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Abstract 

Academic peer leadership positions provide opportunities for 

undergraduate students to develop content knowledge, Twenty-

first Century Skills, and their beliefs about teaching and learning. To 

explore peer leaders’ (PLs’) epistemological development, the 

Epistemological Beliefs about Physical Sciences (EBAPS) survey was 

administered to 135 PLs three times a year, over a three-year period. 

This instrument was demonstrated to be valid and reliable for use 

with STEM PLs. Although the majority of positive shifts within 



 

 

instrument constructors occurred during the fall semester, 

responses did not regress by the end of the spring semester, 

demonstrating a retention of the new or altered beliefs over time. 

Implications for the design of PL development programs are 

discussed. 

 

Investigating the Epistemological Development of Academic Peer 

Leaders Across STEM Disciplines: Exploring Changes Over Time, 

By Gender, and by Discipline 

Introduction 

As universities focus on educating students for success in the 

STEM workforce, they are increasingly searching for ways to help 

students develop Twenty-first Century Skills because individuals in 

STEM fields “must be able to adapt to new work environments, 

communicate using a variety of mediums, and interact effectively 

with others from diverse cultures” (Koenig, 2011, p. viii). Twenty-

first Century Skills are defined as fitting into three primary 

categories: cognitive, intrapersonal, and interpersonal (Pellegrino & 

Hilton, 2012). While many programs provide opportunities for 

students to develop these skills, not all appear to be equally 

emphasized among STEM disciplines. Undergraduate research 

experiences, for example, are highly valued and highly 

recommended for STEM students. Yet, within some departments at 

any given institution, there may be a number of impediments to 
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participation, including the competitiveness of UG research 

positions, limitations in the number of opportunities available, time 

and travel constraints, and similar challenges that limit students' 

opportunities for UG research.  Academic peer leadership positions 

provide an alternative or complementary opportunity for students 

because they promote development in all three of these categories 

described above by Pellegrino and Hilton (2012). These positions 

are offered on-campus and can provide meaningful experiential 

learning opportunities that may be otherwise inaccessible to 

students with travel restrictions or other barriers to accessing 

experiential learning opportunities that are off-campus or unpaid. 

The research completed through our Preparation in STEM 

Leadership (PSL) Program investigated the Twenty-first Century 

Skills and competencies developed through academic peer 

leadership to provide practitioners with evidence that can be used 

to evaluate the value of these programs as experiential learning 

opportunities in STEM disciplines. 

For our work, we use the term “academic peer leader” (PL) to 

include undergraduate students who tutor (e.g., walk-in, group 

tutoring, one-on-one tutoring, or holding “office hours”); lead study 

groups or review sessions; or facilitate active and collaborative 

learning with (or without) course instructors or TAs in lectures, 

recitations, workshops, or laboratory sessions. We include students 

whose PL positions involve an emphasis on supporting students 



 

 

with course content. We do not include students whose peer 

leadership roles are solely associated with general mentoring, such 

as in residential life, general academic coaching, or extracurricular 

organizations. Within a large, public, R1 institution, there are, of 

course, many PL programs providing support in STEM disciplines, 

such as Learning Assistants (LAs; Otero, 2015), Supplemental 

Instructors (SI; Martin & Arendale, 1992), and Teaching Interns (TIs, 

Atieh & York, 2020). These programs have varying requirements for 

formal training or professional development.  

Quality PL programs lead to improved learning gains (Barrasso 

& Spilios, 2021; White et al., 2016) and “increased satisfaction, 

persistence and retention, social development, and academic 

performance” of the students served (Ganser & Kennedy, 2012, p. 

17). These programs provide the opportunity to broadly impact the 

teaching and learning community of STEM courses. However, 

because most of the research literature involves assessing or 

evaluating the impacts on students served by PL programs, 

assessing the development of the PLs themselves and evaluating PL 

programs remain areas needing attention (Table 1). While there is 

evidence that PL positions contribute to enhanced professional 

identity for learning assistants (Close et al., 2013; Close et al., 2016; 

Nadelson & Fannigan, 2014), a robust understanding of the skills 

and competencies developed through various PL experiences is still 

needed. 
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Because research has found that “neither success nor 

sustainability can be attained in a peer leadership program without 

thoughtful and intentional planning, management, and training” 

(Esplin et al., 2012, p. 85), the overarching goal of our PSL program 

was to develop a standard for PL training that could be assessed 

rigorously and implemented across multiple programs (Blackwell et 

al., 2017). Through the PSL program, PLs in STEM disciplines 

earned a scholarship to participate in advanced training and 

professional development workshops, including enrollment in a 3-

credit, 300-level pedagogy course that was typically only available 

to first semester LAs. Part of the PSL project involved identifying 

instruments that could be used to assess the development of content 

knowledge, pedagogical knowledge, leadership styles, and 

communication skills.  

Table 1 

Non-Inclusive List of Studies Investigating Various Aspects of Peer Leader Programs  

Category Sources 

Assessing Students 

Served by PL 

Programs 

Allenbaugh & Herrera (2014); Alzen et al. (2017); Alzen et al. 

(2018); Blanc et al. (1983); Eren-Sisman et al. (2018); Fayowski & 

MacMillan (2008); Gok (2012); Hockings et al. (2008); Knight et 

al. (2015); Lewis (2011); Martin & Arendale (1992); Moore & 

LeDee (2006); Mutanyatta-Comar & Mooring (2019); Parkinson 

(2009); Peterfreund et al. (2008); Rath et al. (2007);  Rath et al. 

(2012); Talbot et al. (2015); Van Dusen & Nissen (2017); Van 

Dusen & Nissen (2020); Weidler-Lewis et al. (2013); White et al. 

(2016) 

Exploring the 

Development of PLs 

Atieh & York (2020); Barrasso & Spilios (2021); Becker et al. 

(2016); Bourne et al. (2021); Cao et al. (2018); Close et al. (2016); 

Gray & Otero (2009); Hite et al. (2021); Lockie & Van Lanen 

(2008); Nadelson & Fannigan (2014); Top et al. (2018) 

Evaluating PL 

Programs 

Arco-Tirado et al. (2011); Colver & Fry (2016); Sabella et al. 

(2016); Wilson & Varma-Nelson (2016) 

 



 

 

This article summarizes our findings from investigating the use 

of the Epistemological Beliefs about Physical Science (EBAPS) 

survey to assess the epistemological development of PLs over the 

course of one semester and one year. We included epistemological 

development as part of our category on content knowledge 

development, although it is not necessarily discipline-specific. 

Moreover, epistemological development includes more than simply 

understanding or applying the foundational concepts within a 

discipline; rather, it involves an understanding of the nature of 

knowing. The epistemological views of PLs are important to be able 

to assess because PLs will be interacting with, and likely 

influencing, the views and beliefs of the students whom they are 

helping to learn. We would argue that PL program directors and 

coordinators are aware that PLs are students who are still 

developing their core skills, competencies, and content knowledge 

in their own right; PLs are still developing as students, as leaders, 

and as professionals. It is important for PL programs to be able to 

assess this construct in order to demonstrate this outcome as a 

benefit to participation in PL positions and to evaluate whether or 

not any implemented (or modified) training and professional 

development opportunities resulted in a shift in this construct for 

the PLs. 
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Research Questions 

In this article, we present findings to answer three research 

questions: 

1. Is the Epistemological Beliefs About Physical Science 

(EBAPS) survey instrument reliable with a population of 

academic peer leaders (PLs)? 

2. Do PLs’ epistemological beliefs (as measured by EBPAS) 

shift after serving in their position for one or more 

semesters?  

3. If epistemological beliefs shift over time, are there 

differences between groups of academic peer leaders by 

gender or STEM discipline? 

Relevant Literature 

Peer leadership training, when implemented according to best 

practices, emphasizes the “application of knowledge, skills, and 

responsibilities to new settings and complex problems” and leads to 

the application and development of “skills and capabilities such as 

self-direction, leadership, oral communication, intercultural skills, 

civic engagement, teamwork, and critical thinking” (Shook & Keup, 

2012, p. 10). Students who undergo such training and serve as PL 

have reported “increased confidence in their ability to manage 

group dynamics, facilitate learning, and empathize with their 

students,” as well as learning to address “real-word,” ill-defined 

problems that “require multiple areas of knowledge and multiple 



 

 

modes of inquiry” (Shook & Keup, 2012, p. 11). Several studies have 

demonstrated growth in critical thinking, problem solving, and 

group processing (Table 1) and that peer mentoring opportunities 

“increase leadership capacity among students-of-color” (Tingson-

Gatuz, 2009, p. 3). 

The development of 21st century skills described by Shook and 

Keup (2012) and Tingson-Gatuz (2009) are multifaceted and overlap 

with other developmental constructs such as views and attitudes 

towards learning (Gray & Otero, 208), beliefs about the nature of 

knowledge and learning, and scientific identity development (Close 

et al., 2013; Close et al., 2016; Hite et al., 2021). To the best of our 

knowledge, epistemological development has not been investigated 

based on participation in STEM academic peer leader programs. 

These programs, however, have the potential to impact the 

development of epistemological beliefs because PLs approach 

understanding and learning the content in a new way when they 

assume an instructional role.  

While many instruments are available to measure undergraduate 

students’ attitudes, beliefs, and expectations about learning in 

science or in specific STEM disciplines, fewer instruments have been 

developed to measure epistemological beliefs within the STEM 

disciplines at the post-secondary level (Appendix A). Duell (2001) 

reported on a variety of instruments to measure epistemological 

beliefs; at that time, discipline-specific instruments to measure 
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epistemological development were relatively new to the field. 

Although survey instruments such as CLASS-Phys (Perkins et al., 

2005), CLASS-Chem (Barbera et al., 2008), CLASS-Bio (Semsar et al., 

2011), MPEX (Redish et al., 2000), and CHEMX (Grove & Bretz, 

2007) were developed between 1998-2011, these surveys were 

designed to measure attitudes, beliefs, and expectations about 

learning in chemistry, physics, or biology courses, which do not 

necessarily include epistemological beliefs. Duell’s report, however, 

provided a useful list of instruments (from inventories to interviews 

to vignettes), organizing them by uni- or multidimensional 

constructs and providing theoretical frameworks. DeBacker et 

al.(2008) analyzed the factor structure and internal consistency of 

three instruments (Epistemological Questionnaire (Schommer, 

1990), Epistemic Beliefs Inventory (Schraw, Bendixen, & Dunkle, 

2002), Epistemological Beliefs Survey (Wood & Kardash, 2002).  In 

all cases, DeBacker et al. uncovered psychometric issues that likely 

result from the conceptualization and specificity of epistemic 

beliefs. Ultimately, all of these instruments were focused on 

measuring epistemic beliefs of students and not PLs. 

Because our PLs spanned many STEM disciplines, we were 

interested in administering a survey that was not constrained to a 

single discipline but was more specific to science or STEM than a 

general epistemological instrument. We also needed an instrument 

that could be administered to, and scored relatively easily with, a 



 

 

large number of students. For these reasons, we chose to investigate 

the potential of the Epistemological Beliefs about Physical Sciences 

(EBAPS) survey to assess PL epistemological development, even 

though it was designed to measure students’ epistemological beliefs 

within the context of physical science examples (Elby, 2006b; Otero 

& Gray, 2008) and some of our PLs were assigned to mathematics, 

natural sciences, life sciences, computer science, and engineering 

disciplines.  

The EBAPS Survey contains 30 items organized into three 

sections based on the format of the items. Part 1 contains 17 

statements with a 5-point Likert scale from strongly disagree to 

strongly agree, with “neutral” listed as the mid-point option. Part 2 

contains 6 fixed-response items. Part 3 contains 7 items written as a 

short discussion between two students, and the fixed-response 

choices asks for the degree to which the participant agrees with only 

one student or with both students. All EBAPS items are scored 

using a non-linear scoring scheme that ranges from 0 (least 

sophisticated) to 4 (most sophisticated) that takes into account 

whether a “neutral” response is more or less sophisticated than 

other options; this scoring scheme differentiates the EBAPS survey 

design from traditional attitude instruments that contain only 

Likert-scale items. 

According to the EBAPS designers, 26 of the 30 items map onto 

one of five Axes (Table 2): (1) Structure of scientific knowledge, (2) 
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nature of knowing and learning, (3) real life applicability, (4) evolving 

knowledge, and (5) sources of ability to learn. Two of the 30 items map 

onto two Axes and two items do not map onto any Axis but are 

included in the overall score. Recently, Johnson and Willoughby 

(2018a) explored the underlying structure of the EBAPS items using 

exploratory factor analysis on data collected over five years from 

1,258 students at the end of an introductory astronomy course. 

Johnson and Willoughby reported on both a 3-factor and a 5-factor 

model--where the 5-factor model partially overlaps with the 

original Axes described by Elby--but around half of the items did 

not fit either model. Because Johnson and Willoughby’s study 

focused on the epistemologies of introductory astronomy students, 

the analysis reported herein will utilize the original five Axes 

described by the EBAPS designers (Appendix B). 

Reports in the literature regarding the use of the EBAPS survey 

have primarily been conducted with students enrolled in 

introductory college-level physics (Otero, 2008; Warren, 2018 & 

2020) and astronomy (Johnson & Willoughby, 2018a & 2018b) 

courses. Typically, the EBAPS instrument has been administered to 

students to study the effects of specific curricula or instructional 

interventions (e.g., Physics & Everyday Thinking (PET) and 

Physical Science & Everyday Thinking, Bayesian activities (PSET; 

Otero, 2009)). Elby (2001), for example, observed that students were 

only likely to develop more sophisticated epistemologies when the 



 

 

curriculum had an explicit focus on epistemological development 

(5.3% gains on overall instrument). Otero and Gray (2008) reported 

that students from courses using the PET and PSET curriculum had 

14%-25% higher scores than those in traditional courses. Johnson 

and Willoughby (2018a) administered the EBAPS to investigate 

changes in epistemological development among students in an 

introductory astronomy course that had been modified to include a 

focus on the nature of science. Johnson and Willoughby (2018a) 

observed some differences in epistemological beliefs (and the 

degree to which these beliefs decayed over time) among students 

enrolled in different colleges (e.g., Letters of Science, Business, 

Education) and by gender. 

Methods 

Overview 

PLs completed assessments at the beginning of the fall semester 

(pre), end of the fall semester (mid), and end of the spring semester 

(post). All data was collected and analyzed under a research 

protocol approved by Rutgers University’s Institutional Review 

Board. PLs who participated in this research study could earn 

human subjects’ payments in the form of a gift card for each 

assessment completed.  

Dedicated time to complete assessments was provided during 

new peer leader orientation sessions (beginning of fall semester) 

and the pedagogy course (beginning and end of fall semester). In 
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addition, PLs could arrange a time to complete assessments in a 

supervised setting. Paper-and-pencil responses were transcribed 

into electronic format. PLs could also complete some surveys 

(including EBAPS) online using Qualtrics (Qualtrics, 2020). 

Data Analysis 

Data was analyzed using SPSS (IBM SPSS Statistics 28 for 

Windows, 2021). A repeated-measures t-test (for the pre & mid data) 

and repeated-measures ANOVAs (for the pre, mid, & post data) 

were used to examine the main effect of time. Mixed-model 

ANOVAs were used to examine the effects of all demographic 

variables. Fisher's least significant difference procedure was used as 

the post-hoc test where applicable. Due to the exploratory nature of 

this study, we chose to not use alpha correction to ensure our tests 

were as sensitive as possible to potential differences in order to 

illuminate avenues for future research. The full descriptive statistics 

for all measures described herein can be accessed online at: 

https://doi.org/10.6084/m9.figshare.21097921.v1   

Institutional Context 

Rutgers, the State University of New Jersey is a land-grant R-1 

institution that serves both New Jersey residents and students from 

around the world. The New Brunswick (NB) campus currently 

enrolls more than 33,000 undergraduate students from all 50 states 

and more than 115 countries. More than half of Rutgers-NB 

students identify as non-Caucasian and more than 80% receive 



 

 

financial aid, making Rutgers-NB a diverse campus both culturally 

and socioeconomically. On the New Brunswick campus, the 

majority of STEM majors and programs are concentrated in three 

schools—the School of Arts and Sciences (SAS), the School of 

Engineering (SOE), and the School of Environmental and Biological 

Sciences (SEBS).  

Participants 

Overall, 165 PLs provided informed consent for this study. Of 

these PLs, 14% participated in the PSL program, 84% were learning 

assistants, and 52% self-identified as female. Participants’ school 

enrollment and self-identified race/ethnicity is provided in  

Axi

s 

Label Description Items

* 

1 Structure 

of 

scientific 

knowledge 

Students’ view physics and chemistry 

knowledge as “a bunch of weakly connected 

pieces without much structure and consisting 

mainly of facts and formulas” or as “a 

coherent, conceptual, highly-structured, 

unified whole” 

10 

2 Nature of 

knowing 

and 

learning 

Students’ view learning science as 

“consist[ing] mainly of absorbing information” 

or “constructing one's own understanding” 

through active engagement, experiences, and 

reflection 

8 

3 Real-life 

applicabilit

y 

Students’ view scientific knowledge and ways 

of thinking as limited only to specific 

academic/scientific settings or more broadly to 

real life settings. “These items tease out 

students' views of the applicability of scientific 

knowledge as distinct from the student's own 

desire to apply science to real life, which 

depends on the student's interests, goals, and 

other non-epistemological factors.“ 

4† 

4 Evolving 

knowledge 

Students’ view scientific knowledge along a 

continuum from absolutism (e.g., “all scientific 

3‡ 
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knowledge is set in stone”) to extreme 

relativism (e.g., “no distinctions between 

evidence-based reasoning and mere opinion”). 

5 Source of 

ability to 

learn 

Students’ views of being “good” at science 

exist along a continuum from fixed natural 

ability to the result of hard work and effective 

study strategies. Note: these views are 

intended to be “distinct from [students’] self-

confidence and other beliefs about 

themselves.” 

5†‡ 

* Two items do not map onto any Axis. 

† One item is included in both Axis 3 and Axis 5. 
‡ One item is included in both Axis 4 and Axis 5. 

. Our sample’s racial and ethnic demographics were largely 

representative of the university as a whole, with the exception of 

Asian and Hispanic students: Asian students were overrepresented 

in our sample, while Hispanic students were underrepresented.  

Figure 1. 

Study Participants’ Enrolled in School and Self-Identified  
 
Race/Ethnicity (N=135) 

  



 

 

   

Data and Results 

General Descriptive Statistics 

Over a three-year period, 135 PLs completed the EBAPS survey 

at the beginning of the fall semester (43 in the first year, 37 in the 

second year, and 55 in the third year; 82% response rate overall). 

There were no statistically significant differences among the three 

cohorts for Axes 1, 2, 4, and 5. On Axis 3 (real-life applicability) 

cohorts 2 and 3 differed significantly using a one-way ANOVA, F 

(2, 132) = 3.31, p = .040, η𝑝
2  = .05, with students in cohort 3 (m = 3.42) 

scoring higher than students in cohort 2 (m = 3.08, p = .015). Because 

there was only the one difference among two cohorts on a single 

Axis, the cohorts were combined into one dataset to explore 

changes in their responses over time and among subpopulations 

(Figures 3, 4, 5, and 6).  
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Figure 2. 

Scores on each Axis and the overall EBAPS instrument for three cohorts of PLs at the beginning of the 

fall semester. Error bars represent 1 SEM. 

 
The overall average pre- scores on the five Axes range from 2.76 

± 0.46 to 3.36 ± 0.62 (Figure 3), with students scoring highest on Axis 

5 (source of ability to learn, m = 3.36) and lowest on Axis 1 (structure of 

scientific knowledge, m = 2.76). Because scores range from 1 to 4, Axes 

3 and 5 have the potential for observed ceiling effects with average 

pre-scores of above 3.2.   

Figure 3. 

Scores on EBAPS subscales and overall instrument for PLs (N = 129) who completed the survey at the 

beginning of fall semester (pre) and end of fall semester (mid). Error bars represent 1 SEM. 

 



 

 

Of the 135 PLs who completed the pre-survey, 129 PLs also 

completed the survey at the end of the fall semester (mid-survey, 

Figure 3), and 20 of those PLs completed the survey for a third time 

at the end of the spring semester (post-survey, Figure 4). Survey 

participation rates were high for the pre- and mid-administration 

periods because the PLs were assessed during orientation at the 

start of the semester and at the beginning and end of a pedagogy 

course that is required for the Learning Assistant PL position. 

Survey participation rates were low for the post-administration 

period because we did not have direct access to the PL at the end of 

the spring semester; we invited PLs to come to the office to 

complete the assessments, but many PLs choose not to complete the 

assessments on their own time, despite the financial compensation 

provided for it. Only data from PLs with matched responses are 

included in the investigation of changes over time (RQs 2 & 3). 

Figure 4. 

Scores on EBAPS subscales and overall instrument for PLs (N = 20) who completed the survey at the 

beginning of fall semester (pre) and end of fall semester (mid) and end of the spring semester (post). 

Error bars represent 1 SEM. 
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RQ1: Reliability of the EBAPS survey with academic peer leaders 

Cronbach’s alpha was calculated to establish internal consistency 

for the EBAPS survey with PLs. The designers of the EBAPS survey 

argued against this measure because “the assessment items were 

designed so that students were allowed to disagree with themselves 

within a subscale” and because “epistemological beliefs may be 

triggered depending on context” (Elby, 2006b). However, other 

studies reported Cronbach alpha of 0.7 for students in chemistry 

courses (Keen-Rocha, 2008; Lekhi, 2018).  

For the 129 students who completed the pre- and mid-surveys, 

Cronbach’s alpha was 0.61 for the pre-testing and 0.79 for the mid-

testing with no items removed. Additionally, the EBAPS pre-scores 

were consistent across cohorts of PLs over three years, with the 

previously mentioned exception on Axis 3. Because we are 

exploring this instrument with a new, targeted population of STEM 

PLs who have demonstrated success in previous STEM courses, and 

given the instrument has 30 items, we are limited to observing the 

internal consistency of the items as a proxy for instrument 

reliability. Despite the Cronbach’s alpha scores falling in the 

questionable to acceptable range, the consistent pre-scores across 

cohorts provides supporting evidence that this instrument is 

reliable with a population of undergraduate academic PLs in STEM 

disciplines.  

RQ2: Exploring epistemological development over time 



 

 

For the 129 PLs who completed the EBAPS surveys at the 

beginning (pre) and end (mid) of the fall semester, positive shifts 

were observed on four of the five axes, but not on Axis 5 (source of 

ability to learn) and not on the instrument overall (Figure 3).  

• For Axis 1 - structure of scientific knowledge, there was a 

marginally significant increase from students’ pre (m = 2.76) 

to mid (m = 2.85) scores, t (128) = 1.97, p = .051, d = 0.17.  

• For Axis 2 - nature of knowing and learning, there was a 

significant increase from students’ pre (m = 2.96) to mid (m = 

3.06) scores, t (128) = 2.27, p = .025, d = 0.20.  

• For Axis 3 - real-life applicability, there was a significant 

increase from the students’ pre (m = 3.25) to mid (m = 3.42) 

scores, t (128) = 3.22, p = .002, d = 0.28.  

• For Axis 4 - evolving knowledge, there was a significant 

difference with a small effect size between the pre (m = 2.79) 

and mid (m = 2.98) scores, t (128) = 2.66, p = .009, d = 0.23. 

• For Axis 5 - source of ability to learn, the difference between 

the pre (m = 3.37) and mid (m = 3.31) scores was not 

significant, t (128) = -1.03, p = .30, d = -0.09. 

• For the instrument overall, the difference between the pre (m 

= 3.00) and mid (m = 3.04) scores was not significant, t (128) = 

1.40, p = .17, d = 0.12. 

For the 20 PLs who completed the EBAPS surveys both at the 

beginning (pre) and end (mid) of the fall semester, and at the end of 
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the spring semester (post), positive shifts were observed on Axis 2 

(nature of knowing and learning), Axis 5 (source of ability to learn), 

and on the instrument overall (Figure 4). For all three cases where 

there was a statistically significant difference, an LSD post-hoc test 

revealed that the mid and post scores were significantly higher than 

the pre scores, but the mid and post scores were not significantly 

different from each other. 

• For Axis 1 - structure of scientific knowledge, the main effect for 

time was not significant, F (2, 38) = 2.23, p = .12, η𝑝
2  = .11. 

• For Axis 2 - nature of knowing and learning, there was a 

significant main effect for time, F (2, 38) = 7.03, p = .003, η𝑝
2  = 

.27, such that scores increased from pre (m = 3.02) to mid (m 

= 3.28, p = .007), and from pre to post (m = 3.27, p = .005) but 

the mid scores did not differ significantly from the post 

scores (p = .90). 

• For Axis 3 - real-life applicability, the main effect for time was 

not significant, F (2, 38) = 0.91, p = .41, η𝑝
2  = .05. 

• For Axis 4 - evolving knowledge, the main effect for time was 

not significant, F (2, 38) = 1.37, p = .27, η𝑝
2  = .07. 

• For Axis 5 - source of ability to learn, there was a significant 

main effect for time, F (2, 38) = 7.57, p = .002, η𝑝
2  = .29, such 

that scores increased from pre (m = 3.25) to mid (m = 3.62, p = 

.010) and from pre to post (m = 3.67, p = .008), but the mid 



 

 

scores did not differ significantly from the post scores (p = 

.48). 

• Overall - There was a significant main effect for time, F (2, 

38) = 12.89, p < .001, η𝑝
2  = .40, such that scores increased from 

pre (m = 3.05) to mid (m = 3.24, p = .002), and from pre to post 

(m = 3.26, p < .001) but the mid scores did not differ 

significantly from the post scores (p = .43). 

RQ3: Exploring epistemological development among groups  

Observed differences by gender 

In our sample of PLs, 47.29% self-identified as men (n = 61) and 

52.71% self-identified as women (n = 68). Significant main effects for 

gender were observed on Axis 2, 5, and the instrument overall, and a 

marginally significant main effect for gender was observed on Axis 

4. In each case the women scored higher than men (Figure 5). There 

was a significant interaction between time and gender on Axis 5, and 

marginally significant interactions between time and gender on 

Axis 4 and the instrument overall; in each case, the women scored 

higher than men on the mid survey. 

• For Axis 1 - structure of scientific knowledge, the main effect for 

gender was not significant, F (1, 127) = 0.70, p = .41, η𝑝
2  = .01, 

nor was the interaction between gender and time, F (1, 127) = 

0.45, p = .50, η𝑝
2  = .004. 

• For Axis 2 - nature of knowing and learning, there was a 

significant main effect for gender, F (1, 127) = 7.07, p = .009, 
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η𝑝
2  = .05, such that women (m = 3.09) scored higher than men 

(m = 2.92). The interaction between time and gender was not 

significant, F (1, 127) = 0.01, p = .93, η𝑝
2  = .0001. 

• For Axis 3 - real-life applicability, neither the main effect for 

gender, F (1, 127) = 0.28, p = .60, η𝑝
2  = .002, nor the interaction 

between gender and time, F (1, 127) = 0.14, p = .71, η𝑝
2  = .001, 

were significant. 

• For Axis 4 - evolving knowledge, the interaction between 

gender and time was marginally significant, F (1, 127) = 3.36, 

p = .069, η𝑝
2  = .03, such that women (m = 3.11) scored higher 

than men (m = 2.84, p = .043) at the mid testing. The main 

effect for gender was not significant, F (1, 127) = 1.44, p = .23, 

η𝑝
2  = .01. 

• For Axis 5 - source of ability to learn, there was a significant 

interaction between time and gender, F (1, 127) = 10.41, p = 

.002, η𝑝
2  = .08, such that women (m = 3.42) scored higher than 

men (m = 3.18, p = .049) at the mid testing. Scores for men at 

the mid-testing were also significantly lower than their 

scores at the pre-testing (m = 3.46, p = .003). The main effect 

for gender was not significant, F (1, 127) = 0.19, p = .67η𝑝
2￼ = 

.001. 

• Overall – The main effect for gender was significant, F (1, 

127) = 4.89, p = .029, η𝑝
2  = .04, with women (m = 3.08) scoring 

higher than men (m = 2.95). There was a marginally 



 

 

significant interaction between time and gender, F (1, 127) = 

3.57, p = .061, η𝑝
2  = .03, with women (m = 3.13) scoring higher 

than men (m = 2.94, p = .011) at the mid testing. The women’s 

scores also increased from the pre-testing (m = 3.03) to the 

mid testing (p = .022). 

Figure 5. 

Scores on EBAPS subscales and overall instrument for men (n = 61) and women (n = 68) at the 

beginning (pre) and end (mid) of the fall semester. Error bars represent 1 SEM. 

 

Observed differences among PLs’ discipline  

Because students can secure academic PL positions in courses 

outside their enrolled school, participants were grouped using two 

different categorization schemes. First, PLs were grouped by 

whether or not their assigned course was within the discipline of 

their major (i.e., matched major-discipline). Of the 129 PLs for 

whom a major was identified, 43 were assigned to a course that 

matched the discipline of their major (12 Computer Science; 10 Life 

Sciences and Environmental Sciences, 12 Engineering; 5 
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Mathematics, Economics, and Logic and 4 Physics and Astronomy), 

while 86 were assigned to a course that did not match the discipline 

of their major (21 Chemistry; 4 Computer Science; 7 Life Sciences 

and Environmental Sciences, 1 Engineering; 4 Mathematics, 

Economics, and Logic and 49 Physics and Astronomy). 

Second, and separately, PLs were grouped by the discipline of 

their assigned course: Chemistry; Computer Science; Engineering; 

Life Sciences and Environmental Sciences; Mathematics, Economics, 

and Logic; and Physics and Astronomy. There is particular mixing 

of students from different schools in SAS courses because students 

in SAS, SOE, and SEBS often have prerequisite courses offered by 

SAS (e.g., introductory math, biology, chemistry, and physics 

courses) or because these courses fulfill “core requirements” from 

SAS. In our sample, for example, 30 of the 53 PLs in physics and 

astronomy were students from SOE who were learning assistants in 

calculus-based physics courses. Of the remaining physics and 

astronomy PLs, 18 were from SAS and four were from SEBS; these 

PLs supported an introductory astronomy course for non-science 

majors and two different algebra-based physics courses that are 

primarily taken by life sciences majors in SEBS. Of the 17 PLs in Life 

Sciences and Environmental Sciences disciplines, seven were from 

SEBS and eight were from SAS. The exception, however, is that PLs 

in engineering disciplines were all enrolled in either SOE or the 

School of Graduate Studies (SGS). For the purposes of this study, 



 

 

we excluded the students enrolled in the School of Nursing (n = 2), 

SGS (n = 1), and Rutgers Business School (n = 2) due to their small 

group sizes. 

There were a few significant differences between PLs assigned to 

courses that matched their major and PLs assigned to those not 

matched to their major. On Axis 2, Axis 5, and the Overall 

instrument, PLs assigned to courses that matched major scored 

lower than those assigned to courses that did not match their major. 

However, for Axis 2, PLs assigned to courses that matched their 

major scored higher at the end of the fall semester than at the 

beginning of the semester, indicating a positive shift in 

epistemological development for the nature of knowing and learning. 

• For Axis 1 - structure of scientific knowledge, neither the main 

effect for matched major-discipline, F (1, 127) = 1.57, p = .21, 

η𝑝
2  = .01, nor the interaction between matched major-

discipline and time, F (1, 127) = 0.77, p = .39, η𝑝
2  = .01, were 

significant. 

• For Axis 2 - nature of knowing and learning, the main effect for 

matched major-discipline was marginally significant, F (1, 

127) = 2.92, p = .090, η𝑝
2  = .02, such that PLs assigned to a 

course outside of their major (m = 3.05) scored higher than 

PLs assigned to a course inside of their major (m = 2.93). The 

interaction between matched major-discipline and time was 

significant, F (1, 127) = 4.21, p = .042, η𝑝
2  = .03, such that PLs 
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assigned to a course inside of their major scored higher at 

the mid testing (m = 3.04) than at the pre testing (m = 2.81).  

• For Axis 3 - real-life applicability, neither the main effect for 

matched major-discipline, F (1, 127) = 0.72, p = .40, η𝑝
2  = .01, 

nor the interaction between matched major-discipline and 

time, F (1, 127) = 2.26, p = .14, η𝑝
2  = .02, were significant. 

• For Axis 4 - evolving knowledge, neither the main effect for 

matched major-discipline, F (1, 127) = 1.76, p = .19, η𝑝
2  = .01, 

nor the interaction between matched major-discipline and 

time, F (1, 127) = 0.58, p = .45, η𝑝
2  = .01, were significant. 

• For Axis 5 - Source of ability to learn, the main effect for 

matched major-discipline was marginally significant, F (1, 

127) = 2.85, p = .094, η𝑝
2  = .02, such that PLs assigned to a 

course outside of their major (m = 3.40) scored higher than 

did PLs assigned to a course inside of their major (m = 3.22). 

The interaction between matched major-discipline and time 

was not significant, F (1, 127) = 0.01, p = .93, η𝑝
2  = .0001.  

• Overall - There was a significant main effect for matched 

major-discipline, F (1, 127) = 4.10, p = .045, η𝑝
2  = .03, such that 

PLs assigned to a course outside of their major (m = 3.06) 

scored higher than did PLs assigned to a course inside their 

major (m = 2.93). The interaction between matched major-

discipline and time was not significant, F (1, 127) = 0.30, p = 

.59, η𝑝
2  = .002. 



 

 

Because of the extent of mixing of PLs assigned to courses from 

various majors, the findings above could be dependent on which 

courses and disciplines were in each group. Grouping PLs by their 

assigned course would involve groups with too few participants to 

compare. Consequently, we compared PLs by assigned discipline, 

even though we know that experiences across the courses within 

each discipline are likely to vary. We found a statistically significant 

main effect for discipline on the instrument overall with PLs 

assigned to engineering courses scoring lower than PLs assigned to 

chemistry and physics and astronomy courses (Figure 6). There was 

a marginally significant main effect for discipline on Axis 5, such 

that PLs assigned to engineering courses scored lower than PLs 

assigned to chemistry, computer science, and physics and 

astronomy courses. There was a significant interaction between time 

and discipline on Axis 3, such that PLs assigned to physics and 

astronomy courses scored higher on the mid-survey than the pre-

survey, and PLs assigned to engineering courses scored lower at the 

pre-survey than PLs assigned to all other courses. There was a 

marginally significant interaction between discipline and time on 

Axis 5, such that PLs assigned to engineering courses scored lower 

than PLs assigned to all other disciplines on the mid-survey. 

• For Axis 1 - structure of scientific knowledge, neither the main 

effect for discipline, F (5, 123) = 0.90, p = .48, η𝑝
2  = .04, nor the 
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interaction between discipline and time, F (5, 123) = 1.42, p = 

.22, η𝑝
2  = .05, were significant. 

• For Axis 2 - nature of knowing and learning, neither the main 

effect for discipline, F (5, 123) = 1.40, p = .23, η𝑝
2  = .05, nor the 

interaction between discipline and time, F (5, 123) = 0.31, p = 

.91, η𝑝
2  = .01, were significant. 

• For Axis 3 - real-life applicability, there was a significant 

interaction between time and discipline, F (5, 123) = 2.48, p = 

.035, η𝑝
2  = .09, such that PLs assigned to engineering courses 

scored significantly lower at the pre-testing (m = 2.79) than 

did PLs assigned to chemistry (m = 3.25, p = .047), life science 

and environmental science (m = 3.50, p = .004), computer 

science (m = 3.45, p = .007), and physics and astronomy 

courses (m = 3.22, p = .031) at the pre-testing. PLs assigned to 

engineering courses also scored significantly lower at the 

mid-testing (m = 3.16) than did PLs assigned to physics and 

astronomy courses (m = 3.55, p = .391) at the mid-testing. The 

main effect for discipline was not significant, F (5, 123) = 

1.44, p = .22, η𝑝
2  = .06. 

• For Axis 4 - evolving knowledge, neither the main effect for 

discipline, F (5, 123) = 1.11, p = .36, η𝑝
2  = .04, nor the 

interaction between discipline and time, F (5, 123) = 1.11, p = 

.36, η𝑝
2  = .04, were significant. 



 

 

• For Axis 5 - Source of ability to learn, there as a marginally 

significant main effect for discipline, F (5, 123) = 2.06, p = 

.075, η𝑝
2  = .08, such that PLs assigned to engineering (m = 

2.95) courses scored significantly lower than PLs assigned to 

chemistry (m = 3.41, p = .017), computer science (m = 3.41, p = 

.025), and physics and astronomy (m = 3.44, p = .004) courses. 

There was a marginally significant interaction between 

discipline and time, F (5, 123) = 2.20, p = .059, η𝑝
2  = .08, such 

that PLs assigned to mathematics, economics, and logic 

courses scored significantly lower on the pre-testing (m = 

2.91) than did PLs assigned to chemistry (m = 3.45, p = .029), 

computer science (m = 3.51, p = .020), and physics and 

astronomy courses (m = 3.47, p = .013) at the pre-testing. PLs 

assigned to engineering courses scored significantly lower 

on the mid-testing (m = 2.72) than did PLs assigned to 

chemistry (m = 3.37, p = .008), math, economics, and logic (m 

= 3.44, p = .017), life science and environmental science (m = 

3.28, p = .029), computer science (m = 3.30, p = .026), and 

physics and astronomy courses (m = 3.41, p = .002) at the 

mid-testing. 

• Overall - There was a significant main effect for discipline, F 

(5, 123) = 2.63, p = .027, ηp2 = .10, such that PLs assigned to 

engineering courses (m = 2.77) scored significantly lower 

than PLs assigned to chemistry (m = 3.17, p < .001) and 
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physics and astronomy (m = 3.05, p = .006) courses. The 

interaction between discipline and time was not significant, 

F (5, 123) = 1.03, p = .40, η𝑝
2  = .04. 

Figure 6. 

Scores for PLs by discipline comparing beginning (pre) and end (mid) of the fall semester. Error bars 

represent 1 SEM. 

 

Discussion 

The EBAPS survey appears reliable for STEM PLs based on the 

Cronbach alpha scores and the fact that the beginning-of-semester 

responses across three cohorts of PLs did not differ significantly. 

PLs scored highest on Axis 5 (source of ability to learn) and Axis 3 

(real world applicability) and lowest on Axis 1 (structure of scientific 

knowledge) and Axis 4 (evolving knowledge). PLs appeared to score at 

the more sophisticated end of the scales, which might be expected, 

given that they have previously performed well in their assigned 

course.  



 

 

As for the positive shifts that were observed during the fall 

semester, epistemological development could be the result of one or 

more factors:  

• PLs were students enrolled in STEM courses where 

they would be learning more content and potentially 

be developing their epistemological beliefs. 

• PLs were helping other students learn, and, 

therefore, they were learning more content 

themselves as well as developing their 

epistemological beliefs. 

• PLs learned about teaching and learning through the 

pedagogy course, which contributed to the 

development of their epistemological beliefs.  

For the last factor listed, the majority of the PLs in this study–118 

out of 129 (91%) who completed the pre and mid surveys–were co-

enrolled in the pedagogy course because they were required to take 

it as first-semester Learning Assistants or because they were 

participating in the PSL program. It is interesting that no additional 

gains were observed for the 20 students who completed the post-

survey, which might suggest that the epistemological development 

was more affected by being a PL and taking a pedagogy course than 

simply taking more coursework as a student. Fortunately, it appears 

that epistemological gains made by the PLs in the fall semester did 

not regress during the spring semester based on the fact that their 
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scores on the mid- and post- tests were not statistically significantly 

different across the various groups. If, in fact, the pedagogy course 

was a significant contributor to the epistemological development of 

PLs in the fall semester (and, as noted above, additional research is 

needed to determine the effect of factors contributing to 

epistemological development on any given Axis), it is encouraging 

that gains were not lost during the spring semester when PLs were 

no longer enrolled in the pedagogy course.  

While there were some observed differences based on PL gender 

and discipline, most of the differences were observed on only a 

subset of Axes or were marginally statistically significant. When 

comparing PL disciplines, the statistical power of the analyses is 

likely limited by our sample sizes; for example, there were nearly 6 

times as many physics PLs (n = 53) as math, logic, and economics 

PLs (n = 9). In most cases, the effect sizes were small, with partial eta 

squared values ranging from 0.03 to 0.10. Although the survey 

instrument was designed for physics and chemistry disciplines, we 

were able to administer the instrument to PLs in mathematics, life 

sciences, environmental science, computer science, and engineering 

disciplines. Anecdotally, during administration, PLs in computer 

science complained about taking the survey by saying it was not 

relevant to their field; however, these PLs did not score significantly 

higher or lower than PLs in other disciplines. The PLs assigned to 

engineering courses scored lower than other disciplines on some 



 

 

subscales of the survey instrument. Additional work is needed to 

understand the effects of peer leader development when they serve 

in courses within or outside of the discipline of their intended 

major. 

Implications for Peer Leader Training and Professional 

Development 

Within our context, some epistemological growth was observed 

during the fall semester, and this growth did not appear to regress 

at the end of the spring semester. Although 91% of the PLs in this 

study (1) were co-enrolled, or had completed, a pedagogy course 

and (2) would have been required to complete at least two training 

or professional development workshops each semester, this study 

was not designed to parse out the effects of the pedagogy course 

and/or training requirements from the effects of being a peer leader 

and taking additional coursework as a student. However, we are 

encouraged to observe development related to the nature of knowing 

and learning, real-life applicability, and source of ability to learn. It is 

possible that many of the topics included in the pedagogy course 

contributed directly to developing epistemological beliefs, such as 

Human Constructivism and Meaningful Learning Theory, 

Cognition, Metacognition, Effective Questioning, and Cooperative 

Learning. If a future study attempts to make claims about the 

specific impact of the pedagogy course, or specific training 

workshops, on epistemological development, care should be taken 
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to ensure sufficient numbers of PLs in various sub-groups, such as 

discipline of PL assignment, nature of assigned PL course (e.g., 

inquiry-based, active learning, cooperative learning), intended 

major, concurrent coursework while serving as a PL, year in school, 

pedagogy course enrollment, and training workshops completed.  

Ultimately, the results from this study with the EBAPS survey 

were used to develop training and professional development 

workshops that address epistemological development across all the 

EBAPS survey constructs and specifically the constructs of the 

structure of scientific knowledge and evolving knowledge. The 

results were also being used by the pedagogy course coordinators 

during their normal practice of updating and modifying the course 

curriculum each semester. Although there is always more to include 

in the pedagogy course than time permits, there are ways to 

incorporate ideas around epistemological development within 

existing topics, such as mental models, cognition, and 

metacognition. For PL program directors and pedagogy course 

instructors, it is important to identify the types of epistemological 

development we value in peer leader positions, such as awareness 

of one’s own knowledge and learning process, sources of 

knowledge, and how people learn new knowledge in general. Once 

these values are identified, and assuming we have instruments, like 

the EBAPS, that are valid and reliable enough to enable us to assess 

these constructs, program directors and course instructors can focus 



 

 

on developing class activities, training workshops, and professional 

development programming that exposes PLs to these concepts and 

supports their continued development towards more sophisticated 

beliefs. 

Implications for Future Research 

While data from this study demonstrated that the EBAPS can be 

used reliably with STEM academic peer leaders, additional research 

is needed to explore the sensitivity of the instrument. Although 

some gains were observed on some Axes overall or for a subset of 

the PL population, this dataset cannot be used to investigate 

potential ceiling effects on some of the Axes or the sensitivity of the 

instrument to various degrees of epistemological development. 

Because epistemological development was not included as an 

explicit topic in the pedagogy course or for any training or 

professional development workshops, any observed increase to 

more sophisticated beliefs would have resulted from indirect 

instruction, exposure to, or interaction with, the associated concepts 

or constructs. It would be interesting to design a study that includes 

a sub-group of PLs who had explicit training, professional 

development workshops, or pedagogy course readings on 

epistemology and compare that to PLs who do not participate in 

any of these sessions explicitly related to epistemology, which could 

then provide information related to the potential sensitivity of the 

EBAPS instrument. 
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As mentioned above, this current study was not designed to 

investigate the specific contributions or influences of various 

training and professional development requirements, including the 

pedagogy course, on epistemological development. An interesting 

area for future research would be to design a mixed-methods study 

to attempt to better understand the factors that contribute to 

epistemological development for STEM peer leaders. An extension 

of this work could include investigating the impact, if any, that the 

nature of the assigned course plays in a PL’s epistemological 

development. In other words, do STEM PLs assigned to courses that 

include more active, collaborative, or inquiry-based learning 

demonstrate more epistemological development overall, or on 

certain Axes, than PLs assigned to more traditional courses? 

Ultimately, further research is needed to explore whether the effect 

of epistemological development is based on being a PL, the course 

disciplines of the PL position, the course design and curriculum of 

the PL position, the pedagogy course and/or specific professional 

development workshops and having additional coursework and 

growth as a student.  While PLs' participated in surveys and 

interviews as part of the larger PSL study, that data is outside the 

scope of the research questions posed in this article. 

Conclusions 

The analysis of EBAPS survey responses from 135 PLs, across six 

STEM disciplines, over a three-year period suggests that the survey 



 

 

is valid and reliable with this population of undergraduate 

students: the internal consistency of the items administered at the 

beginning and end of the fall semester was 0.61 and 0.79, 

respectively; responses were not statistically significantly different 

between cohorts of PLs across three years. PLs’ EBPAS scores 

increased on some axes over the course of the fall semester (namely: 

nature of knowing and learning; real-life applicability, source of ability to 

learn), but little to no change was observed by the end of the spring 

semester. Although one might expect additional epistemological 

growth from students continuing to both take coursework in their 

major and serve as peer leaders, it was encouraging that the 

responses do not suggest a regression of development after the first 

semester. While there were some observed differences between 

male and female students and among PL disciplines, additional 

research is needed to parse out the effects of any differences and to 

explore the effects of being a PL, completing additional coursework, 

or completing a pedagogy course. Ultimately, these findings inform 

the development of PL training and professional development 

workshops to address epistemological development within the PLs 

themselves and associated with their role supporting student 

development.  
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Table A1 

Instruments and Techniques Used to Measure Attitudes and Epistemological Beliefs 

Instrument Source 

Attitudes, beliefs, and expectations 

Views about Science Survey (VASS) Halloun & Hestenes (1998) 

Maryland Physics Expectations survey 

(MPEX)  

Redish et al. (2000) 

Chemistry Expectations about learning 

survey (CHEMX) 

Grove & Bretz (2007) 

CLASS-Phys Perkins et al. (2005) 

CLASS-Chem Barbera et al. (2008) 

CLASS-Bio Semsar et al. (2011) 

Attitude towards the Subject of 

Chemistry Inventory (ASCI) 

Bauer (2008) 

Chemistry Self-Concept Inventory 

(CSCI) 

Bauer (2005) 

General Epistemological Surveys and Instruments 

Epistemological Beliefs Inventory 

(EBI) 

Schraw et al. (1995) 

Epistemological Beliefs Questionnaire 

(EBQ) 

Jena & Chakraborty (2018); Schommer 

(1993) 

Epistemological Questionnaire (EQ) Cano (2005) 

Epistemic Beliefs Survey (EBs) Wood & Kardash (2002) 

combined Epistemological 

Questionnaire and Epistemic Beliefs 

Inventory (EQEBI) 

Ordoñez et al. (2008) 

Schommer’s Beliefs about Knowledge 

and Learning Questionnaire 

Schommer (1990) 

Written reflections May & Etkina (2002) 

Practices in authentic science inquiry Peffer & Ramezani (2019) 

STEM-Specific Epistemological Instruments 

Epistemological Beliefs about Physical 

Science Survey (EBAPS) 

Elby (2006a) 

Epistemological Beliefs Assessment for 

Engineering (EBAE) 

Carberry et al. (2010) 

Questionnaires Conley et al., 2004; Kampa et al. (2016) 
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Appendix B 
Table B1 

Description of EBAPS Survey Components (Elby, 2006a) 

Axi

s 

Label Description Items

* 

1 Structure 

of 

scientific 

knowledge 

Students’ view physics and chemistry 

knowledge as “a bunch of weakly connected 

pieces without much structure and consisting 

mainly of facts and formulas” or as “a 

coherent, conceptual, highly-structured, 

unified whole” 

10 

2 Nature of 

knowing 

and 

learning 

Students’ view learning science as 

“consist[ing] mainly of absorbing information” 

or “constructing one's own understanding” 

through active engagement, experiences, and 

reflection 

8 

3 Real-life 

applicabilit

y 

Students’ view scientific knowledge and ways 

of thinking as limited only to specific 

academic/scientific settings or more broadly to 

real life settings. “These items tease out 

students' views of the applicability of scientific 

knowledge as distinct from the student's own 

desire to apply science to real life, which 

depends on the student's interests, goals, and 

other non-epistemological factors.“ 

4† 

4 Evolving 

knowledge 

Students’ view scientific knowledge along a 

continuum from absolutism (e.g., “all scientific 

knowledge is set in stone”) to extreme 

relativism (e.g., “no distinctions between 

evidence-based reasoning and mere opinion”). 

3‡ 

5 Source of 

ability to 

learn 

Students’ views of being “good” at science 

exist along a continuum from fixed natural 

ability to the result of hard work and effective 

study strategies. Note: these views are 

intended to be “distinct from [students’] self-

confidence and other beliefs about 

themselves.” 

5†‡ 

* Two items do not map onto any Axis. 

† One item is included in both Axis 3 and Axis 5. 
‡ One item is included in both Axis 4 and Axis 5. 


