2023 Annual Conference & Exposition RUELECHEAETEENLE
Baltimore Convention Center, MD | June 25 - 28, 2023 Education for 130 Years

Paper ID #40139

Understanding Students’ Self-regulation in a HyFlex Design Thinking Course

Dr. Lakshmy Mohandas, Purdue University at West Lafayette (COE)

Lakshmy Mohandas received her Ph.D. (2022) in Engineering Technology from Purdue University, In-
diana. Her research interests include the HyFlex learning model, student engagement, equitable learning
using different modes of participation, student motivation, and achievement goals.

Prof. Nathan Mentzer, Campbell University

Nathan Mentzer is an assistant professor in the College of Technology with a joint appointment in the
College of Education at Purdue University. Hired as a part of the strategic P12 STEM initiative, he
prepares Engineering/Technology candidates for teache

Ms. Adrie Koehler
Doctoral Student, Learning Design & Technology
Mr. Shawn Farrington, Purdue University at West Lafayette (COE)

Shawn Farrington is a Senior Lecturer in the Polytechnic Institute at Purdue University. He co-coordinates
a first-year Design Thinking program and teaches several of his own sections. Shawn is also an Educa-
tional Psychology Ph.D. candidate at Purdue. His

Elnara Mammadova

Elnara is a Graduate Research Assistant in the Technology, Leadership and Innovation program at Purdue
University. She is dedicated to her research on fostering inclusivity in the curriculum and ensuring digital
accessibility of lesson materials for students in STEM classes in higher education.

©American Society for Engineering Education, 2023



Students’ Self-regulation in a HyFlex Design Thinking Course

This is a complete research paper. HyFlex learning models have gained popularity as a
result of the pandemic. Studies and surveys show the potential for blended learning models, like
HyFlex, to improve higher education post-pandemic and for years to come. Simultaneously,
researchers have consistently found that self-regulation impacts students’ academic achievement
in traditional classroom settings. Since online learning environments increases student autonomy,
arguably, self-regulation learning skills are even more crucial to the success of learning in online
settings than they are in traditional face-to-face classrooms. Although self-regulation is an
important factor related to students’ academic success, little is known about the role of self-
regulation in blended learning environments in higher education. The research context for the
study is a first-year design thinking course that is offered in a HyFlex format. In the course,
students are given the flexibility to join the class synchronously remotely or face-to-face for
every class meeting. Through this study, we attempt to understand the relationship between
students’ self-regulation and their choice of class participation on any given day. Self-regulation
was measured using the MSLQ (Motivated Strategies for Learning Questionnaire).

Introduction

Although disruptions to education are common (e.g., severe weather, illness), the onset of
COVID-19 severely interrupted teaching and learning at a scale that most educators and students
had never previously experienced. Educators rapidly shifted their classrooms to online and
hybrid formats to meet changing guidelines aimed at protecting public health and
accommodating diverse learner needs (e.g., educating through quarantine, protecting high-risk
students). As educators continue to navigate a lessening pandemic, a new educational normal has
emerged, resulting in fundamental changes to classrooms, including, perhaps, the way educators
and learners perceive and manage environmental constraints. While HyFlex (hybrid learning
environments offering students flexible options to students to attend face-to-face or remotely) is
an established approach for accommodating disruptions to learning and supporting learners’
abilities to attend class under varying circumstances, the COVID pandemic has renewed interest
and increased demand for implementing and effectively facilitating HyFlex methods [4]. As
HyFlex environments offer flexibility to accommodate diverse needs, to be effective, these
environments simultaneously require students to share more ownership in their learning process.
To effectively manage the increased ownership afforded by HyFlex, learners arguably need
effective self-regulation skills, especially as they navigate across and within different modalities,
sometimes simultaneously. Therefore, to be able to design and facilitate effective HyFlex
environments, educators must understand the relationship between students' self-regulation and
their choice of daily participation across modality. In this research, by comparing students’ self-
regulation skills and attendance patterns, we examined the relationship between participation
choices and self-regulation in a HyFlex environment.



Literature Review
HyFlex

HyFlex, short for hybrid-flexible, is an instructional format that simultaneously combines
both online and face-to-face learning environments [1]-[3], offering students flexibility in how
they choose to participate in a learning experience from class-to-class [4]. For instance, a course
may be designed to livestream course activities, therefore allowing both face-to-face and remote
students to listen to presentations and interact with peers synchronously, regardless of the
modality they select [5].

In response to the COVID-19 Pandemic, HyFlex has been widely adopted due to the
benefits it offers to both educators and students [6]-[8]. As the COVID-19 Pandemic declines,
some scholars view HyFlex as a “new normal” for delivering learning experiences [7], [9].
According to Brian Beatty [1], benefits of HyFlex include offering students flexible and
multimodal access, increased control over their schedule, and wider learning resources. At the
same time, instructors can benefit from using HyFlex with students in small or large groups, as it
offers a way to create consistent learning materials and experiences for students in different
circumstances, efficiently manage a multimodal learning environment, and reach and support
more learners by using the flexibility of switching between in-person and online instruction [1].
Overall, HyFlex learning experiences offer flexible and accessible options to educators and
students, potentially creating a “new normal” for classrooms to provide increased autonomy for
stakeholders.

While HyFlex offers many advantages, it also presents several challenges. For instance,
in HyFlex environments, learners must manage their learning and time, troubleshoot
technological issues as they arise, and in problem-centered environments, collaborate with peers
independently, with an instructor providing minimal guidance [5], [10], [11]. Students who are
struggling with self-regulation may choose to participate remotely instead of face-to-face (e.g.,
just hit the join button on the calendar), yet they struggle to make meaningful contributions
within their multi-modal group [7] because of the complexities. In short, in HyFlex
environments, learners share more ownership in the learning experience as they must make
decisions about how they will participate based on their personal lives [12] and other factors
(e.g., daily schedule, weather, other classes, extracurricular activities, desire to sleep longer)[13].
At the center of these challenges are issues related to self-regulation. In a HyFlex experience,
students determine the amount of effort they will invest when faced with obstacles and managing
interruptions, and to get the most out of the experience, strong self-regulation skills are essential.

Self-Regulation

Self-regulation refers to a process by which learners consciously and proactively set goals
and establish strategies for achieving those goals by metacognitively activating their relevant
cognitions and motivations [14], [15]. Derived from social-cognitive theory, Zimmerman [14]
established a cyclical framework of self-regulation that is divided into three phases: 1)
forethought phase (processes promoting a learning mindset by involving one’s beliefs, attitudes,
and processes before any academic task), 2) performance control phase (intentionally



participating in learning activities specific to a personal strategic plan and augmenting learning
by utilizing self-control and self-observation processes), and 3) self-reflection phase (evaluating
personal performance against goals, learning outcomes, or self-standards and modifying future
learning strategies). The cyclical nature of this model posits that completion of one phase
informs and influences the next phase(s), and reverting back to a previous phase is possible [16].
Viewing self-regulation in this fashion exposes a process of planning and adapting performance
based on self-generated behaviors and cognitions in an effort to reach self-set goals [14]. Cleary
and Zimmerman [ 16] posited that self-regulated learners are generally those that proactively
incorporate self-regulation processes (e.g., goal setting, self-evaluation), along with task
strategies (e.g., time management, studying), and self-motivational expectations (e.g., intrinsic
interest).

In problem-centered learning environments, self-regulation is especially important as
learners with limited self-regulative skills have difficulties with anticipating potential solutions,
focusing on important aspects of the problem, and self-monitoring progress [17]. HyFlex
problem-centered learning environments then are particularly complex, as blended learning
environments can attribute to increased self-regulation due to the level of learner control required
and personalized learning present [18]. In online learning environments, evidence suggests that
utilizing self-regulation strategies is vital in academic success as structures that exist in face-to-
face classrooms do not exist in the online realm, like teacher support and direct communication
[19]. Little research has examined the relationship between students’ choice of daily
participation in HyFlex (face-to-face or remote) and self-regulation. Kohnke and Moorhouse [5]
interviewed post-graduate students participating in a HyFlex instructional environment and
found that students that participated remotely viewed class participation as “more tedious” than
those participating face-to-face . This was partially due to the greater self-regulation required to
complete course tasks and interact with their peers.

Purpose

Problem-centered learning experiences offered in a HyFlex format represent a complex
learning environment. As students navigate modalities to participate in HyFlex environments,
strong self-regulation skills can serve them well. Research suggests that some remote students
are less engaged when participating in a HyFlex learning experience [7], which we hypothesize
may be related to the increased need to self-regulate in remote environments. However, limited
research has explored the relationship between how students chose to participate daily and self-
regulation in HyFlex learning experiences. Therefore, we used the following question to guide
this research: What is the relationship between students’ self-regulation and their choice of daily
participation in a HyFlex class?

Methods
HyFlex Course Environment and Participants

Design Thinking in Technology is a required introductory level course that uses a project-
based approach to prompt learners to consider real-world problems through multiple individual



and team activities. Seventeen sections with a capacity of 40 students per section of the course
were offered in the spring of 2022 using a flipped format, where all course content was shared
with students prior to class time, and hands-on activities and discussions were facilitated during
class meetings. Students completed three projects throughout the course. The first two group
projects were designed to help students learn the design thinking process in-depth. The final
group-based capstone project challenged students to apply what they have learned to address a
real-world problem using the design thinking process to develop a functional prototype.

Prior to the COVID-19 pandemic, the course was delivered in a face-to-face format.
Since then, the course has been offered in a synchronous HyFlex format, where students have the
flexibility to join each class meeting synchronously remotely or face-to-face [7]. Microsoft
Teams software was used during class to connect students who were face-to-face with those who
were remote. Each team of students in class had their own Microsoft Teams channel which was
often used outside of class for meetings and collaboration. The course was offered as HyFlex in
the university’s residential course catalog to accommodate residential learners who were unable
to attend class physically on a temporary basis. Students were introduced to the HyFlex structure
of the course through the syllabus, learning management software, and in-class conversations.
All students were encouraged to attend face-to-face when practical and remotely as needed. As a
routine, instructors created a calendar invite prior to each class session and started and recorded a
Microsoft Teams meeting at the start of class. Students' attendance patterns were tracked for
purposes of appropriately allocating course credit for team projects such that students in a group
who did not participate did not earn credit. Students participating face-to-face and remotely were
eligible to earn credit, while absent students are not. If a student was absent and unable to
participate due to circumstances beyond their control, instructors typically suggested watching
the recorded video and an alternative assignment to earn course credit.

RQ: What is the relationship between students’ self-regulation and their choice of daily
participation in a HyFlex class?

Data Collection and Analysis

The research team used a quantitative research design for the IRB approved study on
students' HyFlex learning experience. In order to answer the research question, the Motivated
Strategies for Learning Questionnaire (MSLQ) survey instrument developed by Pintrich [20] was
used. The MSLQ has been cited by more than 14,000 studies as of 2023. The MSLQ includes
two sections, motivation and learning strategies. The motivation section includes the value and
expectancy component scales, and the learning strategies section includes the affective, cognitive
and metacognitive strategies, and resource management scales. In all, the MSLQ contains 15
scales.

The original design of the MSLQ was modular, such that each scale may be used
independently of the others [20] . As such, five scales were selected as they were the most
appropriate for the course under investigation, as detailed below. The five scales used for this
study and their associated Chronbach’s Alpha measures of internal reliability are: control of
learning beliefs (a = .68), critical thinking (a = .80), metacognitive self-regulation (a = .79),



effort regulation (a = .69), and peer learning (a = .76). Control of learning beliefs are inherently
intrinsic, in that, a positive outcome is directly attributed to one’s effort, rather than by extrinsic
means like a course instructor. In the design thinking course, if a student performed well by
attending class face-to-face, they might continue doing so as long as it is having the desired
effect. Students that apply critical thinking strategies are able to connect previous knowledge in
new ways to develop solutions or make decisions while problem-solving. Design thinking is
iterative and cyclical. As a result, learners in the design thinking course regularly make decisions
based on knowledge gathered from previous work and offer solutions to defined problems.

Metacognitive self-regulation strategies are those that learners employ to plan, monitor,
and regulate their awareness, learning, and cognition. Planning is when a learner analyzes a task
in an effort to recall previous relevant knowledge to begin organizing learning material. When a
learner monitors, they are tracking whether they are comprehending new information and seeing
how it fits with prior knowledge. Finally, in the regulation stage, a learner is evaluating
understanding and correcting behavior while they are working through the task. The design
thinking course was broken into several formative tasks (assignments) that had a final outcome.
Success on a task was contingent on the work that came before it. For instance, before a learner
was able to define a problem, they needed to conduct an empathy interview. The learner must
plan for who they will speak to and which questions they will ask. During the interview ,
students should determine if the interview is going as planned and, if it is, continue, if it is not,
ask different questions or find someone else to interview. Effort regulation is one’s ability to
finish a task when faced with distractions or if the task is uninteresting. Due the amount of group
work present in the design course, failure to complete an assignment or not give it full attention
can impact the individual and the group. This may result in incomplete data analyses, missing
solution ideas, or inadequate problem definitions. In a HyFlex environment, choosing to attend
remotely for convenience-sake, could result in group communication issues or jeopardize one’s
sense of community. Lastly, peer learning was chosen due to the large amount of group work in
the course. Dialogue between peers is beneficial for clarification purposes, it can help illuminate
concepts missed by the individual, or help uncover insights not originally thought of.

Questions for each selected scale from the MSLQ were shared with 579 students as part
of the end-of-semester course survey, which resulted in 331 responses. Attendance data of
students were collected from each section’s instructors. The class was scheduled to meet 29
times (roughly twice per week), and attendance data included the number of meetings students
came physically to class (face-to-face), attended synchronously remotely, and the number of
meetings for which each student was absent.

A ratio of attendance modality was calculated as a percent face-to-face to consider a
correlation between choice of daily participation and self-regulation. This ratio was computed for
each student by calculating the number of meetings attended face-to-face divided by the total
number of meetings where a student participated (either face-to-face or remotely). Absences
were excluded from the calculation, as the focus was on the decisions students made regarding
which mode of participation (remote or face-to-face) was appropriate for them on a daily basis,
as this course was traditionally a face-to-face course where HyFlex was introduced to maintain



participation during the pandemic. As an example, the resulting percent face-to-face value was
100% for students who were face-to-face exclusively (i.e., they were never remote and may or
may not have had absences). As a second example, if a student was face-to-face for 24 meetings,
remote for 3 meetings, and absent for 2 meetings, the student would have a percent face-to-face
value of 24/(24+3) or 88.9%. Using the percent face-to-face and each of the five appropriate
components/subcomponent of self-regulation, five Pearson correlations were calculated.

Results
Table 1

Summary of the Results

Self-Regulation Mean Pearson Correlation
(Scale: 1=not at all true- (p)with students’
7=very true) Percentage face-to-face

Control of learning beliefs 5.47 .005

Critical Thinking 5.09 .061

Metacognitive self-regulation 4.70 134

Effort regulation 4.86 73

Peer Learning 4.58 716

Students’ control of learning belief had a mean score of 5.47 with a range of 1 to 7. This
indicates that students, on average, had a strong sense that their efforts would have positive
outcomes such that they tend to agree with questions in the construct including: “If I try hard
enough, then I will understand the course material”. The Pearson correlation between students’
percent face-to-face and their control of learning belief was significant and negative, #(329) = -
.15, p = .005. Students who more frequently chose to participate face-to-face were associated
with lower self-regulated control of learning belief. Or, conversely, students who more
frequently chose to participate remotely were associated with higher control of learning belief
regulation. The scatterplot of control of learning belief and percent face-to-face is shown in
Figure 1.



Figure 1

Control of Learning Belief and Percent Face-to-Face
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Critical thinking had a mean score of 5.09 with a range of 1 to 7. This indicates that
students, on average felt that it was true that they reported applying previous knowledge in their
HyFlex class (see Figure 2). The Pearson correlation between students’ percent face-to-face and
their critical thinking was non-significant, #(329)=-.103, p=.061. Students who more frequently
chose to participate face-to-face or remotely had a similar experience of applying previous
knowledge in their course.

Figure 2

Critical Thinking and Percent Face-to-Face
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Meta-cognitive self-regulation had a mean score of 4.70 with a range of 1 to 7. This
indicates that students, on average, felt that it was somewhat true that they applied awareness,
knowledge, and control of cognition in their HyFlex class (see Figure 3). The Pearson correlation
between students’ percent face-to-face and their critical thinking was non-significant, r(329)= -
.083, p=.134. Students who more frequently chose to participate face-to-face or remotely had a
similar experience of applying awareness, knowledge, and control of cognition.

Figure 3

Meta-Cognitive Self-Regulation and Percent Face-to-Face
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Effort regulation had a mean score of 4.86 with a range of 1 to 7. This indicates that
students, on average, felt that it was somewhat true that they were able to control their effort and
attention in their HyFlex class (see Figure 4). The Pearson correlation between students’ percent
face-to-face and their critical thinking was non-significant, r(329)=.019, p=.773. Students who
more frequently chose to participate face-to-face or remotely had a similar experience of effort
regulation.



Figure 4

Effort Regulation and Percent Face-to-Face
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Peer learning had a mean score of 4.58 with a range of 1 to 7. This indicates that students,
on average felt that it was somewhat true that they were working and learning with peers in their
HyFlex class (see Figure 5). The Pearson correlation between students’ percent face-to-face and
their critical thinking was non-significant, r(329)=-.020, p=.716. Students who more frequently
chose to participate face-to-face or remotely had a similar experience related to peer learning.

Figure 5

Peer Learning and Percent Face-to-Face
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Discussion

Engaging students in learning experiences is an ongoing challenge for educators.
Creating highly flexible attendance policies where students can choose to be remote while their
peers and teammates are in the classroom addresses a critical need for learning autonomy [21]
but presents potential challenges related to engagement [7]. Students and instructors in the
classroom who struggle to engage remote learners may have a sense that remote learners are less
dedicated to learning and did not have the wherewithal to get into the classroom. However, these
data indicate remote learners in a HyFlex environment have similar or higher levels of self-
regulation as face-to-face learners. Thus, we suspect that while a few students may take
advantage of the HyFlex environment and disengage as remote learners, the majority of students
choosing to join remotely on occasion are making deliberate choices to continue engaging in
learning.

The significant negative correlation between control of learning and percent face-to-face
initially appears to be counter to complaints face-to-face peers and instructors have about remote
students who are disengaged [7]. However, it may be that the majority of the students who are
remote tend to be those who are unable to make it to the classroom and have a strong desire to
remain engaged. Thus, while there may be a few students who do not have the self -regulation
skills to navigate the remote environment, there may be a larger percentage of students who do
attend class in person with low self-regulation skills. Having face-to-face peers and an instructor
offering guidance may encourage students who have lower self-regulation to maintain the
academic community. The other four strategies measured in this study (critical thinking, meta-
cognitive, effort regulation, and peer learning) showed no significant correlations with students'
ratios of participating face-to-face or remotely through the semester. Thus, a student's choice to
attend remotely on one or more class meetings is unrelated to their ability to apply previous
knowledge, have awareness and control of their own cognition, ability to control effort and
attention, and sense of learning while working with peers.

Next Steps

These discoveries contribute to the potential for HyFlex learning approaches to become
the new norm in collegiate pedagogical approaches. However, there are questions emerging from
this investigation. Our investigation was motivated in part by our concerns about students
choosing to be remote as a way of disengaging or potentially when remote, students are unable to
contribute. While these data do not indicate students who are remote have any less self-
regulation skills, that doesn’t explain our previous findings that indicated remote students
struggle to contribute to their team’s work. Future investigation may consider the self-regulation
of individuals at the team level to more clearly focus on team dynamics and how they function.
Further, possibly, remote students who disengage are not welcomed by their face-to-face peers.
After all, for a multimodal team of students to be functional, the face-to-face peers need to reach
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out to the remote peers in addition to the remote peers reaching out to their face-to-face
counterparts.

Our unique context is such that we are a residential campus offering a residential course
as HyFlex. By default, we assume students will be in the classroom physically when possible,
which aligns with the nature of our work with design projects. However, when students are
remote or absent, we do not know why or what governs their choices. In other words, if the
environment were not HyFlex, would the remote student be absent or face-to-face? By our
course design and messaging, we prefer students to attend remotely instead of missing, and we
prefer they be face-to-face when possible. Future study might investigate how students make
decisions about course participation mode and their perspectives on peers who chose a different
modality. Perhaps, most remote students are making very deliberate decisions for the benefit of
their own learning while a few are taking the path of what appears to be least resistance, which is
a detriment. Further research might discover what key factors are most helpful in guiding student
decision making or instructor early warning signs related to the optimal modality on a given day.

These data were collected from the Spring 2022 academic term. While much of academia
has returned to a near normal condition, impacts of the COVID pandemic may be lingering and
first year students in this study may not have had “normal” secondary experiences to prepare
them for college life and therefore repeating this study in future years may provide additional
confirmation or insights.

As with any self-reported measure, students may knowingly or unknowingly introduce
bias. To confirm these findings with greater understanding, a qualitative investigation may
triangulate student self-reports with observations and interviews to shed light on students’
dedication to learning and peer-to-peer interaction.
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Appendix A: MSLQ Survey Questions for the Study

Scale: Likert 1- Not at all true of me to 7 very true of me

Control of Learning Beliefs - students' beliefs about their efforts resulting in positive outcomes

4

If I work in appropriate ways, then I will be able to learn the material in this course
It is my own fault if I don’t learn the material in this course

If I try hard enough, then I will understand the course material

If I don’t understand the course material, it is because I didn’t try hard enough

PR

Critical Thinking - the degree to which students report applying previous knowledge (5)

5. Toften find myself questioning things I hear or read in this course to decide if I find them
convincing

6. When a theory, interpretation, or conclusion is presented in class or in the readings, I try
to decade if there is good supporting evidence

7. Itreat the course material as a starting point and try to develop my own ideas about it

x>

I try to play around with ideas of my own related to what I am learning in this course
9. Whenever I read or hear an assertion or conclusion in this class, I think about possible
alternatives

Metacognitive Self-Regulation- the awareness, knowledge, and control of cognition (12)

10. During class time I often miss important points because I’'m thinking of other things
(REVERSED)
11. When working for this course, I make up questions to help focus my working
12. When I become confused about something I’'m working for this class, I go back and try to
figure it out
a. Alternate: When I become confused about something I am working on for this
class, I go back and try to figure it out
13. If course materials are difficult to understand, I change the way I read the material
a. Alternate: If course materials are difficult to understand, I try to change the way I
learn the material
14. Before I work on new course material thoroughly, I often skim it to see how it is
organized
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15. I ask myself questions to make sure I understand the material I have been working in this
class
16. I try to change the way I work in order to fit the course requirements and instructor’s
teaching style
17. 1 often find that I have been working for class but don’t know what it was all about
(REVERSED)
a. Alternate: I often find that I have been working on something for class but don’t
know what they were all about (REVERSED)
18. I try to think through a topic and decide what I am supposed to learn from it rather than
just reading it over when working
a. Alternate: I try to think through the topic and decide what I am supposed to learn
from it rather than just doing something
19. When working on something for this course I try to determine which concepts I don’t
understand well
20. When I work on something for this class, I set goals for myself in order to direct my
activities in each work period
21. If I get confused taking notes in class, I make sure I sort it out afterwards

Effort Regulation- students' ability to control their effort and attention (4)

22. 1 often feel so lazy or bored when I work on something for this class that I quit before I
finish what I planned to do (REVERSED)

23. I work hard to do well in this class even if I don’t like what we are doing

24. When coursework is difficult, I give up or only work the easy parts (REVERSED)

25. Even when course materials are dull and uninteresting, I manage to keep working until I
finish

Peer Learning- beliefs about learning regarding working with peers (3)

26. When working on something for this course, I often try to explain the material to a
classmate or a friend

27. 1 try to work with other students from this class to complete the course assignments

28. When working on something for this course, I often set aside time to discuss the course
material with a group of students from the class

13
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