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Abstract

The current study reports on the efficacy of a multi-faceted motivationally designed undergraduate 

enrichment summer program for supporting science, technology, engineering and math (STEM) 

persistence. Structural equation modeling was used to compare summer program participants (n = 

186), who participated in the program between their first and second years in college, to a 

propensity score matched comparison sample (n = 401). Participation in the summer program 

positively predicted science motivation (self-efficacy, task value), assessed eight months after the 

end of the program (second year in college). The summer enrichment program was also beneficial 

for science persistence variables, as evidenced by significant direct and indirect effects of the 

program on science course completion during students’ third year of college and students’ 

intentions to pursue a science research career assessed during the third year of college. In general, 

the program was equally beneficial for all participants, but ancillary analyses indicated added 

benefits with respect to task value for students with relatively lower prior science achievement 

during the first year of college and with respect to subsequent science course taking for males. 

Implications for developing effective interventions to reduce the flow of individuals out of STEM 

fields and for translating motivational theory into practice are discussed.
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Many students enter college with an interest in studying science. However, after enrolling in 

introductory-level science courses, students frequently abandon this goal and choose a 

different path. Fewer than 40% of students who begin college with an interest in science 

complete a degree in Science, Technology, Engineering, or Mathematics (STEM) fields 

(President’s Council of Advisors on Science and Technology [PCAST], 2012). Even more 

concerning, there is continued underrepresentation of racial/ethnic minorities and women in 

STEM fields (Chen, 2013; National Science Foundation, 2015; PCAST, 2012). Among other 

factors, this “leaky pipeline” at the undergraduate level contributes to concerns over 

shortages in qualified candidates for science-research jobs as well as broader concerns 

regarding the scientific literacy of our nation. As a result, there is a growing movement 

within higher education institutions to address the underlying institutional contributors to 

STEM attrition (Fry, 2014).

Much of the prior research on STEM persistence sought to identify the qualities of 

individuals who successfully persist in STEM fields. Using both concurrent and 

retrospective reports, this research finds that individuals who continued in science cited 

reasons like enjoyment, curiosity, and the desire to help others as key reasons for their 

persistence in STEM fields (McGee & Keller, 2007; Rayman & Brett, 1995; Seymour, 

1995). A complimentary body of research focuses more specifically on how particular types 

of experiences, such as undergraduate research experiences or university-based enrichment 

programs, support undergraduate STEM persistence (e.g., Hernandez, Schultz, Estrada, 

Woodcock, & Chance, 2013; Jones, Barlow, & Villarejo, 2010; Maton, Domingo, Stolle-

McAllister, Zimmerman, & Hrabowski, 2009; Russell, Hancock, & McCullough, 2007; 

Schultz et al., 2011; Stolle-McAllister, Domingo, & Carillo, 2011; Villarejo, Barlow, Kogan, 

Veazey, & Sweeney, 2008). Much of this early work employed either concurrent or 

retrospective reports of alumni who participated in enrichment programs or experiences, 

with only a few large-scale prospective studies providing initial evidence that students who 

participate in undergraduate enrichment experiences are more likely to persist in STEM 

(e.g., Hernandez et al., 2013; Jones et al., 2010; Schultz et al., 2011).

What is often missing from these approaches, however, is a consideration of the 

psychological mechanisms involved in STEM persistence (although see Hernandez et al., 

2013 for an exception) and the ways in which enrichment experiences or other institutional 

supports can be designed with the explicit goal of supporting science motivation and, 

ultimately, STEM persistence. In the current study, we apply a motivational lens to the study 

of STEM persistence. Specifically, we approach the issue of STEM persistence through 

supports for undergraduates’ motivational beliefs in science using an ecologically valid 

summer enrichment program explicitly designed to support multiple types of motivational 

beliefs. Thus, our perspective provides an alternative, motivational approach to STEM 

persistence that considers motivational beliefs as a key intermediary process and serves as 

the foundation for developing effective enrichment experiences. A motivational approach for 
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addressing the “leaky pipeline” is particularly useful as students who have the skill and 

initial desire to pursue STEM careers often leave because they no longer believe they have 

the skills to be successful or no longer find the field interesting or personally valuable (e.g., 

Seymour & Hewitt, 1997). Furthermore, this type of systematic investigation of how to 

support science motivation under ecologically valid conditions provides valuable insights 

regarding the translation of motivational theory into educational practice. The current study 

also takes an alternative approach to prior, more targeted motivational approaches (e.g., 

utility value interventions, Harackiewicz, Canning, Tibbetts, Priniski, & Hyde, 2016) to 

consider whether a multi-faceted, holistic approach to designing an undergraduate 

educational experience can help to support multiple forms of motivation and subsequent 

persistence in STEM fields. Such an approach addresses a call from researchers to translate 

motivational research into practice by supporting multiple forms of motivation in authentic 

educational contexts (Linnenbrink-Garcia, Patall, & Pekrun, 2016; Pintrich, 2003).

Theoretical Framework

When taking a motivational approach to supporting STEM persistence, it is critical to 

ground one’s approach within a theoretical framework in order to clearly conceptualize how 

the intervention is expected to operate and to evaluate its effectiveness (Rosenzweig & 

Wigfield, 2016). In the current study, we utilized Eccles’s Expectancy-Value Theory of 

motivation (Eccles et al., 1983; Wigfield & Eccles, 2002). This theory incorporates students’ 

beliefs about their own abilities and their perceptions of value for a particular domain or 

task. According to modern expectancy-value theory, expectancies for success (e.g., 

perceived competence) and task value are critical predictors of academic achievement and 

academic/career choices (Eccles et al., 1983) and thus are important predictors of key 

outcomes related to STEM persistence.

Expectancies refer to students’ beliefs about whether they will be capable of succeeding at a 

task; they are part of a larger family of competence-related beliefs such as self-efficacy, self-

concept, and perceived competence. Prior research suggests that constructs from this broad 

family of competence beliefs are the strongest predictors, relative to other types of 

motivational beliefs, of academic achievement across a variety of disciplines (Schunk & 

Pajares, 2005; Wigfield & Cambria, 2010). Competence beliefs are also associated with 

choice behaviors such as decisions to persist, although to a lesser extent than task value 

(Wigfield & Cambria, 2010). The second component of expectancy-value theory is task 
value, which is typically divided into four types of value (Eccles et al., 1983): (1) intrinsic 
value, finding a particular task or domain enjoyable and interesting; (2) utility value, the 

usefulness of a task or subject area; (3) attainment value, the personal importance of doing 

well on a particular task or in a particular domain for one’s identity; and (4) cost, the 

perceived drawbacks of engaging in a particular task or domain due to high effort needed for 

success, lost opportunities to engage in other tasks or domains, and psychological or 

emotional costs. Value-related beliefs are predictive of achievement and academic 

engagement (Schiefele, 2001), but are even stronger predictors of choice behaviors such as 

career aspirations (Wigfield & Cambria, 2010; Wigfield & Eccles, 2002).
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Drawing from expectancy-value theory, we would expect that high perceived competence 

and task value in STEM domains are each important, proximal factors that help to encourage 

students to pursue careers in STEM fields. Heightened perceived competence should help 

students better cope with challenging undergraduate STEM courses, leading to high levels of 

achievement in STEM courses. Task values are expected to be essential determinants of 

students’ decisions to pursue science course work and their career-related beliefs in science. 

Empirical support for the expectancy-value framework in relation to STEM retention has 

accumulated in recent years. In particular, students who value science more (and perceive 

lower costs) are more likely to stay in STEM fields in college (Andersen & Ward, 2014; 

Estrada, Woodcock, Hernandez, & Schultz, 2011; Maltese & Tai, 2011; Perez, Cromley, & 

Kaplan, 2014; Wang & Degol, 2013). Low or declining self-efficacy in STEM early in 

college is also associated with STEM attrition (Larson et al., 2015; Raelin et al., 2014), 

though this may not be the case after controlling for value (Andersen & Ward, 2014). Taken 

together, these findings provide support for the idea that enhancing perceived competence 

and task value may be particularly useful for supporting undergraduates’ persistence in 

STEM fields.

Supporting expectancies and values

Given the importance of expectancies and task value in supporting STEM persistence, one 

potential avenue for intervening to support STEM persistence is to target students’ 

motivational beliefs directly. Though not as extensive as research drawing from other 

motivational theories to support motivation, a number of studies have sought to shape 

competence beliefs and task value in educational settings (for reviews see Harackiewicz & 

Priniski, 2018; Hulleman & Barron, 2016; Lazowski & Hulleman, 2016; Rosenzweig & 

Wigfield, 2016). One prominent approach, a utility-value intervention, was developed by 

Harackiewicz, Hulleman, and their colleagues. In this approach, instructors are asked to 

implement one or more carefully-designed writing assignments in which students are asked 

to write about the usefulness or relevance of their coursework. Utility value interventions 

have been implemented at both secondary and post-secondary levels and are associated with 

increased STEM-related interest, course-taking, and achievement, and appear to be 

especially beneficial for students with low perceived competence or prior achievement (e.g., 

Hulleman & Harackiewicz, 2009) and those who are traditionally underrepresented in 

STEM fields such as first-generation and underrepresented minority students (Harackiewicz 

et al., 2016).

Other motivational interventions seek to alter student motivation by changing the classroom 

or school context. Some classroom interventions target a specific form of motivation such as 

self-efficacy. For example, Siegle and McCoach (2007) found that students of fifth grade 

mathematics teachers trained to promote self-efficacy through instructional strategies (e.g., 

goal setting, teacher feedback, and modeling) had significantly higher self-efficacy in 

mathematics at the end of the 4-week unit, which was in turn associated with higher 

mathematics achievement. Relatively fewer interventions focus on altering multiple forms of 

motivation. For instance, Feng and Tuan (2005) developed a unit on acids and bases for 11th 

grade Taiwanese students with low motivation in chemistry using Keller’s ARCS (Attention, 

Relevance, Confidence, and Satisfaction) model, which is based on expectancy-value theory 
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to support perceived competence and values. Compared to a control group, students in the 

ARCS condition had higher self-efficacy in science, higher value for science, greater use of 

active learning strategies, and higher achievement during the unit.

One of the potential benefits of motivational interventions that target more than one 

psychological variable (e.g., both competence beliefs and values) is that prior research 

suggests that these two forms of motivation are both useful but differentially predict key 

outcomes associated with STEM persistence (e.g., achievement and choice behaviors, 

Wigfield & Cambria, 2010). Yet, relatively few studies examine the effectiveness of 

educational contexts explicitly designed to holistically support multiple forms of student 

motivation. Thus, for this study, we developed a motivational intervention designed to 

enhance both self-efficacy and values. Drawing from prior motivational interventions 

grounded in expectancy-value theory described above as well as the broader literature on 

supports for self-efficacy (e.g., Bandura, 1986; Usher, 2009), intrinsic motivation (Reeve, 

Deci, & Ryan, 2004; Ryan & Deci, 2000), and interest (Pugh, Linnenbrink-Garcia, Perez, & 

Phillips, 2015), as well as more comprehensive theoretical accounts for supporting 

motivation (Linnenbrink-Garcia et al., 2016; Pintrich, 2003; Turner, Warzon, & Christensen, 

2011), we identified five design principles that guided our motivational intervention: 1) 

inclusion of real-world challenging tasks, 2) provision of choice surrounding academic 

tasks, 3) encouragement of active involvement, 4) support for feelings of belonging, and 5) 

use of effort-based evaluation (see Table 1).

Specifically, drawing on the success of psychological (e.g. utility value interventions, 

Harackiewicz et al., 2016) and instructional (e.g., Feng & Tuan, 2005) interventions 

targeting relevance and the use of real-world challenging problems to support both 

situational and individual interest (e.g., Dohn, Madsen, & Malte, 2009; Linnenbrink-Garcia, 

Patall, & Messersmith, 2013), the inclusion of real-world challenging tasks (design principle 

1) is included to support heightened task value. Moreover, the “challenge” component of this 

principle has the added benefit of also supporting competence beliefs, as success on 

challenging tasks is a critical element of the mastery experiences linked to supports for self-

efficacy (Bandura, 1986). The second (provision of choice) and third (active involvement) 

design principles should also support task value. Provision of choice, which ties directly to 

autonomy support, is supported by an extensive body of empirical research linking 

autonomy support to interest development and intrinsic motivation (e.g., Palmer, 2009; 

Patall, Cooper, & Wynn, 2010) and thus should also help to support task value, a 

motivational construct closely related to interest (Wigfield & Cambria, 2010). Active 

involvement draws primarily from the research on supporting interest development whereby 

various classroom activities that encourage students’ active engagement (e.g., working in 

groups, doing hands-on activities, engaging in group discussions) support students’ feelings 

of enjoyment and personal connection to a domain (e.g., Dohn et al. 2009; Renninger & 

Hidi, 2002), which also connect to the interest and attainment components of task value.

The fourth principle, support feelings of belonging, also draws from research on interest 

development and intrinsic motivation, where providing personal connections and feelings of 

relatedness are associated with heightened interest (Linnenbrink-Garcia et al., 2013; 

Renninger & Hidi, 2002) and intrinsic motivation (Reeve et al., 2004). Moreover, a sense of 
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belonging may also strengthen the messages related to self-efficacy, such that social 

persuasions and positive feedback provided by instructors or peers may take on added value 

when students’ feeling personally connected to the individual providing feedback. Similarly, 

feelings of belonging may strengthen the effect of vicarious experiences on self-efficacy 

such that students may view other students and instructors in the program as more similar to 

themselves if they have a heightened sense of belonging and thus would benefit more from 

observing the success of similar others (Bandura, 1986). Finally, effort-based evaluation was 

included to support self-efficacy. When students are evaluated based on their progress and 

effort, this creates enhanced opportunities for mastery and success thereby supporting 

feelings of self-efficacy (Bandura, 1986).

Current Study

The current study utilized these five motivational design principles to create a multi-faceted 

motivational intervention embedded within a summer enrichment program for 

undergraduates between their first and second years of college (see Method for a detailed 

description of the enactment of the design principles in the program). We then evaluated the 

effectiveness of the program in supporting science self-efficacy and task value as well as 

subsequent science choices (science courses completed), achievement (science GPA), and 

science-research career intentions. To this end, we compared summer program participants 

to a propensity score matched no-treatment comparison group on science motivation eight 

months after participating in the summer enrichment program and on science persistence 

variables at the end of the third year of college. Importantly, we sought to examine how an 

intervention based on these five motivational principles functioned as a package to support 

motivation and persistence, rather than seeking to isolate the effects of each component since 

we view this combination of supports for motivation in a more holistic, synergistic way (see 

Guthrie, Wigfield, & VonSecker, 2000 for a similar approach). While motivational 

interventions that target a specific motivational mechanism are important (e.g., utility-value 

interventions), we argue it is also important to understand the motivational mechanisms by 

which a learning environment designed to holistically support motivation functions given 

our view that educational contexts and student motivation are complex, interrelated dynamic 

systems (see also Kaplan & Garner, 2017; Linnenbrink-Garcia & Wormington, 2017; 

Skinner, Kindermann, Connell & Wellborn, 2009; Turner & Patrick, 2008).

We targeted our intervention between the first and second year of college because this is a 

critical time during which students reflect upon their college experiences and begin to more 

carefully consider their planned major. Moreover, at this time, students had completed at 

least one of the required introductory chemistry courses for natural sciences major, which 

historically are viewed as “gate-keeper” courses that may make students question whether 

pursuing a degree in science is an achievable and worthwhile goal. As such, targeting 

interventions during these early years may be particularly important (Cromley, Perez, & 

Kaplan, 2016). We situated our intervention within the context of a summer program rather 

than a more traditional course for several reasons. First, designing our own program allowed 

us to select a topic (pharmacology) that helped to highlight the real-world relevance of basic 

topics in chemistry and biology, thereby helping students to see the connection of what they 

were learning in their introductory courses to possible real-world applications or broader 
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career goals. Undergraduates would not typically be introduced to pharmacology until they 

take more advanced courses. Second, by designing a two-week full day program, we were 

able to include more opportunities for elongated experimentation, thus providing students 

with more autonomy in designing and implementing experiments and allowing them to more 

directly tackle real-world experiences. This would not typically be possible in an 

undergraduate lab course. Third, the more informal nature of the program provided unique 

opportunities to foster feelings of belonging and relatedness, both among students and with 

program staff. Fourth, the more informal nature of the program meant that we could 

eliminate formal evaluation, placing a greater emphasis on mastery experiences. Notably, the 

stand-alone summer program afforded us the freedom to design and implement the course in 

a manner fully consistent with our design principles, something that would have been 

challenging in the context of early undergraduate gateway science courses, which often rely 

on traditional lectures and pre-determined (“cookbook style”) lab assignments. Finally, prior 

research suggests that enrichment programs may be particularly useful for supporting 

student motivation and STEM persistence (e.g., Maton et al., 2009; Russell et al., 2007; 

Villarejo et al., 2008), suggesting that an enrichment experience may be an ideal context in 

which to embed our motivational intervention.

With respect to outcomes, we included both motivational outcomes and science persistence 

outcomes in order to evaluate the effectiveness of the summer program and the 

psychological mechanisms through which it functions. In particular, if a science-focused 

summer enrichment program can support students’ science motivation, it has the potential to 

change not only their immediate engagement, but their longer-term trajectories. This may be 

critically important, as students have a variety of choices about potential careers to pursue 

and enhancing motivation may be even more important than any immediate impacts on 

achievement, for example. The consideration of students’ science course-taking and GPA in 

their third year is an important indicator of whether they are actually enrolling in and 

performing well in science courses as part of their advanced coursework, which students 

typically begin taking in their third year of college at this institution. Furthermore, students’ 

completion of such courses is an indicator of their continuation in a science degree program 

and their success in these courses is key for pursuing careers in science after college. Thus, 

these two distal outcomes provide real-world indicators of science engagement. We also 

assessed students’ intentions to pursue a research career in science to provide an indicator of 

future plans beyond college. By including science persistence variables assessed almost two 

years after the intervention, we were able to examine whether there were any direct effects 

of the intervention on science persistence outcomes in the third year as well as whether there 

were indirect effects on these outcomes via science motivation in the second year. Thus, our 

longitudinal approach enabled us to test a longitudinal mediation model, which meets the 

more stringent requirements of the predictor, mediator, and outcome variables being 

measured at distinct time points (Maxwell, Cole, & Mitchell, 2011).

We evaluated two primary research questions: (1) Does participation in the summer 

enrichment program support students’ science motivation (self-efficacy and task value) 8 

months after completing the summer program and science persistence (science research-

career intentions, science course completion, science GPA) approximately 20 months after 

completing the summer program? and (2) Are there indirect effects of the summer 
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enrichment program on distal indicators of science persistence via changes in science 

motivation? For both questions, we compared the summer enrichment program participants 

to a propensity score matched comparison group.

Given the utilization of our five motivational design principles in developing the summer 

program (see above), we hypothesized that the summer enrichment program would 

positively predict college students’ science task value, science self-efficacy, and science 

persistence (third-year science GPA, third-year science courses completed, third-year 

intentions to pursue a research career in science; RQ1). With respect to indirect effects 

(RQ2), we hypothesized that positive effects of participating in the summer enrichment 

program on student motivation would in turn enhance the science persistence outcomes. 

That is, by effectively supporting student motivation through the summer enrichment 

program, students would experience broader benefits in terms of their science persistence. 

Drawing from prior research on the unique effects of expectancies and task value on 

achievement and choice behaviors, respectively (Wigfield & Cambria, 2010), we 

hypothesized that science self-efficacy would be the strongest predictor of science GPA, but 

would also relate positively to science course completion and science career intentions. In 

contrast, we hypothesized that task value would be the strongest predictor of science course 

completion and career intentions but would also relate positively to science GPA. Thus, we 

hypothesized that the summer enrichment program would have a significant positive indirect 

effect on all three indicators of science persistence, with the strongest indirect effects for 

science GPA through science self-efficacy and the strongest indirect effects for science 

course completion and career intentions through task value.

Although not part of our primary focus, we also examined whether the summer enrichment 

program was differentially beneficial for women and for students with relatively lower 

science achievement during their first year in college. As noted previously, there is a concern 

about the dearth of women pursuing careers in STEM (Chen, 2013; National Science 

Foundation, 2015; PCAST, 2012), although this is less pronounced in scientific fields that 

are not focused on mathematics such as biomedical sciences (Ceci, Ginther, Kahn, & 

Williams, 2014). Moreover, there is some evidence that males and females may differ in 

their levels of perceived competence or value by domain (although many of these differences 

become smaller with age; for reviews see Meece, Glienke, & Burg, 2006; Wang & Degol, 

2013). Thus, if female students have lower perceived competence and value, there may be a 

greater possibility of the interventions acting upon these beliefs as there is more potential 

space for growth. Thus, we hypothesized that, if gender differences were to exist, the 

intervention would be more effective among female than male students.

Drawing from prior research suggesting that motivational interventions may be particularly 

beneficial for students with lower perceived competence (e.g., Hulleman & Harackiewicz, 

2009) or who are at greater risk for failing (e.g., Paunesku et al., 2015; Yeager et al., 2016), 

we also examined whether the summer enrichment program was more beneficial for students 

with lower science achievement in their first year in college. We hypothesized that if 

differences were to occur, the summer enrichment program would be especially beneficial 

for supporting science motivation and science persistence for students with lower 

achievement in science courses during their first year in college.
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The current study contributes to both theory and practice in several key ways. First, the 

current push by some in motivation intervention research is to develop targeted interventions 

focused on a particular form of motivation (Harackiewicz & Priniski, 2018; Walton, 2014). 

Yet, as a field, we know that multiple elements of motivation are key for supporting 

students’ engagement and learning (e.g., Pintrich, 2003; Turner et al., 2011). Thus, 

investigating interventions that target multiple types of motivation represents an important 

advance in our understanding of how to support student motivation more holistically at the 

undergraduate level. Moreover, a clear benefit of embedding supports for motivation within 

an undergraduate enrichment experience is that it can provide a useful framework for others 

interested in implementing similar design principles with existing or new programs. Second, 

few motivational intervention studies consider the impact of the program on both the 

hypothesized motivational mechanism (in this case self-efficacy and task value) as well as a 

distal indicators of science persistence (but see Hulleman, Kosovich, Barron, & Daniel, 2017 

for test of mediation within a semester). Our inclusion of both psychological mediators and 

persistence outcomes, assessed over multiple years, enables us to clearly test the 

hypothesized motivational mechanisms on more distal outcomes using longitudinal 

mediation models. Thus, our study is uniquely positioned to address questions of whether 

multi-faceted interventions can have a lasting impact on supporting student motivation and 

their intentions to pursue a science-related career. Finally, it is worth noting that motivational 

researchers have struggled to effectively translate motivational theory into practice 

(Linnenbrink-Garcia et al., 2016; Pintrich, 2003). Thus, the type of theoretically-derived 

field-based implementation research employed in the current study is critical for assessing 

whether theoretically-derived design principles are effective in supporting student motivation 

and subsequent outcomes.

Method

Participants

The sample for this study was drawn from a large, multi-year longitudinal project, which 

included 2,532 first-year undergraduate students enrolled in gateway chemistry courses at a 

highly selective university in the southeastern United States. Participants for the current 

study were from a propensity score matched sample (N = 587; see Propensity Score 

Matching section below) drawn from the first three cohorts of this larger project.

The propensity score matched sample for this study was 66.3% female and was 24.4% 

White, 45.8% Asian, 14.5% African American, 8.0% Latino, and 7.3% multi-racial/other. Of 

the 587 participants, 186 students participated in the summer enrichment program and 4011 

students were in a no-treatment comparison group. The final comparison sample and 

summer program sample were similar to each other with respect to demographics (see Table 

2).

1We excluded 46 potential comparison group students prior to conducting propensity score matching because they had participated in 
other summer programs similar to the summer programs with similar goals to ours would likely confound the results of our study.
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Procedures

As part of an on-going longitudinal study, we administered baseline surveys in first-year 

undergraduate chemistry courses each fall semester between 2010 and 2012.2 Students were 

compensated $10 for completing the survey, with 73.3% of eligible students participating in 

the baseline survey. We used the baseline variables for the propensity score matching 

procedures.

In each spring semester between 2011 to 2013, we recruited first-year undergraduates in the 

College of Arts and Sciences and the School of Engineering to apply to a summer 
enrichment program (see detailed description of summer program below), which took place 

during the summer between students’ first and second years of college. The research team 

reviewed the applications and accepted nearly all students who applied to the program each 

summer.3 An average of 64 students (cohort 1 = 58, cohort 2 = 71, cohort 3 = 64) 

participated in the program each summer across the three cohorts included in this study.

In the spring of participants’ second year (fourth semester, 2012 to 2014) and third year 

(sixth semester, 2013 to 2015), 8 months and 20 months after the summer enrichment 

program, we invited all summer program participants and a sub-set of potential no-treatment 

comparison group participants to complete a follow-up survey. All students were recruited 

via email and completed the survey on-line. Students were compensated $10/survey for each 

follow-up survey they completed. Comparison group participants were randomly selected 

(blocked by race/ethnicity and gender to match the participants in the summer enrichment 

program) from the larger group of participants who completed the initial baseline survey. In 

total, we invited 1,037 potential comparison group participants to complete the follow-up 

survey across all three cohorts (approximately 346 per cohort). We intentionally invited a 

large number of potential comparison group participants in order to have a larger sample on 

which to use propensity score matching to create a matched comparison group. The response 

rate on the follow-up survey for the comparison group sample was 49% and 44%, 

respectively for surveys completed in their second and third years; 91% and 82% of summer 

program students completed the follow-up survey in their second and third years, 

respectively.

Summer Enrichment Program

The summer enrichment program was a two-week instructional program during which 

students learned about fundamental concepts in pharmacology (week 1) and drug treatments 

for four specific diseases (week 2). Students attended the program for 7 hours/day for 10 

days. The majority of the course involved inquiry-based and active-learning activities, with 

less than one hour/day devoted to lecture. Each day was organized around a specific theme 

using topics relevant to college students (e.g., how drugs are eliminated from the body). For 

a final project, students chose a topic of interest and, with the guidance of the instructors, 

worked to design a hypothetical research study based on their topic of interest over the two-

2A small percentage of participants (8.43%) completed the baseline survey using an electronic survey at a later date rather than 
completing the paper survey in class.
3Percent acceptance was 100%, 97.3%, 100% for Cohort 1, 2, and 3, respectively.
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week period. The project culminated in a conference style poster presentation on the final 

day.4

Instructors for the course were postdoctoral fellows and doctoral students in the basic 

sciences (e.g., pharmacology, biology), most of whom had limited prior teaching experience. 

The program directors (faculty in pharmacology and psychology) delivered professional 

development to the instructional staff during two full-day workshops preceding the summer 

course. The majority of the workshops focused on teaching pedagogical techniques, 

including delivering effective lectures and serving as facilitators in small group, problem-

based learning, and laboratory activities. Across the two days, approximately one hour was 

devoted to providing instructors with an overview of student motivation, introducing the five 

motivational design principles on which the summer program was developed, and giving tips 

for supporting student motivation in line with these design principles. More details regarding 

the instructor training, including sample materials, are available in Godin et al. 2015.

The summer program was developed to align with five motivational design principles 

described previously (see Table 1). Specifically, the first design principle, using real world 

challenging tasks, was incorporated into the selection of pharmacology as the subject matter. 

The summer program centered on the real-world application of basic biology and chemistry 

principles, with a specific focus on the use of drugs to treat common diseases (e.g., cancer).

The second and third design principles, provision of choice (i.e., autonomy support) and 

encouragement of active involvement, were also key underlying themes in the instructional 

design of the summer program. For instance, we included four inquiry-guided lab activities 

focused on one of four drugs (aspirin, caffeine, tobacco, alcohol). Students had the 

opportunity to design the experiments as a group, with guidance from instructors, rather than 

following a set of pre-determined doses and procedures, as is often the case in undergraduate 

laboratory courses. Other activities that allowed for active engagement included problem-

based learning activities and time to work on preparing the final research proposal, which 

could be on any topic in pharmacology. These activities provided numerous opportunities for 

students to be actively, rather than passively, involved in their own learning. Moreover, the 

predominant use of active learning and open-guided inquiry supports students’ autonomy, as 

students are key decision makers in how to proceed with the learning activities.

We targeted our fourth design principle, support for feelings of belonging, by providing 

numerous opportunities for social interaction among students and with course instructors. 

For instance, students were housed in adjacent rooms in a single residence hall during the 

program and ate breakfast and lunch together each day, affording opportunities for informal 

interactions among students throughout the program. Additionally, there were numerous 

opportunities for small group work. Instructors were also encouraged to interact with 

students during free times (e.g., lunch, breakfast) and shared their pathways into graduate 

school with students.

4There were two within-program conditions included in the summer enrichment program: (1) a brief growth-mindset intervention and 
(2) participation in a fall research course in pharmacology, for which students received course credit. There were no differences on 
substantive measures between those who participated in either of these within-program conditions and those who did not participate. 
Thus, we did not differentiate among these conditions in our analyses.
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Our final motivational design principle, use of effort-based evaluation, was focused on 

providing students with opportunities for growth in their learning and understanding. 

Towards this end, there were no formal grades; rather, we created numerous opportunities 

for mastery experiences and sought to reduce overt social comparison. Students received 

informal evaluation about the quality of their work and their effort in small groups. 

Additionally, instructors evaluated students’ research proposals through oral and written, 

ungraded, feedback throughout the development process; students also received written 

formative feedback after the research proposal poster session.

To assure fidelity of implementation of the enrichment program, a member of the research 

team with expertise in motivation and a member of the team with expertise in the 

pharmacology content observed most activities throughout each day for the entire program. 

At the end of each day, research team members met with the instructors to debrief. As 

needed, they provided the instructors with feedback about whether the instructional practices 

they were enacting aligned with the five motivational design principles and provided 

suggestions on how to better align their instruction. Research team members also provided 

more general suggestions to improve instructors’ overall pedagogy. This oversight of the 

program by the research team allowed for a strong fidelity of implementation of the design 

principles and content.

Measures

Several measures assessing motivational and career-related beliefs in science were included 

as part of the larger longitudinal study. For the current study, we focused on measures of 

students’ self-efficacy in science, task value in science, and intentions to pursue a science-

research career. All items were assessed on a 5-point Likert scale except for the career 

intentions survey, which was on a 10-point scale. As part of the baseline survey, we queried 

students about their research experiences in their first year, which was used as a control 

variable in our models. A demographics questionnaire was also included at the end of the 

baseline survey. Finally, we collected science achievement data and science course 

completion data from the university institutional research office. We describe each of the 

measures included in our primary analyses in further detail below. Table 3 includes the 

reliability coefficients for the follow-up measures.

Task value in science—Science task value was measured using 15 items adapted from 

Conley (2012). Items targeted three sub-components including attainment value (e.g., It’s 

important for me to be a person who reasons scientifically; 5 items), utility value (e.g., 

Science will be useful for me later in life; 5 items), and interest value (e.g., I enjoy doing 

science; 5 items). The full list of items is presented in the Appendix.

Science self-efficacy—Science self-efficacy was measured using a six-item scale 

(Estrada et al., 2011, see Appendix), which was designed to measure students’ perceptions 

of their ability to successfully execute a variety of scientific tasks. An example item read, “I 

am confident that I can generate a research question to answer.”
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Science-research career intentions—We used a single item to measure students’ 

intentions to pursue a career in science research (Schultz et al., 2011), which read, “To what 

extent do you intend to pursue a research-related career in science?” This item used a Likert-

type response scale ranging from 1 (definitely will not) to 10 (definitely will) and was 

administered in the third year follow up survey (i.e., 6th semester).

Science GPA and science course completion—In the summer following 

participants’ third year, we requested record data for participants in the study from the 

institutional research office including course enrollment data and grades for courses taken in 

participants’ first three years. For science GPA, we calculated the students’ GPA across all 

graded science courses completed in the students’ third year. We also calculated students’ 

first-year science GPA (Year 1 science GPA) for use in our ancillary interaction analyses.

For science course completion, we added the total number of science courses completed in 

the participants’ third year. We included all courses that were completed for credit regardless 

of whether the course grade was included in the GPA calculation (e.g., courses taken as pass/

fail were counted as completed if the student passed the course).

Data Analyses

Propensity score matching—Because it was not possible to randomly assign students 

to participate in the supplemental summer program, we used propensity score matching 

(Rosenbaum & Rubin, 1983) to create a closely matched comparison group using data 

available from the baseline survey. While propensity score matching is not equivalent to 

random assignment to treatment groups, it allows the researcher to account for selection 

effects into a treatment group by statistically equating the treatment group and a comparison 

group using initial variables that predict participation in the treatment (Rosenbaum & Rubin, 

1983). Specifically, a multivariable logistic regression was performed based on whether a 

student participated in the summer program (Treatment=1) or not (Comparison=0) using 

demographic variables (e.g., gender, URM status, race/ethnicity, age, native/non-native 

English speaker status, mother’s and father’s highest level of education, annual household 

income), ability (SAT score), indicators of initial interest/participation in STEM fields 

during the first year of undergraduate studies (premed student status, 1st year STEM course 

GPA, 1st year STEM course completion, baseline science-research career intentions, 

participation in research during the academic year, participation in research during the 

previous summer, science-related internship during the previous summer), and initial 

indicators of motivation from the first-year baseline survey as predictors of treatment status.

We used a stratification approach to propensity score matching whereby the sample is 

blocked into strata based on the propensity scores. Thus, both treatment and comparison 

group participants within a single stratum contain similar observations (based on the 

propensity score). The stratification approach accounts for the natural imbalance in the 

eligible students in the treatment and comparison groups (Stuart, 2010; see Results section 

for a description of the final sample retained using this approach).

Finally, to evaluate the effectiveness of the propensity score matching approach for equating 

the treatment and comparison groups, we conducted a sensitivity analysis with regard to 
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each of the baseline characteristics to examine initial differences between the summer 

program and comparison groups after propensity score matching. Results of these analyses 

are reported in the Results section below.

Primary analyses—We employed confirmatory factor analysis (CFA) using Mplus (v. 

7.3) to analyze the factor structure of the latent motivation variables. Since we did not have 

specific hypotheses related to how the intervention would affect each form of task value and 

since the task value latent variables were highly correlated with each other, we modeled task 

value as a second order latent variable. We used multiple-indicator multiple-cause (MIMIC) 

structural equation modeling (Kline, 2011; Thompson & Green, 2013) to answer our 

primary research questions (see Figures 1 and 2). In these models, the summer enrichment 

program was included as a dichotomous variable and the effect of this variable on the 

outcomes is interpreted as the mean difference between the comparison group (coded 0) and 

the summer enrichment group (coded 1). We tested for measurement invariance between the 

summer enrichment and comparison groups in our CFA models since measurement 

invariance across groups is an assumption in MIMIC models. Following standard accepted 

procedures for testing weak, strong, and strict invariance across groups (Kline 2011; 

Thompson & Green, 2013), we used Chen’s (2007) guidelines for comparing nested models.

We used robust maximum likelihood estimation (MLR) in all models and model fit was 

assessed using the model χ2, Confirmatory Fit Index (CFI), Root Mean Square Error of 

Approximation (RMSEA), and Standardized Root Mean Square Residual (SRMR). Cutoff 

values of close to ≥ .95 were used for CFI, ≤ .06 for RMSEA, and ≤ .10 for SRMR to 

determine acceptable model fit (Hu & Bentler, 1999). We accounted for the stratification 

within the data by using the STRATIFICATION and COMPLEX commands in MPlus 

(Muthén & Muthén, 2012). Of particular interest for this study was the indirect effects of the 

summer enrichment program on the science persistence variables via motivation (see Figure 

2). We calculated the specific and total indirect effects (e.g., mediated through all the 

motivation variables simultaneously) using Mplus’s MODEL INDIRECT command 

(Muthén & Muthén, 2012). Finally, we used Full Information Maximum Likelihood (FIML) 

to account for missing data in the analyses.

Results

Propensity Score Matching

Using stratification, we retained 587 participants (186 from the summer program and 401 

from the comparison).5 The retained participants were divided into 5 quintiles based on their 

propensity scores, creating 5 strata. Sensitivity analyses revealed that across all 5 strata, 

there was only a statistically significant difference between the summer program and 

comparison participants for the first stratum with respect to participation in academic 

research during the first year of college (p = .040) and the third stratum with respect to 

native English speakers (p = .042). Participants in the summer enrichment program group in 

stratum 1 were more likely to have participated in a research experience during their first 

5The remaining participants (7 summer enrichment program, 37 comparison group) were dropped because they were outliers (i.e., 
there were no overlapping propensity scores between the treatment and comparison group participants).
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year in college (18.2%) compared to those in the comparison group (4.5%). Additionally, 

summer program participants in stratum 3 were more likely to be native English speakers 

(91% of summer program participants versus 77% of the comparison group). Caution should 

be used in interpreting these differences, however, given that relatively few individuals 

within the whole stratified sample participated in research during their first year in college 

(12.4%) or were non-native English speakers (23.2%), making comparisons between 

treatment groups within each stratum more challenging. There were no other significant 

differences in any of the 5 strata for the remaining 20 baseline variables. Thus, the 

sensitivity analyses suggest that matching by strata resulted in balance between the two 

groups (aside from the minor differences in research experience and English as a first 

language within two of the five strata).

Descriptive Statistics and Correlations

Descriptive statistics for observed variables and reliability coefficients are reported in Table 

3. The correlation matrix for the latent variables is presented in Table 4. Overall, the 

correlation results were consistent with what would be expected from prior research and 

theory. Furthermore, the summer enrichment program was significantly positively correlated 

with all variables except third-year science GPA.

Confirmatory Factor Analysis

In the CFA models, we first tested a first-order latent variable model in which latent 

variables for each of the four expectancy-value variables (self-efficacy, interest value, 

attainment value, utility value) predicted the relevant indicator variables for both the 

comparison and summer enrichment program groups. While fit statistics were acceptable in 

these models, modification indices suggested that model fit would be significantly improved 

by specifying two utility value items and one attainment value item on other latent variables 

not supported by theory (expected parameter change > .25). Therefore, we dropped the 

problematic items from our analyses and re-ran the models (see Appendix for final 

measures). Given the high correlation between the task values latent variables (latent 

correlations were all >.70), we next modeled a second-order latent variable for task value. 

Finally, we tested for measurement invariance across the treatment and control groups. 

Results of the measurement invariance tests suggested partial strict invariance of the 

motivation latent variables across the comparison and summer enrichment program 

participants (strong invariance across groups was also established). The fit of the final CFA 

model was good; χ2(315) = 531.393, RMSEA = .049, CFI = .954, SRMR = .093 (see Table 

S1 in supplemental materials for further details about measurement invariance tests). 

Therefore, we were able to proceed with analyzing our data using the MIMIC model 

approach.

Primary Analyses: MIMIC Model Results

Figure 1 presents the direct effects of the summer enrichment program on the motivation and 

science persistence variables. Figure 2 presents the indirect effects model of the summer 

enrichment program on the science persistence variables via motivation. We controlled for 

first year research experiences since there was a small difference between the comparison 

group and summer enrichment program group in one of the strata. While there was also a 
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small difference in students who spoke English as their first language in one of the strata, 

this variable was not related to any other variables in the model so was eliminated from our 

final models. Fit statistics for the final MIMIC models suggested a good model fit to the 

data; direct effects model: χ2(219) = 523.659, RMSEA = .049, CFI = .942, SRMR = .081; 

indirect effects model: χ2(213) = 444.570, RMSEA = .043, CFI = .956, SRMR = .037. We 

report results specific to each of our research questions below.

RQ1: Effects of summer enrichment program on motivation and science 
persistence—Our first research question focused on the direct effects of the summer 

enrichment program on both motivation (assessed eight months later) and science 

persistence (assessed 20 months later). For these analyses, the unstandardized direct effects 

(presented in parentheses in Figure 1) of the summer enrichment program on the outcome 

variables are interpreted as the mean difference between the summer program group and the 

comparison group on these dependent variables.

With respect to motivation, results indicated that participating in the summer enrichment 

program yielded the expected positive effects on students’ science motivation relative to a 

no-treatment comparison group. Specifically, participation in the summer program was 

associated with significantly higher latent mean task value and self-efficacy, controlling for 

first-year research experience (see Figure 1).

In terms of science persistence, participation in the summer enrichment program between 

students’ first and second years had a direct effect on third-year career intentions, controlling 

for first-year research experiences. Specifically, summer enrichment program participants 

reported higher mean levels of intentions to pursue a science-research career compared to 

the no-treatment comparison group. Similarly, there was a direct effect on completion of 

science courses in the third year such that enrichment program participants completed, on 

average, more science courses in their third year relative to the comparison group. However, 

there was no statistically significant difference between summer enrichment students and 

comparison students on science GPA. Thus, students who participated in the summer 

enrichment program reported higher mean science-research career intentions and completed 

more science courses in their third year in college than the comparison group, but did not 

perform better in science courses.

RQ2: Indirect effects of the summer program on science persistence via 
motivation—Results indicated that the summer enrichment program had significant and 

positive indirect effects on two of the three science persistence outcomes (science course 

completion and science-research career intentions, see Figure 2 and Table 5). There were no 

significant total indirect effects of the summer enrichment program on science GPA, thus we 

do not discuss this outcome further.

The summer enrichment program had positive effects on science courses completed and 

science-research career intentions via task value. There were no indirect effects on 

persistence outcomes via self-efficacy. As noted above, students who participated in the 

enrichment program reported higher task value and higher self-efficacy than comparison 

students. However, task value, but not self-efficacy, was associated with stronger intentions 
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to pursue a science research career and the completion of more science courses. Thus, the 

only potential pathway to science persistence outcomes was through task value, not self-

efficacy.

Although the direct paths from the summer program to career intentions and courses 

completed were both reduced in the indirect effects model, the direct effect of the summer 

program on courses completed remained statistically significant. Thus, there was a direct 

effect of the summer program on courses completed and an indirect effect via task value. For 

career intentions, there was only an indirect path through task value once the motivational 

variables were included as mediators in the model.

Ancillary Analyses

In addition to testing the main effects of participating in the summer enrichment program on 

students’ motivation and science persistence, we also considered whether the summer 

enrichment program functioned differently for males and females and based on first-year 

undergraduate science achievement.

Gender interaction analyses—To assess whether the program functioned similarly 

across gender, we tested a summer enrichment program × gender interaction on the 

motivation and the science persistence outcome variables. Specifically, we tested separate 

direct effects models for each of the variables (i.e., 2 motivation variables and 3 science 

persistence variables) and we included a summer enrichment × gender interaction variable in 

each of the models. First-year research experience was also included as a control variable in 

all models.

Results indicated a statistically significant summer enrichment program × gender interaction 

effect in one of the five models. Specifically, there was a statistically significant summer 

enrichment program × gender interaction on third-year science courses completed (b = 

−1.05, β = −.42, p = .027, see Figure 3).6 Contrary to our hypothesis, a simple slopes 

analysis indicated that there were statistically significant differences in science course 

completion between the comparison group and summer enrichment program for males (t = 

3.46, p = .001) but not for females (t = 0.38, p = .705). Notably, both males and females in 

the summer enrichment program completed a similar number of science courses during their 

third year in college (t = −0.23, p = .822). However, in the comparison group, males 

completed fewer science courses than females; although, this difference was marginally 

significant (t = 1.83, p = .068). Thus, participating in the summer enrichment program was 

equally effective for both males and females in all outcomes except for the number of 

courses completed, where males’ course-taking in science received a boost.

Interactions with first-year science GPA—Using the same method as described in the 

gender interaction analyses, we tested interactions between participating in the summer 

enrichment program and first-year science achievement to examine whether participating in 

the enrichment program was equally effective for students with different first-year 

6βs for interaction effects are based on STDY standardization in Mplus (v.7.3).
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achievement levels. Results indicated a significant effect of the interaction between the 

summer enrichment program and first-year science GPA on task value (b = −0.17, β = −.32, 

p = .032, see Figure 4). For students with a lower first-year GPA (1 SD below the mean of 

first-year GPA), a simple slopes analysis revealed there was a statistically significant 

difference in task value between students who participated in the summer enrichment 

program and those in the comparison group (t = 3.75, p < .001). Lower-performing summer 

enrichment program participants were 0.32 standard deviations higher on mean latent task 

value relative to lower-performing comparison group participants. However, such a 

difference was not found for higher performing students (t = 0.97, p = .335). These results 

suggest that participating in the summer enrichment program was particularly beneficial for 

supporting the task value of students whose science GPA was comparatively lower within 

this elite sample of students. There was no other significant enrichment program × prior 

achievement interactions.

Discussion

Our findings add to the existing literature suggesting that a motivational approach may be 

particularly useful for addressing the leaky STEM pipeline through science motivation. 

Specifically, our study contributes to the literature in two primary ways. First, our more 

holistic, synergistic approach to developing and implementing a motivational intervention is 

relatively unique, as there are only a few studies that take such an approach (e.g., Guthrie et 

al., 2000; Turner et al., 2011) despite calls from motivation researchers for such synergistic 

approaches in authentic learning environments (e.g., Turner & Patrick, 2008). Second, aside 

from Hernandez et al. (2013), studies focused on the relation of enrichment experiences to 

STEM persistence have not considered whether enrichment programs support persistence 

through support for psychological mechanisms. Third, much of the work on motivational 

interventions focuses on the effect of the intervention on STEM persistence, with only a few 

studies (e.g., Hulleman et al., 2017) testing the proposed motivational belief as a mediator. 

Thus, our approach to examining the relation of a multi-faceted motivational intervention to 

sustained motivation and, in turn, to STEM persistence provides unique insights into the 

potential psychological processes through which such as multi-faceted intervention may 

have sustained effects on STEM persistence. Below, we discuss our primary findings, noting 

both the alignment with prior research as well as these unique contributions and consider the 

implications of our findings for both practice and theory.

Efficacy of Undergraduate Enrichment Program for Supporting Motivation and STEM 
Persistence

Our findings provide evidence that it is possible to develop an undergraduate enrichment 

program that supports multiple forms of motivation (self-efficacy and task value) up to eight 

months after the program has ended, relative to a propensity score matched comparison 

group. This is critical, as prior research suggests that students’ motivation in science may be 

especially important for supporting STEM persistence (Wang & Degol, 2013) and prior 

attempts to alter undergraduates’ science motivation have not directly targeted multiple 

beliefs such as self-efficacy and values (e.g., Harackiewicz et al., 2016). Thus, our results 

provide evidence that undergraduate enrichment programs can be effectively designed to 

Linnenbrink-Garcia et al. Page 18

Contemp Educ Psychol. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



support multiple forms of student motivation, even eight months after the end of the 

intervention. Consistent with prior research noting that motivational interventions may be 

particularly effective for lower achieving students or those with lower perceived competence 

(e.g., Hulleman & Harackiewicz, 2009; Paunesku et al., 2015; Yeager et al., 2016), we also 

found evidence that the summer program was especially effective in supporting task value 

for students who had lower performance (even in this elite sample) relative to their peers in 

their first-year science courses (prior to participating in the enrichment program).

Additionally, students who participated in the summer program reported higher intentions to 

pursue a research career in science and took more science courses during the third year in 

college (close to two years after the program ended), relative to a propensity score matched 

comparison group. This pattern of results is in keeping with prior research highlighting the 

benefits of undergraduate enrichment experiences in supporting STEM persistence (e.g., 

Hernandez et al., 2013; Jones et al., 2010; Schultz et al., 2011). However, as noted in the 

introduction, the majority of prior research on undergraduate enrichment experiences is 

retrospective. There are only a few extant prospective studies (Hernandez et al., 2013; Jones 

et al., 2010; Schultz et al., 2011) and these examined research experiences, whereas we 

examined a 2-week enrichment program intentionally designed to boost self-efficacy and 

task value. Thus, our study provides critical empirical evidence that participating in a 

relatively short-term summer enrichment program can help to support science course taking 

two years later. This type of longitudinal research is critical to providing clear evidence 

about the types of institutional supports that are needed to effectively support STEM 

persistence.

The direct effects for third-year science course taking were qualified by a significant 

summer program by gender interaction. Males, but not females, who participated in the 

summer enrichment program took more science courses in their third year of college. This 

gender interaction appears to be driven by the relatively low science course taking in the 

comparison group for males. Males in the comparison group took about two science courses 

during their third year in college while females in the comparison group took about three 

courses. In contrast, both males and females in the summer enrichment program took about 

three science courses in their third year in college. This somewhat unexpected gender 

difference may be because we focused on science courses only, which include biology, 

neuroscience, and environmental studies courses. The gender gap in science is most 

pronounced in the physical sciences, mathematics, and engineering (Ceci et al., 2014). Thus, 

surprisingly, it appears that, at least in terms of direct effects, the summer enrichment 

program closed a gender gap for males in this context.

Notably, there were no significant direct effects of the summer program on science GPA. 

These results are not consistent with prior research suggesting that participating in 

undergraduate enrichment experiences such as undergraduate research was associated with 

higher achievement in biology (Jones et al., 2010). Part of the difficulty in predicting science 

GPA may have been due to the relatively low variability in GPA for this sample. While GPA 

is an important variable as it serves as a gatekeeper for continued study in science, the mean 

science GPA for our sample was well over a 3.0, suggesting that the majority of students in 

the sample are achieving at more than sufficient levels to continue their studies in science. 
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These relatively high GPAs may be a unique feature of this particular context (e.g., elite 

undergraduate institution). Given this constraint, other indicators of persistence, such as 

continued science course taking and intentions to pursue research careers in science, may be 

better indicators of whether students do actually go on to pursue science careers.

Motivation as Mediator of Summer Program to STEM Persistence

As noted earlier, a critical contribution of the current study is that we considered science 

motivation as an underlying psychological mechanism for understanding how and why 

undergraduate enrichment experiences support science persistence using longitudinal 

mediation. We found that task value, but not self-efficacy, mediated the relation between 

participating in our summer enrichment program and two key indicators of science 

persistence (science research career intentions and science course taking) almost two years 

after the end of the summer program. This overall pattern of mediation highlights the 

potential value added when enrichment activities are specifically designed to support 

motivation and contrasts with prior research using utility-value interventions whereby utility 

value was not a significant mediator (Hulleman et al., 2017).

While the summer program was associated with higher self-efficacy eight months later, 

science self-efficacy did not significantly predict any of the indicators of science persistence. 

Given prior research highlighting the importance of self-efficacy in predicting achievement 

and of task value in predicting choice (Wigfield & Cambria, 2010), especially when value is 

also included in the model (Andersen & Ward, 2014), it is not surprising that self-efficacy 

was not a significant mediator in the relation between the summer program and career 

intentions and course taking. It is more surprising that science self-efficacy did not predict 

science achievement, especially in light of Hulleman and colleagues’ (2017) findings that 

the effect of a utility value intervention on final exams was mediated through expectancy for 

low-performing students. However, our findings may be due to the constraints in variability 

associated with the science GPA measure that we noted earlier. Nonetheless, self-efficacy is 

an important motivational variable in predicting a variety of achievement-related behaviors 

(Schunk & Pajares, 2005; Wigfield & Cambria, 2010). Thus, while we did not find 

significant effects of science self-efficacy on the persistence outcomes studied here, it is still 

important to note that program participants did have higher science self-efficacy eight 

months after the program ended. Importantly, there may be other benefits for science-related 

persistence and academic achievement that were not included in the current study, such as 

actual enrollment in a science graduate program. Overall, the results of the indirect effects 

suggest that, when it comes to course enrollment and career intentions, it may be most 

important to support task value-related beliefs for students in elite contexts such as in this 

study. However, it is likely important to also support the self-efficacy of students in more 

academically diverse contexts.

As such, our findings extend prior research by identifying specific psychological 

mechanisms (e.g., enhanced task value) that help to explain why undergraduate enrichment 

programs may support STEM persistence. Understanding the psychological mechanisms 

that explain why undergraduate enrichment programs support persistence is key, as 

knowledge of the specific psychological mechanisms through which these experiences 
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function can aid in the design of more effective undergraduate enrichment experiences. 

Thus, the current study makes a unique contribution by identifying enhanced task value as at 

least one reason why undergraduate enrichment experiences are effective in supporting 

persistence.

Practical and Theoretical Implications

Finally, our study has both theoretical and practical importance by providing evidence that 

motivationally-designed enrichment programs or experiences can be an effective tool for 

addressing the leaky pipeline. From a practical perspective, our findings suggest that 

program designers could utilize the five design principles we identified (inclusion of real-

world challenging tasks, provision of choice surrounding academic tasks, encouragement of 

active involvement, support for feelings of belonging, and use of effort-based evaluation) to 

design or change an existing undergraduate enrichment experience to support multiple forms 

of motivation. Our approach for supporting science motivation could also be implemented 

within the regular undergraduate STEM curriculum, thereby potentially reaching an even 

broader population of students. For instance, university professors could utilize these design 

principles for course design (syllabus, grading structure) as well as when developing 

classroom activities to support student learning. And, motivational researchers might work 

with an undergraduate department or unit to train faculty about how to implement these five 

motivational design principles within their undergraduate courses. Incorporating these 

design principles into courses or existing programs would cost very little and thus might be a 

cost-effective strategy for supporting STEM persistence. However, we also recognize that it 

is often difficult to change the structure of introductory science courses and enrichment 

programs may offer the most realistic opportunity to fully employ these design principles.

Theoretically, we need more research that takes the claims made by motivational researchers 

about how to support multiple forms of motivation in educational contexts and translates 

them into practice (Linnenbrink-Garcia et al., 2016; Pintrich, 2003). Our study provides 

evidence that such an approach is effective in terms of supporting multiple forms of student 

motivation and subsequent persistence in science. In conducting this work, we took a 

holistic, synergistic approach to supporting student motivation (see Guthrie et al., 2000 for a 

similar approach), with the goal of conducting research aligned with the view that 

educational contexts are complex, interrelated dynamic systems and that students’ 

motivation itself is a complex system (see Kaplan & Garner, 2017; Linnenbrink-Garcia & 

Wormington, 2017; Skinner et al., 2009; Turner & Patrick, 2008). As such, our goal was not 

to examine whether our approach to designing a summer enrichment program was better 

than other existing science enrichment programs, nor were we seeking to evaluate whether 

one specific motivational design principle was more effective than others to support 

motivation. Rather, we aimed to test the effectiveness of an enrichment program designed 

around a holistic set of motivational principles and to also examine the mechanisms by 

which such a program is effective. While we see value in careful experimental work that 

isolates a particular motivational mechanism, we contend that a more holistic approach to 

designing educational contexts may also be fruitful for designing educational contexts that 

support multiple forms of motivation. Thus, we argue that as we seek to translate theory to 

practice in ecologically-valid contexts, it is not always practical nor necessarily desirable to 
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carefully test the individual components of one program versus another as the various 

components interact in the context and with the individual.

Limitations and Future Directions

There are several limitations to the current study that are worth noting when interpreting the 

findings. First, students were not randomly selected to participate in the summer enrichment 

program. We addressed this limitation by using propensity score matching to equate students 

on more than 20 baseline variables representing factors that would likely influence students’ 

decisions to participate in the summer enrichment program including demographic, initial 

interest/participation in science fields during the first year of undergraduate studies, and 

initial science motivation. However, while propensity score matching is an effective 

statistical tool for addressing selection effects to statistically equate control and treatment 

groups (Rosenbaum & Rubin, 1983), it is not a replacement for random assignment. For 

example, there may be variables that we did not collect (e.g., conscientiousness), and 

therefore were not included in the propensity score matching, that may have influenced 

students’ decisions to participate in the enrichment program. As such, causal claims 

regarding the effects of participating in the summer enrichment program on students’ 

science motivation and science persistence should be interpreted cautiously.

A second limitation is that students were only followed through the end of their third year at 

the university. Thus, we are not able to make claims regarding longer-term STEM 

persistence through college graduation and beyond. This sample of students is still being 

surveyed and we are continuing to collect academic record data. Future studies will be able 

to investigate the longer-term impact of our early college motivationally designed summer 

enrichment program. Nonetheless, these third-year indicators of persistence provide a 

reasonable window into the ultimate career path these students intend to take as they reflect 

upper-level course taking in science suggesting at least some degree of commitment to the 

field.

Third, recent advances in expectancy-value theory research highlight the importance of cost 

perceptions in predicting STEM persistence (Barron & Hulleman, 2015; Perez et al., 2014; 

Trautwein et al., 2013). Unfortunately, we did not have an adequate cost measure to include 

in this study. Future research, however, should more carefully consider whether 

undergraduate enrichment programs may be beneficial by not only enhancing expectancies 

and values, but also through a reduction in perceived costs associated with the pursuit of 

STEM careers. Future research might also consider whether motivationally-based 

undergraduate enrichment programs differentially support new distinct types of task value, 

such as differentiating between multiple types of attainment value (personal importance v. 

broad importance, Gaspard et al., 2015) or multiple types of utility value (short- versus long-

term, Durik, Schechter, Noh, Rozek, & Harackiewicz, 2015).

Finally, we sampled participants from an elite university, which may limit the 

generalizability of our findings to other university settings. However, there are also several 

benefits to the population studied here with respect to addressing the leaky pipeline. First, 

our sample represents a group of highly qualified students. Thus, students in our sample 

should have the ability to pursue a science career. Second, our entire sample of participants 

Linnenbrink-Garcia et al. Page 22

Contemp Educ Psychol. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(both the treatment and comparison groups) were enrolled in a first-year gateway science 

course, indicating at least some initial inclination to pursue a science-related career. Third, 

the university where this study was conducted uses a need-blind admissions process and is 

committed to enrolling a diverse student population (for instance only about 50% of the 

university undergraduate population is White). Together these sample characteristics allowed 

us to capture a group of diverse, highly qualified students at the start of the undergraduate 

science pipeline, thus providing important insights into science persistence among a 

population of students whom we would very much like to retain in the science pipeline.

Conclusion

The current study provides evidence of the efficacy of a motivationally-designed summer 

enrichment program for supporting undergraduates’ science self-efficacy and task value, and 

in turn, their science persistence through their third year in college. As expected, the summer 

enrichment program was positively associated with science self-efficacy and task value, 

assessed eight months after the end of the program, as well as the more distal outcomes of 

third-year intentions to pursue a science research career and third-year science course taking, 

both directly and indirectly via task value. Participation in the enrichment program was 

particularly beneficial for students with relatively lower first-year science GPA in terms of 

supporting task value, and for males in terms of third-year science course taking. Overall, 

the results highlight the potential positive impact of such a program for repairing the leaky 

STEM pipeline at the undergraduate level. These findings underscore the potential benefit of 

designing curricula and instruction to support multiple forms of student motivation, as doing 

so has the potential to not only shape motivational beliefs but also alter more distal science-

career related beliefs and behaviors. As such, our approach provides a framework for 

undergraduate faculty interested in altering the learning environment through both structural 

and pedagogical elements to support science motivation and increase STEM persistence. It 

also provides critical evidence to motivational researchers that these theoretically-derived, 

but relatively untested, motivational design principles can be successfully implemented in 

authentic educational contexts to shape students’ motivation and persistence, thus helping to 

inform our understanding of how we might move forward in our design of educational 

contexts to support motivation.
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Appendix

Task Value (adapted from Conley, 2012)

Interest value

I enjoy the subject of science.

I enjoy doing science.

Science is exciting to me.

I am fascinated by science.

I like science.

Attainment value

It is important for me to be a person who reasons scientifically.

Thinking scientifically is an important part of who I am.*

Being someone who is good at science is important to me.

It is important for me to be someone who is good at solving problems that involve science.

Being good in science is an important part of who I am.

Utility value

Science concepts are valuable because they will help me in the future.

Science will be useful for me later in life.

Science is practical for me to know.*

Science helps me in my daily life outside of school.*

Being good in science will be important for my future (like when I get a job or go to 

graduate school).

*Indicates items dropped from the final measures based on CFA.

Science Self-Efficacy (Estrada et al., 2011)

I am confident I can…

Use technical science skills (use of tools, instruments, and/or techniques).

Generate a research question to answer.

Figure out what data/observations to collect and how to collect them.

Create explanations for the results of the study.
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Use scientific literature and/or reports to guide research.

Develop theories (integrate and coordinate results from multiple studies).
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Highlights

• Developed a motivationally supportive undergraduate enrichment program in 

science

• The enrichment program supported undergraduates’ science motivation 8 

months later

• The enrichment program supported science persistence 20 months later

• The enrichment program predicted science persistence indirectly via 

motivation
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Figure 1. 
MIMIC model examining the direct effects of participating in the summer enrichment 

program on science task value and self-efficacy, science GPA, science courses completed, 

and science-research career intentions. The first coefficients in a path are standardized 

coefficients, which are Cohen’s d effect sizes. Unstandardized coefficients are in 

parentheses. Task Value is a second-order latent variable predicting first order latent 

variables for attainment value, utility value, and interest value. To simplify the figure, the 

measurement portion of the model is not depicted. GPA = grade point average; Career 

Intentions = science-research career intentions; †p < .10, *p < .05, **p < .01, *** p < .001.
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Figure 2. 
MIMIC model examining the indirect effects of participating in the summer enrichment 

program on science GPA, science courses completed, and science-research career intentions 

via motivation. The first coefficient in a path is standardized, and coefficients in parentheses 

are unstandardized coefficients. Standardized coefficients for direct effects of the summer 

enrichment program on the outcomes are Cohen’s d effect sizes. Task Value is a second-

order latent variable predicting first order latent variables for attainment value, utility value, 

and interest value. To simplify the figure, the measurement portion of the model is not 

depicted. GPA = grade point average; Career Intentions = science-research career intentions; 

†p < .10, *p < .05, **p < .01, *** p < .001.
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Figure 3. 
Gender × summer enrichment program interaction effect on 3rd year science course 

completion.
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Figure 4. 
Prior achievement × Summer enrichment program interaction effects on task value.
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Table 1

Design Principles Supporting Motivation in Summer Enrichment

Design Principle Form of Motivation
Supported

Enactment in Summer Program

(1) Real-world challenging task Self-Efficacy Task value Course content focused on pharmacology, emphasis on drugs to treat common 
diseases

(2) Provision of choice Task value Student-design inquiry lab experiments, problem-based learning activities, 
research proposals

(3) Active involvement Task value Lab experiments, small group activities, research proposals

(4) Support for belonging Self-Efficacy Task value Student housing, meals, group work, formal and informal interactions with 
students and instructors

(5) Effort-based evaluation Self-Efficacy No formal evaluation, emphasis on mastery experiences, formative feedback on 
research proposal
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Table 2

Demographic Breakdown of Summer Enrichment Program Sample and Propensity Score Matched 

Comparison Sample

Summer enrichment Program Comparison Sample

n 186 401

% Female 66.1 66.3

% Asian 46.2 45.6

% African American 15.1 14.2

% Hispanic/Latino 7.5 8.2

% White 23.1 24.9

% Other 8.1 6.9

M (SD) Age 18.12 (.41) 18.10 (.32)

Mother’s Highest Education (Mode) College Degree College Degree

Father’s Highest Education (Mode) Doctorate/Professional Degree Doctorate/Professional Degree

Annual Family Income (Mode) $100,000 – $149,900 $250,00+

Note. Mother/Father Education Options: 1 – grade school or less, 2 – high school or GED; 3 – college degree; 4 – master’s degree; 5 – Doctorate or 
Professional Degree (e.g., PhD, MD, JD); Income Options: 1–below $25,000; 2–$25,000–$49,999; 3–$50,000–$74,999; 4–$75,000–$99,999; 5–
$100,000–$149,999; 6–$150,000–$199,999; 7–$200,000–$249,999; 8– $250,000+
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Table 3

Descriptive Statistics Estimates for Observed Variables and Internal Consistency Reliability

Variable n M SD Range Reliability

Interest Value 567 4.17 .66 1.00 – 5.00 .91

Attainment Valuea 566 3.94 .71 1.00 – 5.00 .80

Utility Valuea 565 4.22 .60 1.00 – 5.00 .81

Self-Efficacy 566 3.75 .68 1.00 – 5.00 .85

Career Intentions 425 5.25 2.92 1.00 – 10.00 –

Science GPAb 415 3.21 .76 0.00 – 4.00 –

Science Courses 581 2.83 2.53 0.00 – 9.00 –

Note.. GPA = grade point average; Career Intentions = 3rd year science-research career intentions; Science GPA = 3rd year science GPA; Science Courses = 3rd year Science Courses Completed. All 
motivation variables were assessed at the first follow-up survey (assessed 8 months post enrichment program). Internal consistency reliability coefficients are Raykov’s Rho (Raykov, 2009) coefficients of 
latent variables calculated in Mplus; GPA is on a 4.0 scale.

a
Statistics are reported for the revised scales based on the CFA analyses.

b
Science GPA was only calculated for students who were enrolled in a graded science course during their third year.
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Table 4

Correlation Matrix for Latent Variables

1 2 3 4 5 6 7 8 9

1. Interest Value –

2. Attain Value .77 –

3. Utility Value .74 .80 –

4. Self-efficacy .40 .43 .41 –

5. Task Value .85 .91 .88 .47 –

6. Career Intentions .37 .39 .38 .20 .43 –

7. Science Courses .23 .25 .24 .15 .27 .23 –

8. Science GPA .11 .12 .11 −.02 .13 .09 .27 –

9. Research Exper. .11 .12 .11 .10 .13 .07 .11 .14 –

10. Summer Program .14 .14 .14 .13 .16 .11 .12 −.01 .00

Note. All correlations > |.09| are significant at p < .01. Since the summer enrichment program is a dichotomous variable, point biserial correlations between the summer program and the other variables are 

reported. GPA = grade point average; Career Intentions = 3rd year science-research career intentions; Science GPA = 3rd year science GPA; Courses Completed = 3rd year Science Courses Completed; 
Task Value is a second-order latent variable predicting first order latent variables for attainment value, utility value, and interest value; Research Exper. = Research experiences in the first year.
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Table 5

Coefficients for Indirect Effects of the Summer Enrichment Program on Science Persistence via Follow-up 

Motivation

Science Persistence Variables

Effects Through Science GPA1 Science Courses Completed2 Career Intentions3

Total Indirect .03 (.02) .09 (.22**) .14 (.42***)

Task Value .06 (.05*) .08 (.21**) .15 (.43**)

Self-Efficacy −.03 (−.02) .01 (.01) .00 (−.01)

Note. Standardized coefficients (based on STDY standardization) are presented first; Unstandardized coefficients are in parentheses; GPA = grade 

point average; Career Intentions = 3rd year science-research career intentions; Science GPA = 3rd year science GPA; Courses Completed = 3rd 

year Science Courses Completed.

1
Scores for science GPA ranged from 0 – 4.

2
Scores for science courses completed ranged from 0 – 9.

3
Scores for career intentions ranged from 1–10.

†
p < .10.

*
p < .05.

**
p < .01.

***
p < .001.
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