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Student Perceptions of Learning and Engagement Using an
Educational Technology Tool

Introduction

In this full empirical research paper, we aim to identify dimensions of student practices and
perceptions using the Concept Warehouse (CW) [1] when answering concept questions within
statics and dynamics classes. Instructional practices centered on active learning have been shown
to positively impact student outcomes like retention, engagement, and learning gains [2] - [7].
Freeman et al. [2] call for “second-generation research,” where researchers should explore the
relationship between instructional practices and active learning, the intensity of active learning
and learning gain, or other measures related to understanding active learning and its impacts. The
use of educational technology to promote active learning has been previously evaluated;
however, work still needs to be done to consider instructional practices, student perceptions, and
the ecosystems in which technology is being implemented [4] - [11].

The CW is a free web-based active learning tool and content repository to help instructors
implement student-centered learning [1]. The CW currently has over 1700 faculty and 40000
students using the tool, as well as over 3500 concept questions in various disciplines. Concept
questions, commonly called ConcepTests [12], [13], are single-right-answer multiple-choice
questions with little to no math involved that ask students about fundamental concepts they are
learning. The abundance of resources and community support provides instructors with an
accessible gateway to concept-based learning at any point in their instructional journey.

Here, we investigate the factors that impact students' experiences with active learning using the
CW. In this study, we surveyed 448 students across a diverse set of two- and four-year
institutions, asking them about their experiences using the CW in their mechanics classes. We
then use exploratory factor analysis (EFA) [14] to explore dimensions of student experiences
around the usage of the CW. We scaffold our study with the following three research questions:

1. What are the dimensions of student practices using an educational technology tool?

2. What are the dimensions of student perceptions regarding using an educational

technology tool?
3. What correlations exist between student practices and student perceptions?

Background

Educational technology (EdTech) use has been growing, especially with the emergence of
Generative Al, prompting study into the design of learning environments using EdTech,
professional development for instructors, and student outcomes. In this study, we aim to
understand student perceptions of an educational technology tool that serves as an audience
response system (ARS) and a content repository for high-quality and content-oriented questions
[1]. Students can use a personal electronic device to answer concept questions. Instructors are
also able to contribute concept questions. Work detailing student practices and perceptions of
ARS or “clickers” [15] in undergraduate classrooms has observed that students generally have
improved attendance, motivation, engagement, and participation due to this technology [17].
ARS:s also provide an opportunity for near-instantaneous feedback and the ability to check



understanding. Still, students have expressed that a lack of interest from peers or uncertainty in
their answer choices could be a barrier to use [16] - [22]. Student practices and perceptions
around EdTech tools in engineering classrooms are an area of research that can be further
investigated to design learning environments more effectively. Furthermore, Kay & LeSage [16]
note the need for quantitative and mixed-method studies that explore the impact of ARSs on
student experience and cognition.

Concept questions ask students about fundamental concepts that they are learning and help
instructors enact cognitive, social, and epistemological learning goals related to active learning
[4], [23]. For example, concept questions are commonly used within Peer Instruction (PI) [12], a
teaching practice that asks students to complete a concept question, asks them to talk to their
peers about the answer choices, and then asks students to redo it. PI has been shown to promote
improved learning outcomes [5], [12], [13], [24] - [30], making teaching practices that utilize
concept questions promising to probe into student understanding.

In this study, students were often asked to justify their answer choice in writing. Such a practice
encourages writing-to-learn (WTL) through a low-stakes reasoning task. WTL in STEM classes
has been shown to promote student reasoning and improve writing skills and engagement [31],
[32]. Short-answer justifications for concept questions have been observed to promote
conceptual understanding, improve answer choice, and prepare students for in-class discussions
[33], [34]. This study aims to investigate dimensions of student practices and perceptions with
their experiences of an EdTech tool that utilizes concept questions alongside self-explanation, an
instructional practice shown to be generative in previous work.

Conceptual Framework

We define active learning as any instructional method that promotes student activity and
engagement in the learning process [3]. Active learning principles are guided by social
constructivist principles that allow students to learn with peers and a more experienced adult
(e.g., instructors, graduate teaching assistants, undergraduate instructional assistants, etc.) who
can foster the development of skills and acquisition of disciplinary knowledge. The design of
active learning environments involves thinking about the productive involvement of students in
the learning process, as well as engagement, collaboration, agency, application, and feedback.
Engagement is students' “energy and effort” in their learning communities and has cognitive,
affective, and behavioral dimensions; collaboration in active learning aims to promote
interpersonal interactions between students and teachers to engage in problem-solving; agency
regards students’ sense of ownership of learning; application is about the practice of concepts
learned in class; and feedback in active learning focuses on how feedback to student learning
happens frequently [22], [35] - [38].



Methods
Research Design

This study is part of a larger project investigating the propagation of the CW in undergraduate
engineering courses at diverse two- and four-year institutions. Here, we ask instructors to
implement the CW in their classes in any manner they choose (e.g., in-class clicker, homework,
quiz, etc.), followed up by three short-answer follow-ups that ask students to 1) justify their
answer choice, 2) Likert-scale rating of confidence, and 3) provide comments on the
effectiveness of the question, as shown in Fig. 1. Student data is anonymized to protect privacy.

Consider 0.3 mol of gas A and 0.5 mol of gas B, that behave as ideal gases. When these two gases are mixed at constant T and
P, the enthalpy change of mixing is:

OAh,
OhBhpy <0
OAhpyi =0
(O You cannot tell unless you know Cp

>0

mix

mix

Please explain your answer in the box below.

Please rate how confident you are with your answer.

substantially moderately neutral moderately substantially
unsure unsure confident  confident

Please help us assess the effectiveness of this question by answering the items below:

| understood what this question was asking.

strongly moderately neutral moderately strongly
disagree disagree agree agree

Explain your response to the item above.

Trying to answer this question made me think deeply about course material.

strongly moderately neutral moderately strongly
disagree disagree agree agree

Explain your response to the item above.

[Submit|

Fig. 1. Student view of concept question asked on the CW.

Instructors also attend a bi-semesterly community of practice meeting to discuss their
instructional practices around implementing the tool in their classes. The goal is to build a
community where instructors new to the tool can learn from more experienced users.



Participants, Settings, and Data Collection

Only students who consented to have their responses used were included in this analysis. Survey
data was collected from 2021 to 2024. Students were surveyed from statistics and dynamics
classes at twelve diverse institutions, detailed in Table 1. Participating instructors hold a mix of
teaching- and tenure-track positions.

TABLE I
DETAILS OF PARTICIPATING INSTITUTIONS
Institution Type Research Activity Number of Participating
Institutions

Private non-profit | Very high research activity (R1) 1
Private non-profit | N/A 1
Public 4 yr Very high research activity (R1) 2
Public 4 yr High research activity (R2) 2
Public 4 yr Larger master’s program (M1) 1
minority-serving

Public 4 yr N/A 2
Public 2 yr N/A 3

Survey Design

The survey was designed as part of the larger project to support the investigation of tool
propagation in diverse settings. For survey pretesting, three students were interviewed about their
interpretations of the survey items. After considering the interviews, edits to the items were
made, which were confirmed with the larger research team before the final version was deployed
for data collection in 2021. The survey items have remained constant since then. Appendix A
includes all survey items, but here, we focus on items related to student practices (Items Q5 _1-
Q5 _6) and perceptions (Q8 1 - Q8 17), shown in Tables II and III, respectively. Both questions
have students respond on a one-to-five scale.

TABLE II
PRACTICE ITEMS
Item . .
No. When I am working on a CW question...
Q51 I usually try to really understand the CW question.
Q5 2 I would like to know the answer so I can check my understanding
Q53 When doing a CW question, I really just want to know the answer
Q5 4 Chegg is a good resource to use on CW questions
Q5 5 | I'try to see how the CW question fits with things we are learning in the course
Q5 6 I try to see how the CW question relates to things I know from outside the
- course




TABLE III

PERCEPTION ITEMS
Item Finally, we would like to know your opinions about using the CW in this
No. course. How much do you agree with each statement?
Q8 1 Things make more sense after we do a CW question
Q8 2 I pay more attention to the instructor’s e>§planation if I have done a related CW
- question
Q8 3 Doing CW questions is often a waste of time.
Q8 4 I’m more actively involved when we use CW in class
Q8 5 After we do a CW question, I can understand the concepts better
Q8 6 CW questions increase my stress level
Q8 7 Seeing the class responses to CW questions helps increase my confidence
Q8 8 Discussing CW questions in class helps me make sense of challenging ideas.
Q8 9 When we use CW in a class I have to think more
Q8 10 I wish more of my instructors used the CW or something similar
Q8 11 CW questions are often interesting
Q8 12 Writing explanations for CW questions helps me think more about the question and
- answer that I chose
Q8 13 Using the CW makes me more aware of my misunderstandings.
Q8 14 I wish my instructor would just tell us how to solve the CW questions
Q8 15 Using the CW helps me learn difficult concepts
Q8 16 Discussing CW questions in class is enjoyable
Q8 17 I remember concepts better after working on them in the CW.

Sampling and Missing Data

Instances of entirely blank rows were omitted from the analysis, and individual missing data
were replaced with the average for that class. This reduced 482 responses to 448 valid responses.

Data Analysis

Exploratory factor analysis (EFA), a data reduction technique that allows for characterizing and
conceptualizing interrelationships between survey items [14], [39], was conducted to understand
dimensions of student practices and perceptions of using the CW. A factor is an unobservable, or
latent, variable that describes abstract dimensions of observable, measurable items. These factors
combine directly measured variables with a common variance, which can be helpful to describe
meaningful phenomena in data that cannot be directly measured [14], [38]. For example, a
survey can ask about income level, demographic characteristics, and other variables, but the
latent concepts related to society or culture cannot be directly measured.

Several decisions need to be made regarding how researchers run EFA:

e Suitability of Data: Data must pass metrics (e.g., Kaiser-Meyer-Olkin (KMO) measure
of sampling adequacy, Barlett’s Test of Sphericity, etc.) to meet the assumptions of
normality and linearity, and a sizable number of correlations must be present to do EFA.
All items of interest should have the same response scale.



e Number of Factors: The number of factors impacts the interpretability of the data
structure.

e Factor Extraction: There are many factor extraction methods, but the two most
common are the Principal Axis Factor method, which successively extracts factors until
a large amount of variance is accounted for, and the Principal Components method,
which extracts components based on the maximum variance of the data set to reduce the
items into a smaller number of components. The Principal Axis Factor method is
preferred as it measures the uniqueness of items in factors and better supports theory-
building.

¢ Rotation Method: The axes of EFA can be rotated to make them more meaningful and
better represent the factors. Orthogonal rotations (axes remain 90 degrees) assume that
factors are not correlated, while oblique rotations (axes rotate about the origin) do not
make the same assumptions [14], [39]. For most EFA, oblique rotations better represent
the connections between items and factors [14].

All analyses were done using RStudio accessed through posit Cloud [40] using the psych library
[41]. Our data was suitable for EFA as it meets the general recommendation for sample size (n >
300 participants), as EFA generally works better for larger sample sizes [39]. The KMO measure
of sampling adequacy for student practice items was 0.75, noting that this data is adequate for
factor analysis. The KMO score for student perception items was 0.93, noting that the data is
excellent for factor analysis. Bartlett’s Test of Sphericity for student practices (y? =

734.88,df = 15,p < 0.001) and perceptions (y? = 5542.62,df = 136,p < 0.001) was
statistically significant, noting that the items are sufficiently correlated for factor analysis. All
survey items are included in Appendix A. The number of factors was determined using a Scree
plot with parallel analysis, shown in Appendix B. We are interested in conceptualizing latent
factors, so common factor analysis and an oblique rotation method were used. Further results of
the EFA are presented in the Findings section, and reliability was determined using Cronbach’s
alpha, a measure of internal consistency.

For Research Question 3, a Spearman correlation [42] was done between pairs of factor loadings
to gain insight into the relationship between practices and perceptions. Spearman correlations
measure the association between two factors ranging from -1 to 1. A value closer to -1 or 1
represents a strong correlation, and the sign dictates the monotonic relationship between factors.

Findings
The EFA of student surveys was conducted using a Principal Axis Factor extraction method, with
an oblique rotation method (oblimin).

Research Question 1

Research Question 1 pertained to dimensions of student practice. Initial two-factor solutions
showed that the communalities, or the proportion of common variance of an item relative to the
factor [43], for items Q5_3 and Q5 4 were below the acceptable level of 0.4. Thus, we removed
those items from the original EFA and reran a two-factor EFA, which yielded the statistically
significant results below. Communalities for the final two-factor model are provided in Table IV.



TABLE IV
COMMUNALITIES FOR EXPLORATORY FACTOR ANALYSIS OF STUDENT

PRACTICES
Item . . Communality
When I am working on a CW question... )
No. (h%)
Q5 1 [ usually try to really understand the CW 0.57/

question.

Q5 2 I would like to know the answer so I can check 0.40"
my understanding

When doing a CW question, I really just want to

Q3.3 know the answer N/A
Q5 4 Chegg is a good resource to use on Cw N/A
- questions
I try to see how the CW question fits with things
Q55 . 0.73*
- we are learning in the course
Q5 6 I try to see how the CW question relates to 0.60"

things I know from outside the course
*Considered ideal (h> > 0.7)
~Considered acceptable (0.4 <h?<0.7)

All communalities for the final EFA were considered acceptable (0.4 <h? <0.7) or ideal (h? >
0.7), noting that our factors explain moderate to large amounts of the variance for each item. Two
factors were identified, detailed below, using a scree plot with parallel analysis (Appendix B),
which explains 57% of the variance. Table V displays the factor loadings.

TABLE V
FACTOR LOADINGS FOR EXPLORATORY FACTOR ANALYSIS OF STUDENT
PRACTICES
Item Factor
Number 1 2
Q51 0.18 0.61
Q52 -0.06 0.68
Q55 0.73 0.15
Q5 6 0.83 -0.07
Bolded items denote the relevant item for that factor.

Factor 1 contained two items (Q5_5 and Q5_6) about student practices that bridge the concept
question to other concepts within and outside the course. We label this factor “Framing” to
represent students bridging concepts. Cronbach’s alpha was 0.79, indicating acceptable internal
consistency.

Factor 2 contained two items (Q5 1 and Q5_2) that pertain to the effort involved in
understanding concepts, so we label this factor “Effort to Understand.” Cronbach’s alpha was
0.70, indicating acceptable internal consistency.



Table VI displays the factor correlations, which note a moderate correlation between Factors 1
and 2. Items in these factors are expected to be related as practices involving effort for
understanding can be related to how students frame their thinking around concepts [15]. Figure 2
shows the final EFA diagram.

TABLE VI
FACTOR CORRELATIONS
Factor 1 2

1 1 0.78
2 0.78 1

0.8.
Q5 5 0.7

0.8

Effort to Understand

Fig. 2. EFA diagram for Research Question 1

Research Question 2
EFA of items was done on items related to student perceptions. All communalities were
considered ideal or acceptable, as shown in Table VII.



TABLE VII

COMMUNALITIES FOR EXPLORATORY FACTOR ANALYSIS OF STUDENT

PERCEPTIONS
Item | Finally, we would like to know your opinions about using the CW | Communality
No. in this course. How much do you agree with each statement? (h?)
Q8 1 Things make more sense after we do a CW question 0.73*
Q8 2 I pay more attention to the instructor’s explanation if I have done a 0.64
- related CW question '
Q8 3 Doing CW questions is often a waste of time. 0.52»
Q8 4 I’m more actively involved when we use CW in class 0.62"
Q8 5 After we do a CW question, I can understand the concepts better 0.73*
Q8 6 CW questions increase my stress level 0.58"
Q8 7 Seeing the class responses to CW questions helps increase my 0.547
- confidence
08 8 Discussing CW questions in class helps me make sense of 0.84%
- challenging ideas. )
Q8 9 When we use CW in a class I have to think more 0.57"
Q8 10 I wish more of my instructors used the CW or something similar 0.66"
Q8 11 CW questions are often interesting 0.72*
Q8 12 Writing explanations for CW questions helps me think more about 0.417
— the question and answer that I chose '
Q8 13 Using the CW makes me more aware of my misunderstandings. 0.62"
Q8 14 | I wish my instructor would just tell us how to solve the CW questions 0.63"
Q8 15 Using the CW helps me learn difficult concepts 0.92*
Q8 16 Discussing CW questions in class is enjoyable 0.72*
Q8 17 I remember concepts better after working on them in the CW. 0.85*

*Considered ideal (h> > 0.7)
~Considered acceptable (0.4 <h?<0.7)

Four factors were identified, detailed below, using a scree plot with parallel analysis (Appendix
B), which explains 66% of the variance. Table VIII displays the factor loadings.




TABLE VIII
FACTOR LOADINGS FOR EXPLORATORY FACTOR ANALYSIS OF STUDENT
PERCEPTIONS

Item Factor

Number 1 2 3 4
Q8 1 0.02 0.03 0.83 | -0.06
Q8 2 0.01 | -0.04 | 0.80 0.05
Q8 3 -0.06 | -0.09 | -0.11 | 0.73
Q8 4 0.19 0.08 0.55 0.10
Q8 5 0.29 0.09 0.55 | -0.04
Q8 6 -0.12 | 0.10 0.27 0.67
Q8 7 0.37 0.11 0.29 0.15
Q8 8 0.01 0.91 0.00 0.01
Q8 9 0.37 0.20 0.22 0.16
Q8 10 0.73 0.02 0.07 0.04
Q8 11 0.80 0.00 0.06 | -0.01
Q8 12 0.69 | -0.13 | 0.00 0.08
Q8 13 0.80 0.08 | -0.06 | -0.04
Q8 14 0.15 0.02 0.77 0.77
Q8 15 | -0.02 | 0.98 0.00 0.00
Q8 16 0.67 0.10 0.14 | -0.04
Q8 17 0.02 0.92 | -0.02 | 0.00

Bolded items denote the relevant factors for that factor (i.e., Factor Loading > 0.3).

Factor 1 contained seven items (Q8 7, Q8 9, Q8 10,Q 11,Q 12, Q 13, Q _16) that pertained
to how the use of the technology tool promoted positive emotions like confidence, which
promoted productive learning behaviors associated with engagement. Thus, we label this factor
“Positive Affect and Engagement.” Cronbach’s alpha was 0.90, noting excellent internal
consistency.

Factor 2 contained three items (Q8 15, Q8 17, Q8 8) related to how students felt that the tool
promoted deeper understanding, as items were related to a more profound cognitive
understanding of concepts. Thus, we label this factor “Deeper Understanding.” Cronbach’s alpha
was 0.95, noting excellent internal consistency.

Factor 3 contained four items (Q8 1, Q8 2, Q8 5, Q8 4) that describe more surface-level
aspects of sensemaking, leading to “Impacts to Sensemaking.” Cronbach’s alpha was 0.89,
indicating good internal consistency.

Factor 4 contained three items (Q8_14, Q8 3, Q8 6), which included students’ feelings of stress
and discontent with the time/effort involved with the tool, which is why we label this factor
“Negative Affect.” Cronbach’s alpha was 0.76, noting acceptable internal consistency.

Factor correlations, shown in Table IX, showed that most factors have low to moderate
correlations with one another. Factors 1 and 3 show a more significant correlation. No factors
were correlated to Factor 4, Negative Affect. Figure 3 shows the final EFA diagram.



TABLE IX
FACTOR CORRELATIONS
Factor 1 2 3 4
1 0.59 | 0.80 | 0.20
0.59 1 0.56 | 0.12
0.80 | 0.56 1 0.23
0.20] 0.12 | 0.23 1

Positive Affect and
g Engagement

. 0.8
Deeper Learning

!o
I !
© o @
o » ®

8_2

Impacts to
Sensemaking

Il

Q8_14

(o]
‘O
&

Q8.3 0.7 Negative Affect

Q8_6

Fig. 3. EFA diagram for Research Question 2
Research Question 3
As shown in Table X, some Spearman correlations between student practice and perception

factors display a moderate positive correlation (bolded) or strong positive correlation (bolded and
italicized).



TABLE X
SPEARMAN’S CORRELATIONS FOR FACTOR LOADINGS FOR PRACTICES (PRAC)
AND PERCEPTIONS (PCPT)

Factor | PRAC | PRAC | PCPT | PCPT | PCPT | PCPT
1 2 1 2 3 4

PRAC | 1.00 0.89 049 | 029 | 0.50 | -0.01
1

PRAC 1.00 0.51 0.69 | 051 | -0.04
2

PCPT 1.00 | 042 | 0.84 | -0.11
1

PCPT 1.00 | 0.63 | -0.02
2

PCPT 1.00 | -0.05
3

PCPT 1.00
4

Perception factors involving positive affect, sensemaking, and deeper understanding (PCPT 1-3)
were correlated with generally more involved practices. There was little to no correlation
between the factor describing more negative emotions (PCPT 4) to either factor related to student
practices. The strongest correlation was between Practice Factor 2, effort to understand, and
Perception Factor 2, deeper understanding.

Discussion and Implications

In this study, we used EFA to understand the dimensions of student practices and perceptions as
an educational technology tool. The EFA for Research Question 1 revealed a two-factor solution
including 1) framing and 2) effort to understand. The EFA for Research Question 2 revealed a
four-factor solution: 1) positive affect and engagement, 2) deeper learning, 3) impacts on
sensemaking, and 4) negative affect. We then used Spearman’s correlations to analyze the
relationship between practice and perception factor loadings.

All factors were determined to have good to excellent internal consistency as measured by
Cronbach’s alpha. Factors related to student practices and perceptions highlighted potential
impacts on students’ learning processes. Factors related to student practices centered on different
levels of effort and kinds of understanding that students associated with their experiences. Three
of the four factors for student perceptions were feelings related to sensemaking, increased
participation, confidence, and deeper understanding. This is consistent with findings that report
students’ perceptions around EdTech and note that students feel they have increased productive
social interactions and confidence through educational technology [16] - [22]. In the fourth
perception factor, some students express that doing concept questions through the tool requires
more effort or that their experiences would be better if instructors provided correct answers.
Researchers have observed that students “reported exerting more effort with tasks that were
authentic and held meaning for them personally” [16, p. 331]. However, in this study, we see that



the effect associated with engaging in more effort can be stressful or frustrating for students.
Correlations between perception and practice factor loadings show that involved student
practices, such as framing and effort to understand, are associated with positive perceptions of
doing concept questions and engaging with the tool. On the other hand, negative affect did not
correlate with any of the factors investigated here. Future research should identify aspects
associated with negative affect, such as the students’ approaches to learning [44], [45].

There are several limitations in this study. We did not collect cumulative grades, so we cannot
associate EFA with measures of student outcomes; however, we chose to focus on student
practices and perceptions using EFA. Future studies can focus on analyzing the relationship
between student practices and perceptions of EdTech tools and measures of academic outcomes.
EFA involves decision-making around the most reasonable set of conditions applied to the
model. We consulted the literature to guide our choices around the appropriateness of data,
determination of the number of factors, factor extraction method, and rotation method. Future
qualitative studies can be conducted regarding these factors to triangulate the findings [19], [22].
Finally, these findings should be taken only as an exploratory measure of student practices and
perceptions around using an educational technology tool. In some way, instructional practice
impacts student practices and perceptions, so confirmatory studies of these factors must account
for the clustering of students based on their instructors. In future work, we plan to use
hierarchical linear modeling to account for the nested structures of this data.

Conclusion

This study used EFA to analyze 448 survey responses completed by students in statics and
mechanics undergraduate courses at twelve diverse institutions to understand their perceptions of
using the CW in their classes. We found two factors associated with students’ practices and four
factors that detail student perceptions around their experiences using the tool. While correlations
between practice and perception were found for positive learning experiences, the factor
representing negative affect did not correlate with any of the other factors. This exploratory work
serves as a gateway to understanding student practices and perceptions while using an
educational technology tool and begins to answer the call to improve quantitative analyses of
EdTech tools in the classroom. Further studies can be done to validate and expand upon these
conceptualizations.

Acknowledgments

We acknowledge support from the National Science Foundation (NSF) through grant DUE
2135190. Any opinions, findings, conclusions, or recommendations expressed in this material are
those of the authors and do not necessarily reflect the views of the NSF. We also want to thank
all the instructors and students who participated in the study. Finally, we thank our colleague, Dr.
Susan B. Nolen, Professor Emerita at the University of Washington, for her feedback on earlier
drafts of this work.



References

[1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]
[13]

[14]
[15]

M. D. Koretsky et al., “The AIChE Concept Warehouse: A web-based tool to promote
concept-based instruction,” Advances in Engineering Education, vol. 4, no. 1, p. 27,
2014.

S. Freeman et al., “Active learning increases student performance in science, engineering,
and mathematics,” Proc. Natl. Acad. Sci. U. S. A., vol. 111, no. 23, pp. 8410-8415, Jun.
2014, doi: 10.1073/pnas.1319030111.

M. Prince, “Does active learning work? A review of the research,” J. Eng. Educ., vol. 93,
no. 3, pp. 223-231, 2004, doi: 10.1002/1.2168-9830.2004.tb00809.x.

M. D. Koretsky, S. B. Nolen, J. Galisky, H. Auby, and L. S. Grundy, “Progression from
the mean: Cultivating instructors’ unique trajectories of practice using educational
technology,” Journal of Engineering Education, vol. 113, no. 2, pp. 330-359, Feb. 2024,
doi: 10.1002/jee.20586.

R. R. Hake, “Interactive-engagement versus traditional methods: A six-thousand-student
survey of mechanics test data for introductory physics courses,” Am. J. Phys., vol. 66, no.
1, pp. 6474, Jan. 1998, doi: 10.1119/1.18809.

T. Vickrey, K. Rosploch, R. Rahmanian, M. Pilarz, and M. Stains, “Research-based
implementation of peer instruction: A literature review,” CBE—Life Sci. Educ., vol. 14,
no. 1, p. es3, Mar. 2015, doi: 10.1187/cbe.14-11-0198.

D. C. Haak, J. HilleRisLambers, E. Pitre, and S. Freeman, “Increased structure and active
learning reduce the achievement gap in introductory biology,” Science, vol. 332, no.
6034, pp. 1213-1216, 2011.

E. C. Miller, S. Severance, and J. Krajcik, “Motivating teaching, sustaining change in
practice: Design principles for teacher learning in project-based learning contexts,” J. Sci.
Teach. Educ., vol. 32, no. 7, pp. 757-779, Oct. 2021, doi:
10.1080/1046560X.2020.1864099.

H. Auby, J. Galisky, S. Nolen, and M. D. Koretsky, “WIP: Instances of dynamic
pedagogical decision making in the uptake of a technology tool,” in Proceedings of the
2022 American Society of Engineering Education Annual Conference & Exposition, Jun.
2022.

C. Taylor et al., “Propagating the adoption of CS educational innovations,” in
Proceedings Companion of the 23rd Annual ACM Conference on Innovation and
Technology in Computer Science Education, in ITiICSE 2018 Companion. New York, NY,
USA: Association for Computing Machinery, Jul. 2018, pp. 217-235. doi:
10.1145/3293881.3295785.

R. Khatri, C. Henderson, R. Cole, J. E. Froyd, D. Friedrichsen, and C. Stanford,
“Characteristics of well-propagated teaching innovations in undergraduate STEM,” Int. J.
STEM Educ., vol. 4, no. 1, p. 2, Feb. 2017, doi: 10.1186/s40594-017-0056-5.

E. Mazur, Peer Instruction: A user s manual. in Series in Educational Innovation.
Prentice Hall, 1997.

C. H. Crouch and E. Mazur, “Peer Instruction: Ten years of experience and results,” Am.
J. Phys., vol. 69, no. 9, pp. 970-977, Sep. 2001, doi: 10.1119/1.1374249.

L. R. Fabrigar and D. T. Wegener, Exploratory factor analysis. OUP USA, 2012.

D. Duncan, “Clickers: A new teaching aid with exceptional promise,” Astron. Educ. Rev.,
vol. 5, no. 1, pp. 70-88, 2006.



[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

R. H. Kay and A. LeSage, “Examining the benefits and challenges of using audience
response systems: A review of the literature,” Comput. Educ., vol. 53, no. 3, pp. 819-827,
Nov. 2009, doi: 10.1016/j.compedu.2009.05.001.

C. E. Oakes and D. N. DeMaio, “‘I was able to have a voice without being self-
conscious’: Students’ perceptions of audience response systems in the health sciences
Curriculum,” J. Allied Health, vol. 42, no. 3, pp. €75-e80, 2013.

T. Schmidt et al., “The impact of an audience response system on a summative
assessment, a controlled field study,” BMC Med. Educ., vol. 20, p. 218, Jul. 2020, doi:
10.1186/512909-020-02130-4.

J. D. Benson, K. A. Szucs, and M. Taylor, “Student response systems and learning:
Perceptions of the student,” Occup. Ther. Health Care, vol. 30, no. 4, pp. 406414, Oct.
2016, doi: 10.1080/07380577.2016.1222644.

N. J. Hunsu, O. Adesope, and D. J. Bayly, “A meta-analysis of the effects of audience
response systems (clicker-based technologies) on cognition and affect,” Comput. Educ.,
vol. 94, pp. 102-119, 2016, doi: 10.1016/j.compedu.2015.11.013.

A. Walton, S. Homan, L. Naimi, and C. Tomovic, “Student perceptions of a wireless
audience response system,” Interact. Technol. Smart Educ., vol. 5, no. 4, pp. 217-229,
2008.

M. Bond, S. Bedenlier, K. Buntins, M. Kerres, and O. Zawakci-Richter, “Facilitating
student engagement in higher education through educational technology: A narrative
systematic review in the field of education.,” Contemp. Issues Technol. Teach. Educ., vol.
20, no. 2, pp. 313-368, 2020.

M. D. Koretsky and A. J. Magana, “Using technology to enhance learning and
engagement in engineering,” Advances in Engineering Education, 2019, Accessed: Oct.
21, 2023. [Online]. Available: https://eric.ed.gov/?1d=EJ1220296

M. Koretsky, C. Kelly, and E. Gummer, “Student perceptions of learning in the
laboratory: Comparison of industrially situated virtual laboratories to capstone physical
laboratories,” Journal of Engineering Education, vol. 100, no. 3, pp. 540-573, 2011, doi:
10.1002/3.2168-9830.2011.tb00026.x.

A. P. Fagen, C. H. Crouch, and E. Mazur, “Peer Instruction: Results from a range of
classrooms,” Phys. Teach., vol. 40, no. 4, pp. 206-209, Apr. 2002, doi:
10.1119/1.1474140.

T. Gok and O. Gok, “Peer Instruction in chemistry education: Assessment of students’
learning strategies,” Learn. Strateg., vol. 17, no. 1, 2016.

N. Lasry, E. Mazur, and J. Watkins, “Peer Instruction: From Harvard to the two-year
college,” Am. J. Phys., vol. 76, no. 11, pp. 1066—1069, Nov. 2008, doi:
10.1119/1.2978182.

L. Porter, C. Bailey Lee, B. Simon, and D. Zingaro, “Peer instruction: do students really
learn from peer discussion in computing?” in Proceedings of the seventh international
workshop on Computing education research, in ICER *11. New York, NY, USA:
Association for Computing Machinery, Aug. 2011, pp. 45-52. doi:
10.1145/2016911.2016923.

J. G. Tullis and R. L. Goldstone, “Why does peer instruction benefit student learning?”’
Cogn. Res. Princ. Implic., vol. 5, no. 1, p. 15, Apr. 2020, doi: 10.1186/s41235-020-
00218-5.



[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

C. Turpen and N. D. Finkelstein, “Not all interactive engagement is the same: Variations
in physics professors’ implementation of Peer Instruction,” Phys. Rev. Spec. Top. - Phys.
Educ. Res., vol. 5,n0. 2, p. 020101, Aug. 2009, doi: 10.1103/PhysRevSTPER.5.020101.
S. A. Finkenstaedt-Quinn, M. Petterson, A. Gere, and G. Shultz, “Praxis of Writing-to-
Learn: A model for the design and propagation of Writing-to-Learn in STEM,” J. Chem.
Educ., vol. 98, no. 5, pp. 1548-1555, May 2021, doi: 10.1021/acs.jchemed.0c01482.

J. A. Reynolds, C. Thaiss, W. Katkin, and R. J. Thompson, “Writing-to-Learn in
undergraduate science education: A community-based, conceptually driven approach,”
CBE Life Sci. Educ., vol. 11, no. 1, pp. 17-25, 2012, doi: 10.1187/cbe.11-08-0064.

M. D. Koretsky, B. J. Brooks, and A. Z. Higgins, “Written justifications to multiple-
choice concept questions during active learning in class,” International Journal of
Science Education, vol. 38, no. 11, pp. 1747-1765, Jul. 2016, doi:
10.1080/09500693.2016.1214303.

M. D. Koretsky, B. J. Brooks, R. M. White, and A. S. Bowen, “Querying the questions:
Student responses and reasoning in an active learning class,” Journal of Engineering
Education, vol. 105, no. 2, pp. 219-244, 2016, doi: 10.1002/jee.20116.

C. Turpen, M. Dancy, and C. Henderson, “Perceived affordances and constraints
regarding instructors’ use of Peer Instruction: Implications for promoting instructional
change,” Phys. Rev. Phys. Educ. Res., vol. 12, no. 1, p. 010116, Feb. 2016, doi:
10.1103/PhysRevPhysEducRes.12.010116.

M. D. Koretsky, “Cognitive and social aspects of engagement in active learning,”
Chemical engineering education, Sep. 2017, Accessed: Sep. 11, 2024. [Online].
Available: https://www.semanticscholar.org/paper/Cognitive-and-Social-Aspects-of-
Engagement-in-Koretsky/8e9544a12fbbcdb605ba5t7c635e45980cdb132e

M. D. Koretsky, M. Vauras, C. Jones, T. liskala, and S. Volet, “Productive disciplinary
engagement in high- and low-outcome student groups: Observations from three
collaborative science learning contexts,” Res Sci Educ, vol. 51, no. 1, pp. 159-182, Sep.
2021, doi: 10.1007/s11165-019-9838-8.

“iClicker: Student response systems & classroom engagement tools,” iClicker. Accessed:
Jul. 25, 2024. [Online]. Available: https://www.iclicker.com/

A. G. Yong and S. Pearce, “A beginner’s guide to factor analysis: Focusing on
exploratory factor analysis,” Tutor. Quant. Methods Psychol., vol. 9, no. 2, pp. 79-94,
Oct. 2013, doi: 10.20982/tqmp.09.2.p079.

Posit Software, “Posit Cloud - Do, share, teach, and learn data science.” Accessed: Dec.
09, 2024. [Online]. Available: https://posit.cloud/

W. Revelle, psych: Procedures for psychological, psychometric, and personality
research. (Jun. 27, 2024). Accessed: Dec. 09, 2024. [Online]. Available: https://cran.r-
project.org/web/packages/psych/index.html

C. Spearman, “The proof and measurement of association between two things,” Am. J.
Psychol., vol. 15, no. 1, pp. 72—-101, 1904, doi: 10.2307/1412159.

E. C. Fein, J. Gilmour, T. Machin, and L. Hendry, “Section 8.3: EFA steps with factor
extraction,” Jun. 2022, Accessed: Jan. 04, 2025. [Online]. Available:
https://usq.pressbooks.pub/statisticsforresearchstudents/chapter/factor-extraction/

E. Michor and M. Koretsky, “Students’ approaches to studying through a situative lens,”
Studies in Engineering Education, vol. 1, no. 1, Nov. 2020, doi: 10.21061/see.3.



[45] N. Entwistle and P. Ramsden, Understanding student learning (Routledge Revivals).
London: Routledge, 2015. doi: 10.4324/9781315718637.
Appendix A
TABLE XI
ALL SURVEY ITEMS
Item o .
Number Item Description
Ql Internal Review Board (IRB) Consent
Q2 Institution and Instructor Selection
Q3 1 Work on CW questions individually in class
922 o oo kit e [ D525 OO ston s sl goups s
Q3 3 | CW in this course? YES or d o 3‘3 P P
NO for each item. ETOUP)
Work on CW questions outside of class (e.g.,
Q3 4
- homework)
Q4 1 Instructor shows us how the class responded to the
- question
Q4 2 How does your instructor Instructor discusses the dlfferept ways people
answered the question
use the CW? Check YES or - -
. Instructor has us answer the same question again, after
Q4 3 NO for each item. ) .
- we discuss it.
Q4 4 Instructor has us write justifications (reasons for our
— answer)
Q51 [ usually try to really understand the CW question.
I would like to know the answer so I can check my
Q5 2 .
understanding
Q5 3 When I am working on a When doing a CW question, I really just want to know
— : the answer
CW question... - -
Q5 4 Chegg is a good resource to use on CW questions
Q5 5 I try to see how the CW question fits with things we
- are learning in the course
Q5 6 I try to see how the CW question relates to things I
- know from outside the course
Q6 Do you ever work with peers on CW questions, either in class or out of class?
Q8 1 Things make more sense after we do a CW question
Q8 2 Finally, we would like to | T pay more attention to the instructor’s explanation if I
— know your opinions about have done a related CW question
Q8 3 | using the CW in this course. Doing CW questions is often a waste of time.
Q8 4 How much do you agree | I'm more actively involved when we use CW in class
Q8 5 with each statement? After we do a CW question, I can understand the
- concepts better
Q8 6 CW questions increase my stress level




Item

Item Description

Number

Q8 7 Seeing the class responses to CW questions helps
— increase my confidence

Q8 8 Discussing CW questions in class helps me make sense
- of challenging ideas.

Q8 9 When we use CW in a class I have to think more

Q8 10 I wish more of my instructors used the CW or
- something similar

Q8 11 CW questions are often interesting

Q8 12 Writing explanations for CW questions helps me think
- more about the question and answer that I chose

Q8 13 Using the CW makes me more aware of my
- misunderstandings.

Q8 14 I wish my instructor would just tell us how to solve the
- CW questions

Q8 15 Using the CW helps me learn difficult concepts

Q8 16 Discussing CW questions in class is enjoyable

Q8 17 I remember concepts better after working on them in
— the CW.

Q20 1 Some pe:ople have difficulty | How easy is it for you to access the CW OUTSIDE of

- accessing the CW due to class?
lack of reliable internet or
Q20 4 reliable devices. Please tell How easy is it for you to access the CW INSIDE of

us how easy it is for you to
access the CW

class?

TABLE XII

DESCRIPTIVE STATISTICS FOR PRACTICE ITEMS

Item
No.

When I am working on a CW question... Mean

Q51 [ usually try to really understand the CW question.

1.68

Q5.2

I would like to know the answer so I can check my 1.52

understanding

Q53

When doing a CW question, I really just want to 2.65

know the answer

Q5 4 Chegg is a good resource to use on CW questions 3.43

Q55

I try to see how the CW question fits with things we 1.8
are learning in the course

Q5 6

I try to see how the CW question relates to things I | 2.05
know from outside the course




TABLE XIII
DESCRIPTIVE STATISTICS FOR PERCEPTION ITEMS

Item

Finally, we would like to know your opinions about using the CW in

No. this course. How much do you agree with each statement? Mean
Q8 1 Things make more sense after we do a CW question 230
Q8 2 I pay more attention to the instructor’s explanation if [ have done a related | 2.26

- CW question
Q8 3 Doing CW questions is often a waste of time. 3.40
Q8 4 I’m more actively involved when we use CW in class 2.50
Q8 5 After we do a CW question, I can understand the concepts better 2.25
Q8 6 CW questions increase my stress level 3.27
Q8 7 | Seeing the class responses to CW questions helps increase my confidence | 2.51
Q8 8 Discussing CW questions in clas.i1 helps me make sense of challenging 1.80
- ideas.
Q8 9 When we use CW in a class I have to think more 2.40
Q8 10 I wish more of my instructors used the CW or something similar 2.52
Q8 11 CW questions are often interesting 2.30
Q8 12 Writing explanations for CW questions helps me think more about the 2.23
- question and answer that I chose
Q8 13 Using the CW makes me more aware of my misunderstandings. 2.14
Q8 14 I wish my instructor would just tell us how to solve the CW questions 3.10
Q8 15 Using the CW helps me learn difficult concepts 1.98
Q8 16 Discussing CW questions in class is enjoyable 2.36
Q8 17 I remember concepts better after working on them in the CW. 1.92




Appendix B

Parallel Analysis Scree Plots Parallel Analysis Scree Plots
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Fig. 4. Parallel analysis Scree plots for student perception (A) and practice (B) items.



