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Abstract

This paper provides an update on our research study about active learning in higher
education science, technology, engineering, and mathematics (STEM) classrooms. We designed
an instructional development workshop to motivate STEM instructors to use active learning and
to adopt evidence-based strategies to reduce student resistance to active learning. Our study is a
randomized control trial (RCT) to investigate the impact of this workshop intervention on STEM
instructors’ attitudes and behavior. To measure this, we plan to survey both instructors and their
students, before and after the workshop. To prepare for our RCT, we developed survey
instruments, assessed pilot offerings of our workshop, and investigated student resistance to
active learning in classes of workshop participants.

As aresult of the COVID-19 pandemic, we delayed our RCT study and temporarily
shifted our research to encompass active learning in online STEM classes. Our interim
investigations begin to fill a research gap related to active learning in online classes. They
comprise three research foci: (1) student resistance to online active learning, (2) barriers
instructors experience in implementing online active learning, and (3) strategies instructors use
to promote student engagement during online active learning. Here, we summarize our research
progress, describe our ongoing research, and share our next steps.

Introduction

Active learning occurs when students are actively engaged in the learning process;
students learn in a manner other than listening to a lecture and taking notes [1]. Active learning
benefits student learning and retention (e.g., [2], [3]). Yet, instructors have been slow to adopt
active learning in science, technology, engineering, and mathematics (STEM) classrooms [4],
[5]; identifying multiple barriers to its use (e.g., [6], [7]). These barriers include student
resistance to active learning [7].

To reduce student resistance in in-person classes, instructors can use strategies, which are
broadly categorized as planning, explanation, and facilitation strategies [8]-[10]. Planning
strategies are those that an instructor completes when preparing or assessing an activity, such as
using student feedback while developing an activity. Instructors use explanation strategies to
share the activity’s goals, purpose, and direction with students. Facilitation strategies help keep
students engaged and the activity progressing smoothly, such as walking around the classroom to
answer students’ questions [8]-[10].

As part of an ongoing National Science Foundation research project, we intend to
conduct a randomized control trial (RCT) studying the impact of a workshop intervention on
instructors’ use of active learning and adoption of strategies to reduce student resistance in in-
person STEM classes [11]. Originally scheduled to begin in the spring of 2020, we postponed
our RCT due to the COVID-19 pandemic. It is now scheduled to begin in the fall of 2021.
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In March of 2020, higher education instructors rapidly transitioned courses from in-
person to online instruction, due to the COVID-19 pandemic. Many instructors taught online
courses for the first time [12]. In the semesters following this transition, classes have primarily
remained online. Shifting from in-person to online instruction requires instructors and students to
learn to navigate the online environment [12], [13]. Because active learning engages students in
the learning process (independent of the course modality), it may play a critical role in online
courses [13] - [15]. Fortunately, many methods of active learning or active student engagement
may be adapted to online instruction [ 14, p. 4]. For example, think-pair-share and small group
problem solving actively engage students in learning and may be used in online classes [14].

In light of the rapid transition to online instruction, we temporarily shifted our research to
engage with the change in course modality brought about by the pandemic. In the interim, we are
exploring instructors’ use of active learning and student resistance to active learning in online
classes. The barriers instructors experience in using active learning in online courses and the
strategies they use to reduce student resistance (or increase engagement) may differ from in-
person instruction. Therefore, our research shift aims to examine instructors’ approaches to
reducing student resistance and promoting engagement during active learning in online classes.

In this paper, we provide an update on our ongoing National Science Foundation research
project. We include three sections. The first is our research progress prior to the onset of the
COVID-19 pandemic, before delaying our RCT. Secondly, we describe the three foci comprising
our research shift to active learning in STEM online instruction: (1) student resistance to online
active learning, (2) barriers instructors experience in implementing online active learning, and
(3) strategies instructors use to promote student engagement during online active learning. Third,
we describe the next steps of our project, the delayed RCT. Figure 1 provides a timeline of our
research study.
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Figure 1. Research study timeline.
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Prior Research Progress

We designed an RCT to investigate the impact of an instructional development workshop
on instructors’ adoption of active learning in first- and second-year STEM courses. The
workshop is designed to promote active learning and strategies to reduce student resistance to
active learning [16].

We developed student and instructor surveys to assess the workshops’ impact. The
student survey focuses on instructors’ use of active learning, instructors’ use of the associated
strategies to reduce student resistance, and students’ responses to active learning [17]. The
instructor survey measures instructors’ intentions and motivation (value and self-efficacy) for
using active learning as well as strategies to reduce student resistance to active learning [18].

We assessed three pilot offerings of the workshop by measuring instructors’ attitudes
toward active learning before and after attending the workshop [16]. We found instructors’
intentions and motivation to use active learning and the strategies to reduce student resistance to
active learning increased after attending the workshop. Furthermore, participants valued aspects
of the workshop design aligned with a theoretically-based instructional development framework
[20] on which the workshop was built [16].

Additionally, we studied student resistance to active learning in first- and second-year
STEM classes of instructors who attended one of the pilot offerings of the workshop [17]. In a
single class period, we surveyed the instructor and their students. The instructor survey (in part)
asked about instructor’s perceptions of their students’ responses to active learning, while the
student survey asked students about their responses to active learning in that same class period.
To provide triangulated data, we conducted a classroom observation during the same session.
Students reported participating in the activities as well as valuing and enjoying them. We found
instructors’ perceived greater student resistance to active learning than observed during
classroom observations or from students’ self-reports [17].

Interim Research Foci
Interim Research Focus 1: Student Resistance to Active Learning in Online Classes

Research studies on student resistance to active learning have primarily focused on in-
person classes ([e.g., 21]). For example, DeMonbrun and coauthors [21] developed the Student
Response to Instructional Practice (StRIP) instrument for measuring student responses to active
learning. The StRIP framework relates instructional type (interactive, constructive, active,
passive [22]), instructor strategies (explanation, facilitation), and student resistance (value,
positivity, participation, distraction, and evaluation) [21]. The StRIP framework has not yet been
investigated in online classes.

Our first interim research focus involves developing a better understanding of instructors’
conceptions of active learning and student resistance to active learning in synchronous and
asynchronous online classes. We aim to investigate how students’ responses to active learning in
online classes relate to the StRIP framework [21]. Specifically, we ask three research questions:
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RQ1. When instructors brainstorm potential negative student responses to synchronous
and asynchronous online activities, what is the distribution of those activities according
to the StRIP framework categories?

RQ2. Are there forms of negative student responses that are not currently captured by the
StRIP framework unique to online classes (synchronous and asynchronous)?

RQ3. Is the distribution of negative student responses (according to the StRIP
framework) different for synchronous and asynchronous online classrooms?

To address these questions, we recruited participants who intended to use active learning
in teaching a first- or second-year STEM course. We collected data using a mixed-method
sequential research design using the nominal group technique [22]. Participants (n = 25)
completed an initial asynchronous brainstorm survey where they generated potential examples of
student resistance in both synchronous and asynchronous online classrooms. We then invited
participants to a virtual focus group to clarify the examples and generate new ones. Finally, we
sent participants a follow-up survey after the focus groups on which they indicated the extent to
which they believed each example behavior represented student resistance to active learning.

Our preliminary insights suggest that instructors focus on constructive and interactive
types of learning activities [23] when identifying active learning in both synchronous and
asynchronous online classrooms. We also find that instructors perceive student resistance to
active learning similar to that identified in previous research (e.g., [24]), but they express
concerns unique to the online classroom environment. For instance, participants identified
concerns about students feeling uncomfortable communicating through video or audio,
perceiving a lack of community in asynchronous activities, and experiencing screen fatigue.

Interim Research Focus 2: Instructor Barriers to Adopting Active Learning in Online Classes

Instructors experience barriers in adopting active learning for in-person instruction (e.g.,
[6], [7]). These barriers have been succinctly summarized as student resistance, low levels of
instructor disposition, lack of time to restructure courses, expectation of syllabus coverage, large
class size/room inadequate, teaching-centered tradition, and a lack of incentives/rewards [25, p.
970]. A corresponding summary has yet to be established for online instruction.

Therefore, we explore the following research questions:

RQ1: What barriers do instructors expect to experience when adopting active learning in
online instruction?

RQ2: How do the barriers instructors expect to experience when adopting active learning
in online instruction differ from those for in-person instruction?

We recruited instructors who used or planned to use active learning in teaching a STEM
course for first- and/or second-year students [26]. We conducted eight one-hour focus groups
with them. Each focus group had three to seven instructors teaching at similar types of
institutions, categorized by the highest level of degree granted (Associates, Bachelors, Master’s,
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and Doctoral). Focus groups took place during the summer of 2020, following the March
transition to online instruction [26].

In the focus groups, we asked instructors to share barriers they expected to experience in
a future semester when they would be using active learning in their online classes [26],
recognizing that the barriers may differ from those they experienced when they unexpectedly
transitioned mid-semester to online instruction. We also asked instructors about the types of
student resistance to active learning in online classes they expected to see in a future semester.
We concluded each focus group session by reviewing all of the barriers shared by participants
and asking each participant which barrier they thought was most significant [26].

We are in the process of transcribing and coding the focus group data, and we plan to
integrate an inductive and deductive approach [27] in our analysis of the focus group transcripts
[26]. Our preliminary insights suggest that, though an overlap in barriers between in-person and
online courses (e.g., insufficient preparation and class time) may exist, some barriers are unique
to the online modality. For instance, instructors shared concerns about a lack of verbal and non-
verbal student feedback [26].

Interim Research Focus 3. Instructors’ Strategies for Promoting Student Engagement

Instructors may find it is more difficult to promote student engagement during active
learning in online classes than in in-person classes [28]. For this research focus, we investigate
strategies instructors may use to promote student engagement during active learning in online
classes and explore the way these strategies may align with strategies to reduce student resistance
to active learning in in-person instruction.

We ask three research questions:
RQ1: What kind of general strategies and specific behaviors do instructors use to
promote student engagement and reduce student resistance during online, synchronous
active learning?
RQ1la: How do those strategies align with the planning, explanation and
facilitation framework?
RQ1b: What student behaviors do instructors hope to promote/reduce by
employing these strategies?

To address these questions, we conducted interviews with 20 instructors teaching a
STEM course. Instructors taught at a range of institution types (Associates, Bachelors, Master’s,
and Doctoral), and the interviews lasted approximately one hour or less. During the interview,
we asked participating instructors to share examples of active learning in their online classes and
then to share strategies they employed to promote student engagement for each example. We
concluded by asking them if they knew of other strategies, although maybe they had not used
them, to promote student engagement in active learning in online classes.

We are in the process of transcribing and coding interview data. Similar to the focus
groups, we will use both an inductive and deductive analysis approach. Our preliminary insights
suggest that some strategies to reduce student resistance apply in both in-person and online
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instruction (e.g., joining student groups to answer student questions and breaking problems down
into multiple steps).

Next Steps

We are continuing to analyze qualitative data from our interim research foci. We expect
that our findings about student resistance to online active learning, barriers instructors experience
in using online active learning, and strategies instructors use to promote student engagement in
online active learning will contribute to future instructional development workshops on active
learning in online classes.

Further, we are prepared to begin our RCT. In the summer of 2021, we will start
recruiting STEM instructors who plan on using active learning in teaching first- and/or second-
year courses. They will complete our instructor survey about their attitudes toward active
learning and their classroom experiences using active learning in the early fall of 2021, before
attending the instructional development workshop. We plan to survey students in their classes at
the same time. Our instructional development workshop on active learning is scheduled to take
place online in October or November of 2021. Instructors and students will complete another
survey, after instructors attend the workshop, and instructors will again complete a follow-up
survey in the spring of 2022.

Acknowledgements

This research is supported by the U.S. National Science Foundation (grant numbers DUE-
1821092, DUE-1821036, DUE-1821488, and DUE-1821277).

Any opinions, findings, and conclusions or recommendations expressed in this material are those
of the author(s) and do not necessarily reflect the views of the National Science Foundation.

Carroll, L. J., Marlor, L. K., Finelli, C. J., Graham, M. C., Andrews, M. E., Prince, M. J., & Borrego, M. (2021,
July). Applying research on reducing student resistance to active learning through faculty development:
Project update. In Proceedings of the 2021 ASEE Annual Conference & Exposition.



References

[1] M. Prince, “Does active learning work? A review of the research,” Journal of Engineering
Education, vol. 93, pp. 223-232, July, 2004, doi: 10.1002/j.2168-9830.2004.tb00809.x.

[2] L. Deslauriers, E. Schelew, and C. Wieman, “Improved learning in a large-enrollment
physics class,” Science, vol. 332, pp. 862—864, May, 2011, doi:
10.1126/science.1201783.

[3] E. J. Theobald et al., “Active learning narrows achievement gaps for underrepresented
students in undergraduate science, technology, engineering, and math,” Proceedings of
the National Academy of Sciences of the United States of America, vol. 117, no. 12, pp.
6476-6483, Mar., 2020, doi: 10.1073/pnas.1916903117.

[4] National Research Council, Discipline-based education research: Understanding and
improving learning in undergraduate science and engineering, S. R. Singer, N. R.
Nielsen, and H. A. Schweingruber, Eds., Washington DC, USA: The National Academies
Press, 2002.

[5] M. Stains ef al., “Anatomy of STEM teaching in North American universities,” Science, vol.
359, no. 6383, pp. 1468-1470, Mar., 2018, doi: 10.1126/science.aap8892.

[6] S. E. Brownell and K. D. Tanner, “Barriers to faculty pedagogical change: Lack of training,
time, incentives, and... tensions with professional identity?,” CBE: Life Sciences
Education, vol. 11, pp. 339-346, 2012, doi: 10.1187/cbe.12-09-0163.

[7]1 S. E. Shadle, A. Marker, and B. Earl, “Faculty drivers and barriers: Laying the groundwork
for undergraduate STEM education reform in academic departments,” International
Journal of STEM Education, vol. 4, no. 8, pp. 1-13, April, 2017, doi: 10.1186/s40594-
017-0062-7.

[8] C. J. Finelli et al., “Reducing student resistance to active learning: Strategies for instructors,”
Journal of College Science Teaching, vol. 47, no. 5, pp. 80-91, May/June, 2018, doi:
10.2505/4/jcst18 047 05 80.

[9] C. J. Finelli and M. Borrego, “Evidence-based strategies to reduce student resistance to active
learning,” in Active Learning in College Science, J. J. Mintzes and E. M. Walter, Eds.,
Cham, Switzerland: Springer Nature, 2020, ch. 58, sec. 9, pp. 943-952.

[10] S. A. Tharayil et al., “Strategies to mitigate student resistance to active learning,”
International Journal of STEM Education, vol. 5, no. 7, pp. 1-16, Mar., 2018, doi:
10.1186/s40594-018-0102-y.

[11] C. J. Finelli, L. Carroll, M. J. Prince, and J. Husman, “Changing instructor motivation and
behavior related to active learning and strategies to reduce student resistance,” presented
at the Proceedings of 2019 International Research in Engineering Education Symposium,
Cape Town, South Africa, July 10-12, 2019.

[12] F. Ferri, P. Grifoni, and T. Guzzo, “Online learning and emergency remote teaching:
Opportunities and challenges in emergency situations,” Societies, vol. 10, no. 4, pp. 86,
2020, doi: 86.10.3390/s0c10040086.

[13] J. Berry et al., “Learning during the COVID-19 Pandemic: It is not who you teach, but how
you teach,” NBER Working Paper Series, 28022, Oct., 2020, doi: 10.3386/w28022.

Carroll, L. J., Marlor, L. K., Finelli, C. J., Graham, M. C., Andrews, M. E., Prince, M. J., & Borrego, M. (2021,
July). Applying research on reducing student resistance to active learning through faculty development:
Project update. In Proceedings of the 2021 ASEE Annual Conference & Exposition.



[14] M. Prince, R. Felder, and R. Brent, “Active student engagement in online STEM classes:
Approaches and recommendations,” Advances in Engineering Education, vol. 8, no. 4,
pp. 1-25, 2020.

[15] M. Puzziferro and K. Shelton, “A model for developing high-quality online courses:
Integrating a systems approach with learning theory,” Online learning, vol. 12, no. 34,
Dec., 2019, doi: 10.24059/0lj.v1213-4.1688.

[16] L. J. Carroll et al., “An Analysis of an Instructional Development Workshop to Promote the
Adoption of Active Learning in STEM: Potential Implications for Faculty Developers,”
under review for publication.

[17] M. E. Andrews, M. Graham, M. Prince, M. Borrego, C. J. Finelli, and J. Husman, “Student
resistance to active learning: Do instructors (mostly) get it wrong?” Australasian Journal
of Engineering Education, vol. 25, no. 2, pp. 142—-154, Feb., 2020, doi:
10.1080/22054952.2020.1861771.

[18] M. Graham and J. Husman, “Reducing student resistance to active learning: Development
and validation of a measure,” American Educational Research Association Annual
Meeting, San Francisco, CA, 2020, (Conference Canceled).

[19] H. Sturtevant and L. Wheeler, “The STEM faculty instructional barriers and identity survey
(FIBIS): Development and exploratory results,” International Journal of STEM
Education, vol. 6, no. 35, pp. 1-22, 2019, doi: 10.1186/s40594-019-0185-0.

[20] R. M. Felder, R. Brent, and M. J. Prince, “Engineering instructional development:
Programs, best practices, and recommendations,” Journal of Engineering Education, vol.
100, no. 1, pp. 89-122, Jan., 2011, doi: 10.1002/5.2168-9830.2011.tb00005.x.

[21] M. DeMonbrun et al., “Creating an instrument to measure student response to instructional
practices,” Journal of Engineering Education, vol. 106, no. 2, pp. 273-298, April, 2017,
doi: 10.1002/jee.20162.

[22] M. T. Chi and R. Wylie, “The ICAP framework: Linking cognitive engagement to active
learning outcomes,” Educational psychologist, vol. 49, no. 4, pp. 219-243, Oct., 2014,
doi: 10.1080/00461520.2014.965823.

[23] A. L. Delbecq and A. H. VandeVen, “A group process model for problem identification and
program planning,” Journal of Applied Behavioral Science, vol. 7, pp. 466-491, 1971.

[24] P. Shekhar, M. Prince, C. Finelli, M. Demonbrun, and C. Waters, “Integrating quantitative
and qualitative research methods to examine student resistance to active
learning,” European Journal of Engineering Education, vol. 44, no. 1-2, pp. 6-18, 2019,
doi: 10.1080/03043797.2018.1438988.

[25] J. C. Morales and M. J. Prince, “Promoting lasting change in teaching practices through a
summer immersion faculty development program,” International Journal of Engineering
Education, vol. 35, no. 3, pp. 968-985, Jan., 2019.

[26] L. Marlor, L. J. Carroll, and C. Finelli, “Barriers faculty encounter when using active
learning in an online classroom setting,” to be presented at American Society of
Engineering Education Annual Conference, Long Beach, California, July 26-29, 2021.

[27] M. Q. Patton, Qualitative research and evaluation methods. Thousand Oaks, CA: Sage,
2002.

Carroll, L. J., Marlor, L. K., Finelli, C. J., Graham, M. C., Andrews, M. E., Prince, M. J., & Borrego, M. (2021,
July). Applying research on reducing student resistance to active learning through faculty development:
Project update. In Proceedings of the 2021 ASEE Annual Conference & Exposition.



[28] A. Khan, O. Egbue, B. Palkie, and J. Madden, “Active learning: Engaging students to
maximize learning in an online course,” Electronic Journal of e-Learning, vol. 15, no. 2,
pp. 107-115, May, 2017.

Carroll, L. J., Marlor, L. K., Finelli, C. J., Graham, M. C., Andrews, M. E., Prince, M. J., & Borrego, M. (2021,
July). Applying research on reducing student resistance to active learning through faculty development:
Project update. In Proceedings of the 2021 ASEE Annual Conference & Exposition.



