to PAP
Goal scale
Performance SchwingerandWild il't i s i mportant to PAV
avoidance goals (2006) am stupido
Performance Midgley etal. (1997) A An i mportant r eason PAV
avoidance goal the teacher doesnodt
Ot her so
Avoidance goals Bouffard et al. il n French, I do no PAV
in French (1998) necessaryjust o not fail o
Performance Spinath etal. (2002) il n school , dondt wa PAV
avoidance think | am stupid. o
Performance Seegers et al. (2002) "I feel embarrassed when | have to ask for he PAV
avoidance math during math lessons"

Note.Self-concept = Academic setfoncept. Selefficacy = Academic seléfficacy. Int. mot. =
Intrinsic motivation. PAP = Performaneg@proach achievement goals. PAV = Performame®dance
achievement goals.
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Table A3.Averaged Autocorrelations dongitudinal Studies Separated by Construct and
Duration of Interval

Construct All interval durations Interval duration Interval duration Interval duration
< 1 year =1 year > 1 year
r h effect r h effect r h effect r h effect
(SD  sizes/ (SD  sizes/ (SD  sizes/ (SD  sizes/
k studies k studes k studies

Overall 509  403/65 631 81/11 .536  155/46 426 167/42
(.143) (.104) (.117) (.129)

Selfesteem 518  84/23 550 1/1 .568 43/18 464 40/18
(.111) ) (.100) (.099)

Self-concept 531 113/23 649  27/6 549  33/14 460 53/15
(.149) (.122) (.142) (.124)

Self-efficacy 558 21/4 576 1911 .39 2/2 - -
(.088) (.057) (.042)

Int. Mot. A76  102/22 .686 18/4 533  33/13 365 51/13
(.173) (.115) (.122) (.128)

Mastery 472 36/11 578 8/2 488 17/8 369 11/4
(.138) (.076) (.092) (.166)

PAP 549  35/10 639 8/2 535 18/9 499  9/2
(.104) (.042) (.107) (.095)

PAV 439 12/5 - - 472 9/5 340  3/1
(.088) (.0712) (.053)

Note.Self-concept = Academic setfoncept. Selefficacy = Academic seléfficacy. Int. mot=
Intrinsic motivation. PAP = Performaneg@proach achievement goals. PAV = Performamne®dance
achievement goals.
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Figures
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Figure Al.Funnel plot for 914 effect sizes from 107 independent studies. Points represent
collected &ect sizes of difference.
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Forest Plot
Studies

Arunkumur, Midgley, & Urdan, 1999; n=475
Self-esteem; T1=5.5g - T2=6.5¢

Birkeland et al., 2012; n=1083
Self-esteem; T1=7g - T2=8g
Self-esteem; T1=7g - T2=11g
Self-esteem; T1=8g - T2=11g

Brown, 1998; n=2379

Self-esteem; T1=4g - T2=5¢g
Self-esteem; T1=4g - T2=6g
Self-esteem; T1=4g - T2=7g
Self-esteem; T1=4g - T2=8g
Self-esteem; T1=4g - T2=9g
Self-esteem; T1=5g - T2=6¢g
Self-esteem; T1=5g - T2=7g
Self-esteem; T1=5g - T2=8g
Self-esteem; T1=5g - T2=9g
Self-esteem; T1=6g - T2=7g
Self-esteem; T1=6g - T2=8g
Self-esteem; T1=6g - T2=9g
Self-esteem; T1=7g - T2=8g
Self-esteem; T1=7g - T2=9g
Self-esteem; T1=8g - T2=9¢g

Chubb, 1997; n=174

Self-esteem; T1=9.5g - T2=10.5g
Self-esteem; T1=9.5g - T2=11.5g
Self-esteem; T1=9.5g - T2=12.5g
Self-esteem; T1=10.5g - T2=11.5¢g
Self-esteem; T1=10.5g - T2=12.5g
Self-esteem; T1=11.5g - T2=12.5g

Chung, Elias, & Schneider, 1998; n=99
Self-esteem; T1=5.75g - T2=6.75g

Daniels, 2006; n=10500
Self-esteem; T1=7g - T2=9g

DesRoches & Willoughby, 2014; n=2270
Self-esteem; T1=10g - T2=11g
Self-esteem; T1=10g - T2=12g
Self-esteem; T1=11g - T2=12g

Fenzel, 2000; n=116

Self-esteem; T1=5g - T2=6g
Self-esteem; T1=5g - T2=7g
Self-esteem; T1=6g - T2=7g

Granleese & Joseph, 1994; n=24
Self-esteem; T1=3.25g — T2=6g

Greene et al. 2006; n=136
Self-esteem; T1=10g - T2=11g
Self-esteem; T1=10g - T2=11.5g
Self-esteem; T1=10g - T2=12g
Self-esteem; T1=10g - T2=12.5g
Self-esteem; T1=11g - T2=11.5g
Self-esteem; T1=11g - T2=12g
Self-esteem; T1=11g = T2=12.5g
Self-esteem; T1=11.5g - T2=12g
Self-esteem; T1=11.5g - T2=12.5g
Self-esteem; T1=12g - T2=12.5g

Gruenenfelder-Steiger et al., 2016; n=2054
Self-esteem; T1=6g - T2=7g
Self-esteem; T1=6g - T2=8g
Self-esteem; T1=6g - T2=9¢g
Self-esteem; T1=6g - T2=10g
Self-esteem; T1=7g - T2=8g
Self-esteem; T1=7g - T2=9g
Self-esteem; T1=7g - T2=10g
Self-esteem; T1=8g - T2=9g
Self-esteem; T1=8g - T2=10g
Self-esteem; T1=9g - T2=10g

Effect Size

Effect

0.149

-0.112
0.060
0.167

0.063
0.095
0.032
-0.079
0.238
0.032
-0.032
=0.145
0.177
-0.066
-0.180
0.148
-0.115
0.213
0.298

-0.036
-0.129
0.049
-0.098
0.090
0.171

0.091

0.097

0.044
0.022
=0.023

0.164
0.180
0.016

-0.042

-0.741
-0.810
-0.724
-0.810
-0.066
0.016

-0.066
0.081

0.000

-0.088

-0.050
0.059
0.089
0.223
0.103
0.131
0.257
0.003
0.153
0.126

Appendix A

Weight
15.832

5.364
5.364
5.364

.080
.080
080
080
080
.080
.080
.080
.080
.080
.080
080
080
080
.080

2.491
2491
2491
2.491
2491
2491

14.268

16.279

5.400
5.400
5.400

5.027
5.027
5.027

10.655

1.444
1.444
1.444
1.444
1.444
1.444
1.444
1.444
1.444
1.444

618
618
618
618
618
618
818
818
618
618
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Gutman & Eccles, 2007; n=1329
Self-esteem; T1=7g - T2=9g
Self-esteem; T1=7g - T2=11g
Self-esteem; T1=9g - T2=11g

Haaris et al., 2015a; n=982
Self-esteem; T1=7g - T2=8g
Self-esteem; T1=7g - T2=9¢g
Self-esteem; T1=7g - T2=10g
Self-esteem; T1=7g - T2=11g
Self-esteem; T1=8g - T2=9g
Self-esteem; T1=8g - T2=10g
Self-esteem; T1=8g - T2=11g
Self-esteem; T1=8g - T2=10g
Self-esteem; T1=9g - T2=11g
Self-esteem; T1=10g - T2=11g

Haaris et al., 2015b; n=451
Self-esteem; T1=8g - T2=9g
Self-esteem; T1=8g - T2=10g
Self-esteem; T1=8g - T2=11g
Self-esteem; T1=3g - T2=10g
Self-esteem; T1=9g - T2=11g
Self-esteem; T1=10g - T2=11g

Heinonen et al., 2002; n=313
Self-esteem; T1=6g - T2=12g

Heo & Kim, 2015; n=2844

Self-esteem; T1=4g - T2=5g
Self-esteem; T1=4g - T2=6g
Self-esteem; T1=4g - T2=7g
Self-esteem; T1=5g - T2=6g
Self-esteem; T1=5g - T2=7g
Self-esteem; T1=6g - T2=7g

Impett et al., 2008; n=183
Self-esteem; T1=8g - T2=10g
Self-esteem; T1=8g - T2=12g
Self-esteem; T1=10g - T2=12g

Impett et al., 2011; n=587
Self-esteem; T1=8g - T2=10g
Self-esteem; T1=8g - T2=12g
Self-esteem; T1=10g - T2=12g

Juang, Syed, Cookston, 2013; n=316
Self-esteem; T1=9g - T2=10g
Self-esteem; T1=8g - T2=11g
Self-esteem; T1=9g - T2=12g
Self-esteem; T1=10g - T2=11g
Self-esteem; T1=10g - T2=12g
Self-esteem; T1=11g - T2=12g

Lintunen et al., 1995; n=113
Self-esteem; T1=6g - T2=7g
Self-esteem; T1=6g - T2=8g
Self-esteem; T1=6g - T2=9g
Self-esteem; T1=7g - T2=8¢g
Self-esteem; T1=7g - T2=9g
Self-esteem; T1=8g - T2=9g

Marsh & Grayson, 1994; n=2213
Self-esteem; T1=10g - T2=11g
Self-esteem; T1=10g - T2=12g
Self-esteem; T1=11g - T2=12g

Marsh, Craven, & Debus_a, 1998; n=139
Self-esteem; T1=1g - T2=3g

Marsh, Craven, & Debus_b, 1998; n=130
Self-esteem; T1=2g - T2=3g

McGrath &Repetti, 2002; n=227
Self-esteem; T1=4g - T2=5g
Self-esteem; T1=4g - T2=6g
Self-esteem; T1=5g - T2=6g

Forest Plot

Effect Size

0.295
0.242
-0.056

-0.051
0.059
0.088
0.223
0.104
0.131
0.259
0.027
0.154
0.127

0.158
0.112
0.039
-0.049
-0.127
-0.069

-1.238

-0.033
=-0.111
-0.074
-0.078
-0.041
0.037

0.109
0.266
0.156

0.100
0.217
0.111

-0.212
-0.212
-0.231
0.000

-0.021
-0.021

0.063
0.208
0.026
0.158
-0.040
-0.196

0.156
0.253
0.104

0.000

-0.018

0.133
0.044
-0.091

5.363
5.363
5.363

1.605
1.605
1.605
1.605
1.605
1.605
1.605
1.605
1.605
1.605

2.633
2.833
2.633
2.633
2833
2.633

14.564

2.698
2.698
2.698
2.698
2.698
2.698

4.954
4.954
4.954

5.277
5.277
5.277

2.585
2.585
2.585
2.585
2.585
2.585

2.434
2434
2434
2434
2434
2.434

5.398
5.398
5.398

13.866
13.960

5.093
5.093
5.093
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Molloy, Ram, & Gest, 2011; n=541
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem:;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem;
Self-esteem:;
Self-esteem;
Self-esteem;

T1=3g - T2=3.5g
T1=3g - T2=4g
T1=3g - T2=4.5g
T1=3g - T2=5g
T1=3g - T2=55¢g
T1=3g - T2=6g
T1=3g - T2=6.5g
T1=3g - T2=7g
T1=3g - T2=7.5g
T1=35g - T2=4g
T1=3.5g - T2=4.59
T1=3.5g - T2=5g
T1=3.5g - T2=5.59
T1=3.5g - T2=6g
T1=3.5g - T2=6.5g
T1=3.5g - T2=7¢g
T1=3.5g - T2=7 5g
T1=4g - T2=4.5g
T1=4g - T2=5g
T1=4g - T2=5.5g
T1=4g - T2=6g
T1=4g - T2=6.5g
T1=4g - T2=7g
T1=4g - T2=7 .59
T1=4.5g - T2=5g
T1=4.5g - T2=55g
T1=4.5g - T2=6g
T1=4.5g - T2=6.5g
T1=4.5g - T2=7g
T1=4.5g - T2=7 59
T1=5g - T2=5.59
T1=5g - T2=6g
T1=5g - T2=6.5g
T1=5g - T2=7g
T1=5g - T2=7.5g
T1=5.5g - T2=6g
T1=5.5g - T2=6.59
T1=5.5g - T2=7g
T1=5.5g - T2=7 59
T1=6g - T2=6.59
T1=8g - T2=7g
T1=6g - T2=7.59
T1=8.5g - T2=7g
T1=6.5g - T2=7.5g
T1=7g - T2=7.59

Muldoon, 2000; n=110

Self-esteem

- T1=3g - T2=6g

Ohannessian et al., 1999; n=75

Self-esteem

Reddy, Rhodes, & Mulhall, 2003; n=2585

Self-esteem
Self-esteem
Self-esteem

- T1=6.5g - T2=7.5g

- T1=8.5g - T2=7.5g
- T1=6.5g - T2=8.5g
- T1=7.5g - T2=7 59

Reyes et al., 2000; n=107

Self-esteem

; T1=8g - T2=9g

Schmalz et al., 2007; n=197

Self-esteem
Self-esteem
Self-esteem

; T1=3g - T2=5¢g
: T1=3g - T2=7g
: T1=5g - T2=Tg

Steiger et al., 2014; n=1527

Self-esteem
Self-esteem
Self-esteem
Self-esteem
Self-esteem
Self-esteem
Self-esteem
Self-esteem
Self-esteem
Self-esteem

;) T1=7g - T2=8g

; T1=7g - T2=9g

; T1=7g - T2=10g
; T1=7g - T2=11g

: T1=8g - T2=9g

: T1=8g - T2=10g
; T1=8g - T2=11g

: T1=9g - T2=10g
; T1=9g - T2=11g

» T1=10g - T2=11g

Forest Plot

Effect Size

0.042
0.085
0.127
0.169
0.141
0.225
0.141
0.239
0.113
0.043
0.087
0.130
0.101
0.188
0.101
0.203
0.072
0.045
0.091
0.061
0.152
0.061
0.167
0.030
0.045
0.015
0.104
0.015
0.119
-0.015
-0.029
0.058
-0.029
0.072
-0.058
0.083
0.000
0.097
-0.028
-0.091
0.015
-0.121
0.099
-0.028
-0.136

-0.073

-0.271

-0.155
-0.259
-1.000

0.313

0.154
0.192
0.042

-0.091
0.041
0.117
0.198
0.123
0.193
0.269
0.071
0.148
0.076

0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352
0.352

13.976

13.648

5.392
5.392
5.392

14.327

4.988
4.988
4.988

614
814
614
614
514
614
614
614
614
814
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Tetzner, Becker, Maaz, 2017; n=7977

Self-esteem; T1=7g - T2=7.75¢g
Self-esteem; T1=7g - T2=10.75g
Self-esteem; T1=7.75g - T2=10.75g

Vasalampi et al., 2010; n=1606
Self-esteem; T1=9.25g - T2=10.25g

Way & Robinson, 2003; n=100
Self-esteem; T1=8g - T2=10g

Way, Reddy, & Rhodes, 2007; n=1451

Self-esteem; T1=6.5g — T2=7.5g
Self-esteem; T1=6.5g - T2=8.5¢g
Self-esteem; T1=7.5g - T2=8.5g

Whitesell et al., 2009; n=1611
Self-esteem; T1=8g - T2=8.5g
Self-esteem; T1=8g - T2=9g
Self-esteem; T1=8g - T2=9.5g
Self-esteem; T1=8g - T2=10g
Self-esteem; T1=8g - T2=10.5g
Self-esteem; T1=8.5g — T2=9g
Self-esteem; T1=8.5g - T2=9.5¢g
Self-esteem; T1=8.5g - T2=10g
Self-esteem; T1=8.5g — T2=10.5g
Self-esteem; T1=9g - T2=9.5g
Self-esteem; T1=9g - T2=10g
Self-esteem; T1=9g - T2=10.5g
Self-esteem; T1=9.5g - T2=10g
Self-esteem; T1=9.5g - T2=10.5¢
Self-esteem; T1=10g - T2=10.5g

Wigfield & Eccles, 1994; n=1850
Self-esteem; T1=6g - T2=6.5g
Self-esteem; T1=6.5g — T2=7g
Self-esteem; T1=7g - T2=7.59

Zeiders et al., 2013; n=323
Self-esteem; T1=9g - T2=10g
Self-esteem; T1=9g - T2=11g
Self-esteem; T1=9g - T2=12g
Self-esteem; T1=10g - T2=11g
Self-esteem; T1=10g - T2=12g
Self-esteem; T1=11g - T2=12g

Zimmermann et al., 1997; n=1160
Self-esteem; T1=6g - T2=7g
Self-esteem; T1=6g - T2=8g
Self-esteem; T1=6g - T2=10g
Self-esteem; T1=7g - T2=8g
Self-esteem; T1=7g - T2=10g
Self-esteem; T1=8g - T2=10g

Forest Plot
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-15

-1
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Effect Size

0.391
0.609
0.200

0.220

0477

-0.138
-0.276
-0.138

-0.068
0.000
-0.041
-0.014
0.095
0.065
0.026
0.052
0.156
-0.038
-0.012
0.088
0.024
0.120
0.099

0.037
-0.151
0.078

0.200
0.327
0473
0.135
0.288
0.160

-0.128
-0.210
-0.560
-0.075
-0.395
-0.3086
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5.371
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5.393
5.393
5.393

2.605
2.605
2.605
2.605
2.605
2.605
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2.674
2.674
2.674
2.674
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Forest Plot

Studies

Arens et al., 2017; n=2070
ASC math; T1=5g - T2=6g
ASC math; T1=5g - T2=7g
ASC math; T1=5g - T2=8g
ASC math; T1=5g - T2=9g
ASC math; T1=6g - T2=7g
ASC math; T1=6g - T2=8g
ASC math; T1=6g - T2=9g
ASC math; T1=7g - T2=8g
ASC math; T1=7g - T2=9g
ASC math; T1=8g - T2=9g

Bouffard et al., 2003; n=115

ASC math; T1=1g - T2=2.5g

ASC math; T1=1g - T2=3.5g

ASC math; T1=2.5g - T2=3.5g
ASC language; T1=1g - T2=2.5g
ASC language; T1=1g - T2=3.5g
ASC language; T1=2.5g - T2=3.5q

Bouffard, Boileau, & Vezeau, 2001; n=336
ASC language; T1=6.5g - T2=7.50

Bronstein, Ginsburg, Herrera, 2005; n=77
ASC general; T1=5g - T2=7g

Chapman et al., 1997; n=152
ASC language; T1=1g - T2=2.5g
ASC language; T1=1g - T2=3.5g
ASC language; T1=2.5g - T2=3.5g

Damrongpanit, 2009; n=820
ASC general; T1=9g - T2=95g
ASC general; T1=8g - T2=9.75g
ASC general; T1=9.5g - T2=9.75g

Dickhauser et al., 2017; n=1641
ASC math; T1=5g - T2=5.25¢g
ASC math; T1=5g - T2=5.5g
ASC math; T1=5g - T2=6g

ASC math; T1=5g - T2=6 75g
ASC math; T1=5.25g - T2=5.5¢g
ASC math; T1=5.25g - T2=6g
ASC math; T1=5.25g - T2=6.75g
ASC math; T1=5.5g - T2=6g
ASC math; T1=5.5g - T2=6.75¢g
ASC math; T1=6g - T2=6.75g

Duchesne et al., 2017; n=627
ASC general; T1=5g - T2=6g

Fenzel, 2000; n=116

ASC general; T1=5g - T2=6g
ASC general; T1=5g - T2=7qg
ASC general; T1=6g - T2=Tqg

P R CREEE,
T

B I WO

I

Effect Size

Effect

-0.222
-0.477
-0.469
-0.540
-0.234
-0.227
-0.292
0.007

-0.058
-0.062

-0.048
-0.167
-0.109
-0.132
-0.289
-0.150

-0.308

-0.043

0172
0.224
0.047

0.207
0.423
0.225

-0.167
-0.200
-0.433
-0.683
-0.031
-0.250
-0.484
-0.200
-0.414
-0.185

-0.179

0.123
0175
0.043

Weight

2312
2312
2312
2312
2312
2312
2312
2.312
2312
2312

3.154
3.154
3.154
3.154
3.154
3.154

21.925

19.968

6.446
6.446
6.446

7.654
7.654
7.654

2.309
2.309
2.309
2.309
2.309
2.309
2.309
2.309
2.309
2.309

22.496

6.606
6.606
6.606
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Forest Plot

Studies

Gniewosz et al., 2011; n=1953
ASC math; T1=6g - T2=6.5g
ASC math; T1=6g - T2=7g

ASC math; T1=6g - T2=7.5g
ASC math; T1=6.5g - T2=/g
ASC math; T1=6 5g - T2=7 5g
ASC math; T1=7Tg - T2=7.5g
ASC language; T1=6g - T2=6.5¢g
ASC language; T1=6g - T2=7g
ASC language; T1=6g - T2=7/ .59
ASC language; T1=6.5g - T2=7g
ASC language; T1=65g - T2=7 5g
ASC language; T1=7g - T2=7 .59

Granleese & Joseph, 1994; n=24
ASC general, T1=3.25g - T2=6g

Helmke & Akem, 1995; n=697
ASC math; T1=2g - T2=3g
ASC math; T1=2g - T2=4g
ASC math; T1=3g - T2=4qg

Kurtz-Costes & Schneider, 1994; n=46
ASC language, T1=2g - T2=4g

Marsh, Craven, & Debus_a, 1998; n=139
ASC general: T1=1g - T2=2g

ASC math; T1=1g - T2=2g

ASC language, T1=1g - T2=2g

Marsh, Craven, & Debus_b, 1998; n=130
ASC general T1=2g - T2=3g

ASC math; T1=2g - T2=3g

ASC language; T1=2g - T2=3g

McGrath &Repetti, 2002; n=227
ASC general: T1=4g - T2=5g
ASC general: T1=4g - T2=6g
ASC general, T1=5g - T2=6g

Molloy, Ram, & Gest, 2011; n=541
ASC general T1=3g - T2=3 5g
ASC general: T1=3g - T2=4g
ASC general, T1=3g - T2=4.5g
ASC general: T1=3g - T2=5g
ASC general, T1=3g - T2=5.5¢9
ASC general, T1=3g - T2=6g
ASC general: T1=3g - T2=6.5qg
ASC general, T1=3g - T2=Tg
ASC general: T1=3g - T2=7 5g
ASC general, T1=3.5g - T2=4g
ASC general, T1=3.5g - T2=4 5g
ASC general: T1=3.5g - T2=5g
ASC general, T1=3.5g - T2=55g
ASC general: T1=3 5g - T2=fg
ASC general: T1=3.5g - T2=6 5g
ASC general, T1=3.5g - T2=7g
ASC general: T1=3.5g - T2=7 5g
ASC general, T1=4g - T2=4.5¢g
ASC general T1=4g - T2=5g
ASC general: T1=4g - T2=55qg
ASC general, T1=4g - T2=6g
ASC general: T1=4g - T2=6.5¢g
ASC general, T1=4g - T2=7g
ASC general, T1=4g - T2=7.5g

R R Rl 3

——g---

i

'

Effect Size

Effect

0.018

-0.044
-0.105
-0.062
-0.124
-0.064
0.054

-0.080
-0.080
-0.130
-0.130
0.000

-0.441

-0.310
-0.390
-0.091

-0.508

-0.014
0.040
0121

-0.151
-0.065
-0.279

0.350
0.367
0.020

-0.056
0.028
0.139
0.028
011
0.125
0.042
0.056
-0.069
0.082
0.192
0.082
0.164
0.178
0.096
0.110
-0.014
0.113
0.000
0.085
0.099
0.014
0.028
-0.099

Weight

1.928
1.928
1.928
1.928
1.928
1.928
1.928
1.928
1.928
1.928
1.928
1.928

9.869

7470
7470
7470

14.428

6.244
6.244
6.244

6.586
6.586
6.586

7.059
7.059
7.059

0498
0.498
0498
0.498
0.498
0498
0.498
0498
0498
0.498
0498
0.498
0.498
0498
0.498
0498
0.498
0.498
0498
0.498
0498
0.498
0.498
0498
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Studies

Molloy, Ram, & Gest, 2011; n=541
ASC general, T1=4.5g - T2=5g
ASC general; T1=4.5g - T2=5.5g
ASC general; T1=4.5g - T2=6g
ASC general; T1=4.5g - T2=6.5g
ASC general, T1=4.5g9 - T2=7g
ASC general; T1=4.5g - T2=7 .5g
ASC general; T1=bg - T2=5.5g
ASC general; T1=5g - T2=6g
ASC general; T1=5g - T2=7g
ASC general; T1=5g - T2=Tg
ASC general; T1=5g - T2=7 .5g
ASC general; T1=5.5g - T2=6g
ASC general; T1=5.5g - T2=6.5g
ASC general; T1=5.5g - T2=7g
ASC general; T1=5.5g - T2=7 .59
ASC general, T1=6g - T2=6.5g
ASC general; T1=6g - T2=7g
ASC general; T1=6g - T2=7.5g
ASC general; T1=6.5g - T2=Tg
ASC general: T1=6 5g - T2=7 5g
ASC general; T1=7g - T2=7 5g

Muldoon, 2000; n=110
ASC general; T1=3g - T2=6g

Musu-Gillette et al., 2015; n=421
ACS math, T1=4g -T2=5¢g
ACS math; T1=4g -T2=6g
ACS math; T1=4g -T2=10g
ACS math; T1=4g -T2=11g
ACS math; T1=4g -T2=12g
ACS math; T1=5g -T2=6g
ACS math; T1=5g -T2=10g
ACS math; T1=5g -T2=11g
ACS math; T1=5g -T2=12g
ACS math; T1=6g -T2=10g
ACS math; T1=6g -T2=11g
ACS math, T1=6g -T2=12g
ACS math; T1=10g -T2=11g
ACS math; T1=10g -T2=12g
ACS math; T1=11g -T2=12g

Nagy et al., 2010a; n=1333
ACS math; T1=7g -T2=8g
ACS math; T1=7g -T2=9¢
ACS math; T1=7g -T2=10g
ACS math; T1=7g -T2=11g
ACS math; T1=8g -T2=9¢
ACS math; T1=8g -T2=10g
ACS math; T1=8g -T2=11g
ACS math; T1=9g -T2=10g
ACS math; T1=9g -T2=11g
ACS math, T1=10g -T2=11g

Nagy et al., 2010b; n=2443
ACS math; T1=7g -T2=10g
ACS math, T1=7g -T2=12g
ACS math; T1=10g -T2=12g

Nagy et al., 2010c; n=4688
ACS math; T1=7g -T2=10g
ACS math; T1=7Tg -T2=12g
ACS math; T1=10g -T2=12g

Forest Plot
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Forest Plot

Studies

Niepel, Brunner, & Preckel, 2014a; n=1529 i
ASC math; T1=5g9 -T2=5.5 -
ASC math; T1=5g -T2=6 5 -
ASC math; T1=5g -T2=8.5 - :
ASC math; T1=55g -T2=65 -
ASC math; T1=5.5g -T2=8.5 -
ASC math; T1=6 59 -T2=85 -1
ASC language; T1=5g -T2=5.5 -
ASC language; T1=bg -T2=6.5 -
ASC language; T1=5g -T2-8.5 =
ASC language; T1=5.5g -T2=6.5 4
ASC language; T1=5.5g -T2=8.5 -
ASC language; T1=6.5g -T2=85 r

Niepel, Brunner, & Preckel, 2014b; n=639 :
ASC math; T1=50g -T2=5.75 -
ASC math; T1=5g -T2=6.75 -
ASC math; T1=59 -T2=7.5 -
ASC math; T1=5.75g -T2=6.75 -
ASC math: T1=575g -T2=75 -
ASC math; T1=6.75g -T2=7 .5
ASC language; T1=bg -T2=5.75 -
ASC language; T1=5g -T2=6.75 -
ASC language; T1=5g -T2=75 i
ASC language; T1=5.75g -T2=6.75 +
ASC language; T1=5.75g -T2=75 p

ASC language; T1=6.75g -T2=7.5 e

Obach, 2010: n=115 i

ASC general; T1=5g - T2=6g e
ASC general: T1=5g - T2=7g =
ASC general, T1=5g - T2=8g i
ASC general; T1=6g - T2=7g i
ASC general: T1=6g - T2=8g —
ASC general: T1=7g - T2=8g i1

Ohannessian et al., 1999; n=75
ASC general; T1=6.5g - T2=7 5g

Pajares & Graham, 1999; n=273

ASC math: T1=6g - T2=6.5g [ |

Parker, 2010; n=78
ASC general; T1=5.5g - T2=6g !

ASC general: T1=5.5g — T2=6 5g H—
ASC general; T1=5.5g - T2=7g T

ASC general; T1=6g - T2=65g -
ASC general; T1=6g - T2=7g —_—
ASC general; T1=6.5g - T2=Tg —r

Pesu et al., 2016; n=231 !
ASC math; T1=7g - T2=9g J
ASC language, T1=7Fg - T2=09¢g

Pinxten et al., 2013; n=4724

ASC math; T1=4.75g - T2=5.75¢g

ASC math; T1=4.75g - T2=6.75g

ASC math; T1=4 7hg - T2=7 75¢g -
ASC math; T1=575g - T2=6.75¢g

ASC math; T1=5.75g - T2=7.75¢g

ASC math; T1=6.75g - T2=7.75g

- -]

RN R

Reyes et al., 2000; n=107 :

ASC general: T1=8g — T2=0g il

Shapka & Keating, 2005; n=518 i
ASC general; T1=9g - T2=11g

Simpkins, Davis—-Kean, & Eccles, 2006; n=227 !
ASC math; T1=6 59 - T2=10 5g

Effect Size

1.100
0.300
0.200
-0.571
-0.643
-0.091

-0.071
-0.130

-0.115
-0.106
-0.265
0.009

-0.148
-0.170

0.097

-0.469

-0.401

Weight

1.916
1.916
1.916
1.916
1.916
1.916
1.916
1.916
1.916
1.916
1.916
1916

3.022
3022
3.022
3.022
3.022
3.022

10.723
10.723

3.875
3.875
3875
3.875
3.875
3.875

19.505

22.166

21.079
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Appendix A

Forest Plot

Studies i Effect Weight
Spinath & Spinath, 2005; n=789 i

ASC general; T1=1g - T2=15g - -0.160 0.808
ASC general; T1=1g - T2=2g - -0.380 0.808
ASC general; T1=1g - T2=2 5g - -0.560 0.808
ASC general, T1=1g - T2=3g - -0.760 0.808
ASC general: T1=1g - T2=3 5g - i -0.800 0808
ASC general; T1=1g - T2=4g - : -0.880 0.808
ASC general; T1=1g - T2=4 5g - : -1.260 0.808
ASC general; T1=1.5g - T2=2g - -0.196 0.808
ASC general; T1=1.5g - T2=2 5¢g - -0.357 0.808
ASC general: T1=15g - T2=3g - -0.536 0808
ASC general; T1=1.5g - T2=3.5¢g - i -0.571 0.808
ASC general; T1=1.5g - T2=4g - -0643 0.808
ASC general; T1=1.5g - T2=4 5g - : -0.982 0.808
ASC general; T1=2g - T2=2 5g 4 -0.158 0.808
ASC general; T1=2g - T2=3g - -0333 0808
ASC general; T1=2g - T2=35g - -0.368 0.308
ASC general; T1=2g - T2=4g - -0439 0808
ASC general; T1=2g - T2=4 5g - -0.772 0808
ASC general; T1=2.5g - T2=3g * -0172 0.808
ASC general; T1=2 5¢ - T2=3 5g - -0207 D808

ASC general; T1=2.5g - T2=4g - -0.276 0.308

ASC general; T1=2.5g - T2=4.5g - i -0.603 0808
ASC general; T1=3g - T2=3.5¢g : -0.035 0808
ASC general; T1=3g - T2=4g *— -0.105 0.808
ASC general, T1=3g - T2=4 5g -1 -0439 0.808
ASC general; T1=3.5g - T2=4g ™ -0.073 0.308

ASC general; T1=3.5g - T2=4 5g - -0.418 0.808

ASC general; T1=4g - T2=4 5g - -0.358 0.808
Spinath & Steinmayr, 2008, n=670

ASC general; T1=2.75g - T2=3g | -0.100 1.268
ASC general; T1=2.75g - T2=3.25¢g - -0.160 1.268
ASC general; T1=2.75g - T2=3.5g - -0.190 1.268
ASC general; T1=3g - T2=325g '» -0.070 1.268
ASC general, T1=3g - T2=35g + -0.100 1.268
ASC general; T1=3 259 - T2=3 5¢g B -0.030 1268
ASC math; T1=2.75g - T2=3g - -0.080 1.268
ASC math; T1=2.75g - T2=3.25¢g - -0.100 1.268
ASC math; T1=2.75g - T2=3.59 L -0.080 1.268
ASC math; T1=3g - T2=3.25g i -0.020 1.268
ASC math; T1=3g - T2=3 59 0.000 1268
ASC math; T1=3.25g - T2=3.5g ir 0.020 1.268
ASC language; T1=2.75g - T2=3g + -0.130 1.268
ASC language; T1=2.75g - T2=3.25¢g * -0.160 1.268
ASC language; T1=275g - T2=3.5g - -0.220 1.268
ASC language; T1=3g - T2=3 25g 1 -0030 1268

ASC language; T1=3g - T2=3.5q + -0.090 1.268

ASC language; T1=3.25g - T2=3.5g '- -0.060 1.268
Spinath & Steinmayr, 2012; n=348
ASC general; T1=11.5g - T2=12 5g = 0132 7501
ASC math; T1=11.5g - T2=12.59 = 0.150 7.501
ASC language; T1=11.5g - T2=12.5g l 0.000 7.501
Steiger et al., 2014; n=1527 ;
ASC general; T1=7g - T2=8g e 0059 2299
ASC general; T1=7g - T2=9g - 0.220 2299
ASC general, T1=7g - T2=10g - 0.253 2.299
ASC general, T1=7g - T2=11g oo 0.323 2.299
ASC general; T1=8g - T2=9g s 0.160 2299
ASC general, T1=8g - T2=10g - 0193 2299
ASC general; T1=8g - T2=11g - 0.262 2299
ASC general; T1=9g - T2=10g r 0.034 2299
ASC general, T1=0g - T2="11g s 0.107 2.299
ASC general; T1=10g - T2=11g i 0.075 2.299

G

I T : T 1
-2 -1 0 1 2
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Studies

Viljaranta et al., 2014; n=216
ASC math; T1=1g - T2=2g
ASC math; T1=1g - T2=4g
ASC math; T1=2g - T2=4g
ASC language; T1=1g - T2=2g
ASC language; T1=1g - T2=4g
ASC language; T1=2g - T2=4g

Wang, 2012; n=3048
ASC math; T1=7.5g - T2=10g

Weidinger, Steinmayr, & Spinath, 2017a/b; n=542

ASC math;

ASC math
ASC math

ASC math

ASC math

T1=2.75g - T2=3.25g

cT1=2.750 - T2=3.59

s T1=2.75g - T2=3.75g
ASC math;
ASC math;
ASC math;
ASC math;
ASC math;
ASC math;
ASC math;

T1=2.75g - T2=4.25g
T1=2.75g - T2=4 59
T1=2.75g - T2=4.75g
T1=3.25g - T2=3 59
T1=3.25g - T2=3 75g
T1=3.25q - T2=4.25¢
T1=3.25g - T2=4 59

- T1=3.25g - T2=4.75¢g
ASC math;

T1=3.50 - T2=3.75¢g

s T1=3.59 - T2=4.25g
ASC math;
ASC math;
ASC math;
ASC math;
ASC math;
ASC math;
ASC math;
ASC math;

T1=3.5g - T2=4 59
T1=3.5g - T2=4 75g
T1=3.75g - T2=4.25g
T1=3.75g - T2=4 59
T1=3.75g - T2=4.75g
T1=4.25q - T2=4 59
T1=4.25g - T2=4.75g
T1=4.5g - T2=4.75g

Whitesell et al., 2009; n=1611
ASC general; T1=8g - T2=10.5g

Forest Plot

pe----

b

__L__.{_J...{..-...‘...{.--.‘..J‘_._

i

-

Effect Size

Effect

-0.070
-0.450
-0.430
-0.030
-0.480
-0.450

-0.129

-0.088
-0.216
-0.262
-0.137
-0.261
-0.554
-0.129
-0.175
-0.049
-0.174
-0.469
-0.048
0.078

-0.045
-0.337
0123

0.001

-0.286
-0.127
-0.428
-0.287

-0.026

Weight

3.482
3.482
3482
3.482
3.482
3.482

23.192

1.072
1.072
1.072
1.072
1.072
1.072
1.072
1.072
1.072
1.072
1.072
1.072
1.072
1.072
1.072
1.072
1.072
1.072
1.072
1.072
1.072

23.004
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Studies

Arunkumur, Midgley, & Urdan, 1999; n=475
Academic self-efficacy general; T1=5.5g - T2=6.5g

Bong; 2005; n=375

Academic self-efficacy general; T1=10g - T2=10.25g
Academic self-efficacy general; T1=10g - T2=10.5g
Academic self-efficacy general; T1=10g - T2=10.75g
Academic self-efficacy general; T1=10.25g - T2=10.
Academic self-efficacy general; T1=10.25g - T2=10.
Academic self-efficacy general; T1=10.5g - T2=10.7
Academic self-efficacy math; T1=10g - T2=10.25g
Academic self-efficacy math; T1=10g - T2=10.5g
Academic self-efficacy math; T1=10g - T2=10.75g
Academic self-efficacy math; T1=10.25g - T2=10.5g
Academic self-efficacy math; T1=10.25g - T2=10.75g
Academic self-efficacy math; T1=10.5g - T2=10.75¢g
Academic self-efficacy language; T1=10g - T2=10.25
Academic self-efficacy language; T1=10g - T2=10.59
Academic self-efficacy language; T1=10g - T2=10.75
Academic self-efficacy language; T1=10.25g - T2=10
Academic self-efficacy language; T1=10.25g - T2=10
Academic self-efficacy language; T1=10.5g - T2=10.

Friedel et al., 2010; n=929

Academic self-efficacy math; T1=6g — T2=6.5g
Academic self-efficacy math; T1=6g - T2=7g
Academic self-efficacy math; T1=6g — T2=7.5g
Academic self-efficacy math; T1=6.5g - T2=7g
Academic self-efficacy math; T1=6.5g - T2=7.5g
Academic self-efficacy math; T1=7g -T2=7.5¢g

Liew et al., 2008; n=733
Academic self-efficacy general; T1=1g — T2=2g

Middleton, Kaplan, & Midgley, 2004; n=475
Academic self-efficacy math; T1=6.5g - T2=7.5g

Pajares & Graham, 1999; n=273
Academic self-efficacy math; T1=6g — T2=6.5g

Shell et al., 1995; n=364

Academic self-efficacy language_a; T1=4g - T2=7g
Academic self-efficacy language_b; T1=4g - T2=7g
Academic self-efficacy language_c: T1=4g - T2=7g
Academic self-efficacy language_d; T1=4g - T2=7g
Academic self-efficacy language_a; T1=4g - T2=10g
Academic self-efficacy language_b; T1=4g - T2=10g
Academic self-efficacy language_c: T1=4g - T2=10g
Academic self-efficacy language_d; T1=4g - T2=10g
Academic self-efficacy language_a; T1=7g - T2=10g
Academic self-efficacy language_b; T1=7g - T2=10g
Academic self-efficacy language_c: T1=7g - T2=10g
Academic self-efficacy language_d; T1=7g - T2=10g

Urdan, & Midgley, 2003; n=555
Academic self-efficacy general; T1=5.5g - T2=6.59

Forest Plot

i

|

'"I’""!’""I"""

[
=1

I
-0.5

0

T
0.5

Effect Size

I
1

I
1.5

Effect

-0.075

0.800
0.262
0.385
-0.556
-0.429
0.123
0.603
0.090
0.449
-0.513
-0.154
0.350
0.580
0.116
0.594
-0.432
0.014
0.440

-0.060
-0.096
-0.096
-0.034
-0.034
0.000

0.093

-0.151

-0.833

0.740
-0.045
0.393
-0.065
1.160
-0.030
0.696
0.081
0.512
0.018
0.362
0.148

-0.182
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Weight

8.690

0.483
0.483
0.483
0.483
0.483
0.483
0.483
0.483
0.483
0.483
0.483
0.483
0.483
0.483
0.483
0.483
0.483
0.483

1.467
1.467
1.467
1.467
1.467
1.467

8.752

8.698

8.624

0.717
0.717
0.717
0.717
0.717
0.717
0.717
0.717
0.717
0.717
0.717
0.717

8.715
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Studies

Anderman, 2003; n=618

Intrinsic motivation general; T1=6.5g - T2=7g
Intrinsic motivation general; T1=6.5g - T2=7.5¢
Intrinsic motivation general; T1=7g - T2=7.5g

Benner & Graham, 2007; n=918

Intrinsic motivation general_a:
Intrinsic motivation general_b;

Bong; 2005; n=375

Intrinsic motivation general; T1=10g - T2=10.75¢

T1=8.5g - T2=9g
T1=8.5g - T2=9¢

Intrinsic motivation math; T1=10g — T2=10.75g

Intrinsic motivation language: T1=10g - T2=10.75g

Bouffard et al., 2003; n=115

Intrinsic motivation math; T1=1g - T2=2.5¢
Intrinsic motivation math; T1=1g - T2=3.5g
Intrinsic motivation math; T1=2.5g - T2=3.5g
Intrinsic motivation language: T1=1g — T2=2.5g
Intrinsic motivation language; T1=1g — T2=3.5g

Intrinsic motivation language: T1=2.5g - T2=3.5g

Garon=Carrier et al., 2016; n=1478

Intrinsic motivation math; T1=g1 - T2=g2
Intrinsic motivation math; T1=g1 - T2=g4
Intrinsic motivation math; T1=g2 - T2=g4

Gillen-0"Neel & Fuligni, 2013; n=572

Intrinsic motivation general_a;
Intrinsic motivation general_b:
Intrinsic motivation general_a:
Intrinsic motivation general_b;
Intrinsic motivation general_a:;
Intrinsic motivation general_b:
Intrinsic motivation general_a:
Intrinsic motivation general_b;
Intrinsic motivation general_a;
Intrinsic motivation general_b;
Intrinsic motivation general_a:
Intrinsic motivation general_b;

Gottfried, 2001; n=111

T1=9g - T2=10g
T1=9g - T2=10g
T1=9g - T2=11g
T1=9g - T2=11g
T1=9g - T2=12g
T1=9g - T2=12g
T1=10g - T2=11g
T1=10g - T2=11g
Ti=10g - T2=12g
T1=10g - T2=12g
Ti=11g - T2=12g
Ti=11g - T2=12g

Intrinsic motivation general; T1=4g - T2=5g
Intrinsic motivation general; T1=4g - T2=8g
Intrinsic motivation general; T1=4g - T2=11g
Intrinsic motivation general; T1=4g - T2=12g
Intrinsic motivation general; T1=5g - T2=8g
Intrinsic motivation general; T1=5g - T2=11¢g
Intrinsic motivation general; T1=5g - T2=12g
Intrinsic motivation general; T1=8g - T2=11g
Intrinsic motivation general; T1=8g - T2=12g
Intrinsic motivation general; T1=11g - T2=12g

Intrinsic motivation math:
Intrinsic motivation math;
Intrinsic motivation math;
Intrinsic motivation math:
Intrinsic motivation math;
: T1=5g - T2=11g
Intrinsic motivation math;
Intrinsic motivation math;
Intrinsic motivation math:
Intrinsic motivation math;

Intrinsic motivation math

T1=4g - T2=5q
T1=4g - T2=8g
T1=4g - T2=11g
T1=4g - T2=12g
T1=5g - T2=8¢g

T1=5g - T2=12g
T1=8g - T2=11g
T1=8g - T2=12g
T1=11g - T2=12g

Forest Plot

_____*_.*_i___

R

-2 -15 -1 -05 0

Effect Size

Effect

-0.089
-0.168
-0.123

-0.014
0.160

-0.211
-0.200
-0.244

-0.308
-0.308
0.000

-0.510
-0.710
-0.150

-0.154
-0.218
-0.058

-0.103
-0.157
-0.186
-0.265
-0.175
-0.157
-0.085
-0.108
-0.074
0.000

0.010

0.099

-0.104
-0.163
-0.362
-0.212
-0.054
-0.237
-0.099
-0.200
-0.0439
0.146

-0.240
-0.417
-0.897
-0.831
-0.171
-0.634
-0.570
-0.488
-0.421
0.066

Appendix A

Weight

6.456
6.456
6.456

9.823
9.823

6.390
6.390
6.390

2674
2.674
2,674
2.674
2.674
2,674

6.512
6.512
6.512

1.604
1.604
1.604
1.604
1.604
1.604
1.604
1.604
1.604
1.604
1.604
1.604

0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537
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Intrinsic motivation language: T1=4g - T2=5g
Intrinsic motivation language; T1=4g - T2=8g
Intrinsic motivation language: T1=4g - T2=11g
Intrinsic motivation language: T1=4g - T2=12g
Intrinsic motivation language; T1=5g - T2=8¢g
Intrinsic motivation language; T1=5¢g - T2=11g
Intrinsic motivation language; T1=5g - T2=12g
Intrinsic motivation language; T1=8g - T2=11g
Intrinsic motivation language; T1=8g - T2=12g
Intrinsic motivation language; T1=11g - T2=12g

Joégi et al., 2015; n=790
Intrinsic motivation math; T1=2g - T2=3g

Kolic=Vehovec, 2014; n=1745

Intrinsic motivation language; T1=4g - T2=64g
Intrinsic maotivation language; T1=4g - T2=8g
Intrinsic motivation language; T1=6g - T2=8g

Lazarides & Rubach, 2017; n=475
Intrinsic motivation math; T1=11g - T2=12.5g

Lazarides et al., 2017; n=1088
Intrinsic motivation general; T1=8g - T2=9.75g

Lee & Kim, 2014; n=5545

Forest Plot

Intrinsic motivation math;
Intrinsic motivation math;
Intrinsic motivation math;
Intrinsic motivation math;
Intrinsic motivation math;
» T1=8g - T2=10g
Intrinsic motivation math;
Intrinsic motivation math;
; T1=9g - T2=11g
Intrinsic motivation math;

Intrinsic motivation math

Intrinsic motivation math

T1=7g - T2=8g
T1=7g - T2=9g
T1=7g - T2=10g
T1=7g - T2=11g
T1=8g - T2=9g

T1=8g - T2=11g
T1=9g - T2=10g

T1=10g - T2=11g

Intrinsic motivation language; T1=7g - T2=8g
Intrinsic motivation language: T1=7g - T2=9g
Intrinsic motivation language: T1=7g - T2=10g
Intrinsic motivation language: T1=7g - T2=11g
Intrinsic motivation language; T1=8g - T2=9¢g
Intrinsic motivation language: T1=8g - T2=10g
Intrinsic motivation language; T1=8g - T2=11g
Intrinsic motivation language; T1=9g - T2=10g
Intrinsic motivation language; T1=9g - T2=11g
Intrinsic motivation language; T1=10g - T2=11g

Madjar & Chohat, 2016;

n=128

Intrinsic motivation general; T1=6g - T2=8g

Musu=-Gillette et al., 2015; n=421

Intrinsic motivation math

Intrinsic motivation math

Intrinsic motivation math

Intrinsic motivation math

Intrinsic motivation math

Intrinsic motivation math

» T1=4g -T2=5g
Intrinsic motivation math;
Intrinsic motivation math;

T1=4g -T2=6g

T1=4g -T2=10g —_—
; T1=4g -T2=11g
Intrinsic motivation math;
, T1=5g -T2=6g
Intrinsic motivation math;
Intrinsic motivation math;
» T1=5g -T2=12g
Intrinsic motivation math;
Intrinsic motivation math;
s T1=6g -T2=12g
Intrinsic motivation math;
Intrinsic motivation math;
s T1=11g -T2=12¢g

T1=4g -T2=12g

T1=5g -T2=10g
T1=5g -T2=11g

T1=6g -T2=10g
T1=6g -T2=11g

T1=10g -T2=11g
T1=10g -T2=12g

it

e

Bty S T T

I
-05 0

Effect Size

Effect
-0.049
-0.221
-0.437
-0.325
-0.194
-0.435
-0.310
-0.251
=0.121
0.128

-0.355

-0.197
-0.626
-0.438

0.043

0.000

-0.105
-0.090
-0.120
-0.166
0.015
-0.015
-0.060
-0.028
-0.071
-0.043
-0.154
-0.168
-0.028
0.070
-0.014
0.129
0.230
0.140
0.238
0.106

-0.107

-0.130
-0.440
-0.800
-0.720
-0.710
-0.310
-0.870
-0.590
-0.580
-0.390
-0.300
-0.290
0.100

0.110

0.010

Appendix A

Weight
0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537
0.537

19.304

6.504
6.504
6.504

19.378
19.550

0.993
0.993
0.993
0.993
0.993
0.993
0.993
0.993
0.993
0.993
0.993
0.993
0.993
0.993
0.993
0.993
0.993
0.993
0.993
0.993

15.769

246
.246
.246
.246
246
246
246
246
246
246
246
248
.248
.246
.246

U G U GG O G G G
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Appendix A

Forest Plot
Studies Effect Weight
Otis ez al., 2005; n=646 j
Intrinsic motivation general; T1=8g - T2=9g - ‘ -0.403 6.375
Intrinsic motivation general; T1=8g - T2=10g - ' -0.740 6.375
Intrinsic motivation general; T1=9g - T2=10g - -0.351 6.375
Pinxten et al., 2013; n=4724
Intrinsic motivation math; T1=4.75g - T2=5.75¢g 3- -0.138 3.303
Intrinsic motivation math; T1=4.75g — T2=6.75g - -0.239 3.303
Intrinsic motivation math; T1=4.75g — T2=7.75g - -0.457 3.303
Intrinsic motivation math; T1=5.75g — T2=6.75g - -0.106 3.303
Intrinsic motivation math; T1=5.75g - T2=7.75g - -0.333 3.303
Intrinsic motivation math; T1=6.75g - T2=7.75¢g - -0.229 3.303
Riglin et al., 2013; n=262 !
Intrinsic motivation general; T1=7g - T2=7.75g . -0.385 18.523
Salmela=-Aro et al., 2016a; n=461 i
Intrinsic motivation general; T1=6.5g - T2=7.5¢ [ | -0.176 19.207
Salmela=-Aro et al., 2016b; n=580 |
Intrinsic motivation general; T1=9.5g - T2=10.5g . =-0.147 19.469
Simpkins, Davis-Kean, & Eccles, 2006; n=227
Intrinsic motivation math; T1=6.5g - T2=10.5g I -0.307 17.982
Spinath & Spinath, 2005; n=789
Intrinsic motivation general; T1=1g - T2=1.5g ‘ - -0.016 0.692
Intrinsic motivation general; T1=1g - T2=2g — -0.125 0.692
Intrinsic motivation general; T1=1g - T2=2.5g LT 0.000 0.692
Intrinsic motivation general; T1=1g - T2=3g -T -0.031 0.692
Intrinsic motivation general; T1=1g - T2=3.5g e -0.125 0.692
Intrinsic motivation general; T1=1g - T2=4g * -0.313 0.692
Intrinsic motivation general; T1=1g - T2=4.5g - -0.484 0.692
Intrinsic motivation general; T1=1.5g - T2=2g e -0.109 0.692
Intrinsic motivation general; T1=1.5g - T2=2.5g T 0.016 0.692
Intrinsic motivation general; T1=1.5g - T2=3g LT -0.016 0.692

Intrinsic motivation general; T1=1.5g — T2=3.5g — -0.109 0.692

Intrinsic motivation general; T1=1.5g — T2=4g — -0.297 0.692
Intrinsic motivation general; T1=1.5g - T2=4.5¢ - -0.469 0.692
Intrinsic motivation general; T1=2g - T2=2.5g - 0.129 0.692
Intrinsic motivation general; T1=2g - T2=3g e 0.097 0.692
Intrinsic motivation general; T1=2g - T2=3.5g LT 0.000 0.692
Intrinsic motivation general; T1=2g - T2=4g - -0.194 0.692
Intrinsic motivation general; T1=2g - T2=4.5g el -0.371 0.692
Intrinsic motivation general; T1=2.5g - T2=3¢g ' -0.037 0.692
Intrinsic motivation general; T1=2.5g - T2=3.5g he -0.148 0.692
Intrinsic motivation general; T1=2.5g - T2=4g - =-0.370 0.692
Intrinsic motivation general; T1=2.5g - T2=4.5¢g - -0.574 0.692
Intrinsic motivation general; T1=3g - T2=3.5g - -0.122 0.692
Intrinsic motivation general; T1=3g - T2=4g - -0.367 0.692
Intrinsic motivation general; T1=3g — T2=4.5g - : -0.592 0.692
Intrinsic motivation general; T1=3.5g — T2=4¢g - -0.214 0.692
Intrinsic motivation general; T1=3.5g - T2=4.5g - -0.411 0.692
Intrinsic motivation general; T1=4g - T2=4.5g - =-0.193 0.692
Spinath & Steinmayr, 2008, n=670 !

Intrinsic motivation general; T1=2.75g - T2=3g - -0.100 1.088
Intrinsic motivation general; T1=2.75g - T2=3.25g * -0.100 1.088
Intrinsic motivation general; T1=2.75g - T2=3.5¢ -+ -0.180 1.088
Intrinsic motivation general; T1=3g - T2=3.25¢g T 0.000 1.088
Intrinsic motivation general; T1=3g - T2=3.5g e -0.080 1.088
Intrinsic motivation general; T1=3.25g — T2=3.5g i\~ -0.080 1.088
Intrinsic motivation math; T1=2.75g — T2=3g - -0.130 1.088
Intrinsic motivation math; T1=2.75g - T2=3.25g — -0.100 1.088
Intrinsic motivation math; T1=2.75g - T2=3.59 = -0.080 1.088
Intrinsic motivation math; T1=3g - T2=3.25¢g Lo 0.030 1.088
Intrinsic motivation math; T1=3g - T2=3.5g o 0.050 1.088
Intrinsic motivation math; T1=3.25g - T2=3.5g LT 0.020 1.088

-2 -15 -1 -05 0O 0.5 1
Effect Size

166



Studies

Intrinsic motivation language
Intrinsic motivation language:
Intrinsic motivation language
Intrinsic motivation language:
Intrinsic motivation language:
Intrinsic motivation language

1 T1=2.75g - T2=3¢g

; T1=2.75g - T2=3.25g
1 T1=2.76g - T2=3.5g

; T1=3g - T2=3.25g

L T1=3g - T2=3.5g

1 T1=3.25¢g - T2=3.5g

Spinath & Steinmayr, 2012; n=348
Intrinsic motivation general; T1=11.5g = T2=12.5g
Intrinsic motivation math; T1=11.5g - T2=12.5g

Intrinsic motivation language:

Stroet et al., 2014; n=489

: T1=11.5g - T2=12 59

Intrinsic motivation math; T1=7g - T2=7.25g
Intrinsic motivation math; T1=7g - T2=7.5g
Intrinsic motivation math; T1=7g - T2=7.75g
Intrinsic motivation math; T1=7.25g - T2=7.59

Intrinsic motivation math; T1=
Intrinsic motivation math:; T1=

Intrinsic motivation language:
Intrinsic motivation language:
Intrinsic motivation language:
Intrinsic motivation language:
Intrinsic motivation language
Intrinsic motivation language:

Urdan, & Midgley, 2003; n=

; T1=7g - T2=7.25g
1 T1=7g - T2=7.5g

; T1=7g - T2=7.75g

; T1=7.25g - T2=7.5g

1 T1=7.25g — T2=7.75g
; T1=7.5g - T2=7.75g

555

Intrinsic motivation general: T1=5.5g - T2=6.5g

Van de gaer et al., 2009; n=.

2270

Intrinsic motivation general; T1=7.75g - T2=8.75¢g

Intrinsic motivation general; T1=7.75g - T2=10.75g
Intrinsic motivation general;: T1=7.75g - T2=12.75g
Intrinsic motivation general; T1=8.75g - T2=10.75g
Intrinsic motivation general: T1=8.75g - T2=12.75¢
Intrinsic motivation general; T1=10.5g = T2=12.75g

Van Schooten, 2004a; n=125

Intrinsic motivation language:
Intrinsic motivation language:
Intrinsic motivation language

1 T1=7g - T2=8¢g
; T1=7g - T2=9g
1 T1=8g - T2=9¢g

Van Schooten, 2004b; n=129

Intrinsic motivation language
Intrinsic motivation language:
Intrinsic motivation language

Viljaranta et al., 2014; n=21

1 T1=9g - T2=10g
; T1=9g - T2=11g
1 T1=10g - T2=11¢g

6

Intrinsic motivation math; T1=1g - T2=2g
Intrinsic motivation math; T1=1g - T2=4g
Intrinsic motivation math; T1=2g - T2=4g

Intrinsic motivation language:
Intrinsic motivation language
Intrinsic motivation language:

Viljaranta et al., 2015; n=20

; T1=1g - T2=2g
1 T1=1g - T2=4g
; T1=2g - T2=4g

6

Intrinsic motivation math; T1=7g - T9=2g

Intrinsic motivation language:

; T1=7g - T2=8g

Wang & Eccles, 2012; n=1472

Intrinsic motivation general; T1=7.75g - T2=9g
Intrinsic motivation general; T1=7.75g - T2=11g
Intrinsic motivation general; T1=9g - T2=11g

Weidinger, Steinmayr, & Spinath, 2017a/b; n=542
Intrinsic motivation math; T1=2.75g - T2=3.25¢g

Intrinsic motivation math;
Intrinsic motivation math;
Intrinsic motivation math;
Intrinsic motivation math;

Intrinsic motivation math; T1=2.75g - T2=4.75¢g
Intrinsic motivation math; T1=3.25g - T2=3.5g
Intrinsic motivation math; T1=3.25g - T2=3.75¢g

Intrinsic motivation math;
Intrinsic motivation math;
Intrinsic motivation math;
Intrinsic motivation math;
Intrinsic motivation math;
Intrinsic motivation math;
Intrinsic motivation math:
Intrinsic motivation math;

75g - T2=4.25g

Intrinsic motivation math; T1=3.75g - T2=4.59

Intrinsic motivation math;
Intrinsic motivation math;
Intrinsic motivation math;

25g - T2=4.75g

Intrinsic motivation math; T1=4.5g - T2=4.759

Whitesell et al., 2009; n=16

11

Intrinsic motivation general;: T1=8g - T2=10.5g

Zanobini & Usai, 2002; n=9

2

Intrinsic motivation general; T1=5.5g — T2=6.5g

Forest Plot

*

-1 -05 0
Effect Size

05

Effect
-0.110
-0.020
0.000
0.080
0.110
0.030

0.193
0.124
-0.040

0.040
-0.105
-0.008
-0.164
-0.055
0.115
0.056
=-0.112
0.000
-0.189
-0.063
0.126

-0.160

-0.361
-0.984
-1.098
-0.559
-0.662
=0.111

-0.269
-0.612
-0.274

-0.218
-0.359
-0.128

-0.060
-0.190
-0.130
-0.070
=-0.130
-0.070

0.099
-0.104

-0.017
-0.094
-0.092

0.027

-0.016
-0.160
-0.086
-0.142
-0.300
-0.050
-0.215
-0.129
=-0.194
-0.376
-0.157
-0.076
-0.137
-0.310
0.075

0.018

-0.140
-0.058
-0.220
-0.176

-0.083

-0.546

Appendix A

Weight
1.088
1.088
1.088
1.088
1.088
1.088

6.385
6.385
6.385

618
618
618
618
618
618
618
618
618
618
618
618

19.261

3.275
3.275
3.275
3.275
3.275
3.275

5612
5612
5612

5.687
5.687
5.687

2.997
2.997
2.997
2.997
2.997
2.997

9.019
9.019

6.526
6.526
6.526

0.918
0.918
0.918
0.918
0.918
0.218
0.918
0.918
0.918
0.918
0.918
0.918
0.918
0.918
0.218
0.918
0.918
0.918
0.918
0.918
0.918

19.606

14.662
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Forest Plot

Studies

Anderman & Anderman, 1999; n=660
Mastery general; T1=5g - T2=6g

Anderman & Midgley, 1997; n=341
Mastery math; T1=5g - T2=6g
Mastery language; T1=5g - T2=6g

Bong; 2005; n=375

Mastery general; T1=10g - T2=10.75g
Mastery math; T1=10g - T2=10.75g
Mastery language; T1=10g — T2=10.75g

Bouffard, Boileau, & Vezeau, 2001; n=336
Mastery general; T1=6.5g - T2=7.5g

Bronstein, Ginsburg, Herrera, 2005; n=77
Mastery general; T1=5g - T2=7g

Duchesne, Ratelle, & Feng, 2013; n=378
Mastery general; T1=6.5g — T2=7.5g
Mastery general; T1=6.5g — T2=8.5g
Mastery general; T1=6.5g - T2=9.5g
Mastery general; T1=7.5g - T2=8.5g
Mastery general; T1=7.5g - T2=9.5g
Mastery general; T1=8.5g - T2=9.5g

Friedel et al., 2010; n=929
Mastery math; T1=6g - T2=6.5g
Mastery math; T1=6g - T2=7g
Mastery math; T1=6g - T2=7.5¢
Mastery math; T1=6.5g - T2=7g
Mastery math; T1=6.5g - T2=7.5g
Mastery math; T1=7g - T2=7.5g

Lazarides et al., 2017; n=1088
Mastery general; T1=8g - T2=9.75¢g

Meece & Miller, 2001; n=431

#H*

Mastery general;
Mastery general;
Mastery general;
Mastery general;
Mastery general;
Mastery general;
Mastery general;
Mastery general:
Mastery general;
Mastery general;
Mastery general;
Mastery general;
Mastery general;
Mastery general;
Mastery general;

Middleton, Kaplan, & Midgley, 2004; n=475 1

T1=3g - T2=3.5g
T1=3g - T2=4g
T1=3g - T2=4 5g
T1=3g - T2=5g
T1=3g - T2=55g
T1=35g - T2=4g

T1=3.5g - T2=4.5g

T1=3.5g - T2=5g

T1=3.5g - T2=5.5g

T1=4g - T2=4 59
T1=4g - T2=5g

T1=4g - T2=5 5g
T1=4.5g - T2=5g

T1=4.5g - T2=55g

T1=5 - T2=5.59

Mastery math; T1=6.5g - T2=7.5g

Obach, 2010; n=
Mastery general;
Mastery general;
Mastery general;
Mastery general;
Mastery general;
Mastery general;

115
T1=5g - T2=6g
T1=5g - T2=6g
T1=5g - T2=6g
T1=5g - T2=6g
T1=5g - T2=6g
T1=5g - T2=6g

-2 -15 -1 -05 0 05
Effect Size

1

Effect

-0.150

-0.245
-0.188

0.262
0.100
0.099

-0.414

=-0.294

-0.040

-0.279
-0.209
-0.605
-0.581
-0.884
0.054

-0.255
-0.236
-0.473
-0.333
=-0.314
-0.569
0.018

-0.197
-0.241

-0.066

-0.424
-0.348
-0.470
0.073

-0.044
-0.125

Weight

24.352

11.575
11.575

7.985
7.985
7.985

23.259

20.914

24.785

1.561
1.561
1.661
1.561
1.561
1.561
1.561
1.561
1.561
1.561
1.661
1.561
1.561
1.561
1.561

23.854

3.327
3.327
3.327
3.327
3.327
3.327
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Forest Plot

Studies

Paulick et al., 2013; n=1646

Mastery general; T1=4.75g — T2=5.25g
Mastery general; T1=4.75g — T2=6g
Mastery general; T1=5.25g — T2=6g

Shim, Ryan, & Anderson, 2008; n=588
Mastery general; T1=7g - T2=7.5g
Mastery general; T1=7g - T2=8¢g
Mastery general; T1=7g - T2=8.5g
Mastery general; T1=7.5g - T2=8g
Mastery general; T1=7.5g - T2=8.5g
Mastery general; T1=8g - T2=8.5g

Song, 2015; n=9808
Mastery general; T1=8.75g — T2=9.75g

Spinath & Steinmayr, 2012; n=348
Mastery general; T1=11.5g - T2=12.5g
Mastery math; T1=11.5g - T2=12.5g
Mastery language; T1=11.5g - T2=12.5g

Urdan, & Midgley, 2003; n=555
Mastery general; T1=5.5g - T2=6.5g

Wang & Pomerantz, 2009; n=374
Mastery general; T1=7g - T2=7.5g
Mastery general; T1=7g - T2=8g
Mastery general; T1=7g - T2=8.5g
Mastery general; T1=7.5g — T2=8g
Mastery general; T1=7.5g — T2=8.5g
Mastery general; T1=8g - T2=8.5g

Wang & Pomerantz, 2009; n=451
Mastery general; T1=7g - T2=7.5g
Mastery general; T1=7g - T2=8g
Mastery general; T1=7g - T2=8.5g
Mastery general; T1=7.5g - T2=8g
Mastery general; T1=7.5g - T2=8.5g
Mastery general; T1=8g - T2=8.5g

Young, 1997; n=306
Mastery math; T1=6.5g - T2=7.5g
Mastery language; T1=6.5g - T2=7.5g9

_%_ _+_.+_._.

T o

-2 -15

-1 -05 0
Effect Size

0.5

Effect

-0.244
-0.800
-0.543

-0.175
-0.186
-0.29¢
-0.010
-0.124
=-0.113

-0.085

0.036
-0.014
-0.061

-0.368

=0.177
-0.192
-0.231
-0.015
-0.054
-0.034

-0.155
-0.117
-0.204
0.033

=0.041
-0.078

-0.420
-0.270

Appendix A

Weight

8.252
8.252
8.252

4.029
4.029
4.029
4.029
4.029
4.029

25.130

7.972
7.972
7.972

24.007

3.938
3.938
3.938
3.938
3.938
3.938

3.981
3.981
3.981
3.981
3.981
3.981

11.606
11.606
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Studies
Anderman & Anderman, 1999; n=660
PAP general; T1=5g — T2=6g

Anderman & Midgley, 1997; n=341
PAP math; T1=5¢g - T2=69g
PAP language; T1=5g - T2=6g

Bong; 2005; n=375

PAP general; T1=10g - T2=10.75g
PAP math; T1=10g - T2=10.75g
PAP language; T1=10g - T2=10.75g

Bouffard, Boileau, & Vezeau, 2001; n=336
PAP general; T1=6.5g - T2=7.5¢g

Duchesne, Ratelle, & Feng, 2013; n=378
PAP general; T1=6.5g - T2=7.5¢g
PAP general; T1=6.5g — T2=8.5g
PAP general; T1=6.5g — T2=9.5g
PAP general; T1=7.5g — T2=8.5g
PAP general; T1=7.5g — T2=9.5¢
PAP general; T1=8.5g — T2=9.5¢

Friedel et al., 2010; n=929
PAP math; T1=6g - T2=6.5g
PAP math; T1=6g - T2=79g
PAP math; T1=6g - T2=7 .5g
PAP math; T1=6.5g - T2=7g
PAP math; T1=6.5g - T2=7.5g
PAP math; T1=7g - T2=7.5¢g

Jogi et al., 2015; n=790
PAP math; T1=2g - T2=3g

Meece & Miller, 2001; n=431

£++;,

f

g

'

PAP general;
PAP general;
PAP general;
PAP general;
PAP general;
PAP general;
PAP general;
PAP general;
PAP general;
PAP general;
PAP general;
PAP general;
PAP general;
PAP general;
PAP general;

T1=3g - T2=3.59
T1=3g - T2=4g
T1=3g - T2=4.5g
T1=3g - T2=5g
T1=3g - T2=5.59
T1=3.5g - T2=4g
T1=3.5g - T2=4 59
T1=3.5g - T2=5¢g
T1=3.5g - T2=5 59
T1=4g - T2=4 59
T1=4g - T2=5¢
T1=4g - T2=5.5¢9
T1=4.5g - T2=5g
T1=4.5g - T2=5 59
T1=5 — T2=5.5g

|

Middleton, Kaplan, & Midgley, 2004; n=475

PAP math; T1=6.5g - T2=7.5g

Obach, 2010; n=115

PAP general; T1=5g - T2=6g
PAP general; T1=5g - T2=7g
PAP general; T1=5g - T2=8g
PAP general; T1=6g - T2=7g
PAP general; T1=6g — T2=8¢g
PAP general; T1=7g — T2=8¢g

Paulick et al., 2013; n=1646

PAP general; T1=4.75g — T2=5.25g
PAP general; T1=4.75g - T2=6g
PAP general; T1=5.25g - T2=6g

Effect Size

Effect

0.113

0.082
-0.027

-0.024
-0.045
0.000

-0.086

-0.189
-0.400
-0.474
-0.225
-0.303
-0.076

-0.298
-0.456
-0.588
-0.157
-0.287
-0.150

-0.353

-0.456
-0.561
-0.737
-0.754
-0.965
-0.081
-0.216
-0.230
-0.392
-0.137
-0.151
-0.315
-0.013
-0.171
-0.158

-0.195

-0.317
-0.341
-0.098
-0.027
0.245
0.249

-0.621
-0.816
-0.230
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Weight

18.806

8.961
8.961

6.185
6.185
6.185

18.301

3.056
3.056
3.056
3.056
3.056
3.056

3.155
3.155
3.155
3.155
3.155
3.155

18.662

1.234
1.234
1.234
1.234
1.234
1.234
1.234
1.234
1.234
1.234
1.234
1.234
1.234
1.234
1.234

18.530

2.754
2.754
2.754
2.754
2.754
2.754

6.354
6.354
6.354
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Appendix A

Forest Plot

Studies , Effect Weight
Shim, Ryan, & Anderson, 2008; n=588 H

PAP general; T1=7g - T2=7.5g - -0.351 3.125
PAP general; T1=7g - T2=8g - -0.309 3.125
PAP general; T1=7g - T2=8.5¢ - -0.402 3.125
PAP general; T1=7.5g - T2=8g L 0.033 3.125
PAP general; T1=7.5g - T2=8.5g - -0.041 3.125
PAP general; T1=8g - T2=8.5¢ r- -0.074 3.125
Song, 2015; n=0808 i

PAP general; T1=8.75g - T2=9.75g . -0.136 19.242
Spinath & Steinmayr, 2012; n=348

PAP general; T1=11.5g — T2=12.5g - -0.133 6.166
PAP math; T1=11.5g - T2=12.5g .+ -0.072 6.166
PAP language; T1=11.5g - T2=12.5g - -0.104 6.166
Urdan, & Midgley, 2003; n=555

PAP general; T1=5.5g - T2=6.5g ’ . 0.056 18.677
Young, 1997; n=306 i

PAP math; T1=6.5g - T2=7 5g . 0.260 9.082
PAP language; T1=6.5g — T2=7 .59 : - 0.090 9.082

=
| | T I | 1

-2 -15 -1 -05 0O 05 1
Effect Size
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Forest Plot

Studies Effect Weight
Bouffard, Boileau, & Vezeau, 2001; n=336

PAV general; T1=6.5g — T2=7 .59 ' . 0.232 7.364
Duchesne, Ratelle, & Feng, 2013; n=378 E

PAV general; T1=6.5g — T2=7.5g —+ -0.189 1.226
PAV general; T1=6.5g — T2=8.5g —— -0434 1.226
PAV general; T1=6.5g — T2=9.5g —_ -0.585 1.226
PAV general; T1=7.5g - T2=8.5g — -0.255 1.226
PAV general; T1=7.5g — T2=9.5g — -0.412 1.226
PAV general; T1=8.5g - T2=9 5g - -0.167 1.226
Jogi et al., 2015; n=790 ;

PAV math; T1=2g - T2=3g . 0.000 7.457
Middleton, Kaplan, & Midgley, 2004; n=475

PAV math; T1=6.5g — T2=7.5¢ - -0.462 7.398
Paulick et al., 2013; n=1646

PAV general, T1=4.75g - T2=5.25g - ! -0.662 2.499
PAV general; T1=4.75g - T2=6g - . -1.215 2.499
PAV general; T1=5.25g - T2=6g [ ] : -0474 2.499
Shim, Ryan, & Anderson, 2008; n=588 E

PAV general;, T1=7g - T2=7.5¢ -- -0.305 1.242
PAV general; T1=7g - T2=8g - -0.330 1.242
PAV general; T1=7g - T2=8.5¢ —— -0.429 1.242
PAV general; T1=7.5g - T2=8g ! - -0.025 1.242
PAV general; T1=7.5g — T2=8.5g = -0.124 1.242
PAV general; T1=8g — T2=8.5¢g + -0.099 1.242
Song, 2015; n=9808 I

PAV general;, T1=8.75g - T2=9.75g ! . 0.000 7.536

Spinath & Steinmayr, 2012; n=348

PAV; T1=11.5g - T2=12.5¢g -+ -0.195 2.464
PAV math; T1=11.5g - T2=12.5g _.'_ -0.146 2.464
PAV language; T1=11.5g - T2=12.5g - -0.205 2.464
Stroet et al., 2014; n=489 ;

PAV math; T1=7g — T2=7.25¢g -0.140 0.622
PAV math; T1=7g - T2=7.5¢ - -0.035 0.622

PAV math; T1=7g - T2=7.75g

PAV math; T1=7.25g - T2=7.5g

PAV math; T1=7.25g - T2=7.75¢g
PAV math; T1=7.5g - T2=7.75g

PAV language; T1=7g - T2=7.25g
PAV language; T1=7g - T2=7.5¢g
PAV language; T1=7g - T2=7.75g
PAV language; T1=7.25g - T2=7.5g
PAV language; T1=7.25g - T2=7.75¢g
PAV language; T1=7.5g - T2=7.75¢g

- 0.093 0.622
- 0.107 0.622
- 0.238 0.622

- 0.125 0.622
- -0.075 0.622
- 0.000 0.622
- 0.187 0.622

- 0.071 0.622
- 0.247 0.622

- 0.174 0.622

-2 -15 -1 =05 0 05 1
Effect Size

Figure A2.Forest plots of effect sizes in the dataset separated by motivational cods®@ct.
= academic sel€oncept. PAP = performanapproach achievement goals. PAV =
performanceavoidance achievement goals.
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Table BL.Cr o n b ac htfasn dA IMcDao n a hr Bydvieas@amend Roint as well as

Item Wording of the Scales in Study 1

T1 T2 T3 T4

Math Scales

Mastery-approach goals

l'tem 1: AMein Ziel i n Mat hen
voll standi g (zful bdkdssir rriEmatieethe @
materi al presented in mathen
l'tem 2: Ailn Mathemati k i st e
gré¢ndlich wie mYdillitch sza mpen
understand mat hematics as th
Il tem 3: i I n Mathhemat ek mieh
(Al want to | earn as much as
Performance-approach goals

ltem 1: Al n Mat hemati k m°cht
Sch¢l erinnen und Sc(hi¢llterins gu
me to do well in math compar
ltem 2 AMein Ziel i n Mat hen
die anderen Sche¢lerifen wsd
for me to do better in math
l'tem 3: Ailn Mat hemati k i st e
Schieri nnen und Sch{(li®My agbauls:
get a better grade than most
Performance-avoidance goals

ltem 1: Ailn Mathematik i st e

Vergleich zu anderen Schilerinnen und Schilern schlecht
abzuschnhl tdeins 6i mportant ingor
poorly compared to other stu

ltem 2: Ailn Mat hemati k i st e
Leistung als andere Schlidrti
important for me in math to avoid performing worse than other
students. 0)

I t em 3: matk mdchikach bsevermeiden, im Vergleich :
anderen Schulerinnen und Schulern eine schlechte Leistung z
zei geMMyo goal i n math is to

the other students. i)

Interest

ltem 1: il n Mat he mache i ch
Fach SpaC macht. o (Al do my
't em 2: -@ntemchivebeitdieh mit, weil ich groles

Interessea n Mat hemati k habe. o0 (Al
enjoy it.f)

ltem 3: fAln Mathe strenge ic
inter gdidi ematk.eo ef fort i n mat|l
subject. 0)

U=
¥ =

.718 .781 .810 .814
.751 .801 .822 .833

.890 .892 .887 .928
.898 .892 .888 .929

.793 .819 .825 .891
.800 .826 .823 .891

.895 .891 .881 .873
.896 .890 .879 .873
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Tale B2. Missings on the Investigated Variables in Study 1
T1 T2 T3 T4

Mastery goals 140 84 134 214
PAP goals 140 83 132 213
PAV goals 140 83 133 213
Interest 140 83 132 213
ACH 154 151 237 286
Grades - 381 451 180
Cognitive ability 133 - - -

Parem education 219 - - -

Language background 20 - - -

Missings on all variable: 16 26 76 111
Note.PAP = performancapproach. PAV = performanaoidance. ACH = math achievement test
score. Grades = grades in math.
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Table B3. Statisics for Attrition Analysis in Study 1

Appendix B

Dropped out Joined later Participated at T1 d d d

(group 1) (group 2) and T4 (group 3) Iv.2) (1v.3) (2v.3)

n M SD n M SD n M SD
MT1 89 4.58 70 - - - 516 454 .57 - .06 -
M T2 99 4.13 76 1 267 - 561 4.27 .76 - -.18 -
MT3 54 388 101 7 357 132 550 4.06 .81 - -.20 -
M T4 - - - 11 3.83 0.87 520 4.08 .86 - - -.28
PAP T1 89 360 123 - - - 516 3.54 1.13 - .06 -
PAP T2 99 345 1.03 3.00 - 562 3.29 1.13 - A5 -
PAP T3 54  3.35 94 7 281 120 552 317 1.11 - A7 -
PAP T4 - - - 11 3.09 145 521 331 1.12 - - -17
PAV T1 89 396 103 - - - 516 3.97 1.00 - -.01 -
PAV T2 99 364 101 1 267 - 562 3.58 1.06 - .05 -
PAV T3 54 3.52 .84 7 290 141 551 340 1.04 - .13 -
PAV T4 - - - 11 3.30 1.35 521 343 1.09 - - -.10
Int. T1 89 412 101 - - - 516 4.04 0.98 - .08 -
Int. T2 99 356 1.13 3.00 - 562 3.65 1.07 - -.08 -
Int. T3 54  3.36 99 7 305 154 552 341 1.08 - -.05 -
Int. T4 - - - 11 3.27 1.25 521 345 1.03 - - -.15
ACHT1 90 -1.15 .84 - - - 501 -81 .84 - -.40 -
ACH T2 80 -0.81 101 - - - 514 -51 .96 - -.31 -
ACH T3 27 -073 122 3 108 .32 478 -21 1.10 - -.45 -
ACH T4 - - - 4 40 .49 455 .06 .85 - - -
Grades T2 20 3.98 95 3 500 100 341 473 71 - -91 -
Grades T3 16 341 55 5 46 108 273 436 91 - -1.30 -
Grades T4 - - - 10 4.33 128 555 4.05 .92 - - .25
Cog. a. 87 103.53 10.65 - - - 525 107.82 9.64 - -42 -
Sex 111 41 49 14 50 52 620 .43 .50 -17 -.03 14
P. edu. 73 415 114 - - - 453 434 1.14 - -17 -
Language b. 109 1.17 37 - - - 616 112 .33 - A2 -

Note. M = Mastery goals. PAP = Performarapproach goals. PAV = Performar@eoidance goals.

INT = Interest in math. ACH = math achievement test score. Grades = grades in math. Cog. a. =
cognitive ability score. R d u .
background. Sex: 0 = boys, 1 =gilss  C o hde n G ¢ d was oscalculated if one group
contained less than 10 students.
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Table Bi. Model Fit of theConfirmatory Factoranalysesof the Achievement Goal Scales in
Study 1 by Measurement Point

Model (2 df SCF p CFI RMSEA
T1: Onefactor 370.312 27 1.518 <.001 .799 143
T1: Twofactor 168.169 26 1.194 <.001 .917 .094
T1: Threefactor 67.009 24 1.353 <.001 .975 .054
T2: Onefactor 489.569 27 1.401 <.001 .803 161
T2: Twofactor 159.635 26 1.358 <.001 .943 .088

T2: Threefactor 80.279 24 1.353 <.001 .976 .060

T3: Onefactor 358.008 27 1.650
T3: Two-factor 75.611 26 1.625
T3: Threefactor 48.364 24 1.601

.001 .822 141
.001 .973 .056
.002 .987 .041

[ VAN

T4: Onefactor 331.950 27 1.678
T4: Two-factor 63.113 26 1.601 .001 .982 .052
T4: Threefactor 35.173 24 1.642 .066 .994 .030

.001 .850 .146

A A

Note.SCF = Scaling correction fact@nefactor = all nine achieveme goals items are loading on
one factor. Twefactor = the mastery goal items are loading on onefachile the PAP and PAV
goal items are loading on a second factor. Haetor = mastery, PAP, and PAV goals items are
loading on 3 separate factors.
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Table B5. Results for the Tests of Measurement Invariance over Time for the Scales Assessing
Mastery, PAP goals, PAV goals, and Math Interest in Study 1

Model & df SCF (e0]ca pdf  op CFI o CF RMSEA
Mastery goals

Configural 32.100 30 1.099 .999 .010
Metric 40.548 36  1.130 8.206 6 =.223 .998 .001 .013
Scalar 54514 42  1.128 14.063 6 =.029 .993 .005 .020
PAP goals

Configural 32.646 30 1.260 .999 .011
Metric 56.111 36 1.250 24.134 6 <.001 .995 .004 .027
Scalar 118.959 42 1.205 78.159 6 <.001 .979 .016 .050

Partial scalar 83.006 41 1.206 33.722 5 <.001 .989 .006 .037

PAV goals

Configural 29.490 30 1.126 1 0
Metric 52.413 36  1.107 24559 6 <.001 .994 .006 .025
Scalar 63.922 42 1.102 11580 6 =.072 .992 .002 .027
Interest

Configural 60.652 30 1.118 991 .037
Metric 65.163 36 1.106 4.299 6 =.636 .992 .001 .033
Scalar 80.494 42 1.090 15.766 6 =.015 .989 .003 .035

Note.SCF = Scaling correction factd?AP = Performancapproach. PAV = Performanesoidance.
In the partial scalar model of performaraggproach goals, we set free the intercept of the first item at
T1.
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Table BS. Fit Indices ofLatent Growth Curve Models in Study 1

Model & df SCF PR mpdf  op CFl CF RMSEA
Mastery
Linear 286.523 5 1.041 577 276

Unspecified 11.616 3 817  209.717 2 <.001 .987 .410 .062
Unspecified_m 24.734 4 1.123 379.375 1 <.001 .969 .392 .084

PAP
Linear 81.175 5 1.066 942 .143

Unspecified 43.522 3 522 33.908 2 <.001 .969 .027 135

PAV
Linear 244945 5 .985 .884 .254
Unspecified 26.247 3 797 173916 2 <.001 .989 .105 .102

Unspecified_m 28.483 4 822 133.084 1 <.001 .988 .104 .091

Interest
Linear 199.507 1.247 .766 229
Unspecified 58.089 3 1.069 123.279 2 <.001 .934 .168 157

ol

ACH
Linear 9.185 5 2.615 .986 .036
Unspecified 9.246 3 1496 2.373 2 =.305 .979 .007 .057

Note.SCF = Scaling awection factorPAP = Performancapproach goals. PAV = Performance
avddance goalsACH = math achievement test scdreear = model only included the linear slope

(to account for the different interval duration between measurement points, factogsoaidine

linear slope factor were fixed to 0, 2, 5.5, and 8.5 for T1, T2, T3, and T4, respectively). Unspecified =
model included a nelinear slope (Factor loadings of the slope factor were fixed to 0 and 8.5 for T1
and T4 respectively, whereas factaadings for T2 and T3 were freely estimatédispecified_me

in this model, we fixed the residual variance of the T1 goals factor to zero as the T1 goals factor
showed a slightly negative, naignificant, residual variance in the unspecified model of enast

goals and the model of PAV goals.
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Table Bra.StandardizedRegression Coefficients of the Time Variant Control Variables from
the Mastery Goals Correlated Change SEM in Study 1

— N [9p] <t — N ™ <
> > > > i - i i = N o s
2 085 8 = g g g S T T I I
< < < < E E E E 2 2 & 2
On

PAP T1 .14 2w .00

PAP T2 18w 30w .04

PAP T3 1% 3w .03

PAP T4 -.02 L 11

PAV T1 .22%* .08 .03

PAV T2 24w .08 .04

PAV T3 31w .09 .04

PAV T4 AD¥ 11 -.01

Note.*p < .05. *p < .01. **p < .001.PAP = Performancapproach goals. PAV = Performance
avoidance goals. ACH = math achievement test score.
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Table Brb. StandardizedRegression Coefficients of the Time Variant Control Variables from
the Performancé\pproach Goals Correlated Change SEM in Study 1

— N ™ <t
~ ~ ~ =
al N i s T T 7 7 O
o o o [a 5 5 E E I I T T
g g X X = = £ E T 2 2 2
On
MT1 .08** . 39%** .00
MT2 Q9>+ AT .00
MT3 .02 A47F* .02
M T4 .03 % Rl .08*
PAV T1  .67*** .09** .02
PAV T2 LB9*** \13%* .08*
PAV T3 T4%** . 18*** .08
PAV T4 .81%** L16%** .05

Note.*p < .05. *p < .01. **p < .001.M = mastery goals. PAP = Performaraqgproach goals. PAV

= Performanceavoidance goals. ACH = math achievement test score.
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Tale B7c. StandardizedRegression Coefficients of the Time Variant Control Variables from
the Performancé\voidance Goals Correlated Change SEM in Study 1

— N ™ <
R S - S R =l o -
S
[¢] [¢] (0] (0]
= § & § & & & 2 2% %%
On
MT1 L15%* .38*** .00
M T2 I Rl 45*** .01
M T3 .16%** A 2FE* .03
M T4 14%** .39xH* .07
PAPT1 .62*** 14%** .01
PAPT2 69> 21 .07*
PAPT3 70*** .25%** .07*
PAPT4 .80*** 25%** .08*

Note.*p < .05. *p < .01. **p < .001.M = mastery goals. PAP = Performaraqgproach goals. PAV
= Performanceavoidance goals. ACH = math achievement test score.
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Table BBa.Correlation QGefficients for the Control Variables form the Mastery Goals
Correlated Change SEM in Study 1

— N ™ < i N ™ < : .
A < SR R S S S 3
x ()
: & % & § § § § § § .
With

PAP T2 .68*

PAP T3 .52* .65*

PAP T4 .52* .61* 71*

PAV T1 72* .51* A42* 37*

PAV T2 .56* 75% .56* .48* 67*

PAV T3 A8* S57* 9% .61* .55* 71

PAV T4 A4 .51* .64* .86* A4x .54* 72*

Cog. a. .00 .01 .08* .05 .00 .07 .06 .04

Sex -.14* -.13* -11* -.10* -.15* -.13* -.12* -.07 -.04

P. edu. -.08* -.09* -.04 -.04 -.04 -.08* -.10* -.07 12* .01

Language -.12* -.10* -.09* -.10* -.11* -.10* -.10* -.07* A3 .07 .16*

Note.*p < .05. PAP = Performanegproach goals. PAV = Perfoanceavoidance goals. P. edu. =
parentsé highest educational dGermanenative spjeakarges a g e
1; no = Q. Sex (0 = boys, 1 = girls).
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Table BBb. Correlation Coefficients for the Control Variablesi the Performance

approach Goals Correlated Change SEM in Study 1

— N ™ <t ; .
S p o2 S S S S 3 2
s = s = 5 x & 8 S & Q
With
M T2 .65*
M T3 38  .60*
M T4 35 50*  63*
PAVT1  .32*  26* .24 23
PAVT2  .26*  .40*  .33*  26*  .67*
PAVT3  .20*  .31*  .43* .33  55¢  71*
PAVT4  .19*  .25*  .36*  .46*  .44*  54x  72%
Cog.a. .04 .07 .09 09* .00 .07 .07 .04
Sex -.02 .00 .03 .08 -15%  -13* .12 .07  -04
P. edu. -04  -04 .00 -04  -04  -08 -10* -07 1201
Language -04  -03  -.02 .00 -11  -10*  -10* -07* .13* .07 18*
Note.*p < .05. M = mastery goals. PAV = Performafecey oi dance goal s. P.

educational degreéanguage = language backgrounds@man native speaker yes = 1; no)=3kx

(0 = boys, 1 = girls).
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Table B3c. Correlation Coefficients for the Control Variables form the Performance
avoidance Goals Correlated Change SEM in Study 1

— N ™ <t : .
= & ®» s 3 o o & 5 .3
s = s = 5 & & 8 S & Q
With
M T2 .65*
M T3 38  .60*
M T4 35 50*  63*
PAPT1 .29+ .25+  20*  .18*
PAPT2  .21*  .34*  24*  21* .68
PAPT3  .14*  23*  37* 27+ 52 G5
PAPT4  .16*  .21*  .30*  .36*  .52*  .l1*  .71*
Cog.a. .04 .07 .09 09* .00 .00 .08 .06
Sex -.02 .00 .03 .08 -14% 213 -11* -10* -04
P. edu. -04  -04 .01 -04  -08 -09* -04 -04 1201
Language -04  -03  -.02 .00 -12*  -10* -09*  -10*  .13* .07 A7*
Note.*p < .05. M = mastery goals. PAP = Performaacp pr oach goal s. P. edu.

educational degree. Language = language backgrouBdr(aan native speaker yes = 1;=0). Sex
(0 = boys, 1 = girls).
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Table BD. Fit Indices ofthe Investigated Structural Equation Models in Study 1

Model & df SCF CFI RMSEA
Mastery correlated change SEM 470.692 158 1.062 .924 .052
PAP correlated change SEM 359.893 158 1.032 .967 .041
PAV correlated change SEM 355.175 158 1.054 .968 .041
Goals and Interest REM 198.642 48 1.040 .974 .078
Goals and £H REM 185.944 48 1.083 .972 .075
Goals and Grades REM 191.439 47 1.002 .969 .078

Note.SCF = Scaling correction factd?AP = Performancapproach goals. PAV = Performance
avoidance goalfREM = reciprocal effect model. In the correlated change SEMastery goalsthe

residual variancef the T1 mastery goals factor score was fixed to zero as the T1 factor score showed
a slightly negative, noegignificant, residual variance. In the correlated change SEM of PAP tiaals,
residual variancef the T1 PARjoals factor score was fixed to zero as the T1 factor score showed a
slightly negative, nossignificant, residual variance. In the correlated change SEM of PAV goals,
residual variancef the T4 interest goals factor score was fixed to zero as tfeciot score showed a
slightly negative, nossignificant, residual variance.
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Table BLOa.Regression Coefficients of the REM Including the Achievement Goals and Math
Interest in Study 1

T20onT1 T3onT2 T40onT3
Std. S.E. p Std. S.E. p Std. S.E. p
Estimate Estimate Estimate
Interest on
Mastery A1 .04 =.009 .05 .04 =.234 .02 .04 =.675
PAP .09 .04 =.038 -.06 .07 =.336 -.03 .05 =.585
PAV .01 .04 =.798 13 .08 =.094 .08 .05 =.089
Interest .48 .05 <.001 .56 .04 <.001 .64 .05 <.001
Cog. a. .13 .04 =.002 .04 .03 =.203 .06 .03 =.049
Sex -.03 .04 =.511 -.09 .04 =.035 -.01 .04 =.759
P. edu. .02 .03 = .663 .04 .04 =.328 .00 .03 =.922
Language .01 .04 =.790 .01 .03 =.89 .03 .03 =.281
Mastery on
Mastery 57 .04 <.001 52 .04 <.001 .61 .04 <.001
PAP .00 .05 =.965 -.08 .05 =.124 -.06 .06 =.278
PAV .09 .05 =.078 A7 .06 =.002 A2 .04 =.009
Interest .06 .04 =.135 .07 .03 =.051 -.01 .04 =.758
Cog. a. .04 .03 =.189 .03 .04 =.394 .04 .04 =.337
Sex .06 .05 =.269 .01 .04 =.693 .07 .04 =.114
P. edu. -.01 .05 =.786 .02 .04 =.590 -.04 .04 =.292
Language .00 .03 =.947 -.02 .04 =.643 .05 .03 =.126
PAP on
Mastay -.07 .03 =.040 -.02 .05 =.731 -.02 .04 =.697
PAP 57 .06 <.001 .48 .07 <.001 .58 .05 <.001
PAV .07 .06 =.246 .20 .07 =.002 A1 .07 =.101
Interest .10 .04 =.013 .05 .04 =.270 .09 .05 =.062
Cog. a. .02 .03 =.531 .06 .03 =.045 -.01 .04 =.878
Sex -.02 .04 =.672 -.01 .03 =.703 .01 .03 =.735
P. edu. -.04 .04 =.221 .01 .03 =.719 -.01 .02 =.816
Language -.06 .04 =.165 .02 .04 =.647 -.06 .03 =.043
PAV on
Mastery .00 .04 =.915 -.01 .04 =.784 .05 .04 =.237
PAP 12 .05 =.011 .00 .05 =.956 .18 .06 =.003
PAV .53 .05 <.001 .69 .06 <.001 .52 .06 <.001
Interest .05 .03 =.116 .07 .03 =.022 .06 .04 =.099
Cog. a. .10 .03 <.001 .02 .03 =.396 -.03 .04 =.481
Sex -.01 .04 =.796 -.03 .03 =.264 .03 .04 =.370
P. edu. -.04 .04 =.295 -.05 .03 =.057 .00 .03 =.905
Language -.05 .03 =.037 -.05 .04 =.181 -.01 .02 =.681
Note.PAP = Performaneapproach goals. PAV = Performar@eoidance goal€og. a. = cognitive
abiity Pedu. = parentso highest educational degree.
variable (cognitive ability, sex, parentsdé highe

gathered at T1.
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Table BLOb.Regression Coefficients of tR&EM Including the Achievement Goals and Math
Achievement Test Score in Study 1

Appendix B

T20onT1 T3onT2 T40onT3
Std. S.E. P Std. S.E. p Std. S.E. p
Estimate Estimate Estimate
ACH on
Mastery .04 .03 =.209 .07 .05 =.161 .07 .04 =.102
PAP .02 .05 =.729 .00 .05 =.969 .08 .06 =.173
PAV -.04 .06 =.490 .03 .07 =.660 -12 .07 =.112
ACH .38 .05 <.001 .36 .06 <.001 .49 .06 <.001
Cog. a. .23 .05 <.001 .26 .05 <.001 .22 .06 <.001
Sex -11 .06 =.049 -.07 .06 =.186 -.06 .04 =.156
P. edu. .03 .04 =.498 .02 .04 =.578 .04 .04 =.333
Language .01 .04 =.714 .03 .04 =.506 .00 .04 =.958
Mastery on
Mastery .59 .04 <.001 .55 .03 <.001 .60 .03 <.001
PAP .01 .05 =.824 -.06 .05 =.207 -.07 .05 =.207
PAV .08 .05 =.091 A7 .06 =.002 A2 .05 =.010
ACH A1 .05 =.023 -.02 .05 =.668 .02 .04 =.607
Cog. a. -.01 .05 =.839 .05 .05 =.288 .03 .05 =.521
Sex .06 .06 =.261 .00 .04 =.979 .07 .04 =.086
P. edu. -.01 .04 =.276 .03 .04 =.550 -.04 .04 =.284
Language -.01 .03 =.847 -.01 .04 =.715 .05 .03 =.140
PAP on
Mastery -.02 .02 =.465 .01 .03 =.779 .02 .03 =.480
PAP .58 .06 <.001 49 .05 <.001 .59 .05 <.001
PAV .07 .06 =.285 .20 .07 =.002 A1 .07 =.104
ACH .06 .05 =.200 -.04 .03 =.252 .02 .04 =.608
Cog. a. -.01 .04 =.846 .08 .03 =.012 -.01 .04 =.823
Sex -.03 .05 =.504 -.03 .03 =.443 .00 .03 =.989
P. edu. -.04 .03 =.247 .01 .03 =.660 .00 .03 =.934
Language -.06 .04 =.160 .02 .04 =.566 -.05 .03 =.052
PAV on
Mastery .03 .03 =.440 .03 .03 =.373 .08 .04 =.030
PAP .13 .05 =.006 .02 .05 =777 19 .06 <.001
PAV .53 .05 <.001 .69 .06 <.001 .53 .06 <.001
ACH .05 .05 =.270 -.05 .03 =.109 .03 .04 =.516
Cog. a. .07 .03 =.031 .05 .03 =.077 -.03 .04 =.411
Sex -.01 .05 =.757 -.05 .03 =.090 .03 .04 =.488
P. edu. -.04 .04 =.330 -.05 .03 =.059 .00 .03 =.965
Language -.06 .03 =.028 -.04 .03 =.206 -.01 .02 =.709
Note.PAP = Perfamanceapproach goals. PAV = Performar@eoidance goal€og. a. = cognitive
ability. P. edu. = parentsdé highest educati
variable (cognitive ability, s guagebalgmowund) tvaso

gathered at T1.
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Table BLOc.Regression Coefficients of the REM Including the Achievement Goals and Math

Grades in Study 1

T20onT1 T3onT2 T40onT3
Std. S.E. p Std. S.E. p Std. S.E. p
Estimate Estimate Estimate
Grades on
Mastery - - - A2 .04 =.005 .03 .03 =.378
PAP - - - -.02 .07 =.814 .05 .06 =.434
PAV - - - -.06 .08 =.453 -.02 .06 =.708
Grades - - - .68 .05 <.001 .62 .06 <.001
Cog. a. - - - .16 .06 =.011 .16 .04 <.001
Sex - - - .06 .05 =.225 -.01 .04 =.880
P. edu. - - - .08 .05 =.079 -.02 .04 =.610
Language - - - .03 .05 = .556 .02 .05 =.744
Mastery on
Mastery .59 .04 <.001 .55 .03 <.001 .59 .03 <.001
PAP .01 .05 =.924 -.07 .05 =.162 -.07 .05 =.217
PAV .09 .05 =.081 .18 .06 =.002 A2 .05 =.019
Grades - - - .02 .04 =.640 15 .06 =.014
Cog. a. .02 .04 =.556 .03 .04 =.385 -.01 .05 =.870
Sex .05 .06 =.343 .01 .04 =.869 .07 .04 =.067
P. edu. -.02 .05 =.740 .02 .04 =.570 -.06 .04 =.106
Language .00 .03 =.909 -.02 .04 =.688 .04 .03 =.164
PAP on
Mastery -.02 .02 =.531 .01 .04 =.784 .02 .03 =.601
PAP .58 .06 <.001 49 .06 <.001 .59 .05 <.001
PAV .07 .06 =.265 .20 .07 =.002 A1 .07 =.116
Grades - - - -.02 .04 =.551 .10 .04 =.013
Cog. a. .01 .04 =.756 .07 .04 =.036 -.03 .04 =.418
Sex -.04 .05 =.416 -.02 .03 =.484 .00 .03 =.912
P. edu. -.04 .03 =.194 .01 .03 =.642 -.01 .02 =.600
Language -.06 .04 =.191 .02 .04 =.598 -.06 .03 =.026
PAV on
Mastery .03 .03 =.392 .02 .03 =.446 .07 .03 =.038
PAP .13 .05 =.007 .01 .06 = .865 19 .06 <.001
PAV .53 .05 <.001 .69 .06 <.001 .52 .07 <.001
Grades - - - .01 .05 =772 .09 .04 =.033
Cog. a .10 .03 =.002 .03 .03 =.402 -.05 .04 =.185
Sex -.02 .05 =.612 -.04 .03 =.139 .02 .03 =.530
P. edu. -.04 .04 =.302 -.05 .03 =.056 -.01 .03 = .666
Language -.05 .03 =.044 -.05 .03 =.188 -.01 .02 =.576
Note.PAP = Performanceapproactygoals. PAV = Performaneavoidance goal€og. a. = cognitive
ability. P. edu. = parentsdé highest educati
variable (cognitive ability, sex, parndmwassd

gathered at T1.
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Table BL1.Cr o n b a c htlasnh dA IMcHDa n a by Bydvieasemend Roint as well as
Item Wording of the Scales in Study 2
Math scales T1 T2 T3 T4

766 777 774 .728
= .761 .791 .780 .726

Mastery goals U
¥

| t e min Mathenfatik strenge ich mich an, weil ich in diesem
Fach etwas kbnnen méchie. ( il N mat h ¢omaad i
mastery. 0)

| t e nin Mathe tde ich etwas, weil ich Uber Mathematik mehi

wissenmochté( il wor k f or mat hemat

more about it.fi)

Il tem 3: AWenn ich mich mit N

ich mich voll auf das Loseredr Auf gaWeaenol s

concentrate fully on solving

Performance-approach goals U= .814 .794 .837 .809
ltem 1: Al n Mathe versuche i y=.811 .748 .819 .809
anderen Sch¢l el Schgl empanta

in

mat h cl ass coimpared to other

I t em 2 : e fiir Mathie, weiléch zu den Besten gehdren
mech¢@el ostudy for math becau
the class. 0)

ltem 3: ilch tue etwas fg¢r N
intelligente(rAlbimmakae sa na nedfeflroe

want to demonstrate that | a

Performance-avoidance goals U= .789 .769 .742 .720
ltem 1: Al n Mat hemati k streny=.792 .777 .848 .733
ver sagen( fim° crhalke 6an ef fort i

to fail. o)

ltem 2: il ch | er neichHtvwranderant h e

bl amiereffimeshuedyof or math

embarrass myself in front of

l'tem 3: ilch tue etwas fg¢r N

Sch¢lern gelffiltemam®claneedf or

donontt wao be one of the stud
Interest U= .823 .807 .817 .792
¥

ltem 1: AF¢sgr Mat he interessi = .832 .812 .747 .747
mat h. i)
ltem 2: iDer Mat heunterricht

|l essons are fun. f)

I t e nOftdin ichfhach dem Unterricht schonuggerig auf die
nachste Math&tunded( A Af t er a math cl a
about what we are going to d
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Table BL2. Missings on the Investigated Variables in Study 2

T1 T2 T3 T4
Mastery goals 406 400 433 450
PAP goals 406 396 428 441
PAV goals 406 399 430 447
Interest 406 397 427 441
Grades - 410 435 460
Cognitive ability 476 - - -
Parent education 944 - - -
Language background 338 - - -
Missings on all variable: 227 391 409 433

Appendix B

Note.PAP = performancapproach. PAV = performanaoidanceACH = math achievement test

score. Grades = grades in math.
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Table BL3. Statistics for Attrition Analysis in Study 2

Dropped out Joined later Participated a1 d d d

(group 1) (group 2) and T4 (group 3) Av.2) (1v.3) (2v.3)

n M SD n M SD n M SD
MT1 298 3.94 .90 - - - 716 3.94 0.87 - -.01 -
M T2 307 3.68 .96 3 433 .33 710 3.81 0.89 - -.14 -
M T3 276 3.53 99 21 359 .83 690 3.60 0.95 -.06 -.07 -.01
M T4 - - - 150 3.13 .86 820 3.18 0.90 - - -.05
PAP T1 298 282 121 - - - 716 265 1.16 - .14 -
PAP T2 308 260 1.12 3 244 51 713 255 1.09 - .05 -
PAP T3 278 261 116 21 281 1.23 693 250 1.15 -17 .10 .26
PAP T4 - - - 153 234 1.05 826 226 0.99 - - .08
PAV T1 298 347 1.10 - - - 716 3.33 112 - 12 -
PAV T2 308 3.28 1.07 3 333 .88 710 3.25 1.08 - .02 -
PAV T3 278 3.09 107 21 279 1.06 691 3.01 1.04 .27 .07 -.21
PAV T4 - - - 151 271 97 822 2.83 0.97 - - -.12
Int. T1 298 3.61 1.02 - - - 716 3.60 1.06 - .00 -
Int. T2 308 3.21 1.05 3 311 77 712 3.35 1.04 - -.14 -
Int. T3 279 3.14 106 21 325 116 693 3.20 1.05 -.10 -.06 .05
Int. T4 - - - 153 2.66 1.03 826 271 0.99 - - -.05
Grades T2 300 4.61 .93 3 5.00 .00 707 495 0.66 - -.43 -
Grades T3 270 403 101 21 429 1.01 694 435 0.91 -.25 -.33 -.07
Grades T4 - - - 141 418 1.29 819 440 1.13 - - -.18
Cog. a. 267 105.04 10.94 - - - 677 109.05 11.07 - -.36 -
Sex 422 .39 49 149 046 .50 834 52 0.50 -.14 -.26 -12
P. edu. 52 4.62 97 - - - 424 444 1.10 - A7 -
Language b. 319 .82 .39 - - - 763 .89 0.32 - -.20 -

Note. M = Mastery goals. PAP = Performarapproach goals. PAV = Performar@eoidance goals.
INT = Interest in math. Grades = grades in math. Cog. a. = cognitive gbilis c or e . P. edu.

highest educational degree. Language b. = language background. Sex: 0 = boys, d=gifSo hen & s
d. C o dwas doscalculated if one group contained less than 10 students.
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Table BL4. Model Fit of the Confirmatorfractor-Analyses of the Achievement Goal Scales in
Study 2 by Measurement Point

Model (e df SCF p CFl RMSEA
T1: Onefactor 673.502 27 1.360 <.001 .777 154
T1: Twofactor 399.534 26 1.270 <.001 .871 119
T1: Threefactor 251.425 24 1.175 <.001 .921 .097
T2: Onefactor 777.079 27 1.258 <.001 .745 .165
T2: Two-factor 482.308 26 1.248 <.001 .845 131
T2: Threefactor 272.590 24 1.147 <.001 .915 101
T3: Onefactor 679.350 27 1.312 <.001 .753 .156
T3: Twofactor 307.828 26 1.294 <.001 .893 .104

T3: Threefactor 175.529 24 1.263 <.001 .943 .080

T4: Onefactor 601.501 27 1.287 <.001 .734 .148

T4: Twofactor 385.581 26 1.328 <.001 .833 119

T4: Threefactor 206.597 24 1.252 <.001 .915 .088
Note.SCF = Scaling correction fact@nefactor = all 9 achievement goal items are loading on one
factor. Twafactor = the masteryaal items are loading on one facwhile the PAP and PAV goal
items are loading on a second factor. THeaor = mastery, PAP, and PAV goal items are loading on
3 separate factors.
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Table BL5. Results for the Tests of Measur@mi@variance over Time for the Scales
Assessing Mastery, PAP goals, PAV goals, and Math Interest in Study 2

Model & df SCF (e0]ca pdf  op CFI o CF RMSEA
Mastery goals

Configural 26.135 30 1.188 1 0
Metric 34.617 36 1.193 34.617 6 =209 1 0 0
Scalar 95551 42 1.167 95551 6 <.001 .983 .017 .030

Partial scalar 65.686 41 1161 65.686 5 <.001 .992 .008 021

PAP goals

Configural 38.410 30 1.307 .998 .014
Metric 46.865 36 1.279 8550 6 =201 .997 .001 .015
Scalar 121.466 42  1.263 80.097 6 <.001 .981 .016 .037

Partial scalar 68.779 41 1259 23.813 5 <.001 .993 .004 .022

PAV goals

Configural 27.486 30 1.074 1 0
Metric 74.678 36 1.051 52.088 6 <.001 .988 .012 .028
Partial metric 50.385 35 1.060 24.476 5 <.001 .995 .005 .018
Scalar 113.047 41 1.068 60.319 6 <001 .978 .017 .035
Partial scalar 84.805 39 1.0517 36.409 4 <.001 .986 .009 .029
Interest

Configural 77.376 30 1.170 .988 .033
Metric 115.229 36 1.170 37.796 6 <.001 .980 .008 .039
Scalar 290.395 42 1.276 12344 6 <.001 .938 .042 .065

Partial scalar 157.461 41 1.218 36.445 5 <.001 .071 .009 .045

Note.SCF = Scaling correction factd?AP = Performancapproach goals. PAV = Performance
avoidance goaldastery partial scalar = the intercept of item 1 was set free at T1. PAP partial scalar
= the intercept of item 2 was set free at T4. R#sitial metric = the factor loading of item 2 was set

free at T1. PAV partial scalar = the intercepts of item 1 and item 2 were set free at T4. Interest partial
scalar = the intercept of item 3 at T2 was set free.
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Table BL6. Fit Indicesof theLatent Growth Curve Models in Study 2.

Model & df SCF P& mpd f  omp CFl pCF RMSEA
Mastery

Linear 126.421 5 1573 .926 131
Unspecified 97993 3 1186 38.375 2 <.001 .942 .016 150
PAP

Linear 177.803 5 1.264 941 157
Unspecified 192.744 3 970 22159 2 <.001 .936 .005 212

Unspecified_m 185578 4 1.013 16.205 1 <.001 .938 .003 .180
PAV

Linear 78.433 5 1.254 .968 102
Unspecified 35296 3 1.366 46.170 2 <.001 .986 .018 .087
Interest

Linear 63.848 5 2.119 .962 .091
Unspedfied 86.685 3 1.340 5821 2 =.054 .947 .015 141

Note.SCF = Scaling correction factd?AP = Performancapproach goals. PAV = Performance
avoidance goald.inear = model only includes the linear slope. Quadratic = model includes a linear
and a quadrat slope.Unspecified_m in this model, we fixed the residual variance of the T4 PAP
goals factor to zero as the T4 PAP goals factor showed a slightly negative residual variance in the
unspecified model of PAP goals.
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Table Bl7a.StandardizedRegression Coefficients of the Time Variant Control Variables
from the Mastery Goals Correlated Change SEM in Study 2

- B~
> > > > 4 4 4 4
g § g & % % & 3
3 3 3 3 2 2 g g
= = = = £ £ £ £
On
PAP T1  .21%* 240k
PAP T2 22%%% 28k
PAP T3 i 28rx*
PAP T4 32wxx 35rxk
PAV T1  .35%* .08**
PAV T2 33mrx Q7
PAV T3 290 07
PAV T4 25H** .01
Note.*p < .05. *p < .01. ** p< .001.PAP = Performancapproach goals. PAV = Performance
avoidance goal s. P. edu. = parentsd highest educ
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Table BL7b.StandardizedRegression Coefficients of the Time Variant Control Variables
from the Performare-Approach Goals Correlated Change SEM in Study 2

T T -
- = - N % 7 B 7
o o o o o o o o
= = & & g 3} 3} o)
C C C C
On
MT1 I Rl 5Q*xx
MT2 L16*** .B66***
M T3 .18*** LB3***
M T4 25%*x .64 *x**
PAV T1  .39%** -.07*
PAV T2 L, 39%** -.07**
PAV T3 40%** -.06**
PAV T4 37F* -.08**

Note.*p < .05. *p < .01. **p < .001.M = Mastery goals. PAP = Performaragproach goals. PAV
= Performancevoidance goals.
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Table BL7c.StandardizedRegression Coefficients of the Time Variant Control Variables
from the Performancévoidance Goals Correlated Change SEM in Study 2

— N ™ <
|— ~ - ~
= = P N g g g g
> > > > 5 S S 5
Q <] <] Q
g g g g = = = E
On
MTL  .25% 53
M T2 28 59
M T3 23w g
M T4 20%%* 56+
PAPTL .44+ 09
PAP T2 40 A1
PAP T3 48 0%+
PAP T4 42 120

Note.*p < .05. *p < .01. **p < .001.M = Mastery goals. PAP = Performaragproach goals. PAV
= Performancevoidance goals.
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Table BL8a.Correlation Coefficients for the Control Variables form the Mastery Goals
Correlated Change SEM atudy 2

<

— N o™ i N ™ < : .
A < SR R S S S 3
x ()
: & % & § § § § § § .
With

PAP T2 .88*

PAP T3 73 .86*

PAP T4 .52* .64* .65*

PAV T1 .59* .53* A5* 27*

PAV T2 .53* .55* AT* .29* 87*

PAV T3 AT .51* .58* .36* 3% 73*

PAV T4 .31 .34* .35*% .51* A49* A49* .65*

Cog. a. -.06 -.04 -.04 .00 -.10* -11* =11 -.08*

Sex -.25% -.25% -.21* -.18* -.08* -.04 -.02 .01 .01

P. edu. -.12* -.14* -.14* -.09* -.08 -.08* -.08 -.06 .00 -.06*

Language -.12* -.10* -.07* -.04 -.06 -.04 -.03 -.01 A1 -.04 -.04

Note.*p < .05. PAP = Performanegproach goals. PAV = Performar@eoidance goals. P. edu. =
parentsd highest e dulanguage backgrbund@emanaative speakargesa g e
1; no = Q. Sex (0 = boys, 1 = girls).
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Table BL8b.Correlation Coefficients for the Control Variables form the Performance

Approach Goals Correlated Change SEM in Study 2

- N ™ <
— ~ [ [
> P > > = N ™ S ; :
g 2 2 2 S S 5 5 g g
x (]
s £ £ £ § ¥ ¥ § 8§ &
With
M T2 .80*
M T3 63*  73*
M T4 A7 B56*  61*
PAVTL  46*  .41* 31 23
PAVT2  .43* 48 .33  24*  87*
PAVT3  .33*  .35*  40* .28  .73* 73
PAVT4  22*  22*r  23* 38  49* 49 65
Cog.a. -.01 .00 .05 .06 -10*  -11*  -10*  -.08
Sex -11*  -09* -06  -11* -08 -04  -02 .01 .01
P. edu. -15%  -14*  -15*  -08 = -13*  -13* -15¢  -11* .02 -.07
Language -.08*  -.05 .03 .03 -06*  -04 -03 -01 A1*  -04  -04
Note.*p < .05. M = Mastery goals. PAV = Performareer o0 i dance goal s. P.

educational degree. Language = language backgrouidr(aan ntive speaker yes = 1; no 3.(Bex

(0 = boys, 1 = girls).
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Table BL8c.Correlation Coefficients for the Control Variables form the Performance
Avoidance Goals Correlated Change SEM in Study 2

— N [a2] <
— [ [ ~
> > > > = N i N : ;
& o [ o - - - - “‘. 3
¢ ¢ ¢ & % §¥ & % 8 3 °¢G
= = = = [a B [a [a [a @) [92] [a
With

M T2 .80*

M T3 .63* 73

M T4 AT .56* .61*

PAP T1 Al .38* .28* .26*

PAPT2  .39%  .43* .34  32* 88

PAPT3  .33* .38  .43* 34+ 73" 86"

PAP T4 .22* 27* 27 AT .52* .64* .65*

Cog. a. -.02 .00 .05 .06 -.07* -.05 -.04 .00

Sex -11* -.09* -.06 -11* -.25% -.25% .21* .18* .01

P. edu. -12 -.09 -.10 -.03 -.13* -.15* -.14* -.09* .00 -.05

Langwge -.07* -.04 .03 .03 -.12* -.10* -.07* -.04 A1 -.04 -.04

Note.*p < .05. M = Mastery goals. PAP = Performatace pr oach goal s. P. edu.
educational degree. Language = language backgrouidr(aan native speaker yes = 1; n0)=3kx
(0 = boys, 1 = girls).
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Table BL9. Fit Indices ofthe Investigated Structural Equation Models in Study 2

Model & df SCF CFI RMSEA
Mastery correlated change SEM 869.291 96 1.205 .910 .076
PAP correlated change SEM 696.925 98 1.224 .942 .066
PAV correlated change SEM 411.966 96 1.242 .967 .048
Goals and Interest REM 346.086 48 1.278 .981 .066
Goals and Grades REM 349.700 43 1.134 .976 .071

Note.SCF = Scaling correction factd?AP = Performancapproach goals

avoidance goalfREM = reciprocal effect model.

. PAV = Performance
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Table B20a.Regression Coefficients of the Crédagged Structural Equation Models
Including the Achievement Goals and Math Interest in Study 2

T20onT1 T3onT2 T40onT3
Std. S.E. p Std. S.E. p Std. S.E. p
Estimate Estimate Estimate
Interest on
Mastery .06 .02 =.005 .06 .03 =.084 .02 .03 =.601
PAP .05 .02 =.005 .03 .03 =.316 .06 .03 =.040
PAV -.03 .02 =.154 -.04 .02 =.062 -.03 .03 =.377
Interest .80 .02 <.001 71 .03 <.001 .64 .03 <.001
Cog. a. .03 .02 =.111 .03 .02 =.252 .03 .02 =.156
Sex .02 .01 =.179 -.02 .02 =.441 -.05 .03 =.051
P. edu. -.01 .02 =.763 -.03 .04 = .453 .06 .04 =.147
Language .02 .01 =.101 .05 .02 =.026 -.02 .02 =.298
Mastery on
Mastery 71 .03 <.001 .65 .03 <.001 49 .04 <.001
PAP .04 .02 =.028 .05 .03 =.055 .07 .03 =.019
PAV .05 .02 =.041 -.03 .03 =.308 .02 .03 =.468
Interest .09 .03 <.001 .10 .04 =.003 13 .03 <.001
Cog. a. .01 .02 =.514 .03 .03 =.317 .02 .03 =.618
Sex .02 .02 =.379 .01 .02 =.566 -.04 .03 =.121
P. edu. .04 .03 =.225 -.06 .04 =.115 .05 .05 =.316
Language .02 .02 =.263 .05 .02 =.047 .01 .03 =.634
PAP on
Mastery .02 .01 =.143 .01 .02 =.564 -.03 .03 =.346
PAP .85 .01 <.001 .85 .02 <.001 .65 .03 <.001
PAV .01 .02 =.589 -.01 .03 =.687 -.01 .03 =.843
Interest .01 .02 =.582 .01 .02 =.494 .04 .04 =.291
Cog. a. .01 .02 =.430 -.01 .02 =.606 .02 .02 =.243
Sex -.03 .01 =.024 .00 .02 =.997 -.04 .02 =.070
P. edu. -.02 .02 =.449 -.02 .03 =.417 .01 .03 =.838
Language .00 .01 =.848 .02 .02 =.285 -.01 .03 =.859
PAV on
Mastery .02 .02 =.239 .00 .03 =.904 -.03 .03 =.433
PAP .03 .02 =.131 .18 .03 <.001 -.02 .03 =.503
PAV .84 .02 <.001 .65 .02 <.001 .67 .02 <.001
Interest .01 .02 =.626 -.06 .03 =.039 -.01 .04 =.729
Cog. a. -.03 .01 =.050 -.02 .02 =.367 -.01 .02 =.545
Sex .04 .02 =.011 .04 .02 =.070 .02 .03 =.592
P. edu. .04 .03 =.289 -.01 .05 =.759 -.02 .03 =.566
Language .02 .02 =.157 .02 .02 =.364 -.01 .02 =.752
Note.PAP = Performaneapproach goals. PAV = Performar@eoidance goal€og. a. = cognive
ability. P. edu. = parentsé highest educational
variable (cognitive ability, sex, Parentsodo highe

gathered at T1.
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Table B0b.Regression Coé€ients of the Croskagged Structural Equation Models
Including the Achievement Goals and Math Grades in Study 2

T20onT1 T3onT2 T40onT3
Std. S.E. P Std. S.E. p Std. S.E. p
Estimate Estimate Estimate
Grades on
Mastery - - - 14 .03 <.001 .10 .03 <.001
PAP - - - .03 .03 =.425 -.04 .04 =.317
PAV - - - -.05 .03 =.087 -.04 .04 =.213
Grades - - - .36 .04 <.001 45 .04 <.001
Cog. a. - - - .30 .03 <.001 12 .04 =.002
Sex - - - -.01 .03 = .865 .07 .03 =.012
P.edu. - - - .05 .05 =.287 .04 .05 =.367
Language - - - .04 .04 =.335 -.05 .04 =.180
Mastery on
Mastery g7 .02 <.001 72 .02 <.001 .56 .03 <.001
PAP .05 .02 =.008 .06 .03 =.014 .08 .03 =.007
PAV .03 .02 =.126 -.04 .02 =.070 .01 .03 =.674
Grades - - - .00 .03 =.978 .07 .02 <.001
Cog. a. .02 .02 =.355 .04 .03 =.189 .01 .03 = .866
Sex .02 .02 = .474 .01 .02 =.591 -.05 .03 =.098
P. edu. .04 .03 =.258 -.06 .04 =.111 .04 .05 =.440
Language .02 .02 =.195 .05 .02 =.032 .01 .03 =.634
PAP on
Mastery .03 .02 =.100 .02 .02 =.142 -.01 .03 =.600
PAP .85 .01 <.001 .86 .02 <.001 .65 .03 <.001
PAV .01 .02 = .567 -.01 .03 =.570 .00 .03 =.904
Grades - - - -.01 .01 =.391 .05 .02 =.011
Cog. a. .01 .01 =.453 -.01 .02 =.773 .01 .02 =.694
Sex -.03 .01 =.020 .00 .02 =.977 -.04 .02 =.058
P. edu. -.02 .02 =.503 -.02 .03 =.550 .00 .03 =.857
Language .00 .01 =.880 .02 .02 =.223 -.01 .03 =.768
PAV on
Mastery .03 .02 =.074 -.03 .02 =.143 -.03 .03 =.249
PAP .03 .02 =.099 A7 .03 <.001 -.02 .03 =.559
PAV .84 .02 <.001 .65 .02 <.001 .66 .02 <.001
Grades - - - -.03 .02 =.131 -.04 .02 =.048
Cog. a. -.03 .01 =.034 -.02 .02 =.509 .01 .03 =.678
Sex .04 .02 =.011 .04 .02 =.073 .02 .03 =.586
P. edu. .03 .03 =.335 -.01 .05 =.824 -.02 .03 =.597
Language .02 .02 =.151 .02 .02 =.359 .01 .02 =.744
Note.PAP = Performaneapproach goals. PAV = Performar@eoidance gda. Cog. a. = cognitive
ability. P. edu. = parentsdé highest educati
variable (cognitive ability, sex, Parentso

gathered at T1.
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Sysematic search for metanalyses that investigated the relations of achievement goals
and academic interest or academic achievement.

Search strategy 1Database PsycINFO keyword search.

Search string(goal(s) orientatiorODRachievement goal(pRperformance goal(sPR
mastery goal(sPRperformanceavoidanceODRperformanceapproachAND(meta-
analysis)n (peer reviewed journals in English language) + 35 articles

Search strategy ZKeyword search in relevant journals.

Search string a: (Tit@Rabstract seach: goal(s) orientatiorORachievement goal(pR
performance goal(SpRmastery goal(spPRperformanceavoidanceORperformance
approachAND(meta-analysis)n (peer reviewed journals in English langupige
(Psychological Bulleti®@REducational ReseardkeviewOREducational Psychology
ReviewORPLOS ONBRReview of Educational ReseamtPersonality and Social
Psychology Review) + 13 articles

[ Overlap between the search strategies - 4

= 44 article$

Inclusion and exclusion criteriaf articles
(a) Not a metaandysis - 5 articles
(b) No achievement goal measures in an academic setting or no relations with acade- 22 articles
achievement and/or academic interest investigated

(c) Experimental manipulation of the achievement goals - 6
(d) No students from secondary or middle scheotre consiered -2
[=_9 article}

Figure BL. Search process of the metaalyses that are reported in Table 1.
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Systematic search for metanalyses that investigated the relations of the separate actaevent
goal constructs among each other and to academic achievement or academic interest.

Search strategy 1Database PsycINFO keyword seaB#march string(goal(s) orientation
or achievement goal(SpRperformance goal()r mastery goal(sPRperformarce-
avoidanceORperformanceapproach AND(longitudinalORadolescent developme®@R
childhood developmer®Rsecondary scho@Rmiddle schooDRhigh schoglAND
(academic achievememir valuesor motivationor interes in (peer reviewed journals in| + 588articles
Endish languagg

|Search strategy ZReferences from the Scherrer and Preckel (2018) raatdysis + 20articles

Overlap between the search strateqiels - 14 articles

= 594 article$

Inclusion and exclusion criteriaf articles(several exclusion criteria per article poss)blg

(a) No achievenent goal measure related to school in 99articles

(b) No dependent variable (i.e., measures of achievement and interest) in 46 articles

(c)No relation of achievement goals and the dependent variables are reported in 30 articles

(d) Experimental manipulation or not a longitudinal study in330 articles

(e) The samm@ comprises no middle school or high school students in 73 articles
|Articles that do not meet inclusion or exclusion criteria | - 578 articles
|Articles that meet all inclusion and exclusion criteria ||: 16 articlesl

Figure B2. Search process of the longitudinal articles that are reported in Table 2.
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o Interest
LT\ intercept
..... : H All latent intercepts,
: H H H latent slopes, and the
grades difference

score correlate with
each other.

ACH test
intercept

All Time invariant PAP N\ __—: 1 T,
control variables intercept

predict all latent

intercepts, all

latent slopes,

and the grades
difference score.

language

Time variant control variables
predict interest, achievement
test scores, and mastery goals at
the respective time point.

All time invariant and all time variant control variables correlate with each other.

Figure B3. Correlatd change of PAP goals, interest, achievement test scores, and grades controlled

for studentsd cognitive ability, sex, parents®é h
time invariant predictors and for mastery and PAV goals as time var&ditiors in Study IM =
masterygoalsCog. a. = cognitive ability. P. edu. = par
language backgroundCH = math achievement test score. Grades diff. score = latent change score

for grades in mathCorrelatiors are depicted as continuous lines. Regression paths are depicted as

dotted lines.
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o ’ Interest
LT\ intercept

All latent intercepts,
latent slopes, and the
grades difference
score correlate with
each other.

ACH test
intercept

All Time invariant
control variables

predict all latent I
intercepts, all 5 -
latent slopes, o

! P. edu.

and the grades
difference score. Language

Time variant control variables
predict interest, achievement
test scores, and mastery goals at
the respective time point.

All time invariant and all time variant control variables correlate with each other.

Figure B4. Correlated change of PAV goals, interest, achievement test scores, and grades controlling

for studentsdé cognitive omnddeyreetand langiaye hackgraumdeasit s 6 h
time invariant predictors and for mastery and PAP goals as time variant predictors in $Sfiudy 1.
masterygoalsCog. a. = cognitive ability. P. edu. = par
language backgund.ACH = math achievement test score. Grades diff. score = latent change score

for grades in mathCorrelations are depicted as continuous lines. Regression paths are depicted as

dotted lines.
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Figure Bb. Reciprocal effect model of mastery, PARd PAV goals and interest controlling for
cognitive ability, sex, and par entappboachgogihest edu
PAV = performancewvoidancegoal€og. a. = cognitive ability. P.
educational degree.
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Development in Achievement Test Scores
Study 1n= 745

/

-2

T1 T2 T3 T4

Figure B6. Developmental trajectory of achievement test scores basgerson parameters
estimated by weighted maximum likelihood estimatio&tudy 1.
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Frecuency Frequencygtf rgasltery slopes
150 (Study 1)
100 M|
50
Slope
0 . . . . . . . . .
-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
Frecuency Frequencsy o; P?P slopes
— (Study 1)
100 ]
50
Slope
0 T T 1 T T T

-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

Frecuency Frequency of PAV slopes
100 (Study 1)
50
Slope
0 ! ! ' T T = T T
05 04 -03 -02 01 0 0.1 0.2 0.3 0.4 0.5
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Frecuency Frequency of interest slopes
100 (Study 1)
50
Slope
0 . . . . . . . .
0.5 0.4 0.3 0.2 0.1 0 0.1 0.2 0.3 0.4 0.5
Frecuency Frequency of achievement test scores slopes
(Study 1)
150
100
50
Slope
0 . . . . . . ' . .
0.5 0.4 0.3 0.2 0.1 0 0.1 0.2 0.3 0.4 0.5

Figure B7. Frequencies of achievement goal, interest, and achiexaast score slopes in Study 1.
All slopes were taken from unconditional latent growth curve models. PAP = perforapgmaach
goals. PAV = performaneavoidance goals.
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Frecuency Frequency of mastery slopes
200 (Study 2)

150
100

50

Slope

-1 -0.75 -0.5 -0.25 0 0.25 0.5

Frecuency Frequency of PAP slopes
200 (Study 2)

150
100

50

Slope

-1 -0.75 -0.5 -0.25 0 0.25 0.5

Frecuency Frequency of PAV slopes
200 (Study 2)

150
100

50

Slope

-1 -0.75 -0.5 -0.25 0 0.25 0.5
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Frecuency
250

(Study 2)
200 |
150 —

100

50

Frequency of interest slopes

Appendix B

Slope

-1 -0.75 -0.5 -0.25

0 0.25

0.5

Figure B3. Frequencies of achievement goal and interest slopes in Sthdystery and PAV slopes
were taken from unconditional latent growth curve models. PAP goals and interest slopes were taken
from linear latent growth curve models. PAP = performaaqmeroach goals. PAV = performance

avoidance goals.
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Propensity Score Matching

We estimated a propensity score (PS) for each student by boosted regression
(McCaffrey, Ridgeway, & Morral, 2004) usirige Twang Package by Ridgeway, McCaffrey,

Morral, Burgette, and Griffin (2012) in the statistical program R.ARS def i ned as i
conditional probability of assignment to a particular treatment given a vector of observed
covariateso (Rosenbaum & Rubin, 1983, p. 41)
attending a gifted class.

Boosted regression is a datdaptve and nonparametric approach that recursively
partitions the data for each covariate. The boosted regression algorithm first partitions the
dataset into two regions on the basis of oneofitalue of a single covariate, then divides
each of the partitios into two further sections on the basis of anotheoffutalue of this
covariate or on the basis of one further covariate and so on until the boosted regression
includes the allowed number of partitioddoCaffrey, Ridgeway, & Morral, 2004Each
partition allows for additional interactions between variables and the algorithm initially
selects partitions that provide the most information about the treatment assignment. An
advantage of the boosted regression approach is that it uses the correct fuloctiofaa
each covariate (i.e., categorical, ordinal, or continuous forms). Furthermore, it automatically
takes into account interactions, thmgay interactions, and missing values for all covariates
included in the PS estimation (Stone & Tang, 2013).

As covariates, we used studentsodé | Q, age,
(either mother or father), school attended by the student, math achievement, reading speed,
reading comprehension, general ASC, math ASC, verbal (German) ASC, and need for
cognition (NFC) assessed at the first wave of measurement. The covariates were significantly

related to the treatment variable:
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Covariate n Relation with  Description of measure
class type
1Q 887 r=.597* Cognitive Ability Test for Grades 4 to 1KFT 4-12+R; Heller &

Perleth, 2000) described in main text.
Student 907 r=-354* Age in months.

Math 850 r=.468** Standardized achievement test Version 1 (Authors, 2013a, 201
achievement described in main text.
Reading speed 851 r=.168* Schneider, W., Schlagmuller, M., & Ennemoser, M. (2007).

Lesegeschwindigkeitsind -verstandnistest fur die Klasseflg
(LGVT 6-12) [Reading speed and comprehension test for grade
to 12]. Géttingen: Hogrefe.

Text 809 r =.348* Souvigner, E., TrenkHinterberger, I., AdarBSchwebe, S. & Gold,

comprehensior A. (2008).Frankfurter Leseverstandnistest (FLVIBp[Frankfurter
Reading comprehension test]. Gottingen: Hogrefe.

General ASC 864 r=.082* Four items of the SelDescription Questionnaire (SD®tarsh,
1990b)

Math ASC 864 r=.179* Four items of the SelDescription Questionnaire (SDQ; Marsh,
1990b) described in main text.

Verbal 864 r=.115** Three items of the SeMescription Questionnaire (SDQ; Marsh,

(German) ASC 1990b),German short veisn (SDQII; Kunter et al., 2002). Items:
Al | earn Ger man quickIly, o #dl
and AGerman is one of my bes

NFC 864 r=.216** 19item NFC scale for adolescents (Preckel, F. (2014). Assessit

need for cognition in ely adolescence: Validation of a German
adaption of the Cacioppo/Petty scdteiropean Journal of
Psychological Assessment, 88,72.)

Gender 922 Chi2=8.364**, 0 =boy, 1 = girl

df=1
Parent s 778 r=.246* Parent sé hi gheeasdnanodina szaleibo n a l
education educational degree, certificate of secondary education, second:

school level | certificate, vocational/university entrance diploma,
college/university degree, PhD

The allowed maximum number of splits for the boosted regreatyomnithm was set
at 8000 and the optimal PS solution was found after 1250 partitions. The covariates had the
following relative weights for the PS estimatid@: = 56.575%age =19.588% gender =
0. 000 %, highast edutdtiend degre2:019%, paicular school attended by the
student =6.975%, math achievement = 7.564%gading speed = 5.099%, text comprehension
= 0.590%, general ASC = 0.000%, math ASC = 0.084%, verbal (German) ASC = 0.844%,
and NFC= 1.423%.

Using the PS, matching of studentgyified and regular classes was implemented
with the Matchlt Package (Ho, Imai, King, & Stuart, 2011) in the statistical program R.
Overall, we applied five different matching strategies: use ohersrest neighbor ofte-one
procedureuse of caliper vaks, weighting of students in regular classes, use of the discard

option for students in regular classes, and use of the discard option for students in gifted
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classes. Different combinations of the five matching strategies resulted in five different
matchirg solutions or models (see Table C1). For Model 1, we tiedearest neighbor one
to-one procedure and matched the students without replacement, weighting, or a caliper rule.
For Models 2 to 4 we applied nearest neighbortor@ne procedure without reggtement,
used no weighting, and specified a caliper of 1.00 (Model 2), 1.25 (Model 3), and 1.50
(Model 4). The caliper value denotes the maximal value of the PS standard deviation within
which two units are allowed to be matched together. For exampliperad 1.25 means
that two matched units may differ by a maximum of 1.25 PS standard deviations. Units of the
treatment group and the control group that exceed the caliper criteria are discarded through
this procedure. Note that exclusion of treatmertisuine., students in gifted classes) can lead
to a systematic distortion of this group. For Model 5, we used a full matching algorithm with
replacement, weighting of students@gular classesnd discard option of control units (i.e.,
students imeguar classep Thus, all gifted class students were maintained, whereas control
group units that did not lie in the PS range of the treatment group were discarded.
Furthermore, in order to align the two groups, each of the maintained control group units
reeived a specific weight that was taken into account in further analyses.
Results for Model 1 to 5

Table C1 reports standardized mean differences in covariates between students in
regular and gifted classegfore and after the matching for all models€effsizesd;). Our
deci sion criterion considered a covariate
Although there are no strict coffs for choosing a specific criterioR(bin, 20@), the 0.20
value provides an approximate criterion, in part based on res@tsciran and Rubin
(1973) and the classification of effect sizes by Cohen (1988).

Table C1 futher reports standardized mean differences in covariates between all
students imgifted classeand those students gifted classeselected by the matching
procedure (effect sizek). These values indicate whether the matched studentgfftad
classs were representative of all studentghe gifted classesr whether a systematic
distortion accrued due to the exclusion of some students.

Before the matching, there were large effect sizes for mean differences between
students imegular classeandgifted classesegarding cognitive ability, math achievement,
and reading comprehensiah & .80), medium sized effect sizes for age and reading speed
(d1 = .50 to .80), and small to naerlevant effect sizes for the other covariates<(.50).
Although inModel 1 the matching reduced these differences, a large effect size remained for

cognitive ability ¢ = .81), medium effect sizes remained for math achievement and reading
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comprehensiondg = .50 to .80), and small effect sizes were found for readingdsperbal

ASC, and NFCd: = .20 to .50). These mean differences can be explained by the regular
classesd |l ack of students with high PS (i.e.
scores on the math and reading achievement tests).

In Models2 to 4, we used a caliper rule for the matching, with the consequence that
some gifted class students with high PS were discarded from the matching procedure. These
models therefore provide a better fit than Model 1.

For Model 2 (caliper = 1), there weme relevant mean differences between students
from both class types on any covariate@® . 20) . However, the matcl
included number of students from tjited classefrom 283 to 131. These 131 students
showed small sized differences when compared to all studegifteih classesvith regard to
cognitive ability €= .42), @e @2=.39), math achievemerd,(= .33), and reading
comprehensionde = .26), and NFCdz = .23).

Using a less conservative caliper rule (caliper = 1.25) in Model 3, including 148
students frongifted classesalso eliminated all relevant mean diffieces between class
typesonall covariates (@O . 2). The 148 students showed s
when compared to all studentsgifted classesvith regard to cognitive abilityde = .37), age
(d2=.35), math achievemerdx(= .27), and reading comprehensidp< .21). Of note, these
d2 values were smaller than those from Model 2.

In Model 4 (caliper = 1.5), 167 students from ¢ieed classesemained in the
sample after matching. However, with this larger subset there were small sized mean
differences between class types for cognitibéity (d1 = .33), math performances(= .25),
and reading comprehensiah € .22). The 167 matched students frgiited classeshowed
small sized mean differences when compared to all students franitdteclassesegarding
age (= .35), cognitie ability (d>=.27), and math achievemedt € .21).

In Model 5, 195 students from thegular classewere matched to all 283 students in
the giftedclassesTaking into account the calculated weights for the studeméegirar
classeswe observed a edium sized mean difference between clgpgs in German ASC
(di = .51) and small sized mean differences in math achievehent35), reading
comprehensiondg = .32), general ASCd{ = .37), and NFCd: = .34). When inspecting the
weights assigned tstudents imegular classeshe two students fromegular classewith the
highest weights accounted for 95 students fgiited classes
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Model Comparison and Rationale for Model &lection

In Model 1, no students from tlgifted classesvere discardechowever, there were
meaningful differences on the covariates between class types. In Model 2, these mean
differences were completely eliminated; however, 152 students frogift&e classesvere
discarded by the matching. Further, there were small siezoh differences between the
selected students from the gifteldssesnd all students frorthese classesith regard to
age, cognitive ability, math achievement, reading comprehension, and NFC. In Model 3, by
discarding 135 students from th#ted clases relevant mean differences between class
types were also eliminated. Further, mean differences between the selected students from
gifted classeand all students frothese classasere smaller than those found in Model 2.

In Model 4, there were smalized mean differences between class types and between
selected students frogifted classesnd all students frorthe gifted classedn Model 5, no
students frongifted classesvere discarded. However, small to medium mean differences
remained betweenass types and two students froegular classeseceived enormous
relative weights.

Based on this model comparison, we chose Model 3 as the best matching solution. It
offered the most balanced solution taking into account (a) the balancing of covariafb} a
the representativeness of the selected students frogiftée: classe$or all students irthe
gifted classesThere were no relevant mean differences between the matched students from
regular andyifted classes on the covariatei d; O . 2 9nly a fevdsmall mean
differences d. = .2 to .5) between the students frgified classeselected by the matching
and all students fromifted classesTherefore, all further analyses were computed with the
subsamples from Model 3.

However, to test theobustness of the findings from the different matching solutions,
we additionally ran all analyses with the subsamples from Model 1, 2, and 4. Model 5 was
excluded from further consideration because of the strongly overproportioned weights of just
two of the students from the regular classes. Findings of robustness checks are reported in
Appendix S2. Figure Al at the end of this Appendix S1 shows the gneaps in math
academic seltoncept and math achievement across the four waves of measurement by class

type for the whole (unmatched) data set and the matched data sets (Model 1 to 4).
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Tables

Appendix C

Description of the Unmatched Sample (Overall and by Class Type) and the Matched Samples-8ylode¢h& Covariates Used for

Matching with Effect Size f or Mean Differences bet ween Gi)fortakModeGlara betwveen an d
Mat ched Students and al StoyforModels2td4dr om Gi fted Cl asses
Matching strategy Model 1 Model 2 Model 3 Model 4 Model 5
Matching 1:1 yes yes yes yes no
Caliper no 1 1.25 1.5 no
Weighting students in RC no no no no yes
Discard students from RC yes yes yes yes yes
Discard students from GC no yes yes yes no
Al RC  GC RC GC  RC GC  RC GC  RC RC

Covariates N=922 n=639 n=283 d n=283 2 n=131 n=131 & d n=148 n=148 & d n=167 n=167 d d n=195 d,°
Cognitive 111.98 10721 12261 114.20 11830 118.29 118.77 117.98 11979 117.35 122.04
ability M (SD) (1231) (9.90) (1035 4% (7.97) 8l ge9) (7490 0 42 (geg (675 2 37 (go9) (730) 33 27 12 03
Ageinmonth 12634 127.90 122.83 126.61 12593  126.39 12564 125.94 12565 126.16 122.89
M (SD) 662) (516) (8.04) 03 (5.69) 47T 631) (592 97 ¥ (506 (s 9 35 oy 73 0 B 515 01
Math ACHM -57  -87 .10 .48 219 -21 16 -23 .09 -28 .21
(SD) (96) (83 (90) 198 (go) 65 (gs) (759 92 B (g5 (71 2 T g5y (713 B A (g 3
Reading 781 722 921 8.25 873 913 878 823 893 874 9.58
speedM (SD) (5.43) (5.91) (3.71) 4 (5.41) 26 359) 707 M 18 (378 @280 17 12 38e) (654 B 08 (2es 09
Text com

. 2348 2210  26.62 24.03 2534 25.06 2560 2455 2579 2458 28.19
(psreDr;e“S'OW' 601) (595 (@485 B (527 53 47 1) 8 B ez Gan 0 2 4o 39 2 Y 4og 32
General ASC 414 411 423 417 418 422 419 424 418 420 4.45
M (SD) (65  (66) (62 1O (63) 09 6a (57 9 08 (45 (s 09 06 ga o (5z 04 08 (g 37
Math ASCM 409 398 432 418 419 417 424 424 424 420 452
(SD) (86)  (89) (75) (:80) 19 g0y (81 92 18 (g (75 O M| 79 (go) 05 11| (gg 26
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German ASC  4.09 4.03 422 2% 4.07 4.18 413 4.19 4.16 4.17 4.09 457 51
M (SD) (.73) (.74) (:70) ' (.73) (.69) (:70) (71) (.63) (:69) (.70) (:55) '
Need for

" 3.52 3.42 3.74 3.53 3.58 3.54 3.64 3.59 3.62 3.55 3.97
?gg;““on'v' (68)  (66) (67) 48 (68) (71)  (65) (68)  (61) (70)  (63) (75) 34
Gender

malen 541 355 186 168 77 75 89 85 96 96 53

femalen 381 284 97 115 54 56 59 63 71 71 142
Parent s 12 1.2 1:0 1:1 1:0 1:1 1:0 1:1 1:0 1:1 1:0
highest 2:27 2:26 2:1 2:7 2:1 2:2 2:1 2:2 2:1 2:5 2:0
educational 3:155 3:123 3:32 3:37 3:20 3:15 3:22  3:19 3:21  3:18 3:10
degree 4:119 4:98 4:21 4: 39 4:13 4:16 4:15 4:16 4:18 4:20 4:13
(degreen 5:343 5:207 5:136 5:116 5:52 5:55 5:59 5:56 5:68 5: 64 5:120
parents) 6:132 6:70 6:62 6: 45 6:31 6:25 6:36 6:32 6:42 6:32 6: 47

Note.Educational degree: 1 -oreducational degree, 2 = certificate of secondary education, 3 = secondary school level | certificate, 4 =
vocational/university entrance digona, 5 = college/university degree, 6 = PIAL = gifted classes. RC = regular clasge«sH =
achievement. ASC = academic sedincept? = comparison with all 283 studentsfromGi>: st andar di zed
(d1: difference oM GC andM RC divided bySDGC; d>: difference oM GCnatched samp@ndM GC divided bySD GC).

medan di ffer
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Table C2
Commonltem-Design for Equating, as well as Item Parameters and Reliability of Person Parameters of the Vertically Linked Math Test
Versions (Test 1 to 4)

Test 1 Test 2 Test 3 Test 4 N IP min IP max WLE-Rel
Test 1 26 857 -2.34 1.22 g7
Test 2 17 31 997 -2.19 1.66 .84
Test 3 9 11 37 899 -1.56 3.74 .88
Test 4 6 10 17 39 804 -1.51 2.66 .86

Note.Sum of items per test version in the diagoNat. Number of participants for parameter estimation. IP min = Minimum value of item
parameters. IP max = Maximum value of item parameters. R&IE= Reliability of WLE person parameters.
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Table C3

BFLPE analyses for the Whole Sample: RegresSmefficients from Multilevel Analyses for each Wave of MeasurementT4)l
relating Math Academic Se@oncept (ASC) to Math Ability, Prior Math ASC, Classerage Math Ability, and Class type (Gifted vs.
Regular)

Math ASC T1 Math ASC T2 Math ASC T3 Math ASC T4
B SE p B SE p B SE p B SE p

Individual level

Math ability 311 .046 <.001 274 .040 <.001 275 .038 <.001 .281 .037 <.001
Prior ASG1 -- -- -- 524 .028 <.001 539 .038 <.001 611 .035 <.001
Class level

Math ability -277  .149  .063 -198 .108 .069 -142 .080 .075 -.238 .108 .027
Class typ#é .360 130 .006 166 124 179 .056 .087 .523 .168 124 176

Notes?2 Class type coded as 0 = regular classes vs. 1 = gifted classes.
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Table C4

Results fothe Tests of Measurement Invariance over Class Type (RC = Regular Classes, GC
= Gifted Classesjor the Academic Se€oncept Measure by Wave of Measurement (Matched
Sample; Model 3)

Model Chi2 df SCF @Chi 2p( CFI pCF RMSEA
Start grade 5

GC 10.556 2 1.437 .951 175
RC 0.102 2 1.100 1 .000
Configural 12.062 4 1.266 .967 120
Metric 15.656 7 1.255 3.526 (3), .317 .964 .003 .094
Scalar 18.373 10 1.188 2.117 (3), .549 .965 .001 .077
End grade 5

GC 0.601 2 1.346 1 .000
RC 3.554 2 1.392 .988 .076
Configural 4.205 4 1.369 .999 .019
Metric 12.253 7 1.485 7.587 (3), .055 973 .026 .073
Partial metriqloading item 4.315 6 1.495 0.398 (2), .820 1 .001 .000
acasml_2 set free)

Scalar(based on the partial 8.615 9 1.307 5.166 (3), .160 1 .000 .000
metric model)

End grade 6

GC 0.295 2 2.263 1 .000
RC 0.522 2 1.931 1 .000
Configural 0.826 4 2.097 1 .000
Metric 1.946 7 1.640 1.415 (3), .702 1 .000 .000
Scala 4.091 10 1.441 2.770 (3), .429 1 .000 .000
Middle grade 7

GC 0.186 2 0.930 1 .000
RC 0.326 2 1.489 1 .000
Configural 0.545 4 1.209 1 .000
Metric 2440 7 1127  2.057(3),.561 1 .000 .000
Scalar 7534 10 1.071 5.658 (3), .130 1 .000 .000

Note.SCF = Scaling correction factor.
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Table C5
Results for the Tests of Measurement Invariance over Time for the Acaderdiorielpt
Measure by Class Type (Matched Sample; Model 3)

Model Chi2 df SCF Chi 2p ( CF pCF RMSEA
Regular classes

Configural 93.171 74 1114 977 .042
Metric 109.419 83  1.094 17.149 (9), .046 .968 .009 .047
Scalar 115.107 92  1.084 5.119 (9), .824 972 .004 .041
Gifted classes

Configural 110.940 74 1.214 .966 .058
Metric 127881 83 1.222 16.764 (9), .053 .959 .007 .060
Scalar 150.015 92  1.195 24.310 (9), .004 .947 .012 .065

Note.SCF = Scaling correction factor.
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Table C6

Results of the Univariate Latent Growtlii@e Analyses with Linear Slopes (Model A) or
Linear and Quadratic Slopes (Model B) for Academic-Selficept or Achievement by Class
Type(Matched Sample; Model 3)

Gifted Classes Regular Classes

Academic selfconcept
Model A: linear growth
Model fit

c2(df) 9.711 (5) 17.971** (5)
Scaling correction factor 1.098 971
CFlI .980 .933
Parameters Unstand. Estimate SE Unstand. Estimat SE
Means
Intercept - 410%** .098 -.165* 077
Slope linear -.120%** .020 -.062*** .01t
Variances
Intercept 1.288*** 155 713 .081
Slope linear .038*** .008 .023*** .00€
Covariances
Intercept x Slope linear 162%** .030 .063*** .014
Model B: quadratic growth
Model fit
c2(df) 2.905 (1) 6.312 (1)
Scaling correction facto 1.108 794
qz? (df) 6.795 (4) p=.147 12.251 (4)p=.01¢
CFlI .992 972
Parameters Unstand. Estimate SE Unstand. Estimat SE
Means
Intercept -.360*** .100 -.129 .07t
Slope linear -.710 .054 .011 .047
Slope quadratic .010 .010 .013 .00¢
Variances
Intercept 1.298*** .201 .802%** A28
Slope linear .166 .089 A71x .06z
Slope quadratic .002 .003 .006** .00z
Covariances
Intercept x Slope linear .216* .097 127 .07¢
Intercept x Slope quadratic .007 .015 .009 .011
Slope linear x Slope quadrat .018 .014 .028** .01C
Academic achievement
Model A: linear growth
Model fit
c?(df) 7.528 (5) 6.356 (5)
Scaling correction factor 1.429 1.331
CFI .982 .964
Parameters Unstand. Estimate SE Unstand. Estimat SE
Means
Intercept 9971 *** .092 533*** .06¢
Slope linear 225%** .017 159%** .01¢
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Variances
Intercept .981*** 142 AB1*** .101
Slope linear 011 .006 .015** .00t
Covariances
Intercept x Slope .082*** .023 .049%** .02C
Model B: quadratic growth
Model fit
c2(df) 0.189 (1) 1.476 (1)
Scaling correction factor 1.134 1.920
qz? (df) 7.015 (4)p=.135 4.752 (4)p=.314
CFlI 1 .987
Parameters Unstand. Estimate SE Unstand. Estimat SE
Means
Intercept .897*** .097 540*** 078
Slope linear .088 .069 214** .06z
Slope quadratic -.025* .013 .011 .0un
Variances
Intercept .839 .216 B e Rl 19¢
Slope linear .067 126 .186 .15
Slope quadratic .001 .004 .003 437
Covariances
Intercept x Slope linear .004 .149 276* 13¢
Intercept x Slope quadratic -.015 .025 .036 .02C
Slope linear x Slope quadrat .008 .021 .025 .02t
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Figures
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Matching 3 Matching 3
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Figure A1.Group means (manifest values) in math academiesektept (ASC) and math
achievement across waves of measurement (T1 to T4) by class type (RC = regay Gi@ss
= gifted classes) for the whole data set and the matched data sets (Matching 1 to 4).

241



Appendix C

References

Cochran, W. G., & Rubin, D. B. (1973}ontrolling bias in observational studies: A review.
Sankhya, Ser. A., 3817-446.doi: 10.1017/cbo97#11810725.005

Cohen, J. (1988¥tatistical power analysis for the behavioral scien@sl ed.). Hillsdale, NJ:
Lawrence Erlbaundoi: 10.4324/9780203771587

Ho, D. E., Imai, K., King, G., & Stuart, E. A. (201T)heMatchlt packag&Version 2.4 20)
[Computer software]. Retrieved fronttp://gking.harvard.edu/matchit

McCaffrey, D. F., Ridgeway, G., & Morral, A. R. (2004). Propensity score estimation with
boostd regression for evaluating causal effects in observational stBdighological
Methods 9, 403425. doi:10.1037/108089X.9.4.403

Ridgeway, G., McCaffrey, D. F., Morral, A. R., Burgette, L., & Griffin B. A. (20I)olkit for
weighting and analysis of nonequivalent groups: A tutorial for the Twang Package
Retrieved fromhttp://cran.fproject.org/src/contrib/Descriptions/twang.html

Rosenbaum, P., & Rubin, D. B. (1983e central role of the propensity score in observational
studies for causal effectBiometrika, D, 41-55.doi: 10.1093/biomet/70.1.41

Rubin, D. B. (2001). Using propensity scores to help design observational studies: Application to
the tobacco litigationHealth Services & Outcomes Research Methodology62188.
doi: 10.1023/A:1020363010465

StoneC. A., & Tang, Y. (2013). Comparing propensity score methods in balancing covariates
and recovering impact in small sample educational program evalu®Riaasical
Assessment, Research & Evaluation, 18(13)2. Available online:

http://pareonline.negetvn.asp?v=18&n=13

242


http://gking.harvard.edu/matchit
http://gking.harvard.edu/matchit
http://gking.harvard.edu/matchit
https://www.ncbi.nlm.nih.gov/pubmed/15598095
https://www.ncbi.nlm.nih.gov/pubmed/15598095
https://doi.org/10.1037/1082-989X.9.4.403
http://cran.r-project.org/src/contrib/Descriptions/twang.html

Appendix D

Appendix D

Results of the Robustness Checks for Propensity Score Matching Solutions or Models (Match 1, Match 2, Match 3, Match 4)

Table D1

Regression Coefficients from Multilevel Analyses for each Wave of Measureme4(lielaing Math Academic Se€oncept (ASC) to Math

Ability, Prior Math Academic Setfoncept, Clas®\verage Math Ability, and Class Type (Gifted vs. Regular)

MATCH 1 Math ASC T1 Math ASC T2 Math ASC T3 Math ASC T4
B SE p B SE p B SE p B SE p
Individual level
Math ability 245 052 <.001 292  .055 <.001 324 055 <.001 201 .039 <.001
Prior ASG-1 -- -- -- 490 .046 <.001 537 .051 <.001 .656 .046 <.001
Class level
Math ability -150 .176  .396 -243 153  .053 -1383 .094  .156 -.179 .097 .065
Class typé 146 127 251 095 145 513 -028 .096 .770 077 122 .529
MATCH 2 Math ASC T1 Math ASC T2 Math ASC T3 Math ASC T4
B SE p B SE p B SE p B SE p
Individual level
Math ability 236 .071 <.001 264 .082 .001 266 .091  .003 .256 .043 <.001
Prior ASG-1 -- -- -- 441 067 <.001 475 077 <.001 .623 .064 <.001
Class level
Math ability -261 .183  .153 -.083 .186  .655 -092 144 520 -.077 139 577
Class typé .255 165 121 -.073 .194 .706 -.064 .165 .701 -.115 195 .554
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MATCH 3 Math ASC T1 Math ASC T2 Math ASC T3 Math ASC T4
B SE p B SE p B SE p B SE p
Individual level
Math ability 212 .079 .007 284 079 <.001 233 .075 .002 .238 .049 <.001
Prior ASGr1 -- -- -- 444 .059 <.001 .535 .068 <.001 .606 .057 <.001
Class level
Math ability -.229 214 284 -150 .170 376 -.087 125 486 -.070 120 .556
Class typé A77 201 379 -.016 .166 922 -.031 .132 .815 -.192 176 274
MATCH 4 Math ASC T1 Math ASC T2 Math ASC T3 Math ASC T4
B SE p B SE p B SE p B SE p
Individual level
Math ability .180 .066 .006 229 .064 <.001 .290 .078 <.001 219 .037 <.001
Prior ASGr1 -- -- -- 491 .054 <.001 512 .074 <.001 .617 .051 <.001
Class level
Math ability -.267  .209 201 -.053 .146 716 -.083 .127 510 -.056 105 597
Class typé .230 .186 .261 -.106  .148 A74 -.096 .138 484 -.168 .138 225

Notes2 Class type codkas 0 = regular classes vs. 1 = gifted classes.
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Table D2
Results for the Tests of Measurement Invariance over-Tlgss (RC = Regular Classes, GC = Gifted Clas$asihe Academic Seoncept
Measure by Wave of Measurement

MATCH 1 Model Chi2 df SCF Chi 2p (¢ CFI PCFI RMSEA
Start grade 5

GC 8.050 2 1.494 .982 107
RC 0.615 2 1.086 1 .000
Configural 9.841 4 1.290 .990 .074
Metric 15.838 7 1.311 6.026 (3), .110 .985 .005 .069
Scalar 17.099 10 1.237 0.369 (3), .947 .988 .003 .052
End grade 5

GC 0.551 2 1.858 1 .000
RC 2.588 2 1.227 .998 .034
Configural 2.723 4 1.543 1 .000
Metric 8.298 7 1.525 5.631 (3), .131 .997 .003 .027
Scalar 10.296 10 1.370 1.443 (3), .696 .999 .002 .011
End grade 6

GC 1.182 2 2.070 1 .000
RC 0.188 2 2.695 1 .000
Configural 1.240 4 2.383 1 .000
Metric 3.009 7 1.774 2.475 (3), .480 1 .000 .000
Scalar 4.078 10 1.543 0.950 (3), .813 1 .000 .000
Middle grade 7

GC 0.240 2 1.033 1 .000
RC 3.760 2 1.169 .993 .064
Configural 4,218 4 1.101 1 .016
Metric 9.032 7 1.091 4.833 (3), .184 .996 .004 .036
Scalar 15.961 10 1.056 7.188 (3), .066 .990 .006 .051
MATCH 2 Model Chi2 df SCF PChi 2p (¢ CFlI pCF I RMSEA
Start grade 5

GC 9.205 2 1.253 .953 .169
RC 0.230 2 1.150 1 0
Configural 9.820 4 1.201 977 107
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Metric 20.203 7 1.207 10.365 (3), .016 .947 .030 122
Partial metriqloading item acasm3_1 set free) 13.814 6 1.221 4.022 (2), .134 .969 .008 .102
Scalar(based on the partial metric model) 15.191 9 1.156 0.681 (3), .878 975 .006 .074
End grade 5

GC 1.960 2 1.163 1 .000
RC 7.766 2 1.011 .955 154
Configural 9.322 4 1.087 973 .104
Metric 20.876 7 1.373 10.563 (3), .014 .929 .044 127
Partial metriqloading item acasm1_2tskeee) 8.642 6 1.320 0.712 (2), .700 .986 .013 .060
Scalarnbased on the partial metric model) 17.785 9 1.213 10.181 (3), .017 .955 .031 .089
Partial scalatbased on the partial metric model plus 10.611 8 1.256 1.804 @), .406 .987 .001 .052
intercept item acasml_2 set free)

End grade 6

GC 1.818 2 1.831 1 .000
RC 0.898 2 1.128 1 .000
Configural 2.935 4 1.480 1 .000
Metric 3.607 7 1.285 0.284 (3), .963 1 .000 .000
Scalar 5.444 10 1.193 1.901 (3), .593 1 .000 .000
Middle grade 7

GC 0.000 2 0.907 1 .000
RC 0.428 2 1.266 1 .000
Configural 0.499 4 1.087 1 .000
Metric 4.050 7 1.105 3.481 (3), .323 1 .000 .000
Scalar 8.290 10 1.067 4.469 (3), .215 1 .000 .000
MATCH 3 Model Chi2 df SCF ®@Chi 2p (¢ CFI ®CF | RMSEA
Start grade 5

GC 10.556 2 1.437 951 175
RC 0.102 2 1.100 1 .000
Configural 12.062 4 1.266 .967 .120
Metric 15.656 7 1.255 3.526 (3), .317 .964 .003 .094
Scalar 18.373 10 1.188 2.117 (3), .549 .965 .001 077
End grade 5

GC 0.601 2 1.346 1 .000
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RC 3.554 2 1.392 .988 .076
Configural 4.205 4 1.369 .999 .019
Metric 12.253 7 1.485 7.587 (3), .055 973 .026 .073
Partial metriqloading item acasm1_2 set free) 4.315 6 1.495 0.398 (2), .820 1 .001 0
Scalar(based on the paai metric model) 8.615 9 1.307 5.166 (3), .160 1 .000 0
End grade 6

GC 0.295 2 2.263 1 .000
RC 0.522 2 1.931 1 .000
Configural 0.826 4 2.097 1 .000
Metric 1.946 7 1.640 1.415 (3), .702 1 .000 .000
Scalar 4.091 10 1.441 2.770 (3), .429 1 .000 .000
Middle grade 7

GC 0.186 2 0.930 1 .000
RC 0.326 2 1.489 1 .000
Configural 0.545 4 1.209 1 .000
Metric 2.440 7 1.127 2.057 (3), .561 1 .000 .000
Scalar 7.534 10 1.071 5.658 (3), .130 1 .000 .000
MATCH 4 Model Chi2 df SCF @Chi 2p ( ¢ CFlI pCF I RMSEA
Start grade 5

GC 10.960 2 1.355 .953 .168
RC 1.040 2 1.080 1 .000
Configural 13.119 4 1.217 .969 121
Metric 24.091 7 1.202 10.990 (3), .012 .942 .027 125
Partial metriqloading item acasm1_1 set free) 18.760 6 1.245 5.679 (2), .058 .956 .013 117
Scalar(based on the partial metric model) 20.422 9 1.177 0.660 (3), .882 .961 .005 .090
End grade 5

GC 0.636 2 1.338 1 .000
RC 7.864 2 1.024 .960 .139
Configural 7.540 4 1.181 .985 .075
Metric 20.017 7 1.334 11.573 (3), .009 .945 .040 .109
Partial metriqloading item acasm1_2 set free) 8.051 6 1.298 1.009 (2), .604 991 .006 .047
Scalar(based on the partial metric model) 13.393 9 1.182 5.666 (3), .129 .981 .010 .056
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End grade 6

GC 0.428 2 2.132 1 .000
RC 0.133 2 1.924 1 .000
Configural 0.577 4 2.028 1 .000
Metric 1.409 7 1.588 1.065 (3), .786 1 .000 .000
Scalar 2.431 10 1.406 1.205 (3), .752 1 .000 .000
Middle grade 7

GC 0.607 2 0.974 1 .000
RC 1.097 2 1.252 1 .000
Configural 1.767 4 1.113 1 .000
Metric 3.846 7 1.096 2.097 (3), .553 1 .000 .000
Scalar 6.959 10 1.051 3.272 (3), .352 1 .000 .000

Note.SCF = Scaling correction factor.
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Table D3
Results for the Tests of Measuremenatiance over Time for the Academic Setdncept
Measure by Class Type

MATCH 1 Model Chi2 df  SCF ®Chi 2p( CFl oCFIRMSEA
Regular classes

Configural 92.229 74 1.187 .990 .030
Metric 116.636 83 1.166 26.714 (9),.002 .982 .008 .038
Scalar 129.546 92 1.148 12.954(9),.165 .980 .002 .038
Gifted classes

Configural 84.156 74 1.334 .995 .022
Metric 98.995 83 1.326 15.079(9),.089 .992  .003 .026
Scalar 115.034 92 1.293 17.672(9),.039 .989 .003 .030
MATCH 2 Model Chi2 df  SCF ®Chi 2p( CFl oCFIRMSEA
Regular classes

Configural 96.642 74 1.044 .974 .048
Metric 117.460 83 1.042 21.015(9),.013 .961 .013 .056
Scalar 127.119 92 1.040 9.623(9),.382 .960 .001 .054
Gifted classes

Configural 122277 74 1.137 .955 .071
Metric 143.752 83 1.144 21.158(9),.012 .943 .012 .075
Scalar 170.449 92 1.127 28.492(9),.001 .927 .016 .081
MATCH 3 Model Chi2 df  SCF ®Chi 2p( CFl oCFIRMSEA
Regular classes

Configural 93.171 74 1.114 977 .042
Metric 109.419 83 1.094 17.149(9),.046 .968 .009 .047
Scalar 115.107 92 1.084 5.119(9),.824 972 .004 .041
Gifted classes

Configural 110940 74 1.214 .966 .058
Metric 127.881 83 1.222 16.764(9),.053 .959 .007 .060
Scalar 150.015 92 1195 24.310(9),.004 .947 .012 .065
MATCH 4 Model Chi2 df SCF @Chi 2p( CFl @CF|RMSEA
Regular classes

Configural 89.468 74 1.126 .985 .036
Metric 111.283 83 1.112 22.997 (9),.006 .973 .012 .046
Scalar 122.829 92 1.099 11.480(9),.244 971 .002 .045
Gifted classes

Configural 104.426 74 1.242 975 .050
Metric 120.234 83 1.236 15.937 (9),.068 .969 .006 .052
Scalar 135.301 92 1.214 15.474(9),.079 .964 .005 .053

Note.SCF = Scaling correction factor.
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Table D4
Results of the Univariate Latent Growth Curve Analyses with LiGkgres (Model A) or
Linear and Quadratic Slopes (Model B) for Academic-Selficept or Achievement by Class
Type

Match 1 Gifted Classes Regular Classes

Academic selfconcept

Model A: linear growth

Model fit
c? (df) 52.819*** (5) 20.455*** (5)
SCF 1.2047 1.0847
CFlI .897 .966
Parameters Unstand. Estimate SE  Unstand. Estimate SE
Means
Intercept -.220** 074 -.321*** .067
Slope linear - 125%** .014 -.095*** .012
Variances
Intercept 1.393*** 124 1,121 .092
Slope linear .036*** .006 .027*** .005
Covariances
Intercept x Slope linear .169*** .024 .110%*** .016
Model B: quadratic growth
Model fit
c? (df) 13.957*** (1) 4.610* (1)
SCF 1.1245 .9069
qx? (df) 39.140 (4)p< 15.947 (4)p=.003
.001
CFlI 972 .992
Parameters Unstand. Estimate SE  Unstand. Estimate SE
Means
Intercept -.086 074 -295%** .067
Slope linear -.015 .040 -.019 .034
Slope quadratic .019** .007 .015 .006
Variances
Intercept 1.514%** 159 1.138*** 122
Slope linear .316%** .058 .111 .061
Slope quadratic .006*** .002 .005** .002
Covariances
Intercept x Slope linear .348*** .078 .116 .076
Intercept x Slope quaalic .028** .011 .000 .012
Slope linear x Slope quadratic .044*** .009 .019* .009
Academic achievement
Model A: linear growth
Model fit
c? (df) 8.440 (5) 5.560 (5)
SCF 1.255 1.525
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CFlI .988 .995
Parameters Unstand. Estimat SE Unstand. Estimate SE
Means
Intercept 1.105*** .066 .349*** .053
Slope linear .205%** .012 .168*** .012
Variances
Intercept .899*** 113 519%** .079
Slope linear .009 .005 .018*** .005
Covariances
Intercept x Slope .062** .018 .045** .015
Model B: quadratic growth
Model fit
c? (df) 0.166 (1) 0.070 (1)
SCF 1.004 0.992
qz? (df) 7.910 (4)p=.095 5.071 (4)p=.280
CFlI 1 1
Parameters Unstand. Estimate SE = Unstand. Estimate SE
Means
Intercept 1.081*** .069 .367*** .055
Slope linear 1 70%* 047 .219*** .043
Slope quadratic -.006 .009 .010 .008
Variances
Intercept 878*** 182 [ 751*** 156
Slope linear .159 .098 .198 125
Slope quadratic .003 .003 .002 .003
Covariances
Intercept x Slope linear .085 115 .237* .099
Intercept x Slope quadratic .002 .019 .029* .014
Slope linear x Slope quadratic .024 .016 .023 .020
Match 2 Gifted Classes Regular Classes

Academic selfconcept
Model A: linear growth

Model fit
c? (df) 10.773 (5) 12.513* (5)
SCF 1.033 .950
CFl 972 .965
Parameters Unstand. Estimate SE  Unstand. Estimate SE
Means
Intercept -.358*** .109 -.083 .075
Slope linear =117 .023 -.044** .014
Variances
Intercept 1.449%** 193 735 .092
Slope linear .046*** .012 .023*** .006
Covariance
Intercept x Slope linear 204 x** .043 .054*** .014

Model B: quadratic growth
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Model fit

c? (df) 2.469 (1) 2.936 (1)

SCF 1.107 .900

qx? (df) 8.276 (1)p=.082 9.605 (1)p=.048

CFlI .993 991

Parameters Unstand. Estimate SE  Unstand. Estimate SE

Means
Intercept -.302** 111 -.081 074
Slope linear -.072 .061 .009 .045
Slope quadratic .008 .011 .010 .009

Variances
Intercept 1.567*** 267 .764*** 129
Slope linear 291 ** 104 117 .070
Slope quadratic .007* .003 .005* .002

Covariances
Intercept x Slope linear 379%* .133 .057 .076
Intercept x Slope quadratic .030 .018 -.001 .011
Slope linear x Slope quadratic .041* .016 .021 .012

Academic achievement
Model A: linear growth

Model fit
c? (df) 6.395 (5) 3.986 (5)
SCF 1.328 1.168
CFlI .990 1
Parameters Unstand. Estimate SE  Unstand. Estina SE
Means
Intercept .883*** 103 .487*** .080
Slope linear 21 1% .020 .145*** .015
Variances
Intercept 1.063*** 194 551+ 119
Slope linear .018* .008 .009 .005
Covariances
Intercept x Slope 107 .031 .042* 021
Model B: quadratic growth
Model fit
c? (df) 0.243(1) 0.053(1)
SCF 1.187 0.927
g2 (df) 6.017(4),p=.198 3.751 (4)p=.441
CFlI 1 1
Parameters Unstand. Estimate SE  Unstand. Estimate SE
Means
Intercept 715%** 122 .644%** A11
Slope linear .085 .105 .126 .079
Slope quadratic -.029 .019 -.006 .015
Variances
Intercept .589** .187 .960** .348
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Slope linear 129 122 111 246

Slope quadratic .006 .004 -.002 .007
Covariances

Intercept x Slope linear .020 152 321 204

Intercept x Slope quadratic -.009 .025 .042 .028

Slope linear x Slope quadratic .026 .019 .006 .040
Match 3 Gifted Classes Regular Classes

Academic selfconcept
Model A: linear growth

Model fit
c2 (df) 9.711 (5) 17.971* (5)
SCF 1.098 0.971
CFlI .980 .933
Parameters Unstand Estimate SE  Unstand. Estimate SE
Means
Intercept - 410%** .098 -.165* 077
Slope linear - 120%** .020 -.062*** .015
Variances
Intercept 1.288*** 155 [ 713%* .081
Slope linear .038*** .008 .023*** .006
Covariances
Intercept x Slope linear 162%** .030 .063*** .014
Model B: quadratic growth
Model fit
c2 (df) 2.905 (1) 6.312 (1)
SCF 1.108 794
qz? (df) 6.795 (4)p=.147 12.251 (4)p=.016
CFlI .992 972
Parameters Unstand. Estimate SE  Unstand. Estimate SE
Means
Intercept -.360*** .100 -.129 .075
Slope linear -71 .054 .011 .047
Slope quadratic .010 .010 .013 .009
Variances
Intercept 1.298*** 201 .802*** 123
Slope linear .166 .089 .171* .062
Slope quadratic .002 .003 .006** .002
Covariances
Intercept x Slope linear .216* .097 .127 .074
Intercept x Slope quadratic .007 .015 .009 .011
Slope linear x Slope quadratic .018 .014 .028** .010

Academic achievement

Model A: linear growth

Model fit

c? (df) 7.528 (5) 6.356 (5)
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SCF 1.429 1.331
CFlI .982 .964
Parameters Unstand. Estimate SE  Unstand. Estnate SE
Means
Intercept 991 *xx .092 533*** .069
Slope linear .225%** 017 .159%** .015
Variances
Intercept .981*** 142 .461%** 101
Slope linear 011 .006 .015** .005
Covariances
Intercept x Slope .082*** .023 .049*** .020
Model B: quadratic growth
Model fit
c? (df) 0.189 (1) 1.476 (1)
SCF 1.134 1.920
qz? (df) 7.015 (4)p=.135 4.752 (4)p=.314
CFlI 1 .987
Parameters Unstand. Estimate SE  Unstand. Estimate SE
Means
Intercept 87+ .097 .540*** .073
Slope linear .088 .069 .214** .062
Slope quadratic -.025* .013 .011 .0un
Variances
Intercept .839%** 216 . 711*** 199
Slope linear .067 .126 .186 155
Slope quadratic .001 .004 .003 437
Covariances
Intercept x Slope linear .004 149 .276* 135
Intercept x Slope quadratic -.015 .025 .036 .020
Slope linear x Slope quadratic .008 .021 .025 .025
Match 4 Gifted Classes Regular Classes

Academic selfconcept
Model A: linear growth

Model fit
c? (df) 76.496*** (5) 75.778*** (5)
SCF 1.091 1.088
CFl .745 .680
Paramders Unstand. Estimate SE  Unstand. Estimate SE
Means
Intercept -.505%** 142 -.158 101
Slope linear -.165%** .033 -.093*** .020
Variances
Intercept 2.819*** 398 1.294*** 139
Slope linear 101%** .020 .015 .010
Covariances
Intercept x Slope linear S72%** .080 .219*** .031
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Model B: quadratic growth

Model fit
c? (df) 5.046* (1) 1.650 (1)
SCF 1.337 911
g2 (df) 74512 (4)p< 71.497 (4)p<.001
.001
CFl .986 .997
Parameters Unstand. Estimate SE  Unstand. Estimate SE
Means
Intercept - 422%** 120 -.132 .091
Slope linear -.028 .078 .179* .070
Slope quadratic .028 .016 .061*** .016
Variances
Intercept 2.248*** 330 1.271%** 171
Slope linear A411* 161 .434%** .128
Slope quadratic 021 x** .006 .022*** .006
Covariances
Intercept x Slope linear 123 179 -.034 147
Intercept x Slope quaalic -.082** .029 -.058* .028
Slope linear x Slope quadratic .083** .030 .095*** .026
Academic achievement
Model A: linear growth
Model fit
c? (df) 5.583 (5) 6.413 (5)
SCF 1.317 1.312
CFlI .996 974
Parameters Unstand. Esthate  SE  Unstand. Estimate SE
Means
Intercept .968*** .091 .487*** .065
Slope linear 2147 017 .157**= .014
Variances
Intercept 1.037*** 169 .454%* .099
Slope linear .013 .007 .011* .005
Covariances
Intercept x Slope .097*** .027 .038* .018
Model B: quadratic growth
Model fit
c? (df) 0.266 (1) 1.948 (1)
SCF 0.962 1.722
qx? (df) 5.048 (4)p=.282 4.182 (4)p=.382
CFl 1 .982
Parameters Unstand. Estimate SE  Unstand. Estimate SE
Means
Intercept .909*** .098 .475%** .070
Slope linear .136* .066 .148** .056
Slope quadratic -.014 .012 -.002 .010
Variances
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Intercept 1.017*** 271 .706*** 199

Slope linear 181 .140 .154 .149

Slope quadratic .004 .005 .002 .004
Covariances

Intercept x Slope linear 141 168 .257* 126

Intercept x Slope quadratic .006 .027 .035 .018

Slope linear x Slope quadratic .027 .024 .019 .024
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Table D5
Results of the Conditional Du@rocess Latent Growth Curve Model for Achievement (ACH)
and Academic Selfoncept (ASC)

Match 1 Unstandardized Estimates SE
RegularclassesGifted classe8 Regular classesGifted classed
Means
I-ASC -.288,p <.001 -.106,p =.338 .071 11
SASC -.020,p =.570 -.013,p =.828 .035 .061
Q-ASC .015,p =.022 .019,p =.070 .006 .011
I-ACH .338,p=.003 1.097,p <.001 112 120
S-ACH .167,p <.001 .203,p <.001 .015 .012
Residual Variances
I-ASC 1.319,p <.001 113
S-ASC .209,p < .001 .048
Q-ASC .006,p < .001 .001
I-ACH .686,p < .001 .086
S-ACH .013,p =.006 .005
Covariances
[-ASC with SASC .227,p <.001 .058
[-ASC with QASC .014,p =.106 .008
S-ASC with QASC .031,p <.001 .007
[-ASC with FACH .521,p <.001 .065
[-ACH with SASC .008,p =.767 .026
[-ACH with Q-ASC -.008,p =.042 .004
[-ASC with SACH .038,p <.001 .010
S-ASC with SACH .003,p =.597 .005
Q-ASC with SACH .000,p =.796 .001
[-ACH with SACH .050,p <.001 .014
Class type on ASE
I-ASC .182,p =.165 131
SASC .006,p =.927 .069
Q-ASC .004,p =.718 .012
I-ACH .760,p < .001 .164
S-ACH .036,p =.063 .019
Match?2 Unstandardized Estimates SE
Regular class€Gifted classe8 Regular classesGifted classed
Means
I-ASC -.086,p =.386 -.288,p =.041 .099 141
S-ASC .005,p =.927 -.068,p =.370 .053 .076
Q-ASC .010,p =.316 .008,p =.580 .010 .014
I-ACH 494,p < .001 .877,p<.001 124 134
S-ACH 147,p<.001 .212,p<.001 .015 .022
Residual Variances
I-ASC 1.197,p < .001 .164
SASC .225,p <.001 .055
Q-ASC .006,p < .001 .002
I-ACH .786,p < .001 128
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S-ACH .015,p =.012 .006
Covariances
[-ASC with SASC .241,p =.002 077
[-ASC with QASC .018,p =.097 .011
S-ASC with QASC .034,p <.001 .009
[-ASC with FACH .513,p <.001 .093
[-ACH with SASC .042,p =.303 .041
[-ACH with Q-ASC -.001,p =.826 .006
[-ASC with SACH .040,p =.002 .013
S-ASC with SACH .009,p =.219 .008
Q-ASC with SACH .001,p =.492 .001
[-ACH with SACH .074,p =.001 .022
Class type on ASE
I-ASC -202,p =.242 A72
SASC -073,p = .422 .094
Q-ASC -.003,p =.869 .017
I-ACH .383,p =.035 .182
SACH .065,p =.015 .027
Match 3 Unstandardized Estimates SE
Regular class€Gifted classe8 Regular classesGifted classed
Means
I-ASC -.144,p =.081 -.343,p =.006 .082 126
SASC .003,p =.942 -.066,p =.302 .038 .064
Q-ASC .013,p =.058 .009,p =.403 .007 .011
I-ACH .530,p<.001 .972,p<.001 110 147
S-ACH .159,p <.001 .224,p <.001 .017 .018
Residual Variances
I-ASC 1.066,p < .001 126
SASC .181,p < .001 .046
Q-ASC .004,p =.011 .001
I-ACH .695,p < .001 .105
SACH .015,p =.005 .005
Covariances
[-ASC with SASC .184,p =.002 .059
[-ASC with QASC .010,p =.294 .009
S-ASC withQ-ASC .024,p =.001 .007
[-ASC with FACH .432,p <.001 .070
[-ACH with SASC .012,p =.735 .034
[-ACH with Q-ASC -.005,p =.439 .006
[-ASC with SACH .037,p =.003 .012
S-ASC with SACH .006,p =.419 .008
Q-ASC with SACH .001,p =.713 .001
[-ACH with SACH .067,p <.001 .018
Class type on ASE
I-ASC -199,p =.184 .150
SASC -.069,p =.355 .074
Q-ASC -.004,p =.758 .013

258



Appendix C

I-ACH 441,p =.016 .184
S-ACH .065,p =.010 .025
Match4 Unstandedized Estimates SE
Regular class€Gifted classe8 Regular classesGifted classed
Means
I-ASC -.138,p =.205 -.387,p =.036 .109 .185
SASC .175,p =.028 -.022,p =.853 .079 117
Q-ASC .061,p =.001 .028,p =.312 .019 .027
I-ACH .502,p<.001 .944,p<.001 17 .145
S-ACH .160,p <.001 .210,p <.001 .018 .017
Residual Variances
I-ASC 1.820,p < .001 216
SASC .466,p <.001 .090
Q-ASC .023,p <.001 .004
I-ACH .713,p <.001 115
SACH .013,p =.034 .006
Covariances
[-ASC with SASC .099,p =.340 .104
[-ASC with QASC -.061,p =.301 .018
S-ASC with QASC .096,p < .001 .017
[-ASC with FACH .642,p <.001 .103
[-ACH with SASC -.040,p = .422 .050
[-ACH with Q-ASC -.038,p < .001 .010
[-ASC with SACH .067,p <.001 .015
S-ASC with SACH .003,p =.806 .010
Q-ASC with SACH -.002,p =.270 .002
[-ACH with SACH .066,p =.001 .021
Class type on ASE
I-ASC -.249,p =.247 .216
SASC -.196,p =.155 .138
Q-ASC -.033,p =.309 .033
I-ACH 442,p=.018 .187
SACH .050,p =.044 .025

Note.?= Because of the use of the categorical predictor-tjges(0, regular classes; 1, gifted
classes) means of &tt factors refer to the group coded as 0. Therefore, the model was tested
twice, once with regular classes coded as 0 and once with gifted classes coded as 0. Estimates
for (co-)variances are unaffected by this coding. The size of the effects of therazkeg

predictor class type is also unaffected by this coding but not the prefix; the prefixes reported
here refer to the coding of regular classes as 0.
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