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Abstract

Students’ motivational beliefs about learning physical science are critical for achieving positive 

educational outcomes. In this study, we incorporated expectancy-value theory to capture the 

heterogeneity of adolescents’ motivational trajectories in physics and chemistry from seventh to 

twelfth grade and linked these trajectories to science-related outcomes. We used a cross-sequential 

design based on three different cohorts of adolescents (N = 699; 51.5% female; 95% European 

American; Mages for youngest, middle, and oldest cohorts at the first wave = 13.2, 14.1, and 15.3 

years) coming from ten public secondary schools. Although many studies claim that physical 

science motivation declines on average over time, we identified seven differential motivational 

trajectories of ability self-concept and task values, and found associations of these trajectories with 

science achievement, advanced science course taking, and science career aspirations. Adolescents’ 

ability self-concept and task values in physics and chemistry were also positively related and 

interlinked over time. Examining how students’ motivational beliefs about physical science 

develop in secondary school offers insight into the capacity of different groups of students to 

successfully adapt to their changing educational environments.

Keywords

expectancy-value theory; science motivation; physics and chemistry; ability self-concept; task 
values

Address correspondence to: Ming-Te Wang, mtwang@pitt.edu, Phone: 412-624-6945, Address: 230 South Bouquet Street, Pittsburgh, 
PA, 15213.
The first, second, and third authors made equal intellectual contribution to the manuscript.

HHS Public Access
Author manuscript
J Youth Adolesc. Author manuscript; available in PMC 2018 August 01.

Published in final edited form as:
J Youth Adolesc. 2017 August ; 46(8): 1821–1838. doi:10.1007/s10964-016-0620-1.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Introduction

Students’ motivational beliefs about physical science learning are critical for bettering 

performance, increasing enrollment in advanced courses, and instilling a desire to pursue a 

college major or career in science, technology, engineering, and mathematics (STEM; 

Denissen, Zarrett, & Eccles, 2007; Maltese, Melki, & Wiebke, 2014; Osborne, Simon, & 

Collins, 2003). Although students’ academic motivations tend to decline throughout 

adolescence (Wigfield, Eccles, Scheifele, Roeser, & Davis-Kean, 2006), recent studies 

suggest that domain-specific motivational trajectories may not decline uniformly across all 

students. Yet, research on physical science learning fails to consider the substantial 

heterogeneity in developmental changes of student motivational beliefs throughout 

secondary school (Archambault, Eccles, & Vida, 2010; Wang & Peck, 2013). Moreover, 

heterogeneity in motivational trajectories in physical science and its implications for 

subsequent science outcomes have yet to be explored. Approaching physical science 

motivation as a dynamic process characterized by multiple developmental pathways would 

greatly enhance our understanding of why some students are motivated to further their 

science learning and why others are not. Examining heterogeneity in motivational change 

will also help to identify the nature and course of the developmental mechanisms involved in 

physical science learning, a critical step for designing targeted intervention programs for 

specific groups of students with the most detrimental trajectories of motivational declines 

(Archambault et al., 2010; Wang, Fredricks, Ye, Hofkens, & Schall, 2016).

In this study, we built upon expectancy-value theory as a conceptual framework by focusing 

on two important motivation indicators for physics and chemistry: ability self-concept and 

subjective task values. We investigated how ability self-concept and subjective task values in 

physics and chemistry changed from grades seven through twelve and whether distinct 

motivational trajectories predicted discrepancies in course grade, advanced science course 

enrollment, and science career aspirations during high school. We focused on both physics 

and chemistry for two reasons. First, they are both categorized as physical science fields and 

are considered among the most challenging school subjects by students (Farenga & Joyce, 

1999; Huber, Häusler, Jurik, & Seidel, 2015). Research suggests that physics is perceived to 

be the most difficult subject, followed closely by chemistry, even among high achieving 

students (Havard, 1996). Second, the noted difficulty of high school physics and chemistry is 

found to result in declining course enrollment in physical science subjects (Osborne, Simon, 

& Collins, 2003; Lyons, 2006). Physics and chemistry are among the most disliked of all 

school subjects and, in contrast to biology, are considered by students to have far less 

relevance to their everyday lives (Osborne & Collins, 2000; Osborne et al., 2003). 

Accordingly, the focus on physics and chemistry will help us better understand how 

students’ general motivational trajectories regarding physical science change over time, 

particularly as they transition to secondary school.

Expectancy-Value Theory as the Developmental Framework

Expectancy-value theory (Eccles, 2009) posits that students’ educational choices are greatly 

influenced by their cognitive competencies, their ability self-concepts, and the subjective 

task values they attach to each subject or field. Ability self-concept refers to an individual’s 
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expectations for success and confidence in the ability to succeed in a particular field of 

study. Subjective task values, on the other hand, refer to the values an individual places on 

pursuing a specific field, such as interest, utility value, and attainment value. When youth 

feel confident in their ability to learn and achieve success in particular subject areas, they are 

more likely to engage in deeper-level cognitive strategies, which, in turn, are associated with 

increased academic achievement and course-taking (Eccles, 2009). Task value beliefs are 

also predictive of academic achievement, and are even stronger predictors of educational 

choices and future aspirations (Wang, 2012). Thus, increasing both competence beliefs and 

subjective task values are essential for adolescents to excel in scientific learning.

Research tracking developmental changes from elementary to secondary school typically 

shows that ability self-concepts and task values decline, on average, over time, across 

numerous academic domains (Achambault et al., 2010; Fredricks & Eccles, 2002; Jacobs et 

al., 2002). Scholars have proposed several plausible explanations for the decline of academic 

motivation, primarily focusing on changes in cognition and environment (Eccles, 1999; 

Eccles, Lord, & Midgley, 1991). The cognitive processing approach reasons that academic 

motivation declines as a function of universal maturational changes in brain development 

(Stipek & Mac Iver, 1989). Because young children are unwaveringly optimistic in their 

perceived competence across a spectrum of abilities, they tend to rate themselves highly 

regardless of their actual performance (Eccles, Wigfield, & Schiefele, 1998). However, as 

children enter middle childhood and adolescence, their overly optimistic views become more 

realistic as they increase their use of social comparisons and evaluative feedback from 

parents and teachers to judge their own abilities (Eccles, 1999; Wigfield et al., 1997). 

Accordingly, based on the feedback that they receive, many youth may begin to lower their 

perceived competence in science, leading to declines in their interest and desire to pursue a 

science career. On the other hand, the contextual perspective emphasizes how changes in 

environmental demands during adolescence create a mismatch between adolescent 

developmental needs and the school environment (Eccles et al., 1993), reducing students’ 

capacity to feel motivated and engaged with their school work (Eccles, 1999). For example, 

students desire an environment that grants them more autonomy and connectedness as they 

progress through school. Unfortunately, the structure of many secondary school 

environments is often more isolating and controlling than elementary school, offering a clear 

discrepancy between the developmental needs of adolescents and the school’s expectations 

and assumptions regarding their behavior (Eccles et al., 1998; Eccles, 1999).

However, many studies that documented extensive declines in achievement motivation 

actually began tracking changes in student motivation in early elementary school and ended 

in secondary school (e.g., Achambault et al., 2010; Jacobs et al., 2002). The reported 

declines may be somewhat exaggerated or misleading. Since we know that early elementary 

school students struggle to accurately gauge their cognitive abilities and interests across a 

number of domains (Wigfield & Eccles, 2002), accordingly, first graders’ view of their 

abilities may not be comparable to their views in seventh grade. Given that ability and value 

ratings of young children differ qualitatively from those of older children (Wigfield et al., 

2006), the previous studies tracking motivation from early elementary school until the end of 

secondary school may confound the mechanisms for these motivational declines with both 

maturational changes in cognitive reasoning and environmental changes in school settings.
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In this study, we sought to examine heterogeneous developmental trends in physical science 

motivation. We selected seventh grade as the beginning point of the motivational trajectories 

for two reasons. First, students have already transitioned to middle school by seventh grade, 

potentially avoiding the confounding role of maturational changes in cognition that 

influences declines in motivation. Second, examining motivation from seventh through 

twelfth grade enables us to capture motivational changes in physical science during the 

transition to high school: a key time period when students’ task values and ability self-

concepts in science reliably predict future educational choices (Maltese & Tai, 2011). By 

tracking heterogeneity in physical science motivational trends across the middle school and 

high school years, we hope to gain a more accurate picture of the extent that adolescents 

improve, decline, or maintain stability in their motivation.

Trajectories of Ability Self-Concept and Task Values in Science

Studies using variable-centered approaches to examine average sample trends have shown 

that, as they progress through their school careers, youth’s ability self-concept and task 

values in science learning decline over time. For example, researchers found average 

declines, from ages 9 to 17, in intrinsic motivation in science (Gottfried, Marcoulides, 

Gottfried, & Oliver, 2009). Specifically, interest in chemistry and physics continuously 

declined from ages 11 to 16, whereas an interest in biology increased between ages 11 and 

14 and then decreased at age 16 (Bennett & Hogarth, 2009). Furthermore, cross-cultural data 

has shown global declines in perceived ability and expectancies for success in science during 

junior high school (Wilkins, 2004), while other studies have also shown that middle and high 

school students rate science as less valuable, important, and understandable than elementary 

school students do (Neathery, 1997).

Although average declines in science ability self-concept and task values have been 

documented, such trends do not necessarily mean that all students are declining at the same 

rate or experiencing homogeneous developmental changes (Gottfried et al., 2009). Focusing 

on average trends in student motivation masks potential variability in these developmental 

processes. Some students may, indeed, experience declines in motivation during 

adolescence, but others may experience increasing or even stable trajectories. Furthermore, 

the existence of divergent trajectory groups may contribute to discrepancies in grades, 

course enrollment, and STEM career aspirations.

In order to address this limitation, several studies have employed person-centered 

approaches to identify groups of high risk students that, in comparison to other groups, 

demonstrate stark declines in academic motivation over time (Ratelle, Guay, Larose, & 

Senécal, 2004). For example, engagement studies show that developmental changes in 

behavioral, emotional, and cognitive engagement are not uniform across all adolescents, and 

that these patterns are linked to differences in academic and psychosocial adjustment 

(Archambault, Janosz, Morizot, & Pagani, 2009; Li & Lerner, 2011). Similar growth mixture 

modeling techniques were applied to study the development of literacy motivation, in which 

joint trajectories of ability self-concepts and subjective task values in literacy were modeled 

across grades one through twelve (Archambault, Eccles, & Vida, 2010). Of the seven 

trajectory groups identified, all groups experienced declines. There were substantial 
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differences in the rates of decline across groups and only a few experienced some recovery 

during the secondary grades. However, it is worth noting that the detection of uniform 

declines across all seven groups is not surprising given the selection of first grade as the 

starting point of the modeled trajectories. Examining motivational changes with a baseline in 

middle school may produce groups with fewer or far less dramatic declines over time.

In our review of the literature, only one study used semiparametric growth modeling to 

identify heterogeneity in science motivation. This study tracked changes in science self-

efficacy (a global scale combining ratings of chemistry, physics, and biology courses) in a 

Canadian sample from the end of high school to the transition to college (Larose, Ratelle, 

Guay, Senécal, & Harvey, 2006). They identified three trajectory groups: a high stable 

group; an increasing group; and a decreasing group. The increasing and high stable groups 

were more likely to choose science careers and have higher science interests than the 

decreasing group. These empirical findings challenge the notion that adolescents experience 

a common developmental pattern of decline in science achievement motivation, and support 

the use of person-centered approaches to identify differential motivational trajectories. 

However, since the Larose et al. (2006) study relied on a sample of adolescents that had 

already chosen at age 17 to pursue science in college, there is still a need for person-centered 

research that examines how motivational beliefs in science (particularly physics and 

chemistry, the least popular of all the sciences; Osborne & Collins, 2000) develop during the 

formative years when youth are still exploring their academic identities and building 

educational experiences that may guide them toward either a STEM or non-STEM career. 

Our study, therefore, expands upon this research by tracking a sample of U.S. adolescents 

from seventh through twelfth grade to pinpoint divergent trends in motivational beliefs 

during this crucial time period of STEM career development.

Longitudinal Association between Ability Self-Concept and Task Values

Ability self-concept and task values have long been theorized to be reciprocally related 

(Ferry, Fouad, & Smith, 2000; Pajares, 2005; Wigfield & Eccles, 2002), although the 

strength of this relation is expected to increase as children age. Young children often start 

out with optimistic appraisals of their abilities across a diverse range of subjects (Wigfield & 

Eccles, 2002), but they temper their ratings of competence (often downward) as they begin 

to rely more heavily on feedback from teachers and parents to judge their own abilities 

(Wigfield et al., 1997). As they age, they have a better sense of how to coordinate their 

cognitions and behaviors to achieve their desired goals. They also adjust their task values to 

better coincide with their perceptions of their cognitive abilities (Denissen, Zarrett, & 

Eccles, 2007; Wigfield et al., 2006). For example, a longitudinal study found that the 

associations among ability self-concept and interest in English, math, and science became 

more stable from grades 1 through 12, indicating that, as they age, children’s perceived 

ability and interest in academic domains become increasingly interlinked and mutually 

reinforcing over time (Denissen et al., 2007). However, without capturing heterogeneity in 

trajectories, we still have limited understanding of how physical science self-concept and 

task values develop contemporaneously. We aim to determine if the increasing convergence 

patterns identified in previous studies will apply for students with different developmental 

trajectories.
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Science Motivation and Learning Outcomes

In addition to identifying heterogeneity in longitudinal development of physical science 

motivation throughout adolescence, it is important to establish the extent to which changes 

in motivation are linked to important science outcomes toward the end of high school. 

Research has shown that ability self-concept and subjective task values are critical 

determinants of science learning outcomes during secondary school (Lau & Roeser, 2002; 

Simpkins, Davis-Kean, & Eccles, 2006). For example, studies found that students’ 

perceptions of science ability predicted their performance on standardized tests (Nagengast 

& Marsh, 2012; Wilkins, 2004), and science self-concept predicted their science course 

selection (Marsh & Yeung, 1997) and career aspirations in STEM (Nagengast & Marsh, 

2012). Likewise, task values strongly predict academic performance and persistence in 

science. For example, perceived importance, interest, and usefulness of science were found 

to correlate with science achievement (Neathery, 1997) and to indirectly link to science 

achievement through greater time spent on academic activities (Singh, Granville, & Dika, 

2002). While these findings highlight the importance of student ability self-concept, interest, 

attainment value, and utility value in subsequent educational choices, most studies have not 

examined how different developmental trajectories of ability self-concepts or task values are 

linked to science outcomes. Our study will address this gap in the literature by examining 

how heterogeneity in motivational changes throughout adolescence differentially predicts 

important science outcomes.

The Current Research

In this study, we incorporated expectancy-value theory to capture the motivational 

trajectories of adolescents in physics and chemistry and to link these trajectory groups to 

important learning outcomes in science. First, we aim to examine whether adolescents’ 

ability self-concept and subjective task values in physics and chemistry are characterized by 

divergent growth trajectories from seventh to twelfth grade. Specifically, if different growth 

trajectories can be identified, how many trajectory groups will emerge and what patterns will 

be identified? Second, we investigate how trajectory group membership is associated with 

subsequent educational outcomes in science (i.e., advanced course enrollment, course 

grades, and STEM career aspirations).

Because of the scarcity of empirical evidence on profiles of physical science motivation, we 

do not make predictions on the specific number of profile groups we might find. However, 

following the logic of our conceptual framing, we hypothesized that a minimum of four 

groups of students following continuously decreasing, stable high, and nonlinear trajectories 

would be identified. First, due to the misalignment between the school environment and 

adolescent needs during the transition to secondary school, we expect to find a group of 

students who experienced continuous declines in science motivation from seventh through 

twelfth grade. This group may demonstrate difficulty adjusting to the stress of a new 

learning environment by losing interest in school and confidence in their ability to succeed 

academically. Second, despite the stress of transitioning to secondary school, we 

hypothesize that not all students will experience difficulty adapting to the academic and 

social demands of the new learning environment. We hypothesize detection of a well-
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adjusted group distinguished by high and stable motivation in physical science. 

Subsequently, in line with prior literature on trajectory groups of intrinsic motivation in 

science (Larose et al., 2006), we expect that the stable group may represent the majority of 

students in the sample. Third and fourth, we anticipate the identification of two distinct 

groups of nonlinear trajectories. As the science curriculum becomes more specialized in 

high school, the transition from middle to high school may serve as a turning point for 

enhancing or undermining science self-concept and values in adolescents. One group, for 

example, may experience stark increases in physical science motivation at the transition to 

high school due to the emergence of a variety of science courses that can be taken as 

electives. For this particular group, we would expect that initial declines in science 

motivation leading up to ninth grade would eventually change over to increases in 

motivation as these students take advantage of their newfound ability to choose the physical 

science courses of greatest interest to them. Conversely, another group of students may feel 

overwhelmed by the complexity of the secondary science curriculum, or fall victim to 

ineffective teaching or poor relationships with teachers, or simply choose to opt out of 

science course electives altogether. We would expect this particular group of students to 

demonstrate initial increases in science motivation up until ninth grade, and then switch over 

to a steady decline until twelfth grade. Additionally, we expect that students with 

developmental trajectories characterized by increasing motivation or stable high motivation 

are more likely to have higher course grades and STEM career aspirations and to enroll in 

more advanced science courses.

Methods

Participants

We used data from the Childhood and Beyond Study, an ongoing longitudinal study 

following three cohorts of students through elementary school, junior high school, and 

senior high school adopting a cross-sequential cohort design (Eccles, Wigfield, & 

Blumenfeld, 1984). The purpose of this study was to investigate the development of 

students’ motivational beliefs in a variety of academic and nonacademic fields, and the 

influences of school and home factors on student motivational beliefs, activity choices, and 

performance. The study sampled ten elementary public schools located in the Midwestern 

United States.

The first wave of data collection was conducted when the three cohorts were in kindergarten, 

first grade, and third grade. Our analyses of students’ ability self-concept and task values for 

physics and chemistry utilized data from Wave 5 to Wave 7 collected when students were in 

seventh, eighth, and tenth grade (youngest, middle, and oldest cohorts, respectively; see 

Table 1). The combined cross-sequential sample provided information on students’ physical 

science ability self-concept and task values from seventh grade through twelfth grade. The 

sample consisted of 699 students (48.5% were boys; 95% were European American; 197, 

202, and 300 from the youngest, middle, and oldest cohorts, respectively). The samples were 

mainly from middle and working class households (67.6% eligible for free/reduced lunch).
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Procedures

Students were recruited through their respective schools. Teachers provided letters 

describing the study, along with permission slips, to students’ families, of which 80% agreed 

to participate. Student data was collected during school hours in the spring of every data 

collection year. Students completed questionnaires assessing their ability self-concept and 

task values in physics and chemistry, and career aspirations in STEM fields. All the scales 

included in the student questionnaire were validated through cognitive testing procedure 

with middle school and high school students to ensure that the items were comprehended 

and interpreted as intended. Family annual income was provided by primary caregivers, and 

students’ science grades and advanced course enrollment were gathered from school records. 

Students and primary caregivers received small monetary compensation for their 

participation.

Measures

Ability self-concept in physics and chemistry—Physical science ability self-concept 

was calculated as the mean of three items measuring students’ perception of ability in 

physics and chemistry. The ability self-concept scale is well-validated with similar samples 

in prior studies (e.g., Simpkins, Davis-Kean, & Eccles, 2005). Students responded on a scale 

from 1 (not at all good) to 7 (very good) for the first and second items: “How good would 

you be at physics and chemistry?” and “How good do you think you would be in a career 

that requires physics and chemistry?” The third item asked “How well do you expect to do 

in physics and chemistry in high school?” This item was also rated on a 7-point scale (1= not 
at all well to 7 = very well). Scores on this scale demonstrated high estimated internal 

consistency reliability in this sample (αs = .88 ~ .94 across seventh to twelfth grade).

Subjective task values in physics and chemistry—Task values for physics and 

chemistry were calculated as the mean of four items assessing student interest, perceived 

importance, and usefulness of these subjects. We combined the four task value items into 

one single task value construct because they are highly correlated (Wave 5: .55– .77, Wave 

6: .58–.82, and Wave 7: .66 to .81). These items have been validated with similar samples 

and used widely for measuring task values in different school subjects, such as math, 

reading, and sports (Jacobs, Lanza, Osgood, Eccles, & Wigfield, 2002; Wigfield et al., 

1997). The items were: “In general, how useful is what you learn in physics and chemistry 

science (1 = not at all useful to 7 = very useful)?”, “For me, being good at physics and 

chemistry is… (1 = not at all important to 7 = very important)”, “I find working on physics 

and chemistry assignments… (1 = very boring to 7 = very interesting), and “How much do 

you think you will like doing physics and chemistry (1 = a little to 7 = a lot)?” Scores on this 

scale demonstrated high estimated internal consistency reliability in this sample (αs = .84 ~ .

92 across seventh to twelfth grade).

High school science course grade—Students’ course grades in physics and chemistry 

from tenth to twelfth grade were collected from school record data (ranging from 1 = F to 16 

= A+). A mean of course grades was created as an indicator of high school science 

achievement (M = 10.67, SD = 2.95, minimum = 1, maximum = 16).

Wang et al. Page 8

J Youth Adolesc. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Advanced placement (AP) science courses—The number of high school Advanced 

Placement (AP) science courses in physics and chemistry each student took was collected 

from school record data. The total number of AP physics and chemistry courses taken in 

high school was used to indicate advanced science course enrollment (M = 0.31, SD = 0.61, 

minimum = 0, maximum = 2) .

Aspirations for STEM-related jobs—At twelfth grade, students were asked to imagine 

and rate how likely they would consider pursuing STEM-related jobs which require a 

bachelor’s or master’s degree, such as an engineer or architect: a scale commonly used in 

national surveys (Jodl, Michael, Malanchuk, Eccles, & Sameroff, 2001). Responses were 

rated along a 7-point scale (1= very unlikely to 7 = very likely).

Covariates

We examined how a vector of important covariates were related to student motivation and 

achievement, including gender, family SES, prior science achievement, and cohort. We used 

annual family income reported by the primary caregivers as the SES indicator and responses 

were given on a 9-point scale (1 = under $10,000 a year, 9 = over $80,000). The mean of 

family income was 5.7 on this 9-point scale (SD = 1.92, minimum = 1, maximum = 9, 

skewness = −0.16, kurtosis = −0.54). Students’ yearly science course grades from first to 

sixth grade collected from school records were rated on a 16-point scale (ranging from 1 = F 
to 16 = A+). The mean of science course achievement between first and sixth grade was 

used to indicate prior science achievement (M = 10.06, SD = 2.19). We created two binary 

variables (with the youngest cohort as the reference group) to account for cohort effects.

Analytic Strategies and Missing Values

We conducted tests of measurement equivalence to ensure that the content of the repeated 

measures was perceived and interpreted in the same way over time. We found empirical 

support for measurement invariance of the underlying ability self-concept and task value 

constructs across time and within cohorts (see Table 2). We then used multiple-process 

growth mixture modeling (GMM) to identify distinct developmental trajectories of ability 

self-concept and task value in physics and chemistry. All models were estimated with Mplus 

7.31 (Muthén & Muthén, 2015).

To answer the first research question, a series of unconditional GMM models were 

conducted to classify the participants into subgroups based on their trajectories of physical 

science ability self-concept and task values. In each GMM model, we estimated the 

intercepts, linear slopes, and quadratic terms for both ability self-concept and task values. 

We tested one- to ten-class model solutions. Both bootstrap likelihood ratio tests (BLRT; 

McLachlan & Peel, 2000) and Lo–Mendell–Rubin likelihood ratio tests (LMR; Lo, Mendell, 

& Rubin, 2001) were used to determine if sequentially adding one more class to each model 

substantially improved the fit. In addition, a series of model fit indices, such as the Bayesian 

information criterion (BIC; Schwarz, 1978) and Akaike’s information criterion (AIC; 

Akaike, 1987) were also used to identify the optimal number of groups that best fit the data. 

Moreover, we used the entropy index of the optimal model to assess how accurately the 

optimal model classified participants into their respective trajectory groups (Muthén, 2004). 
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While there appears to be no definitive criteria for determining optimal numbers of latent 

classes when estimating growth mixture models, researchers have recommended the use of 

multiple statistical indices, along with conceptual considerations and interpretability of the 

latent groups (Marsh, Hau, & Grayson, 2005; Marsh, Lüdtke, Trautwein, & Morin, 2009).

To answer the second research question, we specified two sets of conditional models based 

on the best-fitting GGM model identified in the previous step. A newly developed Mplus 

algorithm, the three-step approach (Asparouhov & Muthén, 2013), was employed to specify 

our conditional models. In the three-step conditional model, the statistical model 

simultaneously assigned individuals into trajectory groups and estimated if the trajectory 

groups differed across both the covariates (e.g., demographic characteristics) and the 

outcomes (e.g., course grade).

Approximately 80.2% of participants at Wave 5 participated in Waves 6 or 7. The amount of 

missing data ranged from 5.6% to 40.3%. Missing completely at random chi-square tests 

(Little, 1998) revealed that the missing data were missing completely at random for the 

youngest (χ2 = 26.97, df = 21 p = n.s.), middle (χ2 = 26.59, df = 21 p = n.s.), and the oldest 

(χ2 = 20.18, df = 23 p = n.s.) cohorts. In addition, we conducted a series of t-tests to 

determine whether participants with complete data differed from those who had missing data 

within each cohort. Within the middle cohort, participants with complete data had slightly 

higher ability self-concept at 8th and 10th grade (mean differences = 0.42 and 0.49 on a 7-

point scale, respectively), family income (mean difference = 1.06 on a 9-point scale), and 

prior science course grades (mean difference = 0.91 on a 16-point scale), than those with 

missing data. Within the oldest cohort, males were more likely than females to have missing 

data. No significant differences were found within the youngest cohort. We dealt with 

missing data through full-information maximum likelihood estimation, allowing us to 

include all available data and identify the parameter values that have the highest probability 

of producing the sample data (Baraldi & Enders, 2010). Models were estimated with a 

procedure (COMPLEX MIXTURE) to address violations of independence assumptions 

related to the clustering nature of the data, thereby achieving robust standard errors.

Results

Means, standard deviations, and correlations are presented in Table 3. No obvious deviations 

from normality were detected for either ability self-concept or task values, and all 

correlations between motivation, covariates, and outcomes were in the expected directions.

We ran latent growth curve (LGC) analysis to compare the linear and curvilinear LGC 

models for ability self-concept and task values. For both constructs, the curvilinear models 

provided a better fit to the data than the linear models (ability self-concept: χ2
diff (4) = 

12.51, p < 0.05; task values: χ2
diff (4) = 14.55, p < 0.01). Accordingly, the curvilinear 

specification was used in the subsequent GMMs for identifying physics and chemistry 

motivation trajectory groups. The means of the intercept, linear slope, and quadratic term 

were 4.60, −0.04 (p = n.s.), and 0.01 (p = n.s.) for self-concept trajectory, and were 4.75, 

−0.23 (p < 0.01), and 0.03 (p < 0.01) for task values trajectory. Importantly, the variance of 

intercept (0.97) and slope (0.70) for self-concept as well as intercept (0.85) and slope (0.75) 
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for task values were statistically significant (p < .05), indicating the heterogeneity of 

motivation development among individuals.

Identification of Trajectory Groups of Ability Self-Concept and Task Values

The AIC, BIC, and entropy indices of the one- to ten-group solutions are summarized in 

Table 4. While AIC continuously decreased as the number of trajectory groups increased, 

BIC suggested that the seven-group model provided a better fit to the data: it decreased as 

the number of trajectory groups increased from one to seven groups, but increased as the 

number of trajectory groups changed from seven to eight groups. On the other hand, the 

LMR first became non-significant when the number of groups in the solution turned from 

three to four. The results of the BLRT for the ten models were non informative. Although 

continued adding to the number of groups in the solution might lead to a non-significant 

BLRT result, a solution with a large number of latent classes might statistically distinguish 

classes with little practical difference. The size of the groups might also become too small 

for meaningful interpretation.

Based on BIC and LMR tests, we narrowed down the best solution between the three- and 

the seven-group models. As Muthén (2001) suggests, the relative strength of LMR and BIC 

is not sufficiently well-understood though several recent studies do caution that LMR does 

not always function as a reliable indicator for deciding optimal solution (Diallo, Morin, & 

Lu, 2016a; 2016b). Accordingly, the decision on the number of classes should not be based 

solely on statistical measures but also on theoretical justification and interpretability. With 

that in mind, we concluded that the 7-group solution was more appropriate than the 3-group 

solution. The entropy value (.75) for the seven-group model was also considered good 

(Muthén, 2000), indicating that this solution provided appropriate classification into 

trajectory groups. Average probabilities of individual assignment into respective classes 

ranged from .78 to .90, further demonstrating the robustness of the seven-group solution.

Additionally, we conducted additional analyses to support the robustness of the seven group 

solution. These analyses suggested that the 7-class solution could be replicated even when 

science ability self-concept and subject task-values were analyzed separately in two series of 

growth mixture models. The three-group solution mainly showed the level differences in the 

trajectories (high, moderate, and low) without differentiating the slope differences, which 

appears to oversimplify the heterogeneity of the trajectory patterns.

Figure 1 presents the means for ability self-concept and task values in physics and chemistry 

for the seven trajectory groups across seventh to twelfth grade. Overall, ability self-concept 

and task values in physics and chemistry followed similar patterns of longitudinal change 

within each group. To ensure the finding is not simply a measurement artifact of the two 

trajectories being estimated simultaneously, we conducted the growth mixture models for 

ability self-concept and task values separately and found that the number and nature of 

trajectory groups were consistent. According to the pattern of changes in science ability self-

concept and task values, the seven groups were labeled as Stable High, Stable Moderate, 
Steady Decreasing, Sharp Decreasing, Increasing, Transitory Decreasing, and Transitory 
Increasing. Four major trajectory patterns could be summarized among these groups.

Wang et al. Page 11

J Youth Adolesc. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Stable trajectories—Two trajectory groups, namely Stable High (26.6% of the sample) 

and Stable Moderate (36.2% of the sample), were characterized by rather stable levels of 

ability self-concept and task value across seventh to twelfth grade. As for Stable High, the 

means of the intercept, slope and quadratic terms were 5.77, 0.20 (p < .05), and −0.03 (p = 

n.s.) for self-concept trajectory, and the means of these growth factors were 5.82, 0.05 (p = 

n.s.), and −0.01 (p = n.s.) for task values trajectory. As for Stable Moderate, the means of the 

intercept, slope, and quadratic terms were 4.47, 0.10 (p = n.s.), and −0.01 (p = n.s.) for self-

concept trajectory, and the means of these growth factors were 4.89, −0.24 (p = n.s.), and 

0.04 (p = n.s.) for task values trajectory.

Unstable decreasing trajectories—The second category included the two trajectory 

groups characterized by longitudinal decreases in ability self-concept and task values: 

Steady Decreasing (16.3%) and Sharp Decreasing (5.2%). While ability self-concept and 

task value declined rather steadily for individuals in the Steady Decreasing group (means of 

intercept, slope, and quadratic terms = 3.76, −0.01 (p = n.s.), and −0.01 (p = n.s.) for self-

concept trajectory, and 3.91, −0.30 (p = n.s.), and −0.02 (p = n.s.) for task values trajectory), 

the decline for Sharp Decreasing was more pronounced (means of intercept, slope, and 

quadratic terms = 5.91, −1.39 (p < .01), and 0.09 (p = n.s.) for self-concept trajectory, and 

6.29, −1.73 (p < .01), and 0.15 (p < .01) for task values trajectory).

Unstable increasing trajectories—In contrast to the second category of trajectory 

groups, the third category included only one group, the Increasing trajectory group (4.1% of 

the sample), whose members experienced an increase in science motivation throughout their 

high school years (means of intercept, slope, and quadratic terms = 2.69, −0.45 (p = n.s.), 
and 0.21 (p < .01) for self-concept trajectory, and 2.18, −0.38 (p = n.s.), and 0.20 (p < .01) 

for task values trajectory). In the Increasing group, students’ ability self-concept and task 

values remained rather stable across seventh and ninth grade. After ninth grade, however, 

both ability self-concept and task values increased considerably until the end of high school.

Transitory decreasing and increasing trajectories—The last category included the 

last two trajectory groups, Transitory Decreasing (6.9% of the sample) and Transitory 
Increasing (4.7% of the sample). As for Transitory Decreasing, the means of the intercept, 

slope, and quadratic terms were 4.55, −2.02 (p < .01), and 0.36 (p < .01) for self-concept 

trajectory, and 4.69, −2.19 (p < .01), and 0.39 (p < .01) for task values trajectory. As for 

Transitory Increasing, the means of the intercept, slope, and quadratic terms were 3.17, 2.01 

(p < .01), and −0.45 (p < .01) for self-concept trajectory, and 3.21, 1.84 (p < .01), and −0.42 

(p < .01) for task values trajectory. These groups were characterized by self-concept and task 

value trajectories that reversed or changed direction around ninth grade, when students 

transitioned into high school. Youth in the Transitory Decreasing group reported a rapid 

decrease in both ability self-concept and task values across seventh to ninth grade. The 

decreasing trends leveled off during ninth and tenth grades and then increased from tenth to 

twelfth grade. Contrarily, Transitory Increasing exhibited an opposite trajectory pattern. For 

youth in this group, self-concept and task values increased from seventh to ninth grade and 

then reversed to a decreasing trend around ninth grade.
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Comparing Science Outcomes Among the Different Trajectories

As shown in Figure 2, high school science grades for Stable High were higher than the other 

six trajectory groups. High school science grades for Stable Moderate and Increasing were 

similar and highest in magnitude after Stable High, followed closely by Transitory 
Increasing. Steady Decreasing and Sharp Decreasing also shared similar high school science 

grades, with Transitory Decreasing containing the lowest high school science grades among 

the sample.

Comparing the number of AP science courses taken for each trajectory group, Stable High 
again outweighed the other six groups. Similarly, Stable Moderate had the second highest 

number of courses taken. No significant differences in course taking were found among 

Increasing, Steady Decreasing, Sharp Decreasing, Transitory Decreasing, and Transitory 
Increasing.

As for STEM career aspirations, Stable High reported the highest mean score across all 

trajectory groups. However, there were no significant differences in STEM career aspirations 

between Stable High, Increasing, and Transitory Increasing. Increasing and Transitory 
Increasing did not differ significantly from Stable Moderate. Finally, Steady Decreasing, 

Transitory Decreasing, and Sharp Decreasing also did not significantly differ from one 

another, and Sharp Decreasing had the lowest STEM career aspirations out of the entire 

sample.

Discussion

Secondary school is a critical period to develop academic self-concept and interest in 

physical science. In order to keep up with challenging course material in STEM 

postsecondary programs, science career trajectories must begin early, with youth 

demonstrating motivation and proficiency in physical science and enrolling in advanced 

science courses throughout secondary school. In this study, we examined the joint 

developmental patterns of adolescents’ ability self-concept and subjective task values in 

physics and chemistry from seventh to twelfth grade. We aimed to identify groups of 

students with similar science motivation trajectories and examine how motivational 

trajectories predicted science learning outcomes. Although many studies claim that science 

motivation declines on average over time (e.g., Gottfried et al., 2009), we identified seven 

differential trajectories of motivational change from the beginning of middle school through 

the end of high school. Adolescents’ physics and chemistry ability self-concept and task 

values in each group were positively correlated over time. Additionally, we not only detected 

heterogeneity in patterns of physics and chemistry motivation, but also found differential 

associations with science achievement, advanced science course taking, and career 

aspirations across these trajectories.

The advantage of employing person-centered approaches is that they enable us to identify 

subgroups of individuals at heightened risk of experiencing continuous declines in ability 

self-concept and task values. These approaches will aid in the development of more nuanced 

strategies and individualized interventions to increase student motivation in physics and 

chemistry. When we focus on average trends across a sample of students, we risk 
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overlooking the substantial diversity in student motivational trajectories, particularly for the 

students showing less typical developmental trends in motivation. Many students with 

different learning needs, as indicated by their motivational trajectories, may not receive the 

specialized support systems they need to improve their learning outcomes in physical 

science. Identifying students at higher risk for declining motivation and tailoring strategies 

to meet their individual needs is an important step in effectively reversing or slowing 

declines in physical science motivation over time. Therefore, while the seven groups 

identified vary in size, students classified in the smaller groups may actually need more 

attention and support than those following more common or typical developmental 

trajectories of stability.

Trajectory Groups of Ability Self-Concept and Task Values and Science Outcomes

We classified the seven developmental trajectories into four categories based on their similar 

developmental patterns: stable trajectories, unstable decreasing trajectories, unstable 

increasing trajectories, and transitory declining and increasing trajectories.

Stable trajectories—While studies of achievement motivation have found that the 

majority of students from elementary through secondary school experienced declining 

trajectories across subject domains (Wigfield et al., 2006), by examining change exclusively 

across middle and high school, we identified two stable trajectories of high and moderate 

levels of learning motivation in physics and chemistry, comprising a majority (63%) of 

students. This pattern could be considered the normative developmental course of physics 

and chemistry learning motivation in adolescence, although levels of stability did vary and 

were differentially associated with the outcomes of interest. For example, students belonging 

to the Stable High group were more likely than the Moderate Stable group to have higher 

science achievement, higher STEM career aspirations, and to enroll in more advanced 

placement science courses. However, despite significant outcome differences between the 

two stable groups, stability at either a high level or a moderate level was characterized by 

more consistently positive educational outcomes in comparison to the changing or unstable 

trajectory groups. These results indicate that maintaining a constant, positive perception of 

competence, interest, and value in physics and chemistry across middle and high school, 

may provide a number of long-term academic benefits for youth. For these students in 

particular, physics and chemistry motivation established in their early school years seems to 

set the stage for their later academic development.

The seemingly protective nature of stable-at-a-high-level or stable-at-a-moderate-level in 

physics and chemistry motivation underscores the importance of optimizing early science 

learning experiences to facilitate and maintain high levels of perceived ability and utility of 

physics and chemistry. Specifically, research suggests that personal interest in science could 

be triggered by formal and informal learning experiences throughout childhood (Maltese & 

Tai, 2010), and that science interests in eighth grade and the start of high school are strong 

predictors of future STEM degree attainment and career interest (Maltese & Tai, 2011; 

Sadler et al., 2012). While it is unclear exactly what sustained the motivational beliefs of 

these students over such an extended period of time, we can speculate that possibly having 

high quality learning experiences such as attending high quality schools or experiencing 
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engaging hands-on instruction may be the driving mechanisms. Future research should 

investigate whether individuals with stable-at-a-high-level motivational trajectories in 

physics and chemistry have more high quality in-school and out-of-school science 

experiences than students in unstable trajectories.

Unstable and decreasing trajectories—Students in the Sharp Decreasing (16.3%) and 

Steady Decreasing trajectories (5.2%) demonstrated a continuous drop in physics and 

chemistry motivation over time, but the rate of decline varied across the school years. These 

students began seventh grade with above average motivational beliefs, with most reporting 

being good at physics and chemistry and finding them useful. Unfortunately, over time, 

motivational beliefs about physics and chemistry became progressively more negative. These 

findings are troubling, given that researchers have suggested that when students tend to 

report lower perceptions of their ability in a specific domain than their actual performance, 

their performance eventually begins to match their perceptions (Phillips & Zimmerman, 

1990). It appears that self-perceptions of competence inform subsequent task performance, 

and because task values are closely tied to academic self-concepts, it follows that ability 

self-concepts and task values will continuously shape both each other and achievement over 

time (Assor & Connell, 1992). Our findings seem to support these pathways, as students in 

decreasing trajectory groups had lower STEM career aspirations than those in both stable 

trajectory groups, and lower science grades and advanced course enrollment than the Stable 
High group.

Given that our trajectories track adolescent development from middle to high school, 

changes in the structure of the educational environment may lead many students to feel less 

academically competent and experience stark declines in achievement motivation as they 

transition to secondary school (Fredricks & Eccles, 2002; Gottfried, Fleming, & Gottfried, 

2001; Jacobs et al., 2002). However, consistent declines may also be indicative of strategies 

that students use to cope with poor quality schools, and unengaging instruction. Feedback 

from teachers may also play a role, as youth often have difficulty reengaging with material 

after receiving continuously negative feedback. While we do not have the sociocultural or 

contextual data to test these assumptions, it would be valuable for future research to examine 

whether changes in school structure, teacher quality, and parent behavior interactively result 

in continued declines in motivation from middle to high school.

Unstable and increasing trajectories—A third category of students demonstrated an 

unstable and increasing pattern of motivational development. This small group of students 

(4% of the sample) had below average motivation in physics and chemistry at the start of 

middle school and experienced little change until ninth grade, when their physics and 

chemistry motivation increased sharply. This group bucks the trend of declining motivation 

seen throughout developmental literature by demonstrating that, for a small group of 

students, science motivation actually increases throughout high school. This raises the 

question, however, of why these students maintained lower motivation until entering high 

school. Although we do not know the specific mechanisms that led to these motivational 

increases throughout high school, we can offer some probable suggestions. For instance, 

most students in middle school have a prescribed course load, while high school students 
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have more options to choose physics and chemistry electives that might interest them. This 

may explain why achievement motivation in physics and chemistry increased dramatically 

for this small group of students at the beginning of high school.

In addition, while increases in science motivation may be seen as beneficial, the late start for 

this group may be somewhat problematic. For example, although these students performed 

relatively well in science and had relatively high career aspirations in STEM, their late 

interest in physics and chemistry may have impeded their ability to take as many advanced 

science courses as their stably motivated peers. This is evidenced by the smaller average 

number of AP courses taken by the Increasing group relative to the High Stable or Moderate 
Stable groups. Due to STEM degree programs requiring a strong foundation in advanced 

science coursework prior to entering college, development of science interests late in high 

school may delay students’ educational progress toward obtaining a STEM degree. Future 

research should investigate whether students who developed science interests late in high 

school, but ultimately major in a science field, have difficulty keeping up with the college 

course load relative to students who develop their science interests early.

Transitory declining and increasing trajectories—The fourth category represented 

two groups of unstable trajectories: one with a decreasing trajectory (Transitory Decreasing) 

that leveled out and then began to increase at ninth grade, and another with an increasing 

trajectory that transitioned to a steep decline upon entry into ninth grade (Transitory 
Increasing). For both transitory groups, ninth grade was a critical turning point in the 

subsequent development of ability self-concept and task values in physics and chemistry, 

aligning with prior findings that school transitions can be difficult for many students. In fact, 

stage-environment fit theory postulates that the incongruence between adolescent 

developmental needs and the environmental structure of secondary schools leads many 

students to feel alienated and less attached to their school (Eccles et al., 1993). Future 

research could examine whether contextual factors differ across these two groups resulting 

in opposite patterns of motivational trajectories over time.

Although these groups experienced opposite patterns of development over time, their 

developmental inconsistencies seemed to place these students at an academic disadvantage, 

with lower average AP science course enrollment and science academic performance, 

compared to most other groups. Indeed, the fluctuations in motivation detected for these two 

transitory groups may have reduced students’ likelihood of enrolling in advanced courses in 

science. This may explain why students in these groups were less likely to enroll in AP 

science courses, and as a result, may have been less academically prepared to pursue careers 

in science, as reflected by their lower average science grades. This finding corroborates our 

previous conclusion that high, stable patterns of ability self-concept and task values in 

physics and chemistry appear to be the optimal pattern of motivational beliefs to support and 

further enhance the development of scientific knowledge and ability.

The Longitudinal Relation between Ability Self-Concept and Task Values

As adolescents’ perception of their own competence and ability in physics and chemistry 

changed over time, their reported interest in physics and chemistry changed in tandem. This 
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was true regardless of the initial level and shape of students’ developmental trajectories. 

Stability in ability self-concept was accompanied by stability in task value, while increases 

or decreases in ability self-concept were accompanied by increases or decreases in task 

value, respectively. These findings are consistent with the empirical and theoretical literature 

positing that academic self-concept and task value beliefs are reciprocally related and 

mutually reinforcing over time (Denissen et al., 2007; Wigfield & Eccles, 2002). According 

to expectancy-value theory, children are more interested in domains in which they feel more 

competent, and achieve greater competence in domains in which they have greater interest. 

While elementary school students are less likely to report ability self-concept and values that 

are similar in magnitude (Wigfield et al., 1997), older students become less optimistic about 

their performance, and become more adept at judging their own abilities (Eccles et al., 

1998). In particular, as children progress from elementary through middle school they 

become more proficient at rating their ability and interest across specific subject domains 

(Eccles, 1999). As a result, ability self-concept and task value ratings of middle school and 

high school students are often lower and more closely related to each other than those of 

younger students (Eccles et al., 1993; Wigfield & Eccles, 1994).

Limitations and Future Research

Although this study has much to offer, some caveats need to be noted. First, the majority of 

our sample was White, limiting our ability to generalize the findings to other racial/ethnic 

populations. Some minority groups, such as African Americans and Latinos, are 

underrepresented in STEM fields and face a number of social challenges (e.g., prejudice, 

discrimination) that infrequently affect White middle-class populations (Wang & Degol, 

2016). However, racial/ethnic minorities also have cultural strengths that they can build upon 

to help them succeed in STEM, such as African American girls viewing STEM careers as an 

important dimension of family (Hanson, 2007). It is important, therefore, that future 

research investigates the development of science motivation among Latino and African 

American youth, with a focus on the unique challenges and strengths that they face.

Second, we operationalized science motivation by combining physics and chemistry subject 

domains, yet it is likely that physics and chemistry have unique motivational trajectories. To 

address this limitation, future studies should evaluate physics and chemistry individually and 

examine whether our findings can be replicated in other science subject domains as well, 

such as biology and computer science. In addition, while we are confident that our measure 

of STEM career aspirations appropriately assesses twelfth graders’ inclination to pursue a 

STEM career, we acknowledge that having high aspirations in STEM does not necessarily 

translate to a future career in STEM. Additional follow-up analyses are needed to determine 

differences in actual career attainment across motivational trajectory groups.

Third, while a clear strength of our study is its focus on motivational changes during the 

middle school and high school years, which minimized the related cognitive maturational 

effect on motivation, modeling stability or change in motivation across the transition from 

elementary to middle school could help us determine if the transition to middle school is 

truly characterized by declines across all groups. Such analyses would also enable us to 

compare the transition to middle school with the transition to high school and determine if 
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the high school transition stands out as a more critical turning point for the creation of 

divergent pathways of physical science motivation. These findings, therefore, may shed 

more light on the crucial role that high school plays in creating motivational discrepancies in 

science learning between different groups of students.

Fourth, given that the growth mixture modeling analysis procedure used in this study is 

newly developed, it is quite common that different modeling-fitting indices or statistical tests 

may not support the same decision as indicated in many studies (e.g., Diallo, Morin, & Lu, 

2016b; Marsh et al., 2009). While there are no agreed-upon criteria for facilitating decisions 

about the number of classes in growth mixture modeling, future research should investigate 

whether our findings can be replicated across multiple studies (Nylund et al., 2007).

Fifth, although we identify the longitudinal relationships between motivation and 

achievement outcomes, the development of motivation and achievement could be 

bidirectional, with performance and course taking shaping science motivation over time and 

vice versa. It is therefore vital to consider the potential reciprocity among achievement and 

motivation to determine how strongly they influence each other longitudinally. Sixth, we 

used course grades and advanced course enrollment as our achievement measures. Although 

the participating schools were selected due to their comparable SES, grading rubric, 

curriculum design, and student academic performance, it is difficult to determine whether 

course grades are comparable across these schools and whether a similar number of AP 

courses were available to students enrolled in different schools. Future studies may want to 

use standardized test scores as the achievement measure and examine if the results can be 

replicated.

Finally, while we identified differential trajectory groups of physics and chemistry 

motivation, and related these groups to various educational outcomes, it is unclear what 

contextual or sociocultural factors led to these developmental patterns. These factors should 

be further investigated in order to construct a more holistic view of how adolescents’ 

physical science motivation is shaped and how contexts vary across trajectory groups. For 

example, despite the relative importance of educational experiences in determining 

motivational development, we were unable to control for school quality in modeling our 

trajectories or to determine if school quality varied significantly across our existing 

trajectory groups (Wang & Peck, 2013). Future research should examine whether 

educational contexts may distinguish stable from unstable trajectories of science motivation.

Implications for Practice and Research

Several implications for intervention and practice can be derived from the current study. This 

research validates substantial heterogeneity in the development of students’ achievement 

motivation in physics and chemistry from seventh through twelfth grade. Extant research has 

principally focused on average trends, which demonstrate constant declines in ability self-

concept and task values (Fredericks & Eccles, 2002; Gottfried et al., 2007). Conversely, the 

majority of youth in our sample followed stable trajectories of motivational development; 

still other students demonstrated unstable patterns characterized by some increases and 

decreases in motivation over time. Relying solely upon average trends masks these 

developmental processes and forces both thriving students and struggling students into one 
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general category of development (Wang & Degol, 2014). Person-centered approaches, on the 

other hand, enable us to identify subgroups of students who may need additional support to 

stay engaged in science learning. This work is therefore positioned to inform the 

development of individualized instructional techniques and strategies that help struggling 

students become more competent and interested in their academic endeavors.

Our findings support the domain specificity of achievement motivation and the importance 

of differentiating motivational changes across subject domains. In comparison to literacy 

motivation (Archambault et al., 2010), for example, it appears that literacy and physical 

science motivation trajectories follow distinctly different patterns of development. While 

seven groups of literacy motivation were identified, most of the groups shared declining 

patterns of motivation, and group differences centered on rates or time points of decline. 

Meanwhile, our findings suggest that physics and chemistry motivation varies individually, 

with developmental patterns that demonstrate stable, increasing, or decreasing trajectories. 

The majority of youth experienced general stability in physics and chemistry ability self-

concepts and task values, presenting a diversity of heterogeneous patterns not observed in 

literacy. Another essential distinction between the two subject domains is that self-concept 

and task value in physics and chemistry followed the same relative pattern of development, 

while literacy self-concept and task value diverged more over time. It is worth noting that the 

differences detected may be attributed to our decision to focus solely on adolescent 

development, as opposed to development from early childhood to adolescence in the literacy 

study.

Conclusion

While increasing science performance and course enrollment for adolescents is an important 

endeavor, our study suggests that increasing learning motivation may not only promote 

achievement but career aspirations as well, activating multiple potential pathways to a 

successful career in STEM fields (Wang et al., 2015). For many students, secondary school 

is their first opportunity to choose physics and chemistry courses that may be of specific 

interest to them from a differentiated curriculum, and could therefore, potentially serve as a 

key turning point in maximizing or enhancing interests and career aspirations. Thus, 

examining how these motivational patterns develop during the high school transition will 

offer insight into the capacity of different groups of students to successfully adapt to their 

changing educational environments. Moreover, given the heterogeneity in developmental 

trajectories and their divergent outcomes, adopting a tailored trajectory-specific intervention 

strategy rather than a universal approach may facilitate the design of effective interventions 

for addressing physical science motivation. Special attention should be paid to the time 

points during which different groups of students experience the greatest risk of losing 

motivational interest in physics and chemistry so that we can identify optimal intervention 

points for buffering the declining trajectories in learning.

Acknowledgments

Authors’ Contributions

Wang et al. Page 19

J Youth Adolesc. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



MTW conceived of the study, participated in its design and coordination and drafted the manuscript; AC 
participated in the design and interpretation of the data and performed the statistical analysis; JLD participated in 
the interpretation of the data and drafted the introduction and discussion sections of the manuscript; JSE 
participated in the design. MTW, AC, and JLD made equal intellectual contribution to the manuscript. All authors 
read and approved the final manuscript.

Conflicts of Interest

The authors declare that they have no conflict of interest.

Compliance with Ethical Standards

All procedures performed in studies involving human participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards.

Ethical approval

A review conducted by the Institutional Review Board approved the study to be consistent with the protection of the 
rights and welfare of human subjects and to meet the requirements of the Federal Guidelines.

Informed consent

Informed consent was obtained from all individual participants included in the study.

Funding

This project was supported by Grant DRL1315943 from the National Science Foundation and Grant HD074731-01 
from the Eunice Kennedy Shriver National Institute of Child Health and Development (NICHD).

References

Akaike H. Factor analysis and AIC. Psychometrika. 1987; 52:317–332.

Archambault I, Eccles JS, Vida MN. Ability self-concepts and subjective value in literacy: Joint 
trajectories from grades 1 through 12. Journal of Educational Psychology. 2010; 102:804–816. DOI: 
10.1037/a0021075

Archambault I, Janosz M, Morizot J, Pagani L. Adolescent behavioral, affective, and cognitive 
engagement in school: Relationship to dropout. Journal of School Health. 2009; 79:408–415. DOI: 
10.1111/j.1746-1561.2009.00428.x [PubMed: 19691715] 

Asparouhov, T., Muthén, B. MPlus Web Notes: No. 14. 2013. Auxiliary variables in mixture modeling: 
A 3-step approach using MPlus. 

Assor, A., Connell, JP. The validity of students’ self-reports as measures of performance affecting self-
appraisals. In: Schunk, DH., Meece, JL., editors. Student perceptions in the classroom. Hillsdale, 
NJ: Lawrence Erlbaum Associates; 1992. p. 25-47.

Baraldi AN, Enders CK. An introduction to modern missing data analyses. Journal of School 
Psychology. 2010; 48:5–37. DOI: 10.1016/j.jsp.2009.10.001 [PubMed: 20006986] 

Bennett J, Hogarth S. Would you want to talk to a scientist at a party? High school students’ attitudes 
to school science and to science. International Journal of Science Education. 2009; 31:1975–1998. 
DOI: 10.1080/09500690802425581

Denissen JJ, Zarrett NR, Eccles JS. I like to do it, I’m able, and I know I am: Longitudinal couplings 
between domain-specific achievement, self-concept, and interest. Child Development. 2007; 
78:430–447. DOI: 10.1111/j.1467-8624.2007.01007.x [PubMed: 17381782] 

Diallo TM, Morin AJ, Lu H. Impact of Misspecifications of the Latent Variance–Covariance and 
Residual Matrices on the Class Enumeration Accuracy of Growth Mixture Models. Structural 
Equation Modeling. 2016a; 23:507–531.

Diallo TMO, Morin AJS, Lu H. The impact of total and partial inclusion or exclusion of active and 
inactive time invariant covariates in growth mixture models. Psychological Methods. 2016b

Eccles JS. The development of children ages 6 to 14. The future of children: When school is out. 1999; 
9:30–44. DOI: 10.2307/1602703

Wang et al. Page 20

J Youth Adolesc. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Eccles JS. Who am I and what am I going to do with my life? Personal and collective identities as 
motivators of action. Educational Psychologist. 2009; 44:78–89.

Eccles JS, Lord S, Midgley C. What are we doing to early adolescents? The impact of educational 
contexts on early adolescents. American Journal of Education. 1991; 99:521–542. DOI: 
10.1086/443996

Eccles, JS., Wigfield, A., Blumenfeld, PC. Psychological predictors of competence development. 
Bethesda, MD: National Institute of Child Health and Human Development; 1984. (Grant NO. 2 
R01 HD17553-01)

Eccles JS, Wigfield A, Harold RD, Blumenfeld P. Age and gender differences in children’s self- and 
task perceptions during elementary school. Child Development. 1993; 64:830–847. DOI: 
10.1111/j.1467-8624.1993.tb02946.x [PubMed: 8339698] 

Eccles, JS., Wigfield, A., Schiefele, U. Motivation to succeed. In: Eisenberg, N., editor. Handbook of 
child psychology, vol. 3 of social, emotional, and personality development. Hoboken, NJ: John 
Wiley & Sons; 1998. p. 1017-1095.

Farenga SJ, Joyce BA. Intentions of young students to enroll in science courses in the future: An 
examination of gender differences. Science Education. 1999; 83:55–75.

Ferry TR, Fouad NA, Smith PL. The role of family context in a social cognitive model for career-
related choice behavior: A math and science perspective. Journal of Vocational Behavior. 2000; 
57:348–364. DOI: 10.1006/jvbe.1999.1743

Fredricks JA, Eccles JS. Children’s competence and value beliefs from childhood through adolsecence: 
Growth trajectories in two male-sex-typed domains. Developmental Psychology. 2002; 38:519–
533. DOI: 10.1037//0012-1649.38.4.519 [PubMed: 12090482] 

Gottfried AE, Marcoulides GA, Gottfried AW, Oliver PH, Guerin DW. Multivariate latent change 
modeling of developmental decline in academic intrinsic motivation and achievement: Childhood 
through adolescence. International Journal of Behavioral Development. 2007; 31:317–327. DOI: 
10.1177/0165025407077752

Gottfried AE, Marcoulides GA, Gottfried AW, Oliver PH. A latent curve model of parental 
motivational practices and developmental decline in math and science academic intrinsic 
motivation. Journal of Educational Psychology. 2009; 101:729–739.

Gottfried AE, Flemisng JS, Gottfried AW. Continuity of academic intrinsic motivation from childhood 
through late adolescence: A longitudinal study. Journal of Educational Psychology. 2001; 93:3–13. 
DOI: 10.1037/0022-0663.93.1.3

Hanson SL. Success in science among young African American women: The role of minority families. 
Journal of Family Issues. 2007; 28:3–33. DOI: 10.1177/0192513X06292694

Havard N. Student attitudes to studying A-level sciences. Public Understanding of Science. 1996; 
5:321–330.

Huber SA, Häusler J, Jurik V, Seidel T. Self-underestimating students in physics instruction: 
Development over a school year and its connection to internal learning processes. Learning and 
Individual Differences. 2015; 43:83–91.

Jacobs JE, Lanza S, Osgood DW, Eccles JS, Wigfield A. Changes in children’s self-competence and 
values: Gender and domain differences across grades one through twelve. Child Development. 
2002; 73:509–527. DOI: 10.1111/1467-8624.00421 [PubMed: 11949906] 

Jodl KM, Michael A, Malanchuk O, Eccles JS, Sameroff A. Parents’ roles in shaping early 
adolescents’ occupational aspirations. Child Development. 2001; 72:1247–1265. [PubMed: 
11480945] 

Larose S, Ratelle CF, Guay F, Senécal C, Harvey M. Trajectories of science self-efficacy beliefs during 
the college transition and academic and vocational adjustment in science and technology 
programs. Educational Research and Evaluation. 2006; 12:373–393.

Lau S, Roeser RW. Cognitive abilities and motivational processes in high school students’ situational 
engagement and achievement in science. Educational Assessment. 2002; 8:139–162. DOI: 
10.1207/S15326977EA0802_04

Li Y, Lerner RM. Trajectories of school engagement during adolescence: Implications for grades, 
depression, delinquency, and substance use. Developmental Psychology. 2011; 47:233–247. DOI: 
10.1037/a0021307 [PubMed: 21244162] 

Wang et al. Page 21

J Youth Adolesc. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Little RJA. A test of missing completely at random for multivariate data with missing values. Journal 
of the American Statistical Association. 1988; 83:1198–1202.

Lo Y, Mendell N, Rubin D. Testing the number of components in a normal mixture. Biometrika. 2001; 
88:767–778. DOI: 10.1093/biomet/88.3.767

Lyons T. The puzzle of falling enrolments in physics and chemistry courses: Putting some pieces 
together. Research in science education. 2006; 36:285–311.

Maltese AV, Melki CS, Wiebke HL. The nature of experiences responsible for the generation and 
maintenance of interest in STEM. Science Education. 2014; 98:937–962.

Maltese AV, Tai RH. Eyeballs in the fridge: Sources of early interest in science. International Journal 
of Science Education. 2010; 32:669–685. DOI: 10.1080/09500690902792385

Maltese AV, Tai RH. Pipeline persistence: Examining the association of educational experiences with 
earned degrees in STEM among US students. Science Education. 2011; 95:877–907. DOI: 
10.1002/sce.20441

Marsh, HW., Hau, KT., Grayson, D. Goodness of fit evaluation in structural equation modeling. In: 
Maydeu-Olivares, A., McArdle, J., editors. Contemporary psychometrics. A festschrift for 
Roderick P. McDonald. Mahwah, NJ: Lawrence Erlbaum Associates; 2005. p. 275-340.

Marsh HW, Lüdtke O, Trautwein U, Morin AJS. Classical latent profile analysis of academic self-
concept dimensions: synergy of person- and variable-centered approaches to theoretical models of 
self-concept. Structural Equation Modeling. 2009; 16:191–225. DOI: 
10.1080/10705510902751010

Marsh HW, Yeung AS. Causal effects of academic self-concept on academic achievement: Structural 
equation models of longitudinal data. Journal of Educational Psychology. 1997; 89:41–54. DOI: 
10.1037/0022-0663.89.1.41

McLachlan, G., Peel, D. Finite mixture models. New York: Wiley; 2000. 

Muthén, B. Latent variable mixture modeling. In: Marcoulides, GA., Schumacker, RE., editors. 
Advanced structural equation modeling: New developments and techniques. Hillsdale, NJ: 
Erlbaum; 2000. p. 1-33.

Muthén, B. Second-generation structural equation modeling with a combination of categorical and 
continuous latent variables: New opportunities for latent class/latent growth modeling. In: Collins, 
LM., Sayer, A., editors. New methods for the analysis of change. Washington, DC: American 
Psychological Association; 2001. p. 291-322.

Muthén, B. Latent variables analysis: Growth mixture modeling and related techniques for longitudinal 
data. In: Kaplan, D., editor. Handbook of quantitative methodology for the social sciences. 
Newbury Park, CA: Sage; 2004. p. 345-368.

Muthén, L., Muthén, B. Mplus (Version 7.31). Los Angeles, CA: Muthén & Muthén; 2015. 

Nagengast B, Marsh HW. Big fish in little ponds aspire more: Mediation and cross-cultural 
generalizability of school-average ability effects on self-concept and career aspirations in science. 
Journal of Educational Psychology. 2012; 104:1033–1053.

Neathery MF. Elementary and secondary students’ perceptions toward science: Correlations with 
gender, ethnicity, ability, grade, and science achievement. Electronic Journal of Science Education. 
1997; 2:3–11.

Nylund K, Asparouhov T, Muthén B. Deciding on the number of classes in latent class analysis and 
growth mixture modeling. A Monte Carlo simulation study. Structural Equation Modeling. 2007; 
14:535–569. DOI: 10.1080/10705510701575396

Osborne, JF., Collins, S. Pupils’ and parents’ views of the school science curriculum. London: King’s 
College London; 2000. 

Osborne J, Simon S, Collins S. Attitudes towards science: A review of the literature and its 
implications. International Journal of Science Education. 2003; 25:1049–1079.

Pajares, F. Gender differences in mathemtaics self-efficacy beliefs. In: Gallagher, AM., Kaufman, JC., 
editors. Gender differences in mathematics: An integrative psychological approach. New York, 
NY: Cambridge University Press; 2005. p. 294-315.

Phillips, DA., Zimmerman, M. The developmetnal course of perceived competence and incompetence 
among competent children. In: Sternberg, RJ., Kolligian, J., editors. Competence considered. New 
Haven, CT: Yale University Press; 1990. p. 41-66.

Wang et al. Page 22

J Youth Adolesc. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Ratelle CF, Guay F, Larose S, Senécal C. Family correlates of trajectories of academic motivation 
during a school transition: A semiparametric group-based approach. Journal of Educational 
Psychology. 2004; 96:743–754. DOI: 10.1037/0022-0663.96.4.743

Sadler PM, Sonnert G, Hazari Z, Tai R. Stability and volatility of STEM career interest in high school: 
A gender study. Science Education. 2012; 96:411–427.

Schwarz G. Estimating the dimension of a model. Annals of Statistics. 1978; 6:461–464.

Simpkins SD, Davis-Kean PE, Eccles JS. Parents’ socializing behaivor and children’s participation in 
math, science, and computer out-of-school activities. Applied Developmental Science. 2005; 9:14–
30. DOI: 10.1207/s1532480xads0901_3

Simpkins SD, Davis-Kean PE, Eccles JS. Math and science motivation: A longitudinal examination of 
the links between choices and beliefs. Developmental Psychology. 2006; 42:70–83. DOI: 
10.1037/0012-1649.42.1.70 [PubMed: 16420119] 

Singh K, Granville M, Dika S. Mathematics and science achievement: Effects of motivation, interest, 
and academic engagement. The Journal of Educational Research. 2002; 95:323–332. DOI: 
10.1080/00220670209596607

Stipek D, Mac Iver D. Developmental change in children’s assessment of intellectual competence. 
Child Development. 1989; 60:521–538. DOI: 10.2307/1130719

Wang MT. Educational and career interests in math: A longitudinal examination of the links between 
classroom environment, motivational beliefs, and interests. Developmental Psychology. 2012; 
48:1643–1657. DOI: 10.1037/a0027247 [PubMed: 22390667] 

Wang MT, Degol J. Staying engaged: Knowledge and research needs in student engagement. Child 
Development Perspectives. 2014; 8:137–143. DOI: 10.1111/cdep.12073 [PubMed: 27087833] 

Wang MT, Degol J. Gender gap in STEM: Current knowledge, implications for practice, policy, and 
future directions. Educational Psychology Review. 2016; 28:1–22. DOI: 10.1007/
s10648-015-9355-x

Wang MT, Degol JL, Ye F. Math achievement is important, but task values are critical too: Examining 
the intellectual and motivational factors leading to gender disparities in STEM careers. Frontiers in 
Psychology. 2015; 6:1–9. DOI: 10.3389/fpsyg.2015.00036 [PubMed: 25688217] 

Wang MT, Fredricks J, Ye F, Hofkens T, Schall J. The math and science engagement scale: 
Development, validation, and psychometric properties. Learning and Instruction. 2016; 43:16–26.

Wang MT, Peck SC. Adolescent educational success and mental health vary across school engagement 
profiles. Developmental Psychology. 2013; 49:1266–1276. DOI: 10.1037/a0030028 [PubMed: 
23066673] 

Wigfield A, Eccles JS. Children’s competence beliefs, achievement values, and general self-esteem 
change across elementary and middle school. The Journal of Early Adolescence. 1994; 14:107–
138. DOI: 10.1177/027243169401400203

Wigfield, A., Eccles, JS. The development of competence beliefs, expectancies for success, and 
achievement values from childhood through adolescence. In: Wigfield, A., Eccles, JS., editors. 
Development of achievement motivation. San Diego, CA: Academic Press; 2002. p. 91-120.

Wigfield, A., Eccles, JS., Schiefele, U., Roeser, R., Davis-Kean, P. Development of achievement 
motivation. In: Damon, W.Lerner, RM., Eisenberg, N., editors. Handbook of child psychology: 
Vol. 3. Social, emotional, and personality development. 6. Hoboken, NJ: Wiley; 2006. p. 
933-1002.

Wigfield A, et al. Change in children’s competence beliefs and subjective task values across the 
elementary school years: A three-year study. Journal of Educational Psychology. 1997; 89:451–
469. DOI: 10.1037/0022-0663.89.3.451

Wilkins JL. Mathematics and science self-concept: An international investigation. The Journal of 
Experimental Education. 2004; 72:331–346. DOI: 10.3200/JEXE.72.4.331-346

Biographies

Ming-Te Wang is an Associate Professor of Psychology and Education and Research 

Scientist of Learning Research and Development Center at University of Pittsburgh. He 

Wang et al. Page 23

J Youth Adolesc. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



received his doctorate in Human Development and Psychology from Harvard University. His 

major research interests include motivation and engagement, risk and resilience, stereotype 

threat, and psychosocial interventions.

Angela Chow is an Assistant Professor of Public Health at Indiana University Bloomington. 

She received her doctorate in Education from University of Hong Kong. Her major research 

interests include motivational development and learning, transition from adolescence to 

adulthood, and longitudinal studies.

Jessica Lauren Degol is an Assistant Professor of Human Development and Family Studies 

at Penn State University Altoona. She received her doctorate in Applied Developmental 

Psychology from University of Pittsburgh. Her major research interests include child 

development, gender differences in STEM, and early childhood care.

Jacquelynne Sue Eccles is a Distinguised University Professor of Education at University 

of California Irvine and Distinguished University Professor of Psychology Emeritus at the 

University of Michigan, Ann Arbor. She received her doctorate in Psychology from UCLA. 

Her major research interests include adolescent development, expectancy-value theory, and 

school transitions.

Wang et al. Page 24

J Youth Adolesc. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Estimated means of ability self-concept and task values of the seven latent classes. Y-axis 

indicates the means of ability self-concept and task values. X-axis indicates the time (i.e., 

grades). Trajectories with significant slope and quadratic terms are indicated in solid line 

( ). Trajectories with significant slope but non-significant quadratic terms are 

indicated in double line ( ). Trajectories with non-significant slope but significant 

quadratic terms are indicated in solid-dotted line ( ). Trajectories with non-significant 

slope and quadratic terms are indicated in double-dotted line ( ).

**p < .01.
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Figure 2. 
Results of the multinomial logistic regression comparing outcomes of the ability self-

concept and task values trajectory groups. Y-axis indicates the means of each outcome. X-

axis indicates the trajectory groups. Means sharing the same superscript (indicated on the 

top of each bar) are not significantly different at the p < .05 level.
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