
education 
sciences

Article

Problem-Based Learning (PBL) and Student Interest
in STEM Careers: The Roles of Motivation and
Ability Beliefs

Melanie LaForce 1,*, Elizabeth Noble 1 ID and Courtney Blackwell 2 ID

1 Outlier Research & Evaluation, UChicago STEM Education, University of Chicago, 1427 E. 60th St., Chicago,
IL 60637, USA; enoble@uchicago.edu

2 Feinberg School of Medicine, Northwestern University, 633 N. St Clair, Evanston, IL 60611, USA;
ckblackwell@northwestern.edu

* Correspondence: laforce@uchicago.edu; Tel.: +1-773-702-0445

Received: 2 October 2017; Accepted: 4 December 2017; Published: 20 December 2017

Abstract: Amid growing concerns about the future of the U.S. economy and workforce, educators
and policymakers alike have increasingly emphasized the need to expand the number of students
interested in, qualified for and actually pursuing careers in science, technology, engineering and
mathematics (STEM). The current study draws on survey responses from a sample of 3852 high school
students at inclusive STEM schools across the U.S. to investigate how project- and problem-based
learning (PBL) may work to address this need. Multivariate regression results indicate that student
ratings of PBL are associated with interest in pursuing a career in STEM, as well as with intrinsic
motivation for science and students’ ability beliefs for both science and math. Further, mediation
analysis using Hayes’ (2014) MEDIATE macro suggests that science intrinsic motivation and ability
beliefs mediate the relationship between perceived PBL experiences and student interest in a future
STEM career (IFSC). Our results highlight the important potential of PBL for increasing student
STEM attitudes and interest in future STEM careers. As one of the only large-scale quantitative
analyses of its kind, this study provides critical information for educators, school administrators and
policymakers as they continue to seek effective ways of encouraging students to pursue STEM careers.
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1. Introduction

In recent years, the subjects of science, technology, engineering and mathematics (STEM) have
been at the forefront of U.S. education due to growing concerns that American students are unprepared
for the 21st century workforce and a global economy [1,2]. Improvements in STEM education have also
been cited as “critical to building a just and inclusive society,” as STEM participation and achievement
are particularly low in women and minorities [3] (p. vii). Attracting, retaining and better educating
larger and broader populations of students necessitates a focus not only on improving achievement in
STEM but also on building interest in the disciplines. As such, policymakers, researchers and educators
alike are implementing and examining potential strategies for engaging students and furthering their
intentions to pursue STEM coursework and careers.

The current study examines the use of problem- and project-based learning in inclusive STEM
high schools across the country as one such effort. Both problem- and project-based learning have
significant histories in education: problem-based learning was first utilized in medical schools over
40 years ago [4] and project-based learning has been a cornerstone of institutions such as the Buck
Institute for over 25 years [5]. More recently, educators in the K-12 sector have adopted a variety of
approaches based in problem- and project-based learning—often collectively referred to as “PBL”,
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which we will use here—as a method for increasing student engagement, especially in regard to STEM.
Yet little empirical evidence exists on whether PBL approaches work to increase student interest in
pursuing STEM careers, much less studies that explore the mechanisms through which any increase
might occur. Here, we draw on Social Cognitive Career Theory (SCCT) [6], which stresses experiential
factors (such as learning experiences—in this case, PBL) and social-cognitive constructs (such as
self-efficacy and outcome expectations) in people’s career-related interests, choices and performance,
while also taking into account individual and contextual factors. Using survey data from a large sample
of students at 17 inclusive STEM high schools, we examine how PBL relates to student interest in STEM
careers and the role of intrinsic characteristics such as ability beliefs and motivation in that relationship.

1.1. The Importance of Increasing Interest in STEM Careers for All Students

Much of the focus on STEM education has centered on increasing student achievement in science
and math, with the assumption that higher achievement will ensure that students are “ready” to
compete [2,7–9]. This is at least in part motivated by the U.S.’s underwhelming performance in STEM
subjects as compared to much of the world: on the most recent PISA, U.S. students performed below
the Organization for Economic Co-operation and Development (OECD) average in math (ranking 31st
out of the 35 OECD countries) and near average in science (ranking 19th out of 35) [10].

While achievement in STEM disciplines is certainly important, it is not in and of itself the indicator
of success. First, achievement is predicated on the notion that students are actually taking STEM
courses, when in fact this is not always the case. A recent report by the U.S. Department of Education
Office for Civil Rights [11] states that only 78% of high schools offer Algebra II, 48% offer calculus,
72% offer chemistry and only 60% offer physics; the numbers are even lower when looking specifically
at schools with the highest populations of black and Latino students—of these schools, only 71% offer
Algebra II, 33% offer calculus, 65% offer chemistry and 48% offer physics. These disparities in type
and caliber of STEM course offerings mean that only some students have the opportunity to enroll,
let alone to achieve at high levels. And even when courses are offered, exposure to math and science
in high school is less influential on underrepresented minority students’ (vs. white students’) intent
to pursue STEM [12]. Additionally, although women are on par with men in terms of access and
achievement in advanced high school math and science courses, they remain underrepresented in
STEM majors [13,14]. Even high performing students do not necessarily persist in STEM: Lowell,
Zalzman, Bernstein and Henderson [15] found a sharp decrease in STEM retention from the 1970s
to mid-2000s for students with the highest academic success, suggesting that something other than
achievement influenced students to stay in, or to stay out of, STEM fields. Thus, it seems that while
high school course-taking and achievement are well-deserving of attention, they are only two factors
in ensuring that students actually enter STEM industries.

Another predictor of STEM persistence is student interest in STEM. “Interest” as a motivational
construct refers to the state of being engaged or being likely to reengage with particular object, event,
or idea [16]. In a 2010 study, Maltese and Tai [17] found that, compared to enrollment in STEM courses
or achievement, high school students’ interest in science and math was more strongly associated with
pursuing a STEM major. Other research shows that women and minorities are less likely to show
interest in or pursue STEM careers even if they have the aptitude to do so [7,18]. These findings
suggest that interest may account at least in part for differences in career paths for women and
underrepresented minorities. As such, finding ways to increase students’ interest in STEM may be
key to building a stronger and broader STEM workforce. This stance was echoed by the President’s
Council of Advisors on Science and Technology [7], which concluded that proficiency in STEM is not
enough to ensure that students continue on to STEM majors and careers. Instead, the report identifies
the need for both rigorous K-12 education curricula and new initiatives that inspire students to learn
STEM and in turn, motivate them to pursue STEM careers.
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1.2. Inclusive STEM High Schools

In response to these calls, educators, policymakers and even industry leaders (e.g., Google,
Code.org, Oracle) have begun large-scale initiatives to increase student STEM interest, involvement
and achievement with the goal of building the next generation of STEM professionals. One such
initiative, which has taken recent priority in the federal government’s investment in improving
K-12 STEM education [19], is the development of inclusive STEM high schools. Unlike traditional
math and science-focused high schools with selective enrollment and rigorous pre-entrance academic
requirements [20], inclusive STEM high schools have open admissions and often a specific focus on
increasing minority interest and participation in STEM [21,22]. These schools are a relatively new
development in education, gaining in popularity and visibility only since the turn of the century.
Prior research suggests that inclusive STEM schools operate differently and have different student
goals than comprehensive high schools [22–24]. For example, many of these schools place a strong
focus on the development of 21st century skills and engaging students in real-world applications of
STEM, rather than solely providing additional STEM courses [24–26]. Inclusive STEM schools tend to
place importance on interdisciplinary learning, with some restructuring the normal school schedule
to accommodate team-teaching and others infusing interdisciplinary learning into each subject [25].
Additionally, these schools are often focused on preparing the students they serve, many of whom at
some schools will be first-generation college-goers, for postsecondary options, offering dual enrollment
options for students to receive college credit or even take courses at local colleges and universities [26].

While early research on the impact of such schools on achievement is mixed and
inconclusive [24,27–31], attending inclusive STEM high schools has been associated with student
interest in and pursuit of STEM fields in college and careers. Compared to students at traditional
high schools, those who attend inclusive STEM schools have been found to participate in more
extracurricular STEM activities and have more interest in and positive attitudes toward STEM
subjects [30,32]. Some studies also show that students at inclusive STEM schools are more likely
to take early college STEM courses, have aspirations for postsecondary education, declare a STEM
major and be interested in one or more STEM careers [30,33]. As such, inclusive STEM high schools
may be important mechanisms for growing and sustaining student interest and persistence in STEM.

One limitation of the current research literature, however, is a lack of understanding of specifically
how inclusive STEM high schools influence student attitudes and learning (see Means et al. [30],
described below, for an exception). Much of the current literature takes an econometric approach
to understanding the “innovation” of STEM schools, where attending versus not attending is the
main variable of interest [34]. Less attention has been paid to which strategies and interactions are
employed in these schools, such as particular pedagogical techniques and learning experiences and
how these specific components drive student outcomes. Indeed, Lavertu and Gnagey [29] found
that students from two specific STEM schools in their study drove the negative effects on math and
science achievement, while students at a third STEM school actually performed better in science
compared to students in traditional schools. In that case, some unobserved characteristic hindered a
clear understanding of not just if but how these schools influenced student outcomes. One exception is
the recent work by Means and colleagues [30], who found that quality student-teacher relationships,
real-world STEM experiences and quality science and math instruction are all associated with higher
student achievement, suggesting that these components might influence student achievement more
than others. While these initial results are critical for practitioners and policymakers to understand as
they look for the best approaches to boosting students’ STEM attitudes and achievement, further work
is needed to fully understand which components of inclusive STEM schools are critical for student
outcomes beyond achievement.

1.3. The PBL Experience

One common learning experience in inclusive STEM schools is problem- or project-based learning
(PBL), terms used for a set of instructional strategies that empower learners to conduct research,
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integrate theory and practice and apply knowledge [4]. In an investigation of what defines inclusive
STEM schools, LaForce et al. [25] identified PBL as one of eight Essential Elements, a finding
supported by the work of others in the field [22,26] (The eight Essential Elements [25] include six core
Elements (four instructional, two non-instructional) and two supporting Elements. Instructional
Elements focus on pedagogical strategies and academic goals for students; non-instructional
Elements represent STEM schools’ focus on the school culture and commitments to establishing
and maintaining relationships with their broader communities; supporting Elements including
strategies and external factors that enable implementation of the core Elements. The core Elements are:
rigorous learning (instructional); personalization of learning (instructional); career, technology and
life skills (instructional); problem-based learning (instructional); school community and belonging
(non-instructional); and external community (non-instructional). The supporting Elements are staff
foundations and essential factors.) While no singular definition of PBL and what it looks like in
K-12 education practice exists, as noted above, for the purposes of this study we use “PBL” as a
broad term encompassing many approaches employed under the term (including both problem- and
project-based). In our own work (in development), we observed three “types” of PBL: (1) Short-term
PBL, where teachers use tangible problem-solving as a strategy for day-to-day instruction; (2) Projects,
where students complete a series of discrete tasks resulting in an end product but which is not rooted in
a tangible problem; and (3) Problem-solving projects, where students complete a series of discrete tasks
and form a product that is rooted in a problem to be solved. In the literature [4,35], PBL is commonly
described as the third type identified here: problem-solving projects. While we consider all three
approaches to be distinct, they often work toward a similar set of student outcomes, from increasing
subject area content knowledge to developing effective problem-solving strategies and metacognitive
strategies, such as self-directed learning, goal setting and collaboration [36,37]. In our data collection
and analyses, we focus on the third type of PBL (problem-solving projects) for operational uniformity.

Despite its roots in higher-level medical education, over the last several decades PBL has spread to
the K-12 education environment as educators look for better ways to engage students in the classroom
and ultimately increase student achievement [37–39]. PBL’s constructivist nature was originally
designed to replace traditional lecture-based teaching methods in medicine to actively engage students
in self-directed and interdisciplinary learning through real-world problem solving [40]. Research
on K-12 education has suggested that PBL increases students’ engagement and enjoyment of STEM
subjects in particular, especially for girls and underrepresented minorities [41–44]. Further, studies
have shown that PBL can improve students’ creativity [45], critical thinking and problem-solving
skills [46,47], reflective thinking [48], communication and collaboration skills [45,48–50] and ability to
self-direct learning [45,46,51]. Teachers also report that they incorporate more 21st century skills into
their teaching and assessment when using PBL [52]. As such, using PBL may be an effective way to
not only engage students in STEM learning but also provide them with the necessary foundational
skills to pursue STEM careers. According to the OECD [53], American students have strong skills in
low cognitively demanding tasks but lack higher cognitively demanding abilities that enable them
to successfully apply math and science skills to real world applications and vice versa—starting
with a real-world problem and understanding which skills, knowledge and processes are necessary
to solve it. As PBL strategies often emphasize real world problem solving and 21st century skills,
many inclusive STEM schools look to PBL as one way to provide opportunities for students to
make connections between what they learn in the classroom and the real-world application of such
knowledge. These tenets of PBL led to the development of Hypotheses 1, 2 and 3 (described below)
which posit that PBL will be related to students’ interest in a future STEM career, science and math
intrinsic motivation and beliefs about their science and math abilities.

1.4. Students’ Beliefs about Ability, Interest and Intrinsic Motivation in STEM

It will be helpful before going further to clearly define the theoretical constructs on which we draw
for the current study, namely, interest, intrinsic motivation, ability beliefs and attitudes. In the literature,
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interest may refer to situational interest, a more temporary state induced by particular features of an
environment or activity, or to individual interest—“a relatively stable evaluative orientation towards
certain domains” [54] (p. 114). As noted above, in the current study we focus on the latter, with the
domain being future STEM education and career paths. While interest influences the direction in
which a person may act, intrinsic motivation is what causes him to act and to maintain that action [55].
It refers to behavior that is driven by a person’s finding it inherently interesting, enjoyable, or fun.
Intrinsic motivation is activity-specific, meaning that one might be intrinsically motivated to do one
thing but not another; additionally, it has been found to result in high-quality learning but may be
impacted negatively or positively by parent and/or teacher practices [56].

Ability beliefs, which include concepts such as confidence, self-efficacy and self-concept,
“are defined as the individual’s perception of his or her current competence at a given activity” [57]
(pp. 70). Beliefs about abilities play large parts in various motivation theories (such as expectancy-value
theory [57], social cognitive theory [58], attribution theory [59] and self-determination theory [60])
and similarly are measured in different ways, depending on the researchers’ interest in particular
aspects and specificity of perceived ability [57]. We focus in this study on student’s confidence in their
abilities in math and science classes. Generally, beliefs about ability have been found to be positively
related to meaningful cognitive engagement in tasks and involvement in academic work as well as
effort, persistence and academic achievement [61,62]. More specific findings related to academic beliefs
about ability, specifically self-efficacy and self-concept, in STEM are discussed at greater length below.
Attitudes represent a person’s stance, disposition, or opinion toward people, objects, events, situations,
or in this case, disciplines [63,64]. The construct of attitudes is separate from interest, in that one
can have a positive attitude toward something without being interested in it [55]. Attitudes towards
a subject consist of a number of sub-constructs and studies have used a variety in their measures
of attitudes towards science, including perceptions of teachers, anxiety towards science, value of
science, self-esteem in science and motivation towards science, among others [65]. Here we refer to
students’ general attitudes towards school, as well as their attitudes towards STEM subjects—in this
case meaning their ability beliefs and intrinsic motivation—more specifically.

Given the demonstrated potential of student interest for driving persistence in STEM, as well as
the current efforts underway to help students develop and maintain that interest, we draw on the Social
Cognitive Career Theory (SCCT) [66] as the framework for the current study. Grounded in Bandura’s
Social Cognitive Theory [67], SCCT emphasizes both the experiential factors (e.g., specific learning
experiences) and social-cognitive constructs (e.g., self-efficacy, outcome expectations) in explaining
a person’s career-related interest, choice and performance. SCCT also recognizes the importance of
individual and contextual factors, such as gender, race and socioeconomic climate. More specifically,
SCCT suggests that individual and contextual factors influence the learning experiences an individual
has, which then directly influence that person’s confidence in their abilities and outcome expectations.
These in turn influence his or her career interests, goals, choices and performance.

Research related to students’ ability beliefs in STEM has primarily focused on self-efficacy in
STEM classes and to a lesser extent, students’ self-concept (while these two constructs are related,
measures of self-concept are often more general than those of self-efficacy, which typically reside
at task level [68]). Prior work in STEM education suggests that when students have confidence in
their abilities in STEM classes as well as positive attitudes toward STEM, they are more likely to be
interested in and ultimately pursue and persist in STEM-related courses and careers e.g., [12,69–72].
Bandura [73] found that students who reported higher math self-efficacy also reported greater intrinsic
motivation, a finding reciprocated across STEM disciplines [64,74]. In turn, such high levels of ability
beliefs and motivation are associated with increased enrollment in STEM courses [75,76], increased
performance in such courses [77], increased likelihood of taking STEM classes and/or declaring a
STEM major [12,72] and increased interest in pursuing a STEM career e.g., [12,66,69,74]. For example,
Tai and colleagues [72] found that students who were more interested in STEM and that had higher
STEM self-efficacy were more likely to pursue STEM courses in college. Additionally, using large-scale
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nationally-representative data from the Education Longitudinal Study of 2012, Wang [12] found that
students’ math self-efficacy and attitudes in high school were strongly associated with pursuing a
STEM major in college. Another study of middle school students found that those who viewed
themselves as “smart” or “good” in a subject (i.e., had high self-concept and self-efficacy) were more
inclined to express positive attitudes towards their ability and interest to pursue STEM careers [69].
Thus, in working to grow the number of students pursuing STEM education and careers, it is important
to understand what strategies may be used to increase student beliefs in their ability and in turn,
interest, in STEM.

The research suggests that PBL may be one such approach. Some studies have shown that
students who engage in STEM PBLs have more positive attitudes toward and interest in pursuing
STEM [41,44,78]. Several have found that engagement in PBL is associated with increased self-efficacy
and confidence in STEM disciplines e.g., [41,42], which, in turn, could lead to more positive attitudes
toward STEM and continued pursuit in STEM fields. For example, Massa and colleagues [43] found
that PBLs not only improved students’ conceptual knowledge but also their intrinsic motivation and
self-efficacy. This finding is support by Cerezo [42], who showed that PBLs were specifically effective
for enhancing middle school girls’ STEM self-efficacy. Dominguez and Jamie [48] also found that
students were less likely to drop out of STEM courses if they engaged in PBL activities, while Berk and
colleagues [78] showed that students who engaged in PBL had more positive attitudes toward STEM
and were more interested in pursuing STEM-related careers. As such, PBL may be a critical learning
experience in the pathway towards STEM majors and careers by increasing students’ ability beliefs
and intrinsic motivation for STEM subjects. This notion is tested (as described below) by Hypotheses
4 and 5.

1.5. The Current Study

Given this strong body of evidence on the importance of ability beliefs and motivation in students’
continued interest in and pursuit of STEM courses and careers, and the potential of PBL as a key
learning experience that influences these social-cognitive factors, the present study seeks to investigate
how PBL learning experiences in the inclusive STEM school context can enhance such foundational
dispositions that lead students to persist in STEM fields. Our focus on PBL also arises from the
frequency with which inclusive STEM school leaders in this study described PBL as an important
component of their schools [25] and from the recent rise in attention to K-12 implementations of PBL in
the literature [42,79–81]. Based on the Social Cognitive Career Theory [66] and research supporting the
positive influence of PBL on students’ ability beliefs, intrinsic motivation and ultimately their career
interests [50,78], our main research question is: Are positive student experiences with PBL related to
students’ STEM ability beliefs and intrinsic motivation and in turn, their interest to pursue a career in
STEM? (Hypothesis 6).

2. Materials and Methods

This study draws on a subset of data collected as part of a larger four-year project (NSF #1238552)
to develop a clear understanding of inclusive STEM schools across the United States and how the
various strategies and methods they employ relate to student outcomes.

2.1. Procedure

Over the course of the project, we worked with 20 inclusive STEM schools from seven states;
members of these schools were invited to participate in school leader interviews, teacher and student
interviews and questionnaires and classroom observations. Schools were selected in a two-stage
process. First, we identified seven states with established STEM networks to connect with; we worked
closely with these networks to identify schools to reach out to for participation, based on several
a priori criteria: (1) STEM identity, meaning that STEM is a priority at the school; (2) Independent
school structure, meaning that STEM activities occur for all students and STEM is not a program
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or a “school-within-a-school”; (3) Maturity, meaning that schools were in at least their second
year of implementation (two schools in their first year of implementation were included, based on
recommendations from state network leaders); (4) Inclusive environment, meaning that schools did
not base enrollment on prior achievement or STEM ability; and (5) Collaborative nature, meaning that
we sought schools that were willing and eager to participate in a large research study. Additionally,
we asked the STEM network leaders to provide us with a group of potential schools that were
representative of the STEM school landscape in their state. We then reached out to the schools’ leaders
directly to invite them to participate. In a few cases, the initial school leaders contacted did not respond
or declined to participate and other schools (again suggested by network leaders) were invited to fill
those slots.

This study draws on student questionnaire data from the final year of data collection and includes
17 of the original 20 schools (due to two schools dropping out of the study after year one and an
additional school not having a large enough response rate to be included). Teachers at these 17 schools
administered an online student questionnaire between February and May 2015, during various class
times determined by a main point-of-contact for the study and the teachers in each school. Prior to
survey administration, human subject approval was obtained for all data collection and students were
sent home with parental consent forms that included an option to “opt-out” of participation in the
surveys. Students whose parents did not opt out were invited to take the survey and upon entering
the online questionnaire, shown a screen asking for their assent; students who did not assent were
immediately exited from the survey. The questionnaire took approximately 25 min for students to
complete and addressed a range of school experiences and attitudes.

2.2. Participants

The sample drew from 3852 9th–12th-grade students at 17 public inclusive STEM high schools.
Sample schools were located in Ohio (N = 4 schools), Washington (N = 4), Texas (N = 3), California
(N = 2), Tennessee (N = 2), New York (N = 1) and North Carolina (N = 1). Approximately 43% of the
sample identified as White, 28% as Latino/Hispanic, 10% as Black, 8% as Asian, 8% as Mixed Race and
3% as another race (American Indian or Alaskan Native, Hawaiian or Pacific Islander, Middle Eastern,
or Prefer Not to Answer). Fifty-one percent of the sample identified as female. Thirty-four percent of
the sample was in 9th grade, 28% in 10th grade, 24% in 11th grade and 14% in 12th grade.

2.3. Measures

2.3.1. Perceptions of PBL

Perceptions of PBL, a 12-item PBL scale, was derived from Munshi, El Zayat and Dolmans [82]
and adapted for a high school population based on descriptions of PBL from STEM school leaders [25]
and previous literature articulating high quality PBL [4].

The scale captured the frequency with which students reported experiencing various aspects
of PBL at their school, with each item measured on a 6-point Likert scale anchored by never and
always. For example, students were asked to rate the frequency with which they engage in PBL
activities that are “interesting and relevant to their lives.” The scale was introduced to students with
the text: “Now we’d like to ask you some questions about problem- or project-based learning (PBL),
or problem-solving projects at your school. These are extended learning experiences that focus on
real-world problem-solving.”

Table 1 shows the scale items used to measure the Perceptions of PBL construct. We conducted
exploratory factor analyses (principal axis factoring) to investigate potential latent constructs.
EFA analyses using an oblique promax rotation support a one-factor solution, with all 12 items
loading at 0.4 or above on one factor with a Kaiser [83] eigenvalue over 1. This factor accounted for
70% of the variance. A second factor emerged in scree plots [84] but did not obtain an eigenvalue of
1 and accounted for only 5% of the variance. Recently, it has been argued that the Kaiser method and
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scree test may be insufficient for obtaining unbiased estimates of underlying components in principal
axis factoring, or EFA [85]. Many researchers now prefer a Horn’s parallel analysis [86], which employs
a Monte Carlo method to estimate differences between simulated (expected) and observed eigenvalues.
Given the size of the PBL scale (12 items), we also conducted a parallel analysis using SAS [87] with
1000 iterations. Observed and simulated eigenvalues are presented in Table 2. Observed eigenvalues
that exceed simulated eigenvalues are determined to be valid [88]. The parallel analysis supports a
one-factor solution. Thus, a one-factor scale (α = 0.96) average for PBL rating was used in all analyses.

Table 1. Student Perceptions of PBL Scale.

Item How Often Is the Following True?

1 PBL projects get students to discuss ideas in class.
2 PBL projects do a good job of getting students to do research to look for background information.
3 PBL projects draw from multiple courses or subjects.
4 PBL projects are interesting and fun.
5 PBL projects are relevant to students’ daily lives.
6 PBL projects give students a chance to think about future careers.
7 PBL projects help students to better understand current events and/or environmental issues.
8 PBL projects draw on things students have learned previously.
9 PBL projects require students to apply knowledge learned in the classroom to a real-life event.

10 PBL projects are central to the curriculum.
11 PBL projects require a thorough process of inquiry, knowledge building and resolution.
12 PBL projects are more student-led than teacher-led.

Note: Response options included 1 = never, 2 = rarely; 3 = occasionally; 4 = frequently; 5 = very frequently;
6 = always.

Table 2. Observed and Simulated Eigenvalues for Perceptions of PBL Rating.

Factor Actual Simulated

1 8.133 1.072
2 0.744 1.054
3 0.555 1.040
4 0.424 1.027
5 0.354 1.015

2.3.2. Interest in a Future STEM Career (IFSTEMC)

The overall scale average derived from a 4-item scale regarding students’ interest in pursuing
STEM in college and career. This scale was developed for the current study. Each item was measured
on a 6-point Likert scale anchored by strongly disagree and strongly agree and the scale achieved high
reliability (α = 0.97). Interest in a future STEM career consisted of the following four items: (a) I see
myself pursuing a career in STEM; (b) I expect to take a lot of STEM courses in college; (c) A career
in STEM sounds exciting to me; and (d) If I had to pick a college major right now, it would be in a
STEM field.

2.3.3. Ability Beliefs

The overall scales average derived from 4-item scales describing students’ confidence in their
science/math skills and abilities. Science and math ability belief items were adapted from the Student
Self-Report of Academic Self-Efficacy [89,90]. Each item was measured on a 6-point Likert scale
anchored by strongly disagree and strongly agree and both the science and math scales achieved high
internal consistency (α = 0.92).
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2.3.3.1. Science Ability Beliefs

Science ability beliefs consisted of the following items: (a) I have the skills and ability to learn
about science; (b) I’m better at science than most of the other kids at my school; (c) I am very good at
science; and (d) I can figure out how to do the most difficult science problems if I try.

2.3.3.2. Math Ability Beliefs

Math ability beliefs consisted of the following items: (a) I have the skills and ability to learn about
math; (b) I’m better at math than most of the other kids at my school; (c) I am very good at math;
and (d) I can figure out how to do the most difficult math problems if I try.

2.3.4. Intrinsic Motivation

Intrinsic motivation items (for science and math) were developed by the authors for a pilot study
of STEM schools in Ohio (NSF #1008569). Each item used in the current study was measured on a
6-point Likert scale anchored by strongly disagree and strongly agree and achieved high reliability
(α = 0.96).

2.3.4.1. Science Intrinsic Motivation

Science items were derived in part from the Attitude toward Science in School Assessment [91].
Science intrinsic motivation consisted of the following four items: (a) I find science very interesting;
(b) I enjoy science investigations; (c) I want to learn more science; and (d) Learning about science is fun.

2.3.4.2. Math Intrinsic Motivation

Math intrinsic motivation consisted of the following four items: (a) I find math very interesting;
(b) I enjoy solving math problem; (c) I want to learn more math; and (d) Learning about math is fun.

It should be noted that our survey measures also addressed intrinsic motivation and ability beliefs
for both engineering and technology. However, these measures exhibited less consistency. One likely
reason for this is that far fewer students reported having experience with engineering and technology
courses and activities. Thus, we opted to use only the math and science scales for these analyses.

Due to the potential for collinearity between ability beliefs and intrinsic motivation constructs
(as well as their prominence in mediation models), we conducted factor analyses for (1) Science ability
beliefs and science intrinsic motivation and (2) Math ability beliefs and math intrinsic motivation.
We first conducted traditional EFA analyses in SAS using an oblique promax rotation for the 8 items
across the science ability beliefs (4 items) and science intrinsic motivation (4 items) scales. Scree plots
and factor loadings supported a two-factor solution, with ability beliefs items and intrinsic motivation
items loading at 0.7 or above on their respective scales. However, while the eigenvalue for factor
1 = 5.68, a second eigenvalue failed to reach 1, at 0.84. To examine further, we conducted Horn’s [86]
parallel analysis to examine convergence with our initial EFA. This analysis supported a 2-factor
solution, with actual eigenvalue estimates (Factor 1 = 5.89, Factor 2 = 1.05) exceeding simulated
estimates (Factor 1 = 1.05, Factor 2 = 1.03).

Next, we replicated these analyses for math ability beliefs and intrinsic motivation items.
Once again, while factor loadings and scree plots supported a two-factor solution in EFA analysis
(items loading on their respective scales at 0.7 or above), only a Factor 1 eigenvalue (5.73) exceeded
1 (Factor 2 = 0.72). Horn’s parallel analysis showed slight support for a one-factor solution vs.
a two-factor solution. Actual eigenvalue exceeds simulated eigenvalue for Factor 1 (Actual = 5.93,
Simulated = 1.05), while actual eigenvalue is quite close yet does not exceed the simulated eigenvalue
for Factor 2 (Actual = 0.93, Simulated = 1.03).

As these analyses did not give us sufficient confidence in two-factor solutions for both science
and math scales, we conducted confirmatory factor analyses using PROC CALIS in SAS [92]. For both
science and math, a two-factor solution loading 4 ability beliefs items on one factor and 4 intrinsic
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motivation items on a second factor was moderately supported. One-factor solutions did not show
sufficient fit. Interpretation of CFA fit indices does not follow strict rules [93], however, it is widely
acknowledged that chi-square estimates (which evaluate a “badness of model fit”) are too sensitive
to sample size and thus may not serve as a valid indicator of true model fit. Common rules of
thumb include striving for a root mean square error of approximation (RMSEA) < 0.08 [94], as well as
non-normed fit index (NNFI) [95], comparative fit index (CFI) [96] and adjusted goodness-of-fit index
(AGFI) [93] all > 0.90. CFA findings indicate moderate support for two-factor solutions for both science
and math items. These are summarized in Table 3.

2.3.5. Additional Covariates

2.3.5.1. General Intrinsic Motivation for Schoolwork

Developed for the current study, items were measured on a 6-point Likert scale anchored by
strongly disagree and strongly agree; the scale achieved high reliability (α = 0.93). This general intrinsic
motivation scale serves as a covariate to assess the unique contribution of intrinsic motivation for
STEM subjects and reduce bias emerging from students who are generally positive about school and
their work. In other words, to gauge a truer measure of pure science and math intrinsic motivation,
we have isolated these constructs from general intrinsic motivation for all schoolwork. General intrinsic
motivation consisted of the following three items: (a) In general, I find my schoolwork to be interesting;
(b) I enjoy my schoolwork; and (c) My schoolwork is fun.

2.3.5.2. General Ability Beliefs for Schoolwork

Items for general ability beliefs for schoolwork were derived from Student Self-Report of Academic
Self-Efficacy [89] and the New General Self-Efficacy Scale [97]. Like intrinsic motivation above,
this general ability beliefs scale serves as a covariate to assess the unique contribution of ability beliefs
for STEM subjects and reduce bias emerging from students who are generally confident in their
academic abilities. The overall scale average derived from a 7-item scale. Each item was measured
on a 6-point Likert scale anchored by strongly disagree and strongly agree and the scale achieved
high reliability (α = 0.92). General ability beliefs for schoolwork consisted of the following seven
items: (a) I have the skills and ability to do my schoolwork; (b) When faced with difficult tasks,
I know that I will accomplish them; (c) I will be able to achieve most of the goals I have set for myself;
(d) I can do the hardest homework if I try; (e) I can learn the things taught in school; (f) There isn’t any
schoolwork that’s too hard for me; and (g) If I can’t do a task the first time, I know I’ll eventually get it
if I keep trying.

2.3.5.3. Attitudes toward School

Developed for the current study, the overall scale average derived from a 5-item scale describing
students’ attitudes toward attending their respective school. Each item was measured on a 6-point
Likert scale anchored by strongly disagree and strongly agree and the scale achieved high reliability
(α = 0.94). Attitudes toward school consisted of the following five items: (a) I care about this school;
(b) I like being a part of this school; (c) If I could go back and choose any high school to attend, I would
choose to go to this school again; (d) I enjoy being a student at this school; (e) Going to school here
is fun.

It should also be noted that while we did not cognitively pretest attitude measures for students
in this particular study, they were primarily derived from established measures as noted above.
In addition, several of these scales were pretested with elementary and middle school samples as part
of a prior NSF study of Ohio STEM schools (#1008569).
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Table 3. Fit estimates for science and math self-efficacy and intrinsic motivation scales.

Discipline Model EFA Parallel Analysis CFA Chi-Square RMSEA CFI NNFI AGFI

Science

Two Factor (AB & IM as unique constructs) Moderately supported Supported p < 0.001 (Supported) 0.085 (Not supported) 0.987 (Supported) 0.987 (Supported) 0.933 (Supported)
One Factor (AB & IM as one construct) Moderately supported Not supported p < 0.001 (Supported) 0.307 (Not supported) 0.807 (Not supported) 0.715 (Not supported) 0.321 (Not supported)

Math

Two Factor (AB & IM as unique constructs) Moderately supported Not supported p < 0.001 (Supported) 0.093 (Not supported) 0.984 (Supported) 0.973 (Supported) 0.919 (Supported)
One Factor (AB & IM as one construct) Moderately supported Supported p < 0.001 (Supported) 0.295 (Not supported) 0.818 (Not supported) 0.732 (Not supported) 0.355 (Not supported)
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2.3.5.4. School, Grade, Race/Ethnicity, Gender

Binary variables were created for each school to use as the school fixed effects in the analyses.
We tested several schools as the reference (intercept) category to identify any unusual trends but
findings held consistent and thus we used a school with a respective sample size similar to the
median. Binary (dummy) variables were also created for grade (9–12), race/ethnicity (Asian, Black,
Hispanic/Latino, Other, White) and gender (male, female). White male 9th grade students served as a
reference point.

2.4. Analysis

2.4.1. Multivariate Regression Analyses

We conducted a series of multivariate regressions to examine the association between student
ratings of PBL, their STEM attitudes (ability beliefs and intrinsic motivation) and IFSTEMC, controlling
for students’ race/ethnicity, gender and grade, as well as school fixed effects. Figure 1 describes our
initial hypotheses, tested in the regression analyses described below.
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First, we examined the association between student ratings of PBL and IFSTEMC to establish
whether or not such an association existed, even after controlling for students’ math and science
intrinsic motivation and ability beliefs. We hypothesized that positive student perceptions of PBL at
their school would predict student IFSTEMC (Hypothesis 1).

Second, we examined the association between student ratings of PBL and students’ math and
science intrinsic motivation and ability beliefs. Based on prior research suggesting engagement
in PBL may increase students’ self-perceptions of these constructs in STEM subjects [41–43,69],
we hypothesized that higher PBL ratings would be positively correlated with science intrinsic
motivation and ability beliefs (Hypothesis 2) and math intrinsic motivation and ability beliefs
(Hypothesis 3).

We also examined the associations between math and science intrinsic motivation and ability
beliefs and students’ interest in pursuing a career in STEM. We hypothesized that science intrinsic
motivation and ability beliefs (Hypothesis 4) and math intrinsic motivation and ability beliefs
(Hypothesis 5) would be positively associated with IFSTEMC, given prior work suggesting math
and science intrinsic motivation and ability beliefs influence students’ pursuit of those fields in the
future [12,69,72].
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2.4.2. Mediation Analyses

Following this series of regressions, we conducted a more rigorous test of the mediating effect
of math and science intrinsic motivation and self-efficacy on the relationship between ratings of
PBL and IFSTEMC. Researchers have traditionally used normal theory approach, or the Sobel [98]
test, to identify mediation/indirect effects, typically within structural equation modeling (SEM)
path analysis programs [99]. However, the normal theory approach is conservative and thus has
low power [100], which may be insufficient for identifying small to medium effects. In addition,
normal theory approach assumes normality of the sampling distribution, an assumption that is often
violated in empirical studies [101]. Preacher and Hayes [102] suggest that mediators can be rigorously
verified through demonstration of statistically significant reduction in correlation using bootstrapping.
Bootstrapping is a non-parametric procedure that tests an indirect effect based on resampling with
replacement (e.g., we used 5000 resamples). Across these samples, a confidence interval is generated.
If the interval (upper and lower bound) does not cross zero, the indirect effect is different from zero [99].
Thus, many researchers now suggest that a bootstrapping approach is superior because it does not
suffer from the power and distribution drawbacks of the normal theory approach [103].

Thus, we hypothesized that science intrinsic motivation and ability beliefs would mediate the
effect of PBL on IFSTEMC (Hypothesis 6) and that math intrinsic motivation and ability beliefs would
also mediate the effect of PBL on IFSTEMC (Hypothesis 7). Figure 2 shows the addition of these
mediation predictions.
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We used Hayes’ (2012) MEDIATE macro program for SPSS to calculate the total effect and the
direct and indirect effects of PBL using bootstrapped samples [102]. The bootstrap procedure utilizes
repeated sampling with replacement (suggested minimum of 1000; we used 5000 samples) to compute
the point estimate of the indirect (mediation) effect. The analysis provides confidence intervals around
point estimates [104]. Demographic covariates (i.e., gender, race/ethnicity and grade) and school fixed
effects were also included in models. The MEDIATE strategy is one of the most robust analyses for
testing mediation as it allows for multiple mediators to be examined simultaneously and provides both
direct and indirect effects for each mediation path while controlling for all other mediation paths [105].
Further, this strategy reduces the potential for parameter bias due to omitted variables that often
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plague separate simple mediation models as well as offers insight into the relative magnitudes of the
indirect effects of all mediators [102].

3. Results

3.1. PBL and Interest in a Future STEM Career

Results from initial regression analyses supported Hypothesis 1, indicating that students’ ratings
of PBL significantly predicted their interest in pursuing a STEM career (p < 0.001). This association
remained significant even after controlling for math and science intrinsic motivation and ability
beliefs (p = 0.007, see Table 4). The overall saturated model explained 45% of the variance in
students’ IFSTEMC.

Table 4. Multivariate Regression Effects; Saturated Model.

Hypothesis Independent Variable Dependent Variable Coefficient p-Value Semi-Partial
Correlation

Total Model
Adjusted R2

1

Problem-Based Learning
Rating (PBL)

Interest in Future STEM Career 0.05 0.007 * 0.0001 0.45

2 Science Intrinsic Motivation 0.04 0.005 * 0.006 0.55

2 Science Ability Beliefs 0.03 0.006 * 0.005 0.64

3 Math Intrinsic Motivation −0.03 0.06 0.0008 0.62

3 Math Ability Beliefs 0.02 0.15 0.00005 0.67

4 Science Ability Beliefs

Interest in Future STEM
Career (IFSTEMC)

0.27 <0.001 ** 0.028 0.45

4 Science Intrinsic Motivation 0.23 <0.001 ** 0.09 0.45

5 Math Intrinsic Motivation 0.16 <0.001 ** 0.04 0.45

5 Math Ability Beliefs 0.10 <0.001 ** 0.002 0.45

Note: * significant at p < 0.01; ** significant at p < 0.001.

3.2. PBL and STEM Intrinsic Motivation and Ability Beliefs

Results support Hypothesis 2—higher PBL ratings significantly predicted students’ science
intrinsic motivation (p = 0.005) and ability beliefs (p = 0.006). However, results did not support
Hypothesis 3: a nonsignificant (but marginal) negative association (p = 0.06) occurred between PBL and
math intrinsic motivation and a nonsignificant relationship occurred between PBL and math ability
beliefs (p = 0.15).

Model results suggest that if PBL is mediated by science intrinsic motivation and ability beliefs,
the mediation is partial. A significant direct of effect of PBL on interest in STEM future is retained even
when including math and science intrinsic motivation and ability beliefs in the model (p = 0.007).

3.3. STEM Intrinsic Motivation, Ability Beliefs and Interest in a Future STEM Career

Results also demonstrated that science intrinsic motivation and ability beliefs (Hypothesis 4) and
math intrinsic motivation and ability beliefs (Hypothesis 5) are significantly associated with IFSTEMC,
even when controlling for ratings of PBL and other covariates. Table 4 lists these effects.

3.4. Mediation Model

To complete a robust analysis, we examined the mediating effect of PBL through science ability
beliefs and intrinsic motivation on IFSTEMC using Hayes [106] MEDIATE macro. The effects were
retained in the more rigorous bootstrapped MEDIATE analysis, indicating that science intrinsic
motivation and ability beliefs partially mediate the relationship between student ratings of PBL and
IFSTEMC. As recommended by Hayes, indirect effect estimates of confidence intervals that do not
cross zero are considered significant. Table 5 highlights these results. The omnibus test of the direct
effect of PBL rating on interest in a future STEM career was significant, F = 5.99, p = 0.014. The omnibus
direct effect of PBL on IFSTEMC was significant (F = 5.4983, p = 0.0191). In addition, the analysis
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showed support for Hypothesis 6: science intrinsic motivation and ability beliefs mediate the positive
effect of PBL rating on IFSTEMC. Hypothesis 7, however, was not supported. Although multivariate
regressions suggested a mediating relationship, the more robust MEDIATE analysis indicates that
math intrinsic motivation and ability beliefs do not mediate the relationship between PBL rating and
IFSTEMC. Table 5 lists the confidence intervals for all tested mediation variables.

Table 5. Indirect (Mediation) Bootstrap Test Effects.

Indirect Effect of PBL
on IFSTEMC through: Effect Lower Bound

(LLCI)
Upper Bound

(ULCI) Significance

Science Intrinsic Motivation 0.024 0.0140 0.0363 Significant
Science Ability Beliefs 0.029 0.0181 0.0415 Significant

Math Intrinsic Motivation −0.0048 −0.0128 0.0019 Non-Significant
Math Ability Beliefs 0.0002 −0.0032 0.0040 Non-Significant

Note: Effects are considered significant if the lower and upper bounds of the confidence interval do not cross zero.

3.5. Direct Effect of PBL Career Content on IFSTEMC

To further explore the direct effect of PBL on IFSTEMC, we conducted an exploratory item-wise
multivariate regression of 12 PBL scale items on IFSTEMC (maintaining our prior covariates and
controls). Results showed that one item in the PBL scale drove this direct effect: PBL projects give
students a chance to think about future careers (p = 0.007). Using a Bonferroni correction, this estimate
falls fails to exceed the adjusted p-value for significance (p = 0.004).

3.6. Race and Gender

We revisited multivariate regression analyses to understand potential race and gender interactions,
examining the interaction between race and gender dummies with the effect of PBL on STEM attitudes
and interest in a future. None of these interactions effects were significant, suggesting no direct
relationship between (the interaction of) race or gender and PBL on STEM attitudes or IFSTEMC.
Implications are discussed below.

4. Discussion

The findings from this study raise several important issues in understanding the development of
positive student attitudes toward future STEM careers, and also highlight the importance of rigorous
mediation analyses in examining such potential relationships. While multivariate regressions provide
initial insight, the MEDIATE strategy provides a more precise, bootstrapped method of identifying
mediation relationships, resulting in a clearer and more accurate picture of the relationships examined.

Prior research has clearly demonstrated the important role that intrinsic motivation and ability
beliefs play in student success [12,72]. As a result, policy-makers and practitioners seek to incorporate
instructional approaches that can enhance these particular student attitudes. From our results,
it appears that PBL may be one such strategy for increasing students’ interest in STEM fields.

PBL showed a direct effect on interest in a future STEM career (IFSTEMC); when controlling for
STEM attitudes, PBL had a reduced but still significant effect on IFSTEMC. Item-wise multivariate
regression suggests that this remaining direct effect is primarily driven by career content in PBL
projects—when controlling for STEM attitudes, “PBLs give students an opportunity to think
about future careers” was the only item to significantly predict interest in a future STEM career.
When corrected using a Bonferroni adjustment, this finding was no longer significant (p = 0.007
at a threshold of p = 0.004). However, many researchers argue that the Bonferroni correction is
too conservative, particularly for exploratory hypotheses [107]. Thus, further study should more
purposefully examine the relationship between career content in PBL experiences and student attitudes
toward STEM careers.

Our analyses also indicated that higher overall student ratings of PBL predict science intrinsic
motivation and ability beliefs, in turn predicting higher student interest in a future STEM career.
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Even if there is an assumption that students who attend inclusive STEM high schools are predisposed
to higher intrinsic motivation and ability beliefs in science or other STEM subjects than students in
non-STEM schools (an assumption that, it should be noted, is so far unconfirmed), we find that student
perceptions of their PBL experiences do relate to science attitudes. Thus, there is sufficient variability
within this sample to identify this significant relationship.

Interestingly, we did not find a similar relationship in the mediation analysis between ratings of
PBL and math intrinsic motivation or ability beliefs. Researchers have long known that high school
math courses have long-term impacts on students’ postsecondary outcomes [75] and that students’
self-beliefs about math predict high-school math course-taking [108]. Our findings are consistent in
showing that math intrinsic motivation and ability beliefs do predict student interest in a future STEM
career; however, neither in our mediation analysis are themselves predicted by PBL ratings or student
demographics. Others have acknowledged that there are additional challenges (i.e., high-stakes testing,
a packed curriculum) to implementing PBL in math classes [109] and that math teachers are often
“at a loss” in how to instruct with PBL methods [80]. Unpublished qualitative data from our own
work has indicated that high school math teachers in STEM schools implement PBL less often than
science and humanities teachers. Thus, this relationship should be interpreted with caution. Similarly,
the finding that neither math intrinsic motivation or ability beliefs mediate the relationship between
PBL ratings and interest in a future STEM career suggests that perhaps students’ conceptions of future
STEM careers do not include math (or, that they do include science but possibly not careers in all of
the STEM disciplines). However, as these math attitudes are nonetheless clearly important for future
outcomes, future research should focus on strategies to improve student self-perceptions of math.

Findings here demonstrated that race/gender did not moderate the relationships between PBL
and STEM attitudes; that is, the effect of PBL on STEM attitudes manifests similarly across all students
in this sample. However, forthcoming analyses that focus on a deeper exploration of race and gender
effects across a variety of strategies (including and beyond PBL) indicate the potential for some
race/ethnicity effects. Further research should carefully examine the interaction of race/ethnicity and
gender effects with instructional and other STEM school strategies.

As is common in education research, demographic variables and fixed effects in our study
exhibited the largest contributions to variance accounted for by models. While the unique effects
(i.e., semi-partial correlations) of PBL on STEM attitudes are statistically significant, they are small
relative to variables such as race, gender and school effects. In addition, because this research is
based on student self-report data, we were unable to include a variety of other variables that likely
contribute to the true implementation of PBL (such as teacher experience, student mobility and other
administrative variables). Other demographic data was too sensitive to collect via student survey,
such as ELL or special education status. Further research should utilize administrative data to more
fully account for additional person and contextual variables.

Self-report survey data also requires us to consider PBL as reported by students. While this
perspective is a valuable one, further research should incorporate external assessments of PBL, such as
through observations by trained researchers.

As noted earlier, the constructs of intrinsic motivation and ability beliefs are also highly related to
one another, since students tend to be more motivated when they feel that learning outcomes are within
their control [58]. Certainly, we observed a degree of correlation between ability beliefs and intrinsic
motivation items, though analyses supported each measure as a separate entity. Given the correlational
nature of this study, we are unable to pinpoint whether ability beliefs predict intrinsic motivation or if
these happen in tandem, in part as a function of PBL. Further research can disentangle this relationship
via time-series methodology, examining how or if ability beliefs facilitates intrinsic motivation for
STEM subjects or these outcomes occur in parallel (i.e., PBL facilitates both simultaneously).

Given the predominance of PBL in the study population (students in inclusive STEM high schools),
we were unable to discern the effect of PBL’s presence in the school (i.e., as a dichotomous variable)
compared to the students’ perceptions of PBL as measured by our scale. Our findings suggest that
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higher ratings do in fact predict higher IFSTEMC; thus, we would argue that true implementation
of PBL (vs. merely including PBL in the curriculum) is likely a critical piece of this relationship.
While many schools claim to incorporate PBL in their school models, our findings suggest that quality
of PBL is essential. (Here, we use student ratings to estimate quality.) The amount of PBL instruction
that student receive likely also plays a role here and is worthy of further investigation. However,
full implications cannot be determined from this analysis. Further research should examine the
implementation of PBL and compare effects between PBL and non-PBL classrooms (in the context of
both STEM and non-STEM schools), as well as more closely examining implementation.

Despite predicted limitations of this study, findings clearly demonstrate a link between student
perceptions of PBL and ultimate student interest in future STEM careers (IFSTEMC). While this is
a marked goal for inclusive STEM high schools, these findings are relevant beyond this population.
STEM-specific schools are but one channel through which we may increase and enhance our future
STEM workforce; considering the huge number of students in comprehensive or otherwise non-STEM
focused schools, it is important for the broader education community to also carefully consider
strategies that may support and bolster students’ interest in STEM careers. The findings presented
here on the qualities of PBL which support that interest may be applied in any classroom where such
approaches are employed, regardless of whether it resides in a STEM-focused school.

Acknowledgments: This research was supported by a grant from the National Science Foundation (1238552).

Author Contributions: Melanie LaForce is the Principal Investigator on the project from which these findings
result; Elizabeth Noble is the co-Principal Investigator. Melanie LaForce conceptualized the study presented here
and worked with Courtney Blackwell to analyze the data. Melanie LaForce and Elizabeth Noble were primarily
responsible for writing and revising the paper, with Courtney Blackwell also making substantial contributions.

Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript and in the
decision to publish the results.

References

1. National Science Board. Science and Engineering Indicators 2016; NSB-2016-1; National Science Foundation:
Arlington, VA, USA, 2016.

2. United States Department of Labor. The STEM Workforce Challenge: The Role of the Public Workforce System in a
National Solution for a Competitive Science, Technology, Engineering and Mathematics (STEM) Workforce; United
States Department of Labor: Washington, DC, USA, 2007.

3. Committee on STEM Education National Science and Technology Council. Federal Science, Technology,
Engineering and Mathematics (STEM) Education: 5-Year Strategic Plan; Committee on STEM Education National
Science and Technology Council: Washington, DC, USA, 2013. Available online: http://www.whitehouse.
gov/sites/default/files/microsites/ostp/stem_stratplan_2013.pdf (accessed on 10 April 2017).

4. Savery, J.R. Overview of problem-based learning: Definitions and distinctions. Interdiscip. J. Probl. Based Learn.
2006, 1, 8–20. [CrossRef]

5. About BIE. Available online: http://www.bie.org/about/about_bie (accessed on 10 April 2017).
6. Lent, R.W.; Brown, S.D.; Hackett, G. Toward a unifying social cognitive theory of career and academic

interest, choice and performance. J. Vocat. Behav. 1994, 45, 79–122. [CrossRef]
7. Holdren, J.; Lander, E.; Varmus, H. Prepare and Inspire: K-12 Science, Technology, Engineering and Math (STEM)

Education for America’s Future; Executive Office of the President, The President’s Council of Advisors on
Science and Technology: Washington, DC, USA, 2010.

8. National Research Council. Successful STEM Education: A Workshop Summary; The National Academies Press:
Washington, DC, USA, 2011.

9. National Research Council. A Framework for K-12 Science Education: Practices, Crosscutting Concepts and Core
Ideas; The National Academies Press: Washington, DC, USA, 2012.

10. Organization for Economic Co-Operation and Development (OECD). Country Note: Key Findings from PISA
2015 for the United States; OECD Publishing: Paris, France, 2016; Available online: https://www.oecd.org/
pisa/pisa-2015-United-States.pdf (accessed on 10 April 2017).

http://www.whitehouse.gov/sites/default/files/microsites/ostp/stem_stratplan_2013.pdf
http://www.whitehouse.gov/sites/default/files/microsites/ostp/stem_stratplan_2013.pdf
http://dx.doi.org/10.7771/1541-5015.1002
http://www.bie.org/about/about_bie
http://dx.doi.org/10.1006/jvbe.1994.1027
https://www.oecd.org/pisa/pisa-2015-United-States.pdf
https://www.oecd.org/pisa/pisa-2015-United-States.pdf


Educ. Sci. 2017, 7, 92 18 of 22

11. U.S. Department of Education Office for Civil Rights. 2013–2014 Civil Rights Data Collection: A First Look: Key
Data Highlights on Equity and Opportunity Gaps in Our Nation’s Public Schools; U.S. Department of Education
Office for Civil Rights: Washington, DC, USA, 2016.

12. Wang, X. Why students choose stem majors: Motivation, high school learning and postsecondary context of
support. Am. Educ. Res. J. 2013, 50, 1081–1121. [CrossRef]

13. Bettinger, E. To be or not to be: Major choices in budding scientists. In American Universities in a Global Market;
University of Chicago Press: Chicago, IL, USA, 2010; pp. 69–98.

14. National Science Foundation. Table 2–8. Intention of Freshmen to Major in S&E Fields, by Race or Ethnicity and
Sex: 2012; National Science Foundation: Washington, DC, USA, 2012. Available online: https://www.nsf.
gov/statistics/wmpd/2013/pdf/tab2-8_updated_2014_05.pdf (accessed on 10 April 2017).

15. Lowell, B.L.; Salzman, H.; Bernstein, H. Steady as she goes? Three generations of students through the
science and engineering pipeline. In Proceedings of the Annual Meetings of the Association for Public Policy
Analysis and Management, Washington, DC, USA, 7 November 2009.

16. Hidi, S.; Renninger, K.A. The four-phase model of interest development. Educ. Psychol. 2006, 41, 111–127.
[CrossRef]

17. Maltese, A.V.; Tai, R.H. Pipeline persistence: Examining the association of educational experiences with
earned degrees in stem among U.S. Students. Sci. Educ. 2011, 95, 877–907. [CrossRef]

18. U.S. Congress Joint Economic Committee. STEM Education: Preparing for the Jobs of the Future; U.S. Congress
Joint Economic Committee: Washington, DC, USA, 2012.

19. White House Office of Science and Technology Policy. Progress Report on Coordinating Federal
Science, Technology, Engineering and Mathematics (STEM) Education; White House Office of Science and
Technology Policy: Washington, DC, USA, 2014. Available online: https://obamawhitehouse.archives.
gov/sites/default/files/microsites/ostp/stem_ed_budget_supplement_fy16-march-2015.pdf (accessed on
10 April 2017).

20. Subotnik, R.F.; Tai, R.H.; Almarode, J. Study of the Impact of Selective SMT High Schools: Reflections on Learners
Gifted and Motivated in Science and Mathematics; The National Academies: Washington, DC, USA, 2011.

21. Community for Advancing Discovery Research in Education. (n.d.). STEM Smart Brief: Specialized STEM
Secondary Schools. Available online: http://successfulstemeducation.org/sites/successfulstemeducation.
org/files/Specialized%20STEM%20Secondary%20Schools_FINAL_0.pdf (accessed on 10 April 2017).

22. Lynch, S.J.; Behrend, T.; Burton, E.P.; Means, B. Inclusive Stem-Focused High Schools: Stem Education Policy
and Opportunity Structures; Annual Conference of National Association for Research in Science Teaching
(NARST): Rio Grande, Puerto Rico, 2013.

23. Scott, C.E. A Comparative Case Study of the Characteristics of Science, Technology, Engineering and
Mathematics (STEM) Focused High Schools. Ph.D. Thesis, George Mason University, Fairfax, VA, USA, 2009.

24. Young, V.M.; House, A.; Wang, H.; Singleton, C.; Klopfenstein, K. Inclusive Stem Schools: Early Promise in Texas
and Unanswered Questions; Workshop on Successful STEM Education in K-12 Schools, National Academies:
Washington, DC, USA, 2011.

25. LaForce, M.; Noble, E.; King, H.; Century, J.; Blackwell, C.; Holt, S.; Ibrahim, A.; Loo, S. The eight essential
elements of inclusive STEM high schools. Int. J. STEM Educ. 2016, 3, 21. [CrossRef]

26. Means, B.; Confrey, J.; House, A.; Bhanot, R. STEM High Schools: Specialized Science Technology Engineering and
Mathematics Secondary Schools in the U.S.; SRI Project P17858; SRI International: Menlo Park, CA, USA, 2008.

27. Bicer, A.; Navruz, B.; Capraro, R.M.; Capraro, M.M.; Oner, T.; Boedeker, P. STEM schools vs. Non-STEM
schools: Comparing students’ mathematics growth rate on high-stakes test performance. Int. J. New Trends
Educ. Their Implic. 2015, 6, 138–150.

28. Hansen, M. Characteristics of schools successful in stem: Evidence from two states’ longitudinal data.
J. Educ. Res. 2014, 107, 374–391. [CrossRef]

29. Lavertu, S.; Gnagey, J. The Impact of Ohio STEM High Schools on Student Achievement; Ohio Education Research
Center at the Ohio State University: Columbus, OH, USA, 2015.

30. Means, B.; Wang, H.; Young, V.; Peters, V.L.; Lynch, S.J. STEM-focused high schools as a strategy for
enhancing readiness for postsecondary stem programs. J. Res. Sci. Teach. 2016, 53, 709–736. [CrossRef]

31. Subotnik, R.F.; Tai, R.H.; Almarode, J.; Crowe, E. What are the value-added contributions of selective
secondary schools of mathematics, science and technology? Preliminary analyses from a U.S. national
research study. Talent Dev. Excell. 2013, 5, 87–97.

http://dx.doi.org/10.3102/0002831213488622
https://www.nsf.gov/statistics/wmpd/2013/pdf/tab2-8_updated_2014_05.pdf
https://www.nsf.gov/statistics/wmpd/2013/pdf/tab2-8_updated_2014_05.pdf
http://dx.doi.org/10.1207/s15326985ep4102_4
http://dx.doi.org/10.1002/sce.20441
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/stem_ed_budget_supplement_fy16-march-2015.pdf
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/stem_ed_budget_supplement_fy16-march-2015.pdf
http://successfulstemeducation.org/sites/successfulstemeducation.org/files/Specialized%20STEM%20Secondary%20Schools_FINAL_0.pdf
http://successfulstemeducation.org/sites/successfulstemeducation.org/files/Specialized%20STEM%20Secondary%20Schools_FINAL_0.pdf
http://dx.doi.org/10.1186/s40594-016-0054-z
http://dx.doi.org/10.1080/00220671.2013.823364
http://dx.doi.org/10.1002/tea.21313


Educ. Sci. 2017, 7, 92 19 of 22

32. Wiswall, M.; Stiefel, L.; Schwartz, A.E.; Boccardo, J. Does attending a stem high school improve student
performance? Evidence from New York City. Econ. Educ. Rev. 2014, 40, 93–105. [CrossRef]

33. Means, B.; House, A.; Young, V.; Wang, H.; Lynch, S. Expanding access to stem-focused education: What are
the effects? In Proceedings of the 86th NARST Annual Conference, National Association for Research in
Science Teaching, Rio Grande, Puerto Rico, 6–9 April 2013.

34. Goodwin, B.; Hein, H. STEM schools produce mixed results. Educ. Leadersh. 2015, 72, 84–85.
35. Buck Institute for Education. Gold Standard PBL: Essential Project Design Elements; Buck Institute for Education:

Novato, CA, USA, 2015; Available online: http://www.bie.org/object/document/gold_standard_pbl_
essential_project_design_elements# (accessed on 10 April 2017).

36. Barrows, H.S. A taxonomy of problem-based learning methods. Med. Educ. 1986, 20, 481–486. [CrossRef]
[PubMed]

37. Hmelo-Silver, C.E. Problem-based learning: What and how do students learn? Educ. Psychol. Rev. 2004, 16,
235–266. [CrossRef]

38. Hung, W. Theory to reality: A few issues in implementing problem-based learning. Educ. Technol. Res. Dev.
2011, 59, 529–552. [CrossRef]

39. Harden, R.M.; Davis, M.H. The continuum of problem-based learning. Med. Teach. 1998, 20, 317–322.
40. Barrows, H.S. Problem-based learning in medicine and beyond: A brief overview. New Dir. Teach. Learn.

1996, 68, 3–12. [CrossRef]
41. Baran, M.; Maskan, A. The effect of project-based learning on pre-service physics teachers electrostatic

achievements. Cypriot J. Educ. Sci. 2010, 5, 243–257.
42. Cerezo, N. Problem-based learning in the middle school: A research case study of the perceptions of at-risk

females. RMLE Online 2015, 27, 1–13. [CrossRef]
43. Massa, N.; Dischino, M.; Donnelly, J.; Hanes, F. Problem-based learning in photonics technology education:

Assessing student learning. In Proceedings of the 11th Education and Training in Optics and Photonics,
Wales, UK, 5–7 June 2009; Optical Society of America: Washington, DC, USA, 2009.

44. Mergendoller, J.R.; Maxwell, N.L.; Bellisimo, Y. The effectiveness of problem-based instruction:
A comparative study of instructional methods and student characteristics. Interdiscip. J. Probl. Based Learn.
2006, 1. [CrossRef]

45. Bell, S. Project-based learning for the 21st century: Skills for the future. Clear. House J. Educ. Strateg.
Issues Ideas 2010, 83, 39–43. [CrossRef]

46. Albanese, M.A.; Mitchell, S. Problem-based learning: A review of literature on its outcomes and
implementation issues. Acad. Med. 1993, 68, 52–81. [CrossRef] [PubMed]

47. Ertmer, P.A.; Schlosser, S.; Clase, K.; Adedokun, O. The grand challenge: Helping teachers learn/teach
cutting-edge science via a pbl approach. Interdiscip. J. Probl. Based Learn. 2014, 8. [CrossRef]

48. Dominguez, C.; Jamie, A. Database design learning: A project-based approach organized through a course
management system. Comput. Educ. 2010, 55, 1312–1320. [CrossRef]

49. Allen, D.E.; Duch, B.J.; Groh, S.E. The power of problem-based learning in teaching introductory science
courses. New Dir. Teach. Learn. 1996, 1996, 43–52. [CrossRef]

50. Lou, S.-J.; Shih, R.-C.; Ray Diez, C.; Tseng, K.-H. The impact of problem-based learning strategies on stem
knowledge integration and attitudes: An exploratory study among female Taiwanese senior high school
students. Int. J. Technol. Des. Educ. 2010, 21, 195–215. [CrossRef]

51. Norman, G.R.; Schmidt, H.G. Effectiveness of problem-based learning curricula: Theory, practice and paper
darts. Med. Educ. 2000, 34, 721–728. [CrossRef] [PubMed]

52. Ravitz, J.; Hixson, N.; English, M.; Mergendoller, J. Using Project Based Learning to Teach 21st Century Skills:
Findings from a Statewide Initiative; American Educational Research Association Conference: Vancouver,
BC, Canada, 2012; Available online: http://www.bie.org/research/study/PBL_21CS_WV (accessed on
10 April 2017).

53. Organisation for Economic Co-Operation and Development. Programme for International Assessment
(PISA) Results from PISA 2012: United States Country Note; Organisation for Economic Co-Operation and
Development (OECD): Paris, France, 2012; Available online: http://www.oecd.org/unitedstates/PISA-2012-
results-US.pdf (accessed on 10 April 2017).

54. Eccles, J.S.; Wigfield, A. Motivational beliefs, values and goals. Annu. Rev. Psychol. 2002, 53, 109–132.
[CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.econedurev.2014.01.005
http://www.bie.org/object/document/gold_standard_pbl_essential_project_design_elements#
http://www.bie.org/object/document/gold_standard_pbl_essential_project_design_elements#
http://dx.doi.org/10.1111/j.1365-2923.1986.tb01386.x
http://www.ncbi.nlm.nih.gov/pubmed/3796328
http://dx.doi.org/10.1023/B:EDPR.0000034022.16470.f3
http://dx.doi.org/10.1007/s11423-011-9198-1
http://dx.doi.org/10.1002/tl.37219966804
http://dx.doi.org/10.1080/19404476.2004.11658164
http://dx.doi.org/10.7771/1541-5015.1026
http://dx.doi.org/10.1080/00098650903505415
http://dx.doi.org/10.1097/00001888-199301000-00012
http://www.ncbi.nlm.nih.gov/pubmed/8447896
http://dx.doi.org/10.7771/1541-5015.1407
http://dx.doi.org/10.1016/j.compedu.2010.06.001
http://dx.doi.org/10.1002/tl.37219966808
http://dx.doi.org/10.1007/s10798-010-9114-8
http://dx.doi.org/10.1046/j.1365-2923.2000.00749.x
http://www.ncbi.nlm.nih.gov/pubmed/10972750
http://www.bie.org/research/study/PBL_21CS_WV
http://www.oecd.org/unitedstates/PISA-2012-results-US.pdf
http://www.oecd.org/unitedstates/PISA-2012-results-US.pdf
http://dx.doi.org/10.1146/annurev.psych.53.100901.135153
http://www.ncbi.nlm.nih.gov/pubmed/11752481


Educ. Sci. 2017, 7, 92 20 of 22

55. Fortus, D. Attending to affect. J. Res. Sci. Teach. 2014, 51, 821–835. [CrossRef]
56. Ryan, R.M.; Deci, E.L. Intrinsic and extrinsic motivations: Classic definitions and new directions.

Contemp. Educ. Psychol. 2000, 25, 54–67. [CrossRef] [PubMed]
57. Wigfield, A.; Eccles, J.S. Expectancy-value theory of achievement motivation. Contemp. Educ. Psychol. 2000,

25, 68–81. [CrossRef] [PubMed]
58. Bandura, A. Self-Efficacy: The Exercise of Control; Macmillan: London, UK, 1997.
59. Weiner, B. An attributional theory of achievement motivation and emotion. Psychol. Rev. 1985, 92, 548–573.

[CrossRef] [PubMed]
60. Deci, E.L.; Ryan, R.M. The general causality orientations scale: Self-determination in personality.

J. Res. Personal. 1985, 19, 109–134. [CrossRef]
61. Greene, B.A.; Miller, R.B. Influences on achievement: Goals, perceived ability and cognitive engagement.

Contemp. Educ. Psychol. 1996, 21, 181–192. [CrossRef]
62. Miller, R.B.; Greene, B.A.; Montalvo, G.P.; Ravindran, B.; Nichols, J.D. Engagement in academic work:

The role of learning goals, future consequences, pleasing others and perceived ability. Contemp. Educ. Psychol.
1996, 21, 388–422. [CrossRef] [PubMed]

63. Dowey, A.L. Attitudes, Interests and Perceived Self-Efficacy toward Science of Middle School Minority
Female Students: Considerations for Their Low Achievement and Participation in Stem Disciplines.
Ph.D. Thesis, University of California, San Diego, CA, USA, 2013.

64. Zimbardo, P.G.; Boyd, J.N. Putting time in perspective: A valid, reliable individual-differences metric.
In Time Perspective Theory; Review, Research and Application: Essays in Honor of Philip G. Zimbardo; Stolarski, M.,
Fieulaine, N., van Beek, W., Eds.; Springer International Publishing: Cham, Switzerland, 2015; pp. 17–55.

65. Osborne, J.; Simon, S.; Collins, S. Attitudes towards science: A review of the literature and its implications.
Int. J. Sci. Educ. 2003, 25, 1049–1079. [CrossRef]

66. Lent, R.W.; Lopez, F.G.; Bieschke, K.J. Predicting mathematics-related choice and success behaviors: Test of
an expanded social cognitive model. J. Vocat. Behav. 1993, 42, 223–236. [CrossRef]

67. Bandura, A. Social Foundation of Thought and Action: A Social-Cognitive View; Prentice-Hall: Englewood Cliffs,
NJ, USA, 1986.

68. Bong, M.; Skaalvik, E.M. Academic self-concept and self-efficacy: How different are they really?
Educ. Psychol. Rev. 2003, 15, 1–40. [CrossRef]

69. Degenhart, S.H.; Wingenbach, G.J.; Dooley, K.E.; Lindner, J.R.; Mowen, D.L.; Johnson, L. Middle school
students’ attitudes toward pursuing careers in science, technology, engineering and math. NACTA J. 2007,
51, 52–59.

70. Mau, W.-C. Factors that influence persistence in science and engineering career aspirations. Career Dev. Q.
2003, 51, 234–243. [CrossRef]

71. Pajares, F. Gender difference in mathematics self-efficacy beliefs. In Gender Differences in Mathematics:
An Integrative Psychological Approach; Gallagher, A.M., Kaufman, J.C., Eds.; Cambridge University Press:
New York, NY, USA, 2005; pp. 294–315.

72. Tai, R.H.; Liu, C.Q.; Maltese, A.V.; Fan, X. Planning early for careers in science. Science 2006, 312, 1143–1144.
[CrossRef] [PubMed]

73. Bandura, A. Perceived self-efficacy in cognitive development and functioning. Educ. Psychol. 1993, 28,
117–148. [CrossRef]

74. Lent, R.W.; Lopez, F.G.; Bieschke, K.J. Mathematics self-efficacy: Sources and relation to science-based career
choice. J. Couns. Psychol. 1991, 38, 424–430. [CrossRef]

75. Simpkins, S.D.; Davis-Kean, P.E.; Eccles, J.S. Math and science motivation: A longitudinal examination of the
links between choices and beliefs. Dev. Psychol. 2006, 42, 70–83. [CrossRef] [PubMed]

76. Stevens, T.; Olivarez, A.; Lan, W.Y.; Tallent-Runnels, M.K. Role of mathematics self-efficacy and motivation
in mathematics performance across ethnicity. J. Educ. Res. 2004, 97, 208–222. [CrossRef]

77. Marsh, H.W.; Walker, R.; Debus, R. Subject-specific components of academic self-concept and self-efficacy.
Contemp. Educ. Psychol. 1991, 16, 331–345. [CrossRef]

78. Berk, L.J.; Muret-Wagstaff, S.L.; Goyal, R.; Joyal, J.A.; Gordon, J.A.; Faux, R.; Oriol, N.E. Inspiring careers
in stem and healthcare fields through medical simulation embedded in high school science education.
Adv. Physiol. Educ. 2014, 38, 210–215. [CrossRef] [PubMed]

http://dx.doi.org/10.1002/tea.21155
http://dx.doi.org/10.1006/ceps.1999.1020
http://www.ncbi.nlm.nih.gov/pubmed/10620381
http://dx.doi.org/10.1006/ceps.1999.1015
http://www.ncbi.nlm.nih.gov/pubmed/10620382
http://dx.doi.org/10.1037/0033-295X.92.4.548
http://www.ncbi.nlm.nih.gov/pubmed/3903815
http://dx.doi.org/10.1016/0092-6566(85)90023-6
http://dx.doi.org/10.1006/ceps.1996.0015
http://dx.doi.org/10.1006/ceps.1996.0028
http://www.ncbi.nlm.nih.gov/pubmed/8979871
http://dx.doi.org/10.1080/0950069032000032199
http://dx.doi.org/10.1006/jvbe.1993.1016
http://dx.doi.org/10.1023/A:1021302408382
http://dx.doi.org/10.1002/j.2161-0045.2003.tb00604.x
http://dx.doi.org/10.1126/science.1128690
http://www.ncbi.nlm.nih.gov/pubmed/16728620
http://dx.doi.org/10.1207/s15326985ep2802_3
http://dx.doi.org/10.1037/0022-0167.38.4.424
http://dx.doi.org/10.1037/0012-1649.42.1.70
http://www.ncbi.nlm.nih.gov/pubmed/16420119
http://dx.doi.org/10.3200/JOER.97.4.208-222
http://dx.doi.org/10.1016/0361-476X(91)90013-B
http://dx.doi.org/10.1152/advan.00143.2013
http://www.ncbi.nlm.nih.gov/pubmed/25179609


Educ. Sci. 2017, 7, 92 21 of 22

79. Harada, V.H.; Kirio, C.; Yamamoto, S. Project-based learning: Rigor and relevance in high schools. In School
Library Management, 7th ed.; Dickinson, G.K., Repman, J., Eds.; Linworth: Santa Barbara, CA, USA, 2015;
pp. 157–160.

80. Jacques, L.A. What does project-based learning (pbl) look like in the mathematics classroom? Am. J. Educ. Res.
2017, 5, 428–433.

81. Schettino, C. A framework for problem-based learning: Teaching mathematics with a relational
problem-based pedagogy. Interdiscip. J. Probl. Based Learn. 2016, 10. [CrossRef]

82. Munshi, F.M.; El Zayat, S.A.; Dolmans, D.H. Development and utility of a questionnaire to evaluate the
quality of PBL problems. South East Asian J. Med. Educ. 2008, 2, 34.

83. Kaiser, H.F. The application of electronic computers to factor analysis. Educ. Psychol. Meas. 1960, 20, 141–151.
[CrossRef]

84. Cattell, R.B. The scree test for the number of factors. Multivar. Behav. Res. 1966, 1, 245–276. [CrossRef]
[PubMed]

85. Ledesma, R.D.; Valero-Mora, P. Determining the number of factors to retain in efa: An easy-to-use computer
program for carrying out parallel analysis. Pract. Assess. Res. Eval. 2007, 12, 1–11.

86. Horn, J.L. A rationale and test for the number of factors in factor analysis. Psychometrika 1965, 30, 179–185.
[CrossRef] [PubMed]

87. Kabacoff, R. Determining the dimensionality of data: A sas macro for parallel analysis. In Proceedings of the
28th Annual Meeting of SAS Users Group International, Seattle, WA, USA, 30 March–2 April 2003.

88. Çokluk, Ö.; Koçak, D. Using horn’s parallel analysis method in exploratory factor analysis for determining
the number of factors. Educ. Sci. Theory Pract. 2016, 16, 537–551. [CrossRef]

89. Hoover-Dempsey, K.V.; Sandler, H.M. Final Performance Report for OERI Grant # r305t010673: The Social
Context of Parental Involvement: A Path to Enhanced Achievement; Project Monitor, Institute of Educational
Sciences, U.S. Department of Education: Washington, DC, USA, 2005.

90. Patrick, H.; Ryan, A.M.; Kaplan, A. Early adolescents’ perceptions of the classroom social environment,
motivational beliefs and engagement. J. Educ. Psychol. 2007, 99, 83–98. [CrossRef]

91. Germann, P.J. Development of the attitude toward science in school assessment and its use to investigate the
relationship between science achievement and attitude toward science in school. J. Res. Sci. Teach. 1988, 25,
689–703. [CrossRef]

92. Suhr, D.D. Exploratory or Confirmatory Factor Analysis; SAS Institute: Cary, NC, USA, 2006.
93. Palmieri, P.A.; Fitzgerald, L.F. Confirmatory factor analysis of posttraumatic stress symptoms in sexually

harassed women. J. Trauma. Stress 2005, 18, 657–666. [CrossRef] [PubMed]
94. Browne, M.W.; Cudeck, R. Single sample cross-validation indices for covariance structures.

Multivar. Behav. Res. 1989, 24, 445–455. [CrossRef] [PubMed]
95. Bentler, P.M.; Bonett, D.G. Significance tests and goodness of fit in the analysis of covariance structures.

Psychol. Bull. 1980, 88, 588–606. [CrossRef]
96. Hu, L.T.; Bentler, P.M. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria

versus new alternatives. Struct. Equ. Model. Multidiscip. J. 1999, 6, 1–55. [CrossRef]
97. Chen, G.; Gully, S.M.; Eden, D. Validation of a new general self-efficacy scale. Organ. Res. Methods 2001, 4,

62–83. [CrossRef]
98. Sobel, M.E. Asymptotic confidence intervals for indirect effects in structural equation models. Sociol. Methodol.

1982, 13, 290–312. [CrossRef]
99. Kenny, D.A. Mediation. 2016. Available online: http://davidakenny.net/cm/mediate.htm (accessed on

10 April 2017).
100. MacKinnon, D.P.; Warsi, G.; Dwyer, J.H. A simulation study of mediated effect measures. Multivar. Behav. Res.

1995, 30, 41–62. [CrossRef] [PubMed]
101. Bollen, K.A.; Stine, R. Direct and indirect effects: Classical and bootstrap estimates of variability.

Sociol. Methodol. 1990, 115–140. [CrossRef]
102. Preacher, K.J.; Hayes, A.F. SPSS and SAS procedures for estimating indirect effects in simple mediation

models. Behav. Res. Methods 2004, 36, 717–731. [CrossRef]
103. Preacher, K.J.; Leonardelli, G.J. Calculation for the Sobel Test: An Interactive Calculation Tool for Mediation

Tests. 2001. Available online: http://quantpsy.org/sobel/sobel.htm (accessed on 10 April 2017).

http://dx.doi.org/10.7771/1541-5015.1602
http://dx.doi.org/10.1177/001316446002000116
http://dx.doi.org/10.1207/s15327906mbr0102_10
http://www.ncbi.nlm.nih.gov/pubmed/26828106
http://dx.doi.org/10.1007/BF02289447
http://www.ncbi.nlm.nih.gov/pubmed/14306381
http://dx.doi.org/10.12738/estp.2016.2.0328
http://dx.doi.org/10.1037/0022-0663.99.1.83
http://dx.doi.org/10.1002/tea.3660250807
http://dx.doi.org/10.1002/jts.20074
http://www.ncbi.nlm.nih.gov/pubmed/16382424
http://dx.doi.org/10.1207/s15327906mbr2404_4
http://www.ncbi.nlm.nih.gov/pubmed/26753509
http://dx.doi.org/10.1037/0033-2909.88.3.588
http://dx.doi.org/10.1080/10705519909540118
http://dx.doi.org/10.1177/109442810141004
http://dx.doi.org/10.2307/270723
http://davidakenny.net/cm/mediate.htm
http://dx.doi.org/10.1207/s15327906mbr3001_3
http://www.ncbi.nlm.nih.gov/pubmed/20157641
http://dx.doi.org/10.2307/271084
http://dx.doi.org/10.3758/BF03206553
http://quantpsy.org/sobel/sobel.htm


Educ. Sci. 2017, 7, 92 22 of 22

104. Martel, M.O.; Dolman, A.J.; Edwards, R.R.; Jamison, R.N.; Wasan, A.D. The association between negative
affect and prescription opioid misuse in patients with chronic pain: The mediating role of opioid craving.
J. Pain 2014, 15, 90–100. [CrossRef] [PubMed]

105. Duffy, R.D.; Allan, B.A.; Dik, B.J. The presence of a calling and academic satisfaction: Examining potential
mediators. J. Vocat. Behav. 2011, 79, 74–80. [CrossRef]

106. Hayes, A.F. SPSS MEDIATE Macro Syntax Reference, updated 6 October 2014. Available online:
http://afhayes.com/public/mediate.pdf (accessed on 10 April 2017).

107. Bender, R.; Lange, S. Multiple test procedures other than bonferroni’s deserve wider use. Br. Med. J. 1999,
318, 600. [CrossRef]

108. Parsons, J.E.; Adler, T.; Meece, J.L. Sex differences in achievement: A test of alternate theories. J. Personal.
Soc. Psychol. 1984, 46, 26–43. [CrossRef]

109. Miller, A. Tips for Using Project-Based Learning to Teach Math Standards [Blog Post]. 2011. Available online:
https://www.edutopia.org/blog/project-based-learning-math-standards (accessed on 10 April 2017).

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jpain.2013.09.014
http://www.ncbi.nlm.nih.gov/pubmed/24295876
http://dx.doi.org/10.1016/j.jvb.2010.11.001
http://afhayes.com/public/mediate.pdf
http://dx.doi.org/10.1136/bmj.318.7183.600a
http://dx.doi.org/10.1037/0022-3514.46.1.26
https://www.edutopia.org/blog/project-based-learning-math-standards
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	The Importance of Increasing Interest in STEM Careers for All Students 
	Inclusive STEM High Schools 
	The PBL Experience 
	Students’ Beliefs about Ability, Interest and Intrinsic Motivation in STEM 
	The Current Study 

	Materials and Methods 
	Procedure 
	Participants 
	Measures 
	Perceptions of PBL 
	Interest in a Future STEM Career (IFSTEMC) 
	Ability Beliefs 
	Intrinsic Motivation 
	Additional Covariates 

	Analysis 
	Multivariate Regression Analyses 
	Mediation Analyses 


	Results 
	PBL and Interest in a Future STEM Career 
	PBL and STEM Intrinsic Motivation and Ability Beliefs 
	STEM Intrinsic Motivation, Ability Beliefs and Interest in a Future STEM Career 
	Mediation Model 
	Direct Effect of PBL Career Content on IFSTEMC 
	Race and Gender 

	Discussion 

