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Abstract: Students engage in learning activities with different achievement goal orientations. Some students pursue
learning for learning sake (i.e. mastery goal orientation), some are driven by gaining favourable judgement of their
performance (i.e. performance approach goal orientation), and others focus on avoiding negative judgement (i.e. per-
formance avoidance goal orientation). These goal orientations are linked with academic achievement, and
troublingly, students report decreasing levels of goal orientations across the school years. However, little is known
concerning the mechanisms that drive this decline. In a large (N = 891 twin pairs) cross-sectional genetically infor-
mative sample (age = 8 to 22 years), we found that older students reported lower goal orientations. Then, we iden-
tified shifts in the magnitude of genetic and environmental variance in each goal orientation. For example,
variance in mastery goal orientation was primarily associated with environmental factors during the elementary
school years. As students entered high school, genetic influences increased, replacing shared environmental influ-
ences. Finally, we situated these findings in the larger nomological network by testing associations with psychological
constructs (e.g. personality and cognitive ability) and contextual variables (e.g. parents, schools, and peers). The de-
velopment of academic motivation is complex with many interconnecting factors that appear to shift with age © 2019
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Motivational factors are critical in the learning process.
Achievement goal orientations refer to a set of constructs that
identify sources of motivation for gaining or demonstrating
competence. Students vary in their achievement goal orienta-
tions to pursue learning for learning’s sake (i.e. mastery goal
orientation), to pursue learning to do well on exams (i.e. per-
formance approach goal orientation), and to prevent showing
incompetence on tasks to other students (i.e. performance
avoidance goal orientation). Goal orientation plays an impor-
tant role in predicting academic outcomes (Hsieh, Sullivan,
& Guerra, 2007; Van Yperen, Blaga, & Postmes, 2014). Spe-
cifically, both mastery and performance approach goal orien-
tations are positively associated with academic performance
(Harackiewicz, Barron, Tauer, & Elliot, 2002; Pintrich &
De Groot, 1990), whereas performance avoidance goal orien-
tations are negatively associated with performance (Van

Yperen et al., 2014). Maintaining academic motivation is a
critical ingredient to avoid high school dropout (Anderson,
Hamilton, & Hattie, 2004), an outcome with substantial so-
cial, economic, and health ramifications (Rumberger,
1987). However, longitudinal studies have found that the en-
dorsement of both mastery and performance approach goal
orientations declines substantially across the school years
(Bong, 2001; Pintrich, 2000). This declining trajectory could
negatively influence task-related values (Bong, 2001), inter-
ests (Harackiewicz et al., 2002), and academic achievement
(Church, Elliot, & Gable, 2001; Pintrich, 2000).

To explain these developmental trends, past work has fo-
cused on possible psychological (e.g. personality and cogni-
tive ability) and contextual (e.g. classroom goal structure,
perceived parental goal orientation, and peer relationships;
Anderman & Anderman, 1999; Anderman & Midgley,
1997) variables. These studies emphasize the shifting expo-
sure to social and educational experience that students under-
take as they move through schooling. At the same time,
academic motivation is known to be influenced by genetic
factors (Kovas et al., 2015), and the magnitude of genetic
and environmental influences on academically relevant char-
acteristics also shifts across childhood and adolescence
(Tucker-Drob, Briley, & Harden, 2013; Tucker-Drob &
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Harden, 2017). Students may largely adopt the goal structure
of their classroom environment in elementary school, but
with growing maturity, students may express mastery goal
orientations more in line with their genetically influenced
characteristics. For example, a high schooler may express
mastery goal orientation more in line with their level of open-
ness to experience rather than their teacher’s preferences. Be-
haviour genetic studies can identify whether the magnitude of
genetic and environmental influences on achievement goal
orientations also shifts across development in tandem with
mean-level shifts. Here, we test this question in a large
cross-sectional twin sample (N = 891 pairs) by tracking age-
related shifts in achievement goal orientations and whether
the observed age trends are accompanied by shifts in the mag-
nitude of genetic and environmental influences on achieve-
ment goal orientations. By identifying whether genetic and
environmental sources of variance shift with age, insight
can be gained into the plausible mechanisms of declining ac-
ademic motivation across childhood and adolescence.

MASTERY AND PERFORMANCE DOMAINS OF
ACHIEVEMENT GOAL ORIENTATIONS

Studies on achievement goal orientations traditionally fo-
cused on two types of goal orientations: mastery and perfor-
mance goals (Dweck, 1986). Mastery goal orientation
focuses on the learning process and mastering tasks, while
performance goal orientation focuses on learning outcomes
and demonstrating competence (Elliot & McGregor, 2001).
These two goal orientations represent distinct perceptual-
cognitive frameworks in achievement settings, which in turn
lead to different patterns of behaviours. A student with a
strong mastery goal orientation would seek to learn material
fully for the sake of understanding the material, an intrinsic
source of motivation. A student with a strong performance
goal orientation would seek to learn material in order to per-
form well on a test and receive recognition from others, an
extrinsic source of motivation. These goal orientations are
not mutually exclusive. An individual student could report
strong mastery and performance goal orientations.

Elliot and Harackiewicz (1996) expanded this dichotomous
scheme into a trichotomous version by differentiating
performance goal orientations into approach and avoidance
dimensions. Under this framework, performance approach
largely retains the original definition of performance goal orien-
tations (i.e. the desire to demonstrate ability, outperform others,
and obtain success), whereas performance avoidance reflects the
desire to avoid appearing incompetent. For example, students
with strong performance avoidance goal orientations might
avoid raising their hand in class or performing other sorts of vis-
ible actions that could be judged by teachers or other students.

This framework has also been extended to a 2 × 2 achieve-
ment goal orientation framework that further separates mastery
goal orientation into similar approach and avoidance dimen-
sions, where the mastery avoidance goal orientations represent
the desire to avoid not mastering the task (Elliot & McGregor,
2001). Huang (2012) meta-analysed 151 studies and found

good evidence of discriminant validity, as the mean
correlations among achievement goal orientations ranged from
.07 to .13. These meta-analytic results imply that achievement
goal orientations are not mutually exclusive. In fact, roughly
as many students hold consistent achievement goal orienta-
tions across mastery and performance goal orientations (i.e.
high or low on both) as hold inconsistent goal orientations
(i.e. high on one and low on the other).

In this study, we use the trichotomous taxonomy to frame
children’s achievement goal orientations, in line with a variety
of other research (Bong, 2001; Fryer & Elliot, 2007; Meece &
Miller, 2001; Pajares & Cheong, 2003). Our measure of
achievement goal orientations was drawn from the Patterns
of Adaptive Learning Scales (PALS; Midgley et al., 2000). A
key advantage of PALS is that the achievement goal measures
are embedded with many other contextual factors associated
with learning. We used portions of this larger inventory to
assess student, perceived parental, and teachers’ achievement
goals parent, and teacher achievement goals in a manner that
has been psychometrically validated (Midgley et al., 2000).
However, we cannot distinguish between mastery approach
and avoidance achievement orientation goals.

ACHIEVEMENT GOAL ORIENTATION
DEVELOPMENT THROUGH CHILDHOOD AND
ADOLESCENT

Development of students’ goal orientations may occur across
childhood and adolescence as individuals explore new social
roles and begin making major life decisions related to higher
education or occupations. Here, we review evidence on two
types of goal orientation change: rank-order stability
(Anderman & Midgley, 1997) and mean-level change
(Anderman & Anderman, 1999; Bong, 2001) of achievement
goal orientations across age and during educational transitions.

Rank-order stability

Rank-order stability (or rank-order consistency) refers to the
within-group maintenance of an individual’s rank ordering
on trait dimensions over time. For example, do individuals
that tend to report relatively high levels of mastery goal orien-
tation at age 8 years also report relatively high levels at age
10 years? Empirical studies have found that the rank-order
stability of child goal orientations is moderate to high
(Wigfield, Eccles, Schiefele, Roeser, & Davis-Kean, 2007).
For example, Anderman and Anderman (1999) found a siz-
able test–retest correlation of mastery goal orientations
(r = .57) and performance goal orientations (r = .55) after
the transition from elementary school to middle school. In a
college sample, Senko and Harackiewicz (2005) found test–
retest correlations of mastery and performance goal orienta-
tions across one semester to be .66 and .60, respectively. This
level of stability places achievement goal orientations along-
side other psychological traits in this age range, such as dimen-
sions of personality and cognitive ability (Briley & Tucker-
Drob, 2014; Deary, Whalley, Lemmon, Crawford, & Starr,
2000; Rieger et al., 2017; Tucker-Drob & Briley, 2014).
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Mean-level change

Mean-level change refers to the extent to which a group of
individuals tend to increase or decrease on some variable
across time. For example, are mean levels of mastery goal
orientation higher at earlier ages compared with later ages?
Longitudinal studies tend to find that as students age, en-
dorsement of mastery goal orientation decreases. For exam-
ple, Meece and Miller (2001) tracked the development of
mastery goal orientations from grade 3 to grade 5 and
found a decrease of d = �0.58. Obach (2003) followed
students across grades 6 to 8 and found a continued de-
cline (d = �0.30; see also Shim, Ryan, & Anderson,
2008). In a cross-sectional sample, Bong (2001) found a
remarkably similar difference between the mastery goal
orientation endorsement of elementary students and the
mastery goal orientation endorsement of middle schoolers
(d = �0.94), an effect size almost identical to the com-
bined trend of the longitudinal studies. Mastery goal orien-
tation continues a relatively linear downward trajectory
across the high school (Chouinard & Roy, 2008) and col-
lege (Fryer & Elliot, 2007) years. In contrast, the pattern
of mean-level changes in performance goal orientations is
less consistent, with some studies showing mean-level de-
crease (Anderman & Anderman, 1999; Bong, 2001),
whereas other studies show relatively little mean-level
change (Anderman & Midgley, 1997). Some of this
inconsistency may be due to differing approach and avoid
definitions for performance goal orientations. When specif-
ically analysing performance approach goal orientations,
which may be potentially adaptive, trends in mastery and
performance approach goal orientations both decrease sim-
ilarly (Schwinger, Steinmayr, & Spinath, 2016).

Mean-level change is also a well-studied aspect of lifespan
development in personality traits and cognitive ability (Rob-
erts, Walton, & Viechtbauer, 2006; Tucker-Drob, 2009). Per-
sonality dimensions generally trend towards a mature
personality profile, meaning individuals tend to become more
agreeable, conscientious, and emotional stable over the
lifespan (Roberts et al., 2006). Cognitive abilities increase dra-
matically across the academic years before age 20 years
(Tucker-Drob, 2009). Both trends point towards generally pos-
itive developmental trajectories. However, personality matura-
tion appears to dip during late childhood and adolescence,
especially for conscientiousness, agreeableness, and openness
(Soto & Tackett, 2015). This deviation from the maturation
trend is referred to as the disruption hypothesis, suggesting that
the transition from childhood to adolescence may be accompa-
nied by temporary stressors of development (e.g. puberty and
social role transitions) that may interfere with general social
pushes towards mature personality profiles. This trend may
also be relevant for negative trends in academic motivation.
For example, students may not find mastery goal orientation
useful when transitioning to an increasingly controlling school
environment or when beginning to invest more heavily in so-
cial or romantic relationships. Similarly, students may increas-
ingly experience the adverse performance goal orientation
consequences because of the stresses of more strenuous testing
and workload (Gottfried, Fleming, & Gottfried, 2001).

CONTEXTUAL CORRELATES OF ACHIEVEMENT
GOAL ORIENTATIONS

Achievement goal orientations are somewhat stable individ-
ual differences that shift across development. This trend im-
plies that there may be differing contextual factors that
influence academic goal orientations at different ages (But-
ton, Mathieu, & Zajac, 1996). In particular, students may
be socialized to have certain achievement goal orientations
by their teachers, parents, and peers.

Perceived goal orientations

Students likely build their schemas concerning achievement
goal orientations based on their perception of the valued goal
orientations in their environment (e.g. classroom or family;
Meece, Anderman, & Anderman, 2006). Classroom or
school goal structure is a strong correlate of personal goal
orientations (Anderman & Anderman, 1999; Kaplan &
Midgley, 1999). School goal structure refers to the school at-
mosphere, which then sets the norm for classroom goal struc-
ture and individual achievement goal orientations. Goal
structure could be emphasized by the types of tasks assigned,
instructional practices, or the framing of feedback by
teachers (Meece et al., 2006). Mastery goal structure is im-
plied by an environment where the norm is learning for the
sake of learning. In contrast, a performance goal structure re-
flects norms that grades, rewards, competition, and showing
competence are important. When teachers emphasize im-
provement, effort, and learning, which would require a mas-
tery goal structure, students are more likely to adopt mastery
goal orientations and less likely to focus on performance
avoidance goal orientations (Wolters, 2004). The case for
performance approach structure is more complex, with both
null (Midgley, Kaplan, & Middleton, 2001) and positive
(Anderman & Anderman, 1999) associations found between
school and individual goal structures. When students per-
ceive their school goal structures as performance approach,
students also tend to endorse performance avoidance goal
orientations (Wolters, 2004).

As children transition to more advanced grades, teachers
tend to emphasize mastery goal orientations less (Anderman
& Midgley, 1997; Murayama & Elliot, 2009). If students re-
flect the goal structure of their environment, then this may
account for the trend of declining mastery goal orientations
with age. Students may become less motivated academically
because of the increasing emphasis on grade point averages
and standardized testing that have clear performance goal
orientations but less clear mastery goal orientations.

Perceived parental goal structure may also play an impor-
tant role in children’s adoption of personal goal orientations.
Students perceive their parents’ mastery and performance
goal orientations (Friedel, Cortina, Turner, & Midgley,
2007; Gonida, Voulala, & Kiosseoglou, 2009). Perceived
parent goal structures are similar to school goal structures.
When children perceive their parents endorse a mastery
goal orientation, children tend to adopt mastery goal orienta-
tions more and have fewer avoidance behaviours in the class-
room; when children perceive performance parental goal
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orientation, they tend to adopt performance goal orientations
and display more avoidance behaviours during school
(Friedel et al., 2007). However, as children spend more and
more time at school, the effect of parental goal structures
may weaken as parents have less time and fewer opportuni-
ties to emphasize their expectation.

Importantly, we emphasize perceived goal structure in
this section. Perceptions of goal structure are conceptually
and empirically (Deemer, 2004) distinct from goal structure
endorsement by teachers or parents. Put differently, teachers
may claim that their classroom uses a mastery goal orienta-
tion structure, but students may perceive that performance
goal orientations are encouraged. Teachers and students
may attend to different situations (e.g. free discussion versus
testing), leading to discrepancies between teacher endorse-
ment and student perception. Although the ‘true’ endorse-
ment by teachers and parents likely matters for student
socialization, student perceptions tend to play a larger role
in student motivation (e.g. Schiefele & Schaffner, 2015).

Peer relationships

Peer relationships may also influence children’s endorsement
of achievement goal orientations (Roseth, Johnson, & Johns,
2008). Children who possess positive peer relationships,
such as feeling accepted by their peers, may view their class-
mates as supportive and their classroom as comfortable,
which in turn may make them more likely to focus on learn-
ing and improvement, rather than worrying about social
problems (Urdan, 1997). When children fail to build close
peer relationships or negatively experience the social status
hierarchy at school, they may engage in more social compar-
ison and competition under the pressure of maintaining and
promoting status, which could lead to engagement in aca-
demic comparison and competition, thus provoking higher
probability to endorse in performance goal orientations (Nel-
son & Debacker, 2008).

PSYCHOLOGICAL CORRELATES OF
ACHIEVEMENT GOAL ORIENTATIONS

Student achievement goal orientations may be informed by
psychological characteristics, particularly characteristics re-
lated to achievement (Poropat, 2009; Strenze, 2007).
Differential psychology has largely focused on cognitive
ability and personality dimensions, such as conscientious-
ness and openness to experience, as predictors of academic
achievement.

Cognitive ability

Cognitive ability is strongly correlated with achievement
(Strenze, 2007). However, cognitive ability does not appear
to be strongly correlated with achievement goal orientations
(Eison, 1981; Payne, Youngcourt, & Beaubien, 2007). Payne
et al. (2007) report meta-analytic correlations of .04, �.02,
and �.09 between cognitive ability and mastery, perfor-
mance approach, and performance avoidance, respectively.

Personality

Personality dimensions, the relatively enduring patterns of
thinking, feeling, and behaving, may also relate to the devel-
opment of achievement goal orientations. The Big Five (i.e.
extraversion, agreeableness, conscientiousness, neuroticism,
and openness to experience; John, Naumann, & Soto,
2008) is related to a wide range of academic behaviours in-
cluding academic achievement and goal orientation
(Komarraju, Karau, & Schmeck, 2009; O’Connor &
Paunonen, 2007; Poropat, 2009). Within this framework,
conscientiousness (primarily associated with effort) and
openness (associated with motivation to pursue interests)
tend to share variance with achievement goal orientations
(Komarraju & Karau, 2005). Specifically, conscientiousness
is positively associated with performance approach goal ori-
entation and negatively associated with performance avoid-
ance goal orientation, and openness is positively associated
with mastery goal orientation and negatively associated with
performance avoidance goal orientation (Briley & Tucker-
Drob, 2014; Komarraju & Karau, 2005; Tucker-Drob,
Briley, Engelhardt, Mann, & Harden, 2016).

To the extent that students increasingly engage in educa-
tion in ways that match their personality with age, conscien-
tiousness and openness may become more strongly tied to
achievement goal orientations. For example, elementary stu-
dents may simply take on the achievement orientations
instilled by their parents or teachers. High school students
may be less interested in following the instructions of their
parents or teachers and instead pursue achievement based
on their personality. Some students, such as those high in
openness, may still seek learning for the sake of learning,
but others with different characteristics may not.

DEVELOPMENTAL BEHAVIOUR GENETICS OF
ACHIEVEMENT GOAL ORIENTATIONS IN
CHILDHOOD AND ADOLESCENCE

Prominent theoretic frameworks (e.g. Eccles & Wigfield,
2002) concerning achievement goal orientations from educa-
tional and developmental psychology tend to attribute indi-
vidual differences and empirical results, such as mean-level
change, to environmental experiences. Much work in devel-
opmental behaviour genetics emphasizes how environmental
experiences are not randomly distributed (Kendler & Baker,
2007) or equally impactful for all individuals (Manuck &
McCaffery, 2014). Rather, genetic and environmental influ-
ences may become interdependent and transact across devel-
opment (Bleidorn, Kandler, & Caspi, 2014; Bronfenbrenner
& Ceci, 1994; Dickens & Flynn, 2001; Johnson, 2007;
Plomin, DeFries, & Loehlin, 1977; Tucker-Drob & Briley,
2019). In addition to additive effects of genetic and environ-
mental influences, genetic and environmental influences
could also operate synergistically to guide development
(i.e. gene–environment interplay). Such processes could lead
to shifts in the magnitude of genetic and environmental
influences on phenotypes (i.e. observed psychological
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characteristics). Identifying these shifts provides insights into
the potential underlying developmental mechanisms at work.

Behaviour genetic studies typically decompose variance
in a phenotype into additive genetic (A), shared environmen-
tal (C), and nonshared environmental (E) variance compo-
nents. The classical twin design (Neale & Cardon, 1992)
accomplishes this goal by leveraging the differences in ge-
netic relatedness and phenotypic similarity across identical
twins (i.e. monozygotic, MZ, sharing 100% of segregating
genetic material) and fraternal twins (i.e. dizygotic, DZ, shar-
ing 50% of segregating genetic material on average). Addi-
tive genetic influences index the extent to which genetic
relatedness is associated with psychological similarity. If
more genetically related individuals are also more psycho-
logically similar, then it implies that genetic influences play
some role. Identical twins tend to be more similar to one an-
other than fraternal twins are to one another because of ge-
netic influences. Shared environmental influences index the
extent to which individuals from the same rearing environ-
ment are more similar to one other, regardless of genetic re-
latedness. Finally, nonshared environmental influences index
all effects that would differentiate individuals from the same
rearing environment, such as measurement error, unique life
experiences, person-specific interpretations of the environ-
mental context, individual relationships with teachers, par-
ents or peers, and all other sorts of idiosyncratic inputs.

Few studies have examined genetic influences on child
mastery and performance goal orientations. Tucker-Drob
et al. (2016) found that among third to eighth grade children,
genetic influences accounted for approximately 20% of the
variance in mastery goal orientation, with most of the re-
maining variance attributable to the nonshared environment.
To date, there have been no tests of whether the magnitude of
genetic and environmental influences on achievement goal
orientations remains constant across development. Many
phenotypes do show signs of shifting heritability with age
(Bergen, Gardner, & Kendler, 2007; Briley & Tucker-Drob,
2013; Kandler & Papendick, 2017), and these changes tend
to be most pronounced during periods of developmental
change that co-occur with educational transitions.

As students mature, they may exert more of their own
preferences and desires on their achievement goal orienta-
tions compared with influences from parents and teachers.
To the extent that children’s preferences and desires are more
genetically influenced compared with the reaction elicited by
their environment (e.g. Ayoub et al., 2018), students exerting
their preferences could lead to increases in heritability. In-
creasing heritability may potentially occur simultaneously
with decreases in the shared environment as parents’ ability
to instil similarity loses strength. Parents may still play an in-
fluential role, but perhaps parents tailor individualized strate-
gies for each child, reflecting a nonshared environmental
influence. Similarly, students may increasingly choose peer
groups, classroom experiences, or extracurricular activities
that match their level of mastery or performance goal orien-
tation. These experiences may in turn reinforce achievement
goal orientations. Again, this process would lead to increas-
ing heritability to the extent that the characteristics that lead
students to the experiences are partially heritable. However,

it may also be the case that such developmental trajectories
are not associated with genetically influenced characteristics
but rather with the random churn of high school. Under this
scenario, it is more likely that variance would be attributed
to the nonshared environment.

Of course, it is also possible that there are no strong age
trends in genetic and environmental influences. Further, there
is no logical or necessary connection between mean-level
trends in achievement goal orientations and shifts in genetic
and environmental variance. The variance structure could
remain identical even though students tend to decrease in av-
erage levels. This result may be most likely if the develop-
mental inputs into achievement goal orientations remain
fairly constant across schooling. To the extent that novel
mechanisms, such as peer pressure, puberty, or college prep-
aration, play a role in the development of achievement goal
orientations, it may be more likely that these mechanisms
may draw on systems reflecting different blends of genetic
and environmental influences.

THE CURRENT STUDY

Here, we examine age trends in mean levels and genetic and
environmental sources of variance for mastery, performance
approach, and performance avoidance goal orientations
across late childhood and adolescence (ages 8 to 18 years)
in a cross-sectional, ethnically and socioeconomically di-
verse, population-based sample of twin pairs (Harden,
Tucker-Drob, & Tackett, 2013). We evaluate whether the
established mean-level shifts in achievement goal orienta-
tions are accompanied by shifts in the magnitude of genetic
and environmental influences. Identifying whether genetic
or environmental influences increase or decrease as mean-
level shift may provide some insight into the underlying
mechanisms that drive the development of achievement goal
orientations. Additionally, we situate the achievement goal
orientations in the context of other variables that may be re-
lated to academic motivation, namely, perceived school goal
structure, perceived parental goal structure, peer relationship
quality, cognitive ability, conscientiousness, and openness.

METHOD

Participants

All 1935 subjects were drawn from the Texas Twin Project
(Harden et al., 2013) who participated in an ongoing project
centred in Austin, Texas. Participants were ethnically and so-
cioeconomically diverse. The sample consisted of 891 twin
and triplet pairs. Age ranged from 7.80 to 21.29 years
(M = 12.22, SD = 2.65), with over 94% of participants be-
tween ages 8 and 18 years. Participants were recruited from
over 100 schools, with all twin pairs attending the same
school. Typically, twins attend the same school but have sep-
arate schedules (e.g. Tully et al., 2004). We did not have ac-
cess to participant’s schedules for the current study. The
sampling frame was based on recruiting from grades 3 to
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12 in the US system, with the relatively few participants over
18 years old having recently completed high school or been
held back across grades. The age of the participants was rel-
atively uniformly distributed across ages 8 to 18 years,
followed by a precipitous drop above age 18 years (Fig-
ure S1). We included the full sample for all analyses with
one exception. A total of 37 participants (1.8%) were missing
age information and were therefore omitted from models ex-
amining age moderation. We focused our primary interpreta-
tion in reference to ages 8 to 18 years in order to not
extrapolate beyond the data. Data were sparse above age
18 years. Only 5.2% of the sample had an age outside this
range, meaning precision for such estimates would be low.
The full sample was 53.23% female and was composed of
393 Hispanic, 129 Black, 151 Other race/ethnicity, and
1262 non-Hispanic White participants.

Measures

Measures included zygosity, achievement goal orientation,
and several variables that potentially correlate with achieve-
ment goal orientations. As shown in Table 1, sample size
for individual measures ranged from N = 1874 (personality
traits) to N = 545 (peer relationships). Missing data occurred
primarily because of different data collection priorities across
subprojects of the Texas Twin Project that led to differential
selection of measures across branches of the study. Initial
data collection efforts for the Project involved mailed sur-
veys, allowing for more scales (e.g. parent and school goal
structure and peer relationships). Subsequent data collection
efforts involved in-laboratory assessments, allowing for in-
person assessments of cognitive ability, but with reduced sur-
vey material. We made use of all available participants.
Table 1 also reports relevant psychometric information, such
as reliability and unstandardized regression coefficients for
age, sex, and age × sex.

Zygosity
Zygosity for same-sex twins was based on parent and exam-
iner responses to survey items regarding the similarity of a
number of physical characteristics (e.g. hair texture) and
the frequency with which the twins would be mistaken for
each other. This method has been validated by comparison
with genotyping, with over 99% accuracy (Heath et al.,
2003). The sample consisted of 891 pairs of twins: 291 pairs
(32.7%) of MZ twins, 310 pairs (34.8%) of same-sex DZ
twins, and 290 pairs (32.5%) of opposite-sex twins (DZ).

Achievement goal orientation
Student mastery, performance approach, and performance
avoidance goal orientations were measured using three sub-
scales from the PALS (Midgley et al., 2000). Both mastery
and performance approach goal orientation scales include
five items, and the performance avoidance goal orientation
scale has four items. Example items for each of the scales in-
clude ‘One of my goal orientations in class is to learn as
much as I can’, ‘One of my goal orientations is to show
others that I’m good at my class work’, and ‘It’s important
to me that I don’t look stupid in class’. Participants T
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responded to the items on a scale that ranged from 1 (not at
all true) to 5 (very true).

Perceived school and parent achievement goal structure
Students’ perceived school goal structure (mastery, perfor-
mance approach, and performance avoidance goal structure)
and students’ perceptions of parent achievement goal struc-
ture (mastery and performance goal structure) were measured
using five scales from the PALS (Midgley et al., 2000).
These scales include six, three, five, six, and five items, re-
spectively. Example items for each of the scales include ‘In
our school, trying hard is very important’, ‘In our school, get-
ting good grades is the main goal’, ‘In our school, it’s very
important not to look dumb’, ‘My parents want my work to
be challenging for me’, and ‘My parents think getting the
right answers in class is very important’. Participants
responded to the items on a scale that ranged from 1 (not at
all true) to 5 (very true).

Peer relationships
The perceived peer relationship quality was measured using
the 25-item index of peer relations (Hudson, 1990). Example
items include ‘I get along very well with my peers’ and ‘My
peers are a real source of pleasure to me’. Participants
responded to the items on a scale that ranged from 1 (rarely
or none of the time) to 5 (most or all of the time).

Cognitive ability
We tested cognitive ability using Matrix Reasoning, Block
Design, Vocabulary, and Similarities tests from the Wechsler
Abbreviated Scale of Intelligence-II (Wechsler, 2013). We
calculated the full-scale intelligence quotient based on pub-
lished norms from the administration manual.

Big Five personality
The Big Five personality traits were measured using child
versions of the Big Five Inventory (John et al., 2008). We fo-
cus on conscientiousness and openness because of their pre-
vious empirical and logical connection with achievement
goal orientations. Conscientiousness refers to the will to
achieve and impulse control. Openness refers to the insight
of an individual’s mental and experiential life. To control
for individual response sets, all items were ipsatized based
on within-person means and standard deviations following
the recommendations of John et al. (2008).

Analytic plan

Our analyses flowed through four primary steps: (i) Replicate
previous evidence for age trends in mean levels of achieve-
ment goal orientations. (ii) Estimate correlations between
goal orientations and the contextual and psychological vari-
ables across the age range. (iii) Estimate the magnitude of ge-
netic and environmental influences on achievement goal
orientations across the age range. (iv) Estimate the extent to
which genetic and environmental influences account for the
observed associations between achievement goal orientations
and the contextual and psychological variables.

We anticipated the plausibility of nonlinear age trends
in mean levels of achievement goal orientations and in
the association between achievement goal orientations and
the contextual and psychological variables, due in part to
the marked transitions that occur across childhood and ad-
olescence. In order to identify such trends, we used local
structural equation modelling (LOSEM; Hildebrandt,
Lüdtke, Robitzsch, Sommer, & Wilhelm, 2016). LOSEM
weights observations near a focal point more heavily than
more distant observations to produce a local estimate of
model parameters, similar to the more familiar use of lo-
cally estimated scatterplot smoothing curves (Cleveland &
Devlin, 1988). To identify whether mean levels of mastery
goal orientation decrease with age, a model could be esti-
mated locally at age 8 years, where observations with ages
near age 8 years would be weighted heavily relative to ob-
servations with ages near age 18 years. Then a model
could be estimated locally at age 18 years, where observa-
tions near age 18 years would be weighted heavily relative
to observations near age 8 years. In practice, we estimated
age trends continuously from age 8 to 18 years by fitting
models at each 0.1 year increment. Importantly, this ap-
proach does not require any arbitrary subsetting of the
data. Instead, LOSEM makes use of the full dataset for ev-
ery model. To avoid capitalizing on noise in the data, we
used a wide bandwidth parameter (i.e. 4), which implies
that each LOSEM model is based on a larger range of
the data and therefore the estimates represent more conser-
vative trends.

To investigate the genetic and environmental influences
on achievement goal orientations, we used the classical twin
design (Neale & Cardon, 1992), which takes advantage of
the known genetic similarity of MZ and DZ twins to identify
variance attributable to additive genetic influences (A),
shared environmental influences (C), and nonshared environ-
mental influences (E).

Next, we estimated parametric (Purcell, 2002) and
nonparametric (Briley, Harden, Bates, & Tucker-Drob,
2015) models, which allow the genetic and environmental
influences on each achievement goal orientation to differ as
a function of our moderator, age. We used LOSEM to flexi-
bly estimate the magnitude genetic and environmental influ-
ences as a function of age, and we then tested whether such
trends were statistically significant using standard parametric
approaches. The parametric approach builds on the classic
twin model by allowing the ACE components to differ as a
function of a moderator, such as age.

It is possible to conduct hypothesis testing with LOSEM
using a permutation testing approach (Hildebrandt et al.,
2016, pp. 263–264), but such tests are less powerful than
parametric tests (Briley et al., 2015, figure 6). We followed
the recommendations of Hildebrandt et al. (2016) to conduct
significance tests of whether the parameters of interests var-
ied across the moderator by creating an empirical null distri-
bution with permuted age variables based on randomly
shuffling the observed age variable. If variability of the pa-
rameter was larger in the observed data than in the random
data, this indicates that we can reject the null hypothesis that
the trend is flat across the moderator.
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Finally, we used bivariate Cholesky models to partition
the variance in achievement goal orientation into genetic
and environmental variance that is shared with the contextual
and psychological variables. Cholesky decompositions are
the behaviour genetic analogue of regression and can test
whether genetic and environmental influences on one pheno-
type also contribute to another phenotype. An example of the
model can be seen in Figure 1. As shown, Am and Ap denote
the genetic factors of mastery goal orientation and peer rela-
tionship quality, Cm and Cp represent the shared environmen-
tal factors, and Em and Ep represent the nonshared
environmental factors. The cross-paths estimate the extent
to which genetic and environmental influences on peer rela-
tionship quality also play a role in mastery goal orientation.
For example, the a12 pathway estimates the extent to which
the genetic influences on peer relationship quality account
for variance in mastery goal orientation. The a22, c22, and
e22 pathways represent the unique ACE variance in mastery
not shared with peer relationship quality.

All analyses were conducted with Mplus using full
information maximum-likelihood estimation to account
for missing data (Muthén & Muthén, 2017) and the
MplusAutomation package in R (Hallquist & Wiley, 2018).
All models residualized for age, sex, and age × sex effects
(McGue & Bouchard, 1984). We corrected standard errors
by using the TYPE = COMPLEX option and the cluster
option of Mplus with the family identifier set as the cluster-
ing variable. These commands take into account the noninde-
pendence of observations stemming from including
individuals from the same family and for repeated measure-
ments of some participants (McNeish, Stapleton, &
Silverman, 2017).

The current analyses were not preregistered. This re-
search should be considered exploratory. Sample size for
the current study was based on all available data from the
Texas Twin Project, collected over approximately 6 years.
All materials and procedures employed in this study are
available on Open Science Framework https://osf.io/75gyh/.
The data for the current project are not publicly available be-
cause of the language of the consent and assent forms agreed
to with the parents and participants. For more information
about the Texas Twin Project data availability and previous
studies, please see http://sites.la.utexas.edu/twinproject/. No

previous study has analysed the variables included in this re-
port to answer these questions. We report effect sizes and
95% confidence intervals.

RESULTS

The descriptive statistics, phenotypic correlations, and
within-pair twin correlations for all phenotypes are shown in
Table 1–2. Zero-order correlations without age and gender
residualization returned similar results, which can be found
in Table S1. The correlations among the achievement goal
orientations ranged from .08 to .56, which is typical in this
age range (Elliot & McGregor, 2001). The goal structure
children perceived as emphasized in their school and by their
parents had the strongest associations with their own corre-
sponding achievement goal orientations (r’s ranged from
.31 to .45), consistent with past work (Senko, Hulleman, &
Harackiewicz, 2011). This result indicates that children pos-
sess achievement goal orientations that match their perceived
environment. Peer relationship quality, conscientiousness,
and openness were positively correlated with mastery and
negatively correlated with performance avoidance. These ef-
fect sizes were of moderate magnitude. Performance ap-
proach was only modestly correlated with these variables.
Cognitive ability was not correlated with any goal
orientation.

The MZ twin correlations for the achievement goal orien-
tations (r = .29 to .38) were all larger than the DZ twin cor-
relations (r = .06 to .19), suggesting genetic influences.
Zero-order twin correlations returned similar results (Table
S1). Evidence of shared environmental influence was rare,
except for school goal structure for which MZ and DZ twin
correlations were similar in magnitude. All variables showed
evidence of nonshared environmental effects as MZ correla-
tions were all substantially below 1.

Phenotypic age trends in achievement goal orientations
and associations with contextual and psychological
variables

Results of mean-level and variance age trends in achievement
goal orientations using LOSEM can be found in Figure 2, and

Figure 1. Bivariate Cholesky model used to estimate the additive genetic, shared, and nonshared environmental contributions to the covariance between self-
reported mastery and peer relationship. A, additive genetic variance; C, shared environmental variance; E, nonshared environmental variance.
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the age trends in contextual and psychological correlates are
in Figures S2 and S3. We estimated local mean and variance
parameters continuously from age 8 to 18 years. Our results
replicated previous findings of the declining trend of mean
levels of achievement goal orientation. From age 8 to
18 years, mastery goal orientation declined approximately
0.4 SD, 0.2 SD for performance avoidance goal, and 0.1 SD
for performance approach goal (shown in Figure 2A). Permu-
tation tests indicated that the mean-level trend was significant
for men and women for mastery and performance avoidance
goal orientations (p < .01) but not for performance approach

goal orientation. The variance in mastery goal orientation in-
creased approximately 23.5% relative to age 8 years, de-
creased 5% for performance approach goal, and decreased
28.6% for performance avoidance goal (Figure 2B). Permuta-
tion tests indicated that the variance trend was only significant
for performance avoid goal orientation (p < .01). LOSEM
also identified potential non-linearities in the age trend for
mastery, where the increases in age-related differences were
mostly concentrated between ages 10 and 16 years.

Additionally, we were interested in whether the contex-
tual and psychological variables differentially correlated with

Table 2. Phenotypic correlations and twin correlations

Outcome variable

Partial correlation Twin correlation

Mastery Performance approach Performance avoidance MZ DZ

Mastery — — — .381 (.259,.503) .194 (.104,.284)
Performance approach .214 (.165,.263) — — .318 (.208,.428) .086 (�.008,.180)
Performance avoidance .081 (.034,.128) .555 (.500,.610) — .291 (.169,.413) .063 (�.029,.155)
School mastery .410 (.339,.481) .125 (.047,.203) .035 (�.045,.115) .433 (.225,.641) .339 (.196,.482)
School performance approach .120 (.038,.202) .306 (.228,.384) .179 (.083,.275) .373 (.189,.557) .214 (.067,.361)
School performance avoidance �.016 (�.090,.058) .482 (.404,.560) .449 (.365,.533) .377 (.199,.555) .279 (.130,.428)
Parent mastery .388 (.310,.466) .197 (.107,.287) .150 (.060,.240) .470 (.292,.648) .196 (.047,.345)
Parent performance .045 (�.035,.125) .389 (.305,.473) .362 (.272,.452) .406 (.235,.577) .090 (�.067,.247)
Peer relationship .264 (.180,.348) .003 (�.091,.097) �.161 (�.251,�.071) .529 (.308,.75) .084 (�.088,.256)
Cognitive ability �.003 (�.068,.062) �.093 (�.154,�.032) .076 (.013,.139) .768 (.686,.850) .410 (.324,.496)
Conscientiousness .252 (.203,.301) .021 (�.024,.066) �.045 (�.090,.00) .288 (.172,.404) .082 (�.010,.174)
Openness .142 (.087,.197) �.082 (�.127,�.037) �.015 (�.060,.030) .344 (.230,.458) .129 (.037,.221)

Note: All variables have been residualized for age, sex, and age × sex. 95% confidence intervals are presented in parentheses.

Figure 2. Local structural equation modelling result showing the (A) mean-level age trends and (B) between-person variance for the mastery, performance ap-
proach, and performance avoidance goal orientations. Gender differences were minor.
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achievement goal orientations across the age range. Using
LOSEM, we estimated nonparametric age-related shifts in
these associations. Figure 3 displays these results with the
y-axis representing the correlation between a goal orientation
and another variable. Across all three goal orientations, the
association with the school goal structure decreased with
age. The connection between younger student’s goal orienta-
tion and their school was stronger compared with older stu-
dents. For mastery goal orientation, personal characteristics
became more important with age. In particular, the associa-
tion between mastery and openness roughly doubled across
this age range. In contrast, neither performance goal orienta-
tion was more strongly correlated with personal characteris-
tics at older ages. In fact, the associations between
performance approach goal orientation and cognitive ability
and openness were largest at early ages and trended towards
zero by age 13 years. However, the magnitude of these shifts
was rather modest in absolute terms. Overall, the patterns of
association between goal orientation and the other included
variables were largely consistent across age.1

Genetic and environmental influences on achievement
goal orientations

Standardized parameter estimates of the ACE model are pre-
sented in Table 3. Model fit was generally acceptable, except
for perceived school performance approach and perceived
school performance avoidance. This poor fit most likely oc-
curred because of somewhat lower opposite-sex DZ twin
correlations compared with same-sex DZ twin correlations.
Given the relatively small sample size for these measures
(256 pairs), we chose to avoid potentially overfitting the data
by specifying more complex sex-limitation models. These
sorts of models would be underpowered in the current sam-
ple. The heritability for self-reported achievement goal

orientations ranged from 24% to 33%, with 64% to 76% of
variance attributed to the nonshared environment. Among
the three self-report goal orientations, only mastery goal ori-
entation showed modest evidence for shared environmental
influence. Results were similar for the other variables, with
the exception of larger estimates of the shared environment
for measures of school goal structure.

Next, we evaluated whether the magnitude of genetic and
environmental influences on achievement goal orientations
shifts with age using LOSEM. Investigating trends in raw
variance is important when there are shifts in total variance,
as trends could be masked when taking the proportion of a
shifting total variance. As shown in Figure 4,2 genetic influ-
ences on mastery goal orientation were negligible at age
8 years, rose in magnitude until roughly age 15 years, and
then fell precipitously afterward (p = .018). At the peak level
of heritability, genetic influences accounted for approxi-
mately 40% of the total variance. This trend was mirrored
by larger estimates of the shared environment at younger
and older ages. The nonshared environment accounted for a
relatively consistent variance. Only the age trend for genetic
influences was significant using a permutation test. These re-
sults indicate that genetically influenced processes emerge
for mastery goal orientation during a time of mean-level de-
creases, and as students approach the end of high school,
family-level processes return to playing a more prominent
role. There was no evidence of age trends for performance
approach goal orientation. For performance avoidance goal
orientation, the trend of decreasing variance with age was
driven by decreasing nonshared environmental influences,
but genetic and shared environmental sources of variance
were essentially flat (Figure 4A). No age trends in genetic
or environmental influences for either performance goal ori-
entation were significant using permutation tests.

We used the LOSEM results to guide parametric model
specification. Specifically, the standard specification of the
moderation model would be unable to capture the
inverted-U shape identified for mastery goal orientation1Permutation tests indicated that the age trends were significant for certain

pairings: mastery goal orientation with parent mastery goal orientation and
peers; performance approach goal orientation with openness and cognitive
ability; performance avoid goal orientation with school performance avoid
goal orientation, parent performance orientation, and cognitive ability.

Figure 3. Local structural equation modelling estimated nonparametric age trends in correlations between (A) mastery, (B) performance approach, and (C) per-
formance avoidance goal orientations and corresponding psychological predictors. For parent and school goals, the matching achievement goal orientation is
represented in the graph. [Colour figure can be viewed at wileyonlinelibrary.com]

2Results displaying proportion of genetic and environmental variance
showed similar results (see Figure S4).
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(Briley et al., 2015; Purcell, 2002). Therefore, we included
a moderation term for age2 for the genetic function in ad-
dition to moderation by age. The age trends in the behav-
iour genetic parameters of achievement goal orientations
are summarized in Table 4 using the parametric approach.
The coefficients reflect age trends in genetic and environ-
mental influences on the achievement goal orientations.
One can calculate the model-implied genetic variance by
inserting a specific age into the formula. The result is

squared to produce the expected genetic variance. Because
of the need to square the result, coefficients reflecting age
trends resemble quadratic trends, and coefficients reflecting
age2 trends resemble cubic trends as they would appear in
a standard regression framework.

The results match those found with the nonparametric ap-
proach for mastery goal orientation. The inverted-U shape
was identified for genetic influences. Genetic influences on
mastery goal orientation were estimated to be 0 at age 9 years,

Figure 4. Age trends in total variance composite to genetic and environmental components for mastery, performance approach, and performance avoidance
goal orientations using a (A) nonparametric and (B) parametric approach.

Table 3. Genetic and environmental proportions of variance

Variable A2 C2 E2 CFI TLI RMSEA Chi-square

Mastery .327 (.090,.564) .036 (�.178,.250) .637 (.578,.696) 1.000 1.052 0.000 24.574
Performance approach .274 (.176,.372) .000— .726 (.628,.824) 0.817 0.740 0.028 37.913
Performance avoidance .238 (.175,.301) .000— .762 (.699,.825) 1.000 1.033 0.000 29.511
School mastery .000— .378 (.302,.454) .622 (.546,.698) 0.891 0.905 0.006 39.512
School performance approach .215 (�.216,.646) .123 (�.214,.460) .662 (.499,.825) 0.373 0.454 0.064 42.010
School performance avoidance .153 (�.155,.461) .209 (.033,.385) .637 (.186,1.088) 0.562 0.618 0.080 48.261
Parent mastery .441 (.374,.508) .000— .559 (.492,.626) 1.000 1.005 0.000 3.785
Parent performance .340 (.183,.497) .000— .660 (.503,.817) 1.000 1.058 0.000 29.171
Peer relationship .451 (.365,.537) .000— .549 (.463,.635) 0.891 0.905 0.029 33.256
Cognitive ability .629 (.453,.805) .113 (�.083,.309) .259 (.212,.306) 1.000 1.033 0.000 24.095
Conscientiousness .252 (.191,.313) .000— .748 (.687,.809) 0.883 0.898 0.029 38.386
Openness .320 (.263,.377) .000— .680 (.623,.737) 1.000 1.123 0.000 19.263

Note: The effect size estimates reflect the proportion of variance attributable to genetic or environmental sources. A2, additive genetic variance; C2, shared en-
vironmental variance; E2, nonshared environmental variance; RMSEA, root mean square error of approximation; CFI, comparative fit index; TLI, Tucker Lewis
Index; 95% confidence intervals are presented in parentheses.
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increased to 42% by age 14 years, and then decreased to 8%
by age 18 years. The shared environment, on the other hand,
accounted for 26%, 0%, and 23% of the variance at each of
these ages, respectively. The nonshared environment was es-
timated to be essentially flat. The parametric results for per-
formance approach and avoid orientations were also similar
to the nonparametric approach, with one major exception.
The parametric models indicated the possibility for non-
trivial (~10% and 25% of the total variance, respectively)
shared environmental influences on both approach and avoid
performance orientations at older ages, in contrast to the flat
shared environmental trends observed in the nonparametric
approach. The largest age trend in terms of shifts in variance
was the decreasing nonshared environmental influence on
performance avoidance (Figure 4B).3

Genetic and environmental contributions to the
associations between achievement goal orientation and
correlated variables

Finally, we partitioned the variance in achievement goal ori-
entations into genetic and environmental variance that is
shared with school goal structure, perceived parent goal ori-
entation, peer relationship quality, cognitive ability, consci-
entiousness, and openness. We were primarily interested in
the genetic (a12), shared environmental (c12), and nonshared
environmental (e12) cross-pathways. These parameters reflect
the extent to which genetic and environmental influences on
the contextual and psychological variables are statistically
associated with achievement goal orientations. We encoun-
tered convergence issues when attempting to estimate the
shared environmental associations with achievement goal
orientations, most likely because of the finding that none of
the achievement goal orientations possessed meaningful
shared environmental variance (<4% of the total variance).
Most often the best fitting model would produce a large esti-
mate for the shared environmental cross-path (c12) but a near-
zero estimate for the shared environmental variance of the
predictor variable (c11). For example, the model for cognitive
ability estimated a sizeable and statistically significant shared
environmental cross-pathway but no shared environmental
variance for cognitive ability. These parameter estimates
are implausible. Therefore, we fixed to zero the shared envi-
ronmental cross-pathway for all models, which produced
sensible estimates.

Table 5 presents the path coefficients from the bivariate
analyses. The first three columns give the proportion of var-
iance due to genetic and environmental factors for the con-
textual and psychological predictors. The next two columns
give the genetic (a12) and nonshared environmental (e12)
cross-pathways. These parameters can be interpreted analo-
gous to standardized regression coefficients. The final three
columns give the residual proportions of genetic and envi-
ronmental variance for the achievement goal orientations.

3Significance tests for the parametric approach, which are more powerful
than the nonparametric tests, indicated significant moderation for mastery
goal orientation genetic and shared environmental influences, as well as per-
formance avoid goal orientation shared and nonshared environmental
influences.T
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These values do not sum to one because of the cross-
pathways that also account for variance in the achievement
goal orientations.

For mastery goal orientation, a substantial portion of ge-
netic variance was associated with the perceived parent and
school mastery goal structure. However, the estimate was
very imprecise for school mastery, most likely because of rel-
atively small sample size. These results imply that genetic in-
fluences on student’s perception of the environment are
shared with their level of mastery goal orientation, perhaps
driven by students perceiving environments that match their
desired level of mastery. The nonshared environmental path-
ways were also substantial and much more precisely esti-
mated. These results imply that the identical twin that
perceives their parent or school as more mastery focused also
tends to have higher levels of mastery goal orientation. The
genetic pathways accounted for approximately 18% of the
total variance in mastery goal orientation, and the environ-
mental pathways accounted for approximately 6%. Peer rela-
tionship quality was also positively associated with mastery
goal orientation through both genetic and environmental
pathways. The magnitude of these pathways was very simi-
lar, each accounting for a little over 3% of the variance in
mastery goal orientation. Turning towards the personality di-
mensions, cognitive ability was not associated with mastery
goal orientation. Conscientiousness was positively associ-
ated with mastery through both genetic (4%) and environ-
mental (3%) pathways. Openness was primarily associated
via an environmental pathway (1%).

Results for performance approach and performance
avoidance were largely similar to mastery goal orientation.
Parent and school goal structures tended to be associated
with student goal orientation through both genetic and envi-
ronmental pathways. The environmental pathways tended to
be stronger compared with the genetic pathways. Peer rela-
tionship quality was not associated with performance ap-
proach, but relationship quality was associated with
performance avoidance through an environmental pathway
(4% of the total variance). This result implies that the identi-
cal twin that has worse peer relationships also tends to en-
dorse avoidance goal orientations to a greater extent. The
personality variables tended to not be associated with either
performance goal orientation, with the exception of a small
genetically mediated, negative association between approach
goal orientation and openness (3% of the total variance).

DISCUSSION

Student academic motivation is critical for successful cogni-
tive growth and scholastic performance. Motivation can be
derived from multiple sources and for multiple reasons. We
evaluated the development of motivation derived from a de-
sire to obtain or demonstrate competence in relation to psy-
chological (e.g. personality and cognitive ability) and
contextual (e.g. parents, schools, and peers) variables. Con-
sistent with past work on motivation (Kovas et al., 2015;
Luo, Kovas, Haworth, & Plomin, 2011; Malanchini et al.,
2017), we found that genetic and environmental influences

are relevant for academic motivation. By identifying these
factors across a developmental period of tremendous change
for most students, our results point towards potential mecha-
nisms of growth.

Our study replicated previous work (Bong, 2001;
Chouinard & Roy, 2008; Fryer & Elliot, 2007; Meece &
Miller, 2001; Obach, 2003) demonstrating that mean levels
of achievement goal endorsement decrease between ages 8
and 18 years. Students tend to be less academically motivated
to pursue learning as an intrinsic goal at older ages. At the
same time, the magnitude of individual differences tended
to increase for mastery, decrease for performance avoidance,
and remain relatively stable for performance approach.

We also examined whether these mean-level and variance
shifts were accompanied by shifts in the magnitude of ge-
netic and environmental influences on achievement goal ori-
entations. Genetic and environmental influences on
performance approach and avoidance goal orientations were
largely consistent across the age range. One exception was
that the trend of overall decreasing total variance in perfor-
mance avoidance goal orientation was driven by decreases
in nonshared environmental variance. This result could be
due to less measurement error at older ages or fewer
individual-level experiences influencing avoidance.

For mastery goal orientation, we found a more complex
pattern. Genetic influences on mastery goal orientation were
small at early ages, rose fairly quickly until approximately
age 15 years, and then plummeted. This period of increase
coincides with the typical age of transition to high school,
and the period of decrease marks a time during which most
students approach graduation and begin considering career
paths or college. The shared environment displayed an oppo-
site trend. We contextualized this novel finding with several
contextual and psychological variables. Mastery goal orien-
tation was moderately correlated with the perceived goal
structure of the child’s parents and school, in addition to a
modest correlation with openness. We hypothesized that
any shifts in variance towards genetic factors would be ac-
companied by increases in the correlation with personality,
and any shifts away from shared environmental factors
would be accompanied by decreases in the correlation be-
tween mastery and environmental goal structure. We ob-
served this trend for the initial increase in genetic
influences up to age 15 years but found no similar evidence
for the decrease at older ages (Figure 3). However, these
slight shifts only partially explain the observed age trend.
Thus, there are several potential explanations for the results
we obtained.

Implications of shifting genetic and environmental
influences

Multiple developmental mechanisms could result in rapid
increases, followed by decreases, in genetic variance for
mastery goal orientation. At young ages, individual differ-
ences in mastery goal orientation were most strongly asso-
ciated with the shared and nonshared environment. The
shared environment could reflect family-level values that
are transmitted to children, including values learned at
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school when the children attend the same school. The
nonshared environment could reflect individual-level be-
liefs about learning, perhaps driven by idiosyncratic experi-
ences with teachers, tests, or peers.

Our results are consistent with children increasingly mov-
ing away from these environmental sorts of developmental
inputs and towards genetically influenced characteristics with
age. For example, personality characteristics, such as open-
ness, could become more impactful for achievement goal ori-
entations. Elementary students might express similar mastery
goal orientation based on socialized values, but after moving
on to high school, students with high levels of openness
might represent most students who maintain high levels of
mastery. The introduction of novel environmental pressures
from school or peers might make personal characteristics
more relevant. Under this process, novel forms of genetic in-
fluence would become relevant for achievement motivation.
We found evidence for this process in that openness was
more strongly correlated with mastery at older ages, but this
effect was small. Other genetically influenced characteristics
that were not measured in this study could play a larger role,
or many such characteristics may exert small effects that sum
to the relatively large aggregate age trend that was observed.

In contrast, it is possible that existing genetic variance
accumulates and increasingly guides development with
age. Genetic influences may play a small role in whether
students find learning enjoyable at early ages, but these in-
fluences remain minor because of the randomness of the
school day and the general environmental control exerted
by teachers. As students gain more control over their
course schedule and peer groups, students with a mastery
goal orientation may enrol in more challenging courses or
gravitate towards peers with similar outlooks on learning.
This process would result in a correlation emerging be-
tween early genetic characteristics and environmental expe-
riences (Scarr & McCartney, 1983). Students might evoke
a response from teachers or peers based on their geneti-
cally influenced characteristics, or they might actively seek
out certain environments based on their characteristics. In
behaviour genetics, these processes are termed evocative
gene–environment correlation and active gene–environment
correlation (Plomin et al., 1977). Importantly, even though
these mechanisms appear environmentally driven because
the environment exerts a causal effect on development, ge-
netic variance increases to the extent that genetically influ-
enced characteristics guide experiences. Gene–environment
correlation is a prominent explanation for why many char-
acteristics tend to show increasing genetic variance with
age (Bergen et al., 2007; Briley & Tucker-Drob, 2013;
Dickens & Flynn, 2001).

We were unable to differentiate between these two pos-
sibilities for the rise in genetic variance. This makes
straightforward implications for educational interventions
difficult. One possibility for the increase in heritability is
that genetic effects that are invariant across contexts and
environments play an increasing role, suggesting that inter-
ventions treating school environments or teacher–student
relationship may be less effective. An equally plausible in-
terpretation is that genetically influenced characteristics are

associated with the environment, so interventions that en-
able students to become systematically exposed to certain
environments may be efficacious. As an example, we
found that perceived parent and school goal structure were
the strongest correlates of student achievement goal orien-
tation (likely due, in part, to common method bias). If
teachers or parents provide a socialization base for students
at early ages (i.e. large shared environmental variance for
mastery goal orientation), the results imply that students
perceive teachers and parents as increasingly displaying
achievement goal orientations more in line with their ge-
netically influenced characteristics (i.e. shared environmen-
tal variance near zero and large genetic variance). This
process may be advantageous, showing that parents and
teachers are responsive to the needs of the student. Alter-
natively, it may be the case that this trend reflects mal-
adaptive behavioural patterns whereby teachers and
parents recalibrate their expectations based on problematic
student behaviours. Ultimately, we are unable to differenti-
ate these processes, but future work could identify what
mechanisms drive the shift in variance, particularly as it re-
lates to the strongest correlates we found, perceived school
and parent goal structure.

More fundamentally, the result that older students dis-
play higher genetic variance indicates that behaviour genetic
statistics like heritability are not static. Heritability may rise
and fall rather quickly across development, particularly dur-
ing periods of social and environmental change. This pro-
vides another clear example that both environmental and
genetic influences play a role in one’s adaptive develop-
ment. Future longitudinal data could identify whether the
observed age trends reflect novel genetic variance or the
strengthening of existing variance. This information could
shed additional light on the mechanisms driving declining
academic motivation with age.

Unexpectedly, we observed that genetic variance sharply
decreased as students approached graduation, and shared en-
vironmental variance increased. If the mechanisms sug-
gested earlier, personality factors becoming relevant or
gene–environment correlation guiding growth, were rela-
tively enduring aspects of development, then we should ex-
pect heritability to remain high, even in the face of major
transitions. As an example, genetic influences on cognitive
ability increase over a similar timespan but remain at adoles-
cent levels across adulthood even across substantial transi-
tions in education. One potential explanation is that
motivational processes might be more sensitive to the eco-
nomic realities of higher education in the USA, which has
the highest average tuition cost in the world (OECD, 2017,
pp. 220). Some students likely had to face realities of not be-
ing able to afford college and instead looked for work. Put
differently, family-level social capital, either in terms of fi-
nancial resources or experience with the educational system,
might have exerted more influence on student mastery goal
orientation as high stakes decisions were being made. These
novel findings should be replicated before drawing firm con-
clusions, and future studies could test the mediation effect of
socioeconomic status on the genetic and environmental
pathway of mastery goal orientation.
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We can also draw some tentative implications for the
identified mean-level trend. For example, it may be the case
that students are primarily exposed to positive and supportive
parental and school mastery goal structures. As students ma-
ture and rely on their openness to experience to inform their
mastery goal orientation, there is likely to be a greater repre-
sentation of low openness students compared with parents
who believe learning for learning’s sake is unimportant. Such
a shift could lead to the observed mean-level decline. Simi-
larly, novel environmental pressures, such as an increasing
importance placed on peers and social relationships, might
alter the factors that students draw upon to inform their mas-
tery goal orientation. Peer pressure may lead some students
to rely less on values transmitted from school or parents.
Our results would be consistent with this process, and then
students may draw on their genetically influenced character-
istics to fill the void.

A major applied impetus for examining age trends in
mean levels of achievement goal orientations is to identify
when in development interventions should be targeted such
that the intervention only needs to maintainmotivation rather
than increase motivation. Our results are consistent with pre-
vious work identifying the downward shift occurring partic-
ularly quickly between ages 10 to 14 years (e.g. Bong,
2001). The current results imply that interventions targeting
this age range are also targeting a time when the develop-
mental influences on achievement goal orientations are
shifting from family-level factors to genetically influenced
characteristics. Of course, behaviour genetic studies only as-
sess naturally occurring variation in the population of study,
not what sorts of interventions are possible. That being said,
it may be useful for applied researchers to consider this shift
when crafting interventions.

Impact of perceived parent and school goal structures

Based on previous work, we anticipated that student goal
orientations would be moderately correlated with the per-
ceived goal structure of parents and schools (Meece
et al., 2006). Intuitively, parents and schools may play a
causal socialization role by instilling certain values in
young students. Although we consistently found moderate
correlations, the behaviour genetic analyses seem to imply
a somewhat different causal connection. Turkheimer,
Pettersson, and Horn (2014) proposed a phenotypic null
hypothesis for personality. To the extent that personality
plays a causal role in the development of some outcome,
we should expect that the magnitude of genetic and envi-
ronmental associations would mirror the genetic and envi-
ronmental influences on personality. If personality
matters, rather than abstract and hidden sources genetic
and environmental variance, then the genetic and environ-
mental influences on personality should transfer over to
the outcome (Briley, Livengood, & Derringer, 2018).

We consistently found substantial shared environmental
variance for the parent and school measures of achievement
goal orientations. Yet we found essentially no shared environ-
mental variance for the student’s achievement goal orienta-
tions. If schools or parents were active socializers, then it

would be expected that some shared environmental variance
would be found for the student’s achievement goal orienta-
tions. Our results are inconsistent with this expectation.
Rather, the results are more consistent with the student’s
achievement goal orientations shaping the parent or school.
For example, the genetic influences that we identified for the
school and parent goal structures may have emerged because
of the expression of the student’s genetically influenced char-
acteristics. Put differently, the association between student
perception and student achievement goal orientations may
have been driven more by the student’s characteristics guiding
perception, rather than the environment shaping the student’s
characteristics.

Several caveats are important. First, parents and schools
may not influence goal orientations in a way that makes sib-
lings more similar to one another. Parent and school goal
structures could primarily exert their influence through a
nonshared pathway. In fact, we consistently found nonshared
environmental associations. This result implies that the stu-
dent who perceives that his or her parents or school is more
focused on mastery goal orientation also tends to express a
stronger mastery goal orientation. More specifically, our re-
sults are consistent with making this comparison between
identical twins raised in the same home, a more stringent test
than simply comparing across students. Parents and teachers
may be able to tailor their socialization practices based on the
unique characteristics of each child.

Second, we measured student perceptions of parent and
school goal structure, rather than direct measures of the envi-
ronment. It may be the case that parents or teachers might re-
port different goal structures than what are perceived by the
student. Future studies should include direct measures of pa-
rental and school goal structures. Genetically influenced
characteristics of the student may flavour perception, which
could account for the genetic influences on parent and school
goal structures as well as the genetic association with student
mastery goal orientation.

Finally, we did observe some shared environmental influ-
ences on mastery goal orientation at young and older ages.
Unfortunately, the perceived parent and school goal structure
measures were only available for a subset of participants,
making an analysis of these specific age ranges underpow-
ered. Future work could identify specific mechanisms of
the nonshared environmental associations, compare student
perception with measures taken from teachers or parents,
and perhaps target participant recruitment to test whether
shared environmental variance at early ages is associated
with environmental goal structures.

Strengths and limitations

The current study draws on several strengths. We used a
large, diverse, age-heterogeneous sample to test the novel
question of whether the magnitude of genetic and environ-
mental influences on achievement goal orientations shifts
alongside mean levels. Despite these strengths, several limi-
tations are important to consider.

First, the current study was cross-sectional and not longi-
tudinal. This design feature prevents us from making
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inferences regarding longitudinal change in achievement
goal orientation. However, previous cross-sectional and lon-
gitudinal studies evaluating age trends in achievement goal
orientations have been remarkably consistent. Future longitu-
dinal studies should test the identified trends.

Second, we identified somewhat unexpected age trends in
the genetic and environmental influences on mastery goal
orientation. We did not have access to another similar dataset
to replicate this trend. Care should be taken in interpreting
these results until replicated with independent data.

Third, although we had a substantial sample size for the
primary study variables, sample size was limited for
several of the contextual variables. Again, care should be
taken in interpreting the point estimates related to parent
and school achievement goal orientations and peer relation-
ships as these were estimated with less precision. Larger
sample sizes would also be required to test whether the
genetic and environmental associations between achieve-
ment goal orientations and the contextual variables shift
with age.

Fourth, the included measures differed in length and reli-
ability. Lower reliability may have obscured age trends and
associations. In particular, performance avoidance orienta-
tion had relatively low reliability. Future work using more
psychometrically sound assessments may identify age trends
or associations not observed in this study.

Finally, we encountered estimation difficulties in our
bivariate behaviour genetic models. We solved this issue
by fixing the shared environmental covariance between
the achievement goal orientations and the contextual and
psychological variables to zero. This decision was justified
by the trivial amount of shared environmental variance in
the achievement goal orientations. However, future work
with larger sample sizes could investigate other behaviour
genetic models to gain a more complete picture of the
associations.

CONCLUSIONS

Our goal was to shed light on the potential mechanisms
that drive the downward trajectory of academic motivation
across the school years. We used behaviour genetic meth-
odology to identify whether the mean-level decline in
achievement goal orientations was accompanied by shifts
in the genetic and environmental influences on achieve-
ment goal orientations. We identified such a shift for mas-
tery goal orientation; students increasingly form their
mastery goal orientation on the basis of genetically influ-
enced characteristics from elementary school until high
school. This result points towards student characteristics
perhaps playing an important role in understanding the de-
cline in academic motivation. We additionally found that
the association between mastery goal orientation and open-
ness to experience increased alongside this trend. Student
motivation fluctuates across child development in response
to many inputs, including genetic and environmental influ-
ences. More work is needed to understand how each of
these components is interconnected across time.

SUPPORTING INFORMATION

Additional supporting information may be found online in
the Supporting Information section at the end of the article.

Table S1. Zero-order correlation
Figure S1. Distribution of age on each variable with full sam-
ple, MZ pairs and DZ pairs. Cog.ab = cognitive ability.
Figure S2. LOSEM result showing the mean-level age trends
for the perceived school goal structures, perceived parental
goals, peer relationship, cognitive ability, conscientiousness,
and openness.
Figure S3. LOSEM result showing the between-person
variance age trends for the perceived school goal structures,
perceived parental goals, peer relationship, cognitive ability,
conscientiousness, and openness.
Figure S4. Age-trends in proportion of variance composite to
genetic and environmental components for mastery,
performance approach, and performance avoidance goal ori-
entations using a (A) nonparametric and (B) parametric
approach.
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