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ABSTRACT

During the Spring of 2020, instructors across the nation scrambled to transition their face-
to-face courses to remote/online modalities. Necessarily, teaching practices adapted. This
study investigated how the usage of evidence-based practices as defined by scientific teach-
ing (ST) was impacted during this rapid transition. More than 130 science faculty teaching
courses in biology, mostly from primarily undergraduate institutions in the U.S. Midwest,
completed the Measurement Instrument of Scientific Teaching (MIST) for one course of their
choosing (lecture portion only for laboratory-based courses). Participants compared how
they taught the course in the face-to-face versus the remote setting. MIST scores declined
in every category of ST. An instructor’s face-to-face MIST score was the largest predictor
for the remote MIST score. Fourteen representative participants completed a follow-up in-
terview to discuss how and why they made the changes they did within each ST category.
Interviews uncovered variation in how individual practices were emphasized, scheduled,
and implemented in normal teaching environments, how access to resources changed in
the Spring of 2020, and how all of these things impacted the way ST practices were adopted
in emergency remote teaching. Recommendations for mitigating declines in the use of evi-
dence-based teaching in response to future unexpected events are discussed.

INTRODUCTION

The rapid transition to remote teaching in the Spring of 2020 due to the emergence of
the COVID-19 pandemic dramatically impacted higher education. Existing challenges
such as student access to efficient and affordable Internet connections and reliable
technology devices were magnified (Blaich and Wise, 2020). The prolonged stresses of
isolation, family demands, and financial strain negatively impacted student mental
health (Chirikov et al., 2020; Kecojevic et al., 2020). Given that the traditional modes
for accessing mental health services were no longer available, faculty increasingly
served these roles (Anderson, 2020; Blaich and Wise, 2020; Colclasure et al., 2021).
Within the span of as little as several days, faculty needed to make significant adjust-
ments to their courses in transitioning them to a remote or online setting (Trust and
Whalen, 2020; Colclasure et al., 2021). They found themselves reworking the way
they used existing technology and exploring new technology-based tools for quick
adoption to fill in the gaps (Johnson et al., 2020; Trust and Whalen, 2020).

Campus technology infrastructures and services, generally designed for facilitating
face-to-face interactions, were suddenly strained as entire institutions moved all
instructional delivery and administrative work to a remote environment. Teaching
support resources such as centers for teaching excellence, faculty development, and
instructional design were easily overwhelmed (Aebersold et al., 2020). The most cen-
tral aspect of learning and social connection for many, the face-to-face classroom, was
no longer available (Mali and Lim, 2021).
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Instructors at primarily undergraduate institutions (PUIs)
typically have heavy teaching loads, are expected to sustain
substantial and meaningful interactions with their students,
and often do not have the help of teaching assistants or learning
assistants in the classroom (Bowne et al., 2011; Fernandes
et al., 2020; Freeman et al., 2020). Although these factors are
not mutually exclusive or specifically unique to a PUI, they may
be particularly pervasive among PUI instructors, which suggests
that PUIs may be a good sampling source for high concentra-
tions of teaching-focused instructors who were impacted by the
emergency remote teaching (ERT) shift. In addition, most full-
time faculty lacked online teaching experience before imple-
menting ERT, and only one-third of all faculty in a 2019 survey
agreed or strongly agreed that online courses could achieve
equivalent student learning outcomes, a percentage that was
particularly low (15%) among private, baccalaureate institu-
tions (Lederman, 2019). This also identifies PUI instructors as a
particularly interesting sample population given their generally
low buy-in to remote learning environments before the
COVID-necessitated plunge into ERT.

Since the Spring of 2020, several studies have been pub-
lished describing student and faculty experiences (Anderson,
2020; Blaich and Wise, 2020; Johnson et al., 2020; Kecojevic
et al., 2020; Mali and Lim, 2021). However, less is known about
how teaching practices changed during the shift to ERT
(Goncalves and Capucha, 2020; Gonzalez et al., 2020; Sunasee,
2020; Tartavulea et al., 2020). Scientific teaching (ST) practices
are those approaches designed to emulate the practice of sci-
ence and are supported by empirical evidence of teaching and
learning (Handelsman et al., 2004, 2007). They include active
learning, use of learning goals, inclusivity, incorporation of data
analysis and experimental design, cognitive skill development,
responsiveness to students, and use of reflection. ST practice
usage is an indicator of the extent to which an instructor has
implemented effective teaching practices in a course.

Specific teaching practices that support the ST framework
were identified in a taxonomy of observable ST practices (Couch
et al., 2015), and the frequency with which those practices are
implemented in an undergraduate science course can be esti-
mated using the validated tool called the Measurement Instru-
ment for Scientific Teaching (MIST; Durham et al., 2017). Fac-
tor analyses from MIST responses in the original study grouped
the 37 measured ST practices into eight categories: active-learn-
ing strategies, learning goal use and feedback, inclusivity,
responsiveness to students, experimental design and communi-
cation, data analysis and interpretation, cognitive skills, and
course and self-reflection. A MIST composite score has a theo-
retical range of 0-100, but a practical range of 15-85 based on
the survey structure. Subcategory scores ranged from 30 to 75
(Durham et al., 2017). While some previous work indicates that
instructors may overestimate their use of research-based
instructional strategies in self-report instruments when pres-
sured to perform well, as when promotions or professional
development evaluations are at stake, this may not be the uni-
versal case in low-pressure scenarios and when using quantita-
tive or frequency-based scales rather than agree-disagree scales
(Ebert-May et al., 2011; Weiman and Gilbert, 2014). Previous
work by the developers of MIST triangulated the perspectives of
students, instructors, and observers within the same courses
and found a high degree of correlation between instructors and
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students (r = 0.68) and between instructors and observers (r =
0.59), which supports the use of MIST as an instructor self-re-
port tool (Durham et al., 2018).

We used the MIST to gather data about the frequency at
which ST practices were used in a lecture-based course or within
the lecture component of a course that includes a lab before the
COVID-related shutdown, and we then compared those fre-
quencies with teaching practice frequencies implemented after
the transition to ERT in the Spring of 2020. Undergraduate fac-
ulty teaching biology-related courses at PUIs in the Midwest
were identified as the target population. Because of the unex-
pected nature of the pandemic, data collection for the pre-ERT
time frame was completed retrospectively and due to practical
limitations could not include student input, so we necessarily
limited our data collection to instructor surveys. Qualitative
data collected from separate faculty interviews provided addi-
tional insight into what drove instructor decisions to alter teach-
ing practices. A separate report has been published describing
the challenges that teachers surveyed faced while implementing
their courses within the context of ERT (Colclasure et al., 2021).

CONCEPTUAL FRAMEWORK

ST was born out of initiatives of the last several decades aimed
at restructuring life science education around evidence-based
practices that promote learning (American Association for the
Advancement of Science [AAAS], 2011; Handelsman et al.,
2004, 2007). There are three core components of ST, all of
which have been heavily vetted in the literature: active
learning, assessment, and inclusivity (Couch et al., 2015;
(Handelsman et al., 2007). Active learning is indicated by an
environment where students are asked to engage with the con-
cepts and topics at hand rather than passively consuming them
(Crouch and Mazur, 2001; Michael, 2006; Prince, 2004; Wood,
2009; Osborn, 2010). Assessment is interwoven into ST prac-
tice to give both students and instructors indicators of learning
progress during the course of a unit (formative assessment)
and at its completion (summative assessment; Black and Wil-
iam, 1998; Tanner and Allen, 2004). Inclusive teaching prac-
tices are those that contribute to a classroom environment
where barriers to student self-efficacy, including various
sources of bias, are continually monitored and mitigated,
thereby promoting a sense of belonging for every student
(Dewsbury and Brame, 2019). These three “hubs” of ST func-
tion to create a space where learning can be expected to occur.
In this model, the instructor creates a classroom environment
that promotes belongingness and self-efficacy, provides rele-
vant opportunities to practice and engage with the course con-
tent within that space, and uses multiple ways for both stu-
dents and the teacher to assess learning and make adjustments
throughout (Handelsman et al., 2007).

RESEARCH PURPOSE AND OBJECTIVES

In this study, we aimed to investigate through the lens of ST
how the rapid shift to the ERT environment impacted teaching
practices. We sought to survey instructors at PUIs, where we
surmise the disruption of teaching practice would be broadly
apparent. The strong correlation between student, instructor,
and observer MIST composite scores supports the utility of
gathering these data from instructors only, even given that this
population was the most readily available source of data.
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The specific objectives that guided this study were:

1. Determine the change in the extent that ST practices were
used after an abrupt transition away from face-to-face
instruction.

2. Determine factors predicting the changes in the use of ST
practices that were observed.

METHODS

Due to the exploratory nature of this research and the intention
to use both quantitative and qualitative methods to explore our
objectives, a mixed-methods research approach was deemed
most appropriate (Creswell and Plano Clark, 2011). An explan-
atory sequential mixed-methods research design was selected
(Creswell and Plano Clark, 2006). The first phase of the explan-
atory sequential design is the collection and analysis of quanti-
tative data. The second phase uses qualitative methods and is
based upon results from the quantitative phase. The collection
and analysis of in-depth, follow-up qualitative data offer an
explanation to results seen in the quantitative phase.

Identification of Population and Sample

Undergraduate faculty teaching biology-related courses at PUls
in the Midwest were identified as the target population. How-
ever, data were collected for respondents outside the target
population and used as comparisons. To fulfill an adequate
sample size for our target population, a sampling frame was
created through an exhaustive Web search for undergraduate
faculty in biology-related disciplines at PUIs in the Midwest.
Midwestern states of primary interest were further defined as
states in subregion 4 (Slocum and Scholl, 2013), and included
Iowa, Kansas, Missouri, Nebraska, North Dakota, and South
Dakota. A total of 108 PUIs were identified from an existing list
of PUIs in the United States (Slocum and Scholl, 2013). This list
was generated using the National Science Foundation (NSF)
definition, which includes institutions that: grant baccalaureate
degrees in NSF-supported fields, has a larger enrollment of
undergraduate students than graduate students, and awards
fewer than 10 doctoral degrees per year in NSF-supported areas
(Slocum and Scholl, 2013). A Web search for biology faculty at
PUIs from this list within subregion 4 and corresponding email
addresses yielded a sampling frame of 590 faculty.

Phase 1: Quantitative

A digital survey was administered through Qualtrics for the col-
lection of quantitative data. The survey included an instrument
to identify respondents’ use of ST practices in an identified biol-
ogy-related focal course before and after the abrupt transition
to ERT. Additional data collected were respondents’ comfort
with technology, focal course characteristics, institutional char-
acteristics, and instructor characteristics and demographics.

Scientific Teaching. The MIST (Durham et al., 2017) was
modified for the purpose of this study to include both the
respondents’ ST practices at the time of data collection (during
ERT), as well as a retrospective pretest to identify respondents’
ST practices within the same course before ERT. Lam and Bengo
(2003) define the method of reporting current teaching prac-
tices and earlier teaching practices as the “post + retrospective
pretest method.” The retrospective design encourages greater
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respondent precision and awareness in measuring change com-
pared with the traditional pretest—posttest design (Cantrell,
2010; Little et al., 2019) and is frequently used to assess changes
in educational research (Eeds et al. 2014; Ahmad et al., 2018;
Young and Kallemeyn, 2019). Post hoc scale reliability analysis
for the MIST used in this study yielded a Cronbach’s alpha of
0.878 for instruction before ERT and 0.883 for instruction
during ERT, therefore supporting reliability of both scales (Field,
2013).

Technology Comfort Scale. A scale was created to assess
respondents’ comfort with technology in teaching. The research-
er-developed instrument was reviewed for face validity based
on the “Risk-Taking Behaviors and Comfort with Technology”
section of the Teacher Technology Integration Survey (Reinhart
and Banister, 2009). It included six items measured using a five-
point, Likert-type scale (1 = strongly disagree to 5 = strongly
agree). The six items were: 1) I am confident in my ability to
incorporate technology in my teaching; 2) I typically avoid
using technology in the classroom; 3) I believe using technol-
ogy in the classroom improves teaching and learning; 4) I seek
to integrate new technologies when I normally teach; 5) I find
it difficult to implement technology in my teaching; and 6) I
believe students enjoy learning through the use of technology.
Negative statements were reverse coded in the analysis. The
technology comfort construct was created by averaging partici-
pant responses on the six items, and a post hoc scale reliability
yielded a Cronbach’s alpha of 0.81, and considered reliable.

Demographic, Course, and Institutional Variables. Demo-
graphics variables collected and analyzed were gender, age,
and ethnicity. Furthermore, respondents were asked to indicate
years teaching undergraduate science, technology, engineering,
and mathematics (STEM) courses, academic position/rank,
institution type, and if they had previously taught remotely.
Additional questions related to each respondent’s focal course
included how many years the instructor has taught the focal
course, current student enrollment, degree of enjoyment teach-
ing the course, the course level, the number of students enrolled
in the course, and remote instruction modality (synchronous,
asynchronous, blended). We defined asynchronous as “students
completed all work on their own time, given a specific time
frame”; synchronous as “live class sessions occurred at set
schedules and time frames”; and blended as “live class sessions
were conducted, but not to the same extent as original face-to-
face modality, and included additional work students com-
pleted on their own in lieu of less online meeting times.”

Course Evaluation Data. As an optional follow-up, survey par-
ticipants were given the opportunity to provide evaluation data
on their focal course. The purpose of gathering the evaluation
data was to provide a source of triangulation between responses
on the MIST survey and interviews that could provide a student
perspective on the changes in ST that were observed. Partici-
pants who chose to provide evaluation data were directed to a
separate form where they provided informed consent. They
provided the title and number of the focal course and uploaded
their evaluations in the file format of their choosing. A database
containing an entry for each respondent included information
on the focal course, the total enrollment of the course, and the
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number of respondents to the evaluation. Open-ended responses
were screened for any mention of the transition to a remote/
online setting.

Survey Distribution. Electronic invitations were sent to all
members of the sampling frame (n = 590) in late April and
early May toward the end of the typical Spring 2020 semester.
Survey distribution followed the tailored design method (Dill-
man et al., 2014), and personalized email invitations were
sent with a link to complete the survey. Follow-up invitations
were sent to noncompleters once initial response rates fell to
zero. During the same period, open invitations to participate
in the study were sent to audiences beyond the target popula-
tion using common postsecondary science teaching Listservs.
Community college biology instructors (n = 38) within the tar-
get region (Midwest subregion 4) were also sent personalized
invitations.

Quantitative Data Analysis. SPSS Statistics v. 25 was used to
analyze data. Descriptive statistics and paired-samples t tests
were used to address objective 1. Independent-samples ¢ test
revealed no difference between respondents in the target popu-
lation and the other respondents (see Results), so we combined
the data for analysis to use the complete data set. A stepwise
regression was used to address objective 2. Quantitative data
were analyzed and informed the development of phase 2 of the
study, the qualitative phase, which was designed to offer an
in-depth explanation of observations seen in the quantitative
phase, and used to further address objective 2.

Phase 2: Qualitative

To fulfill the second phase of the explanatory sequential
mixed-methods research design (Creswell and Plano Clark,
2006), follow-up, one-on-one semistructured interviews were
deemed most appropriate to elicit thick and rich data (Morse,
2015) to explain quantitative results. One-on-one interviews
were selected due to the potentially high sensitivity and antici-
pated variation in experiences of individuals teaching during a
pandemic. The semistructured format was selected to allow us
to modify questions based upon each participant’s survey
response and to provide us with flexibility in probing and vali-
dating the meaning of participants’ answers (Barriball, 1994).
Due to limitations surrounding physical proximity and COVID-
19, and for ease of data collection, interviews were conducted
over the telephone, which has been shown to be appropriate for
semistructured interviewing methods (Cachia and Millward,
2011).

Recruitment of Participants. In the quantitative phase of the
study, respondents were asked if they would be willing to com-
plete an incentivized, follow-up interview regarding their sur-
vey responses. Of 133 survey respondents, 59 indicated their
willingness to be interviewed. Participation was narrowed to
only include the target population (respondents teaching at a
PUI in subregion 4 of the Midwest). Finally, in order to recruit
an even distribution of respondents’ survey-response character-
istics, a cluster analysis was employed. Interviewees were
selected using purposeful criterion sampling (Suri, 2011) across
each of six clusters, with one to four interviewees representing
each cluster (Figure 1).
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FIGURE 1. Scatter plot of post-MIST vs. pre-MIST scores. Hierar-
chical clustering analysis was conducted on the full data set. A
minimum of five individuals/cluster was set as a cutoff. Of the total
133 individuals, 123 fit into the six clusters indicated. Fourteen
candidates were randomly selected. The number of individuals
selected from each cluster was proportional to its size.

Interview Guide. A semistructured interview guide was cre-
ated and used as the data-collection instrument for the qualita-
tive phase (Supplemental Material 9). The interview guide con-
sisted of three content areas, the first of which was used for the
purpose of this mixed-methods study, and the following two for
an independent qualitative study. The first content area con-
sisted of 14 to 20 open-ended questions pertaining to partici-
pants’ survey responses. The open-ended questions aligned
directly to the MIST instrument, and the wording of each ques-
tion was modified according to participants’ responses on the
survey. For example, “You answered that the average percent of
class time during which students were asked to work in groups
decreased from 61% to 30% after the course modality was tran-
sitioned online. Please describe why you chose that approach.”
At the end of the interview, the moderator provided a summary
and used member checking to ensure the credibility, accuracy,
and completeness of the interview (Lincoln and Guba, 1985).

Data Collection and Analysis. The Bureau of Sociological
Research (BOSR) at the University of Nebraska-Lincoln was
used to assist in the interview process. A member of the BOSR
institute who had extensive experience conducting interviews
contacted, scheduled, and interviewed each participant. Inter-
views were audio-recorded and recordings were transcribed for
later analysis.

In the second phase of this explanatory sequential
mixed-methods study, the interview data were analyzed using
several iterative rounds of qualitative analysis. Because the
semistructured interview was set up to ask about each survey
question pertaining to a particular ST practice, structural cod-
ing was used to organize interview responses by individual
question, and then further subgrouped by the pattern of change
with respect to each question (e.g., did the interviewee increase,
decrease, or stay the same in teaching practice frequency after
the ERT transition; Saldafia, 2013). In vivo coding was used to
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identify specific excerpts that represented the heart of inter-
viewee explanations (Saldafia, 2013). We then performed sev-
eral rounds of pattern coding to identify meaningful themes
across explanations for each pattern of change within each
teaching practice (Saldafia, 2013). In each round of coding,
two research team members (B.C. and A.M.M.) coded each
response independently, and then the whole research team met
to discuss codes and themes and to establish consensus for each
theme of responses identified by the pattern-coding steps.
Themes related to and offering explanations for changes in
respondents’ MIST scores were documented.

IRB Status

This work was approved via the expedited review process by the
Doane University Institutional Review Board (IRB) review,
approval code S20 007 DC IRB HS.

RESULTS

Respondent Characteristics

A total of 72 responses were received from the sampling frame
of 590 faculty in the target population, biology faculty members
teaching at PUIs within five midwestern states. This indicates a
response rate of 12.2%. Of the 72 responses, 57 were completed
in full and used during data analysis, indicating a survey com-
pletion rate of 79.2%. Seventy-six additional responses were
received through open invitations using postsecondary science
teaching Listservs and personal invitations to community col-
lege biology instructors within the target region. Based on all
survey respondents, 66 responses came from Midwest subre-
gion 4, representing 49.6% of the total sample. Sixty-one of all
responses (45.9% of the total sample) were from faculty teach-
ing at PUIs. A total of 133 faculty teaching biology-related
courses completed the quantitative phase of the study. A major-
ity of faculty were female (n = 84; 63.2%). Nine respondants
(6%) identified as an underrepresented minoriry (URM). For-
ty-three (32.3%) faculty indicated being between 40 and 49
years of age, followed by 23.3% (n = 31) being between 50 and
59 years of age, and 21.1% (n = 28) being between 30 and 39
years of age. Approximately 60% of respondents indicated hav-
ing a tenured academic rank, 36.8% (n = 49) as a professor and
24.8% (n = 33) as an associate professor. Sixty-seven percent
(n = 90) indicated having previous experience with remote
teaching, and more than half (n = 90; 67.7%) had more than
10 years of experience teaching STEM at the undergraduate
level. Table 1 illustrates respondent demographics for the quan-
titative phase of the study.

A majority (n = 85; 63.9%) of respondents indicated teach-
ing at a Midwest institution. Eighty respondents (60.2%) were
teaching at a private institution, and 82% (n = 109) were teach-
ing at a PUIL Fourteen respondents (10.5%) were teaching at a
research institution, and 10 (7.5%) were teaching at a commu-
nity college. Table 2 illustrates the characteristics of respon-
dents’ institutions.

Respondents were asked to identify a focal course and to use
that focal course to complete survey questions. Characteristics of
respondents’ focal courses were collected. A majority of respon-
dents (n=57; 42.5%) completed the survey based on a 100-level
focal course. Thirty-two (23.9%) respondents indicated a 200-
level focal course, and 32 (23.9%) indicated a 300-level course.
Nearly half (n = 66, 49.3%) of respondents taught remotely
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TABLE 1. Characteristics of survey respondents (n = 133)

% (f)
Gender
Female 63.2 (84)
Male 34.6 (46)
Other/non-response 2.3 (3)
Ethnicity
URM? 6.8 (9)
Non-URM 92.5 (123)
Other/non-response 0.8 (1)
Age
20-29 3.0(4)
30-39 21.1 (28)
40-49 32.3 (43)
50-59 23.3 (31)
60-69 14.3 (19)
70 or over 0.8 (1)
Other/non-response 5.3(7)
Position
Adjunct instructor/lecturer 6.0 (8)
Instructor/lecturer, contract 11.3 (15)
Instructor/lecturer, tenure track 2.3 (3)
Assistant professor 18.8 (25)
Associate professor 24.8 (33)
Professor 36.8 (49)
Previous remote teaching experience
Yes 67.2 (90)
No 29.9 (40)
Non-response 3.04)
Years teaching undergraduate STEM
<1
1-2 6.0 (8)
3-5 7.5 (10)
6-10 18.8 (25)
11-15 26.3 (35)
16-20 12.8 (17)
>20 28.6 (38)

aURM, underrepresented minority (African American, Hispanic/Latinx, Filipino,
Native American/Alaskan Native).

through an asynchronous modality, while 22 (16.4%) taught
through a synchronous modality, and 46 (34.3%) used a blended
approach. Approximately 37% (n = 49) of respondents indicated
teaching the identified focal course for more than 10 years. Table
3 illustrates the characteristics of respondents’ focal courses.

For the qualitative phase of the study, a total of 14 survey
participants were purposefully selected from a pool of volun-
teers to complete a follow-up interview. All interview partici-
pants were teaching at a midwestern PUI Interview partici-
pants were purposely selected to have varying relative MIST
scores. Hierarchical clustering analysis was conducted using
instructors’ composite MIST scores before and after the modal-
ity transition. Twelve clusters were identified, and the six larg-
est clusters were used to select participants to interview during
the qualitative phase (see Figure 1). Participant demographics,
relative MIST and technology comfort scores, and total length
of the interview are illustrated in Table 4.
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TABLE 2. Description of respondents’ institutions

% ()
Region®
Midwest® 63.9 (85)
Northeast 8.3 (11)
South 11.3 (15)
West 13.5 (18)
Canada 3.04)
Institution control
Private 60.2 (80)
Public 39.8 (53)
Institution type
PUI 82.0 (109)
Research institution 10.5 (14)
Community college 7.5 (10)

“Regions as defined by Slocum and Scholl (2013).
bSixty-six of 85 Midwest respondents were from subregion 4.

Overall Change of ST Practices and Contributing Factors
Independent-samples ¢ tests were conducted to determine
whether differences existed between composite MIST scores for
participants within and outside the target population. No differ-
ences were found between the two group’s face-to-face MIST
scores, t(132) =—-1.426, p = 0.156, and remote scores, t(132) =
—0.378, p = 0.706. Institution type was not found to be a signifi-
cant predictor of participants’ face-to-face or remote MIST scores,
which is explained further in the regression analysis (Table 5).
Because of these observations, the full data set representing 133
participants was used in the analysis of the MIST score data.

Instructors’ Overall Use of ST Practices. Significant changes
in ST practices were measured by comparing respondents’ com-
posite face-to-face and remote MIST scores. The mean compos-
ite MIST score for face-to-face instruction was 48.66 (SD =
12.28), and the mean composite MIST score for remote instruc-

TABLE 3. Description of respondents’ focal courses

% ()
Course level
100 42.5 (56)
200 23.9 (32)
300 23.9 (32)
400 9.0 (12)
Other 0.1(1)
Instructional approach in remote modality
Asynchronous 49.3 (65)
Synchronous 16.4 (22)
Blended 34.3 (46)
Years respondent has been teaching focal course
<1 5.3
1-2 12.0 (16)
3-5 21.1 (28)
6-10 24.8 (33)
11-15 16.5 (22)
16-20 5.3 ()
>20 15.0 (20)
21:ar78, 6

tion was 37.75 (SD = 12.46). The 10.91 mean decrease was
significant (t=12.42, p <0.001), indicating an overall decreased
use of ST practices during ERT (Figure 2).

Variables Predicting Instructors’ Overall Use of ST Prac-
tice. We used stepwise regression to answer objective 2 due to
the exploratory nature of this study (Field, 2013). We attempted
to predict instructor composite MIST remote score and used this
continuous dependent variable in our regression model. Predic-
tor variables included both continuous: the number of students
enrolled in the focal course, instructor MIST face-to-face score,
and instructor technology comfort score; and dummy-coded
categorical variables: region of institution (Midwest = 1,
non-Midwest = 0), institutional type (PUI = 1, community col-
lege or research institution = 0), focal course level (100-level =
1, all other levels = 0), instructor academic rank (tenured = 1,
nontenured = 0), instructor gender (female = 1, male = 0),
instructor previous remote teaching experience (yes = 1, no =
0), and modality of remote instruction (synchronous or blended
= 1, asynchronous = 0).

Before running the stepwise regression, we tested assump-
tions of regression. Skewness and kurtosis of the dependent
variable were measured. The dependent variable fell within +2
skewness and kurtosis indicating normality. A Shapiro-Wilk test
was conducted to further validate normality of the dependent
variable. The Shapiro-Wilk p value was significant, therefore
supporting normality. Regression analysis assumes no multicol-
linearity of data. A correlation matrix was computed using Pear-
son’s bivariate correlations among all predictor variables. The
highest correlation coefficient magnitude between two predic-
tor variables was 0.396, and therefore below the 0.80 magni-
tude determining multicollinearity (Field, 2013). Furthermore,
variance inflation factors (VIFs) were determined. All VIF val-
ues were lower than 10, indicating no threat of multicollinear-
ity. Finally, a scatter plot of residuals versus predicted values
was created to check for homoscedasticity. No patterns of distri-
bution were observed, indicating data were heteroscedastic.

The stepwise regression allowed significant (p < 0.05) pre-
dictor variables to be added to the model and nonsignificant
predictor variables to be removed from the model (Table 5).
The stepwise regression produced three models. The first model
(model 1) included instructors’ MIST face-to-face scores as a
significant predictor variable. Model 1 impressively explained
43.5% of the variation in MIST remote scores with this single
predictor variable. Remote modality type was added as a signif-
icant predictor variable in model 2. The addition of remote
modality type increased the explained variance to 47.5%. In the
final model generated, model 3, instructor technology comfort
score was added. With the addition of this predictor variable,
the final model (MIST face-to-face scores + remote modality
type + technology comfort score) explained 49.4% (R? = 0.494)
of the variance in instructors’ MIST remote scores, indicating a
large effect size of the independent variables (Cohen, 1988).
The variables of student enrollment in focal course, region of
institution, institutional type, focal course level, instructor aca-
demic rank, instructor gender, and instructor previous remote
teaching experience were found to not be significant predictors
and were excluded from the model. The model was significant
at p < 0.001. Table 5 provides the stepwise regression summary
for variables predicting MIST remote scores.
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TABLE 4. Interview participant characteristics

Evidence-Based Teaching in a Crisis

MIST face-to-face MIST remote Technology Interview length
Participant no. Gender Academic rank score score comfort score (minutes)
1 Female Assistant professor 48.14 45.25 2.83 48
2 Male Assistant professor 49.57 41.55 2.83 79
3 Female Assistant professor 50.99 42.48 3.83 109
4 Male Professor 51.01 45.50 4.5 80
5 Male Professor 34.30 27.82 3.67 89
6 Female Professor 31.57 28.08 3.33 84
7 Female Associate professor 42.24 39.09 3.50 68
8 Female Professor 38.49 19.34 4.33 64
9 Male Assistant professor 42.87 24.19 5 36
10 Male Professor 56.88 38.80 2.83 57
11 Male Associate professor 49.42 26.90 3.5 79
12 Female Associate professor 50.07 12.81 2.67 93
13 Male Assistant professor 66.74 48.99 4.17 80
14 Female Associate professor 65.69 47.74 3.67 70

In the final model (MIST face-to-face scores + remote
modality type + technology comfort score) the MIST face-to-
face score predictor variable had the largest positive impact
on instructors’ MIST remote scores. For every 1-point
increase in an instructor’s MIST face-to-face score, a 0.630
increase (B = 0.630, B = 0.621, p < 0.001) in MIST remote
score was predicted. These findings suggest that instructors
who implement higher levels of ST practices during face-to-
face instruction will implement higher levels of ST practice
during ERT.

In the final model, instructors who used a synchronous or
blended modality were predicted to have a higher MIST
remote score by 4.52 points (B = 4.524, 3 = 1.82, p = <0.05),
thereby illustrating that instructors who use synchronous or
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FIGURE 2. MIST composite score distributions in face-to-face
(F2F) and remote modalities. Central bars represent subcategory
mean scores, boxes represent inner quartiles, and whiskers
represent the 5th and 95th percentile values. n =133 survey
respondents. Open box represents face-to-face modality, and filled
box represents remote modality. ***p < 0.001.
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blended instructional techniques during remote instruction
are more likely to implement higher levels of ST. Finally,
instructors’ comfort with using technology was a significant
predictor variable, as determined by our technology comfort
scale. Instructors who held more positive beliefs in their use
of technology in the classroom were predicted to have higher
MIST remote scores. For every 1-point increase on the five-
point Likert scale, instructors’ MIST remote scores were
predicted to increase by 2.39 points (B = 2.39, § = 1.40,
p =<0.05).

Changes in ST Practice Subcategories and Qualitative
Findings

Average MIST composite scores and subcategory scores as
well as variation in these scores in the face-to-face condi-
tion were similar to those reported previously in the litera-
ture (Durham et al., 2017). A significant decrease was found
for each MIST subcategory score during ERT (Figure 3 and
Table 6). Results for changes in MIST subcategory scores
are described in the following sections. Qualitative data col-
lected from participant interviews were used to provide an
explanation of change and are reported. The full qualitative
analysis can be found in Supplemental Materials 1-8.

Active Learning. ST practices related to active learning
decreased the most of all MIST subcategory scores.
Active-learning practice scores decreased from a mean of
41.83 during face-to-face instruction to a mean of 20.71
during ERT (Figure 3). The 21.12 decrease in mean score
was statistically significant (¢t = 14.68, p < 0.001). Interview
participants provided a variety of explanations for why their
percent of active class time or percent of time spent working
in groups changed or stayed the same after the switch to the
online modality (Supplemental Material 1). Because the
interview participants provided extensive commentary on
the active-learning practices, we have separated the inter-
view results into three sections of decreased active-learning
scores, no change in active-learning scores, and increased
active-learning scores.
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TABLE 5. Stepwise regression summary for variables predicting MIST remote modality scores (n = 133)

B (standardized

Model R? Adjusted R Predictor variable B (coefficient) SEB coefficient) t p value
1 0.439 0.435 <0.001
(Constant) 5.041 3.319 1.519 0.131
MIST face-to-face score 0.672 0.066 0.663 10.164 <0.001
2 0.475 0.467 <0.001
(Constant) 3.863 3.249 1.189 0.237
MIST face-to-face score 0.647 0.065 0.638 9.987 <0.001
Remote modality type 4.720 1.586 0.190 2.976 0.003
3 0.494 0.482 <0.001
(Constant) -4.213 4.849 -0.869 0.387
MIST face-to-face score 0.630 0.064 0.621 9.799 <0.001
Remote modality type 4.524 1.565 0.182 2.890 0.005
Technology comfort score 2.394 1.080 0.140 2.217 0.028

Decreased Active-Learning Scores. Several interviewees who
decreased use of active-learning practices cited limitations of
the asynchronous online approach, which in some cases
included prerecorded lecture videos with no interactive aspects,
dropping team-based learning activities, and substituting
in-class discussions with discussion board posts. Interviewee 8
mentions:

“I did voice over PowerPoints and as I started developing
them, I realized wow, I cannot ask my questions like I did
before. I would constantly be asking them questions for review
[face-to-face] and I couldn’t do that [remotely] because there’s
nobody to respond back to me so I had to adjust my lecturing

style.”

Eight interviewees who had students working in groups
during the face-to-face modality did not feel that group work

was compatible with asynchronous formats. In some cases,
interviewees simply did not know how to implement groups in
their learning management systems or videoconferencing pro-
grams, and they did not have the time to figure out how to do
so given the rapid transition. Other interviewees tried to imple-
ment groups, experienced technical difficulties, and then aban-
doned the practices. Interviewee 4 described this experience
from live Zoom class sessions:

“The first time I tried [breakout rooms] it was a disaster. I lost
a lot of students.... At that point in time, [ decided, I'd go away
from the group activities for the rest of the semester and just
focus on what I could achieve with the programs that I had at
my disposal.”

Other interviewees who tried to implement group work
found that students were not responsive in breakout rooms or in
shared asynchronous documents, so those

instructors decreased or dropped the group

* %k %k sk sk %k . .
100 - ok approaches. Interviewee 6 mentioned:
90 A
"s’ 80 - . *kk “I even said ... why don’t you put it in a
2 ok * %k * Google doc or something and work on
> 707 it together and just turn in one docu-
& 60 - ment. But nobody did that and so I kind
..z 50 - of took that as them not being inter-
8 ested or it not being worth it to them to
2 40 1 bother with whatever logistics they
B 30 - were dealing with for group work and I
S 20- didn’t pursue it any further.”
10 b . . . . .
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<& N QA o & i 8 & sensitivity and desire to maintain fairness
S 154 N & 2 ) > > di dents’ h 1 situ-
R & & & & & S & regarding students’ home or personal situ
\\@Vz \(\\“% N 0&\ X Q,gz?’ (\{04 qi;} ations led them to drop group work,
\?S’zo & ng’Q Q < because they had various students who

had unknown Internet accessibility or

unknown personal or home situations;
some groups may have members from dif-
ferent time zones; and some students had
to get a job to make ends meet, so various
work schedules among students would

FIGURE 3. Score distributions for the eight MIST subcategories in face-to-face and remote
modalities. Central bars represent subcategory mean scores, boxes represent inner
quartiles, and whiskers represent the 5th and 95th percentile values. n = 133 survey
respondents. Open boxes represent face-to-face modality, and filled boxes represent
remote modality. *p < 0.05; ***p < 0.001.
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TABLE 6. Respondents’ MIST subcategory comparisons before and after modality transition (n = 133)

Face-to-face Remote Paired correlation Paired t test
Mean SD Mean SD R p t p
Composite score 48.66 12.28 37.75 12.46 0.66 <0.001 12.42 <0.001
Subscores
Active learning 41.83 16.63 20.71 15.00 0.45 <0.001 14.68 <0.001
Learning goals 63.11 16.65 52.72 17.77 0.57 <0.001 7.53 <0.001
Inclusivity 65.42 25.35 62.73 25.55 0.94 <0.001 3.65 <0.001
Responsiveness 75.75 14.72 55.25 19.60 0.46 <0.001 12.95 <0.001
Experimental design 33.53 19.95 26.00 19.47 0.81 <0.001 7.18 <0.001
Data analysis 38.98 20.71 30.80 20.44 0.80 <0.001 7.27 <0.001
Cognitive skills 48.73 18.54 41.29 19.57 0.78 <0.001 6.80 <0.001
Reflection 32.37 21.67 29.32 20.80 0.70 <0.001 2.13 0.035

make group work prohibitively difficult. Interviewee 9 said:
“I'm all about fairness in my class and so I can’t place a demand
on one student and assume that they have really good Internet
connections or something so I have to hold them to the mini-
mum standard.”

No Change in Active-Learning Scores. Interviewees who main-
tained the same level of active learning primarily aimed to pro-
vide a similar student experience across modalities. Instructors
using the synchronous format continued live lecture sessions
with occasional check-in questions in the remote format, which
was possible because the instructor had reliable student partic-
ipation for in-class questions in both modalities. Interviewee 4
mentioned the motivation was to ensure consistency and reduce
students’ shock with the transition: “When I did the online com-
ponent, because the transition from face-to-face to online was
so sudden, I tried to keep it as similar as possible for students,
so they didn’t have any shock.”

Asynchronous format instructors also wanted to maintain
similar course sessions, so they asked students to pause prere-
corded lecture videos to reflect on or answer questions that
would have been discussed in face-to-face class sessions,
although the instructors acknowledge that students were not
held accountable for responses, as explained by Interviewee 2:

“I still asked them to please pause and consider how they
would respond to these things to go through notes and what-
ever else. They weren’t working with another person anymore;
it was still individual and there was no way of knowing if they
were actually doing that.”

Increased Active-Learning Scores. Interviewees who increased
active-learning scores during ERT indicated several different
reasons for the increase. One instructor noted that online
resources that were temporarily provided for free allowed
greater access to higher-quality materials that were used to
engage students. In the synchronous format, one instructor cut
out the lead-off lecture portion of the course entirely and put
students directly into breakout rooms when class sessions
began. Individuals using asynchronous formats mentioned that
the prerecorded lecture videos they provided to students were
shorter than face-to-face class sessions, and some instructors
removed lectures entirely and only provided lecture slides,
shared Google Docs, or other activities that required students to
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engage with the material or turn in an assignment for credit.
Interviewee 1 described: “They had time to read through my
lectures and then post questions to me in the Google doc or
email me questions. So, it became a much more student respon-
sibility type format.”

One interviewee who used an asynchronous course format
increased the amount of group work in the remote modality in
order to maintain a sense of community among the students.
Interviewee 7 explained:

“I wanted to keep that up since they weren’t seeing each other
anymore. I thought that since the community was still import-
ant and so, I made groups in Canvas for them ... and then
pretty much anything that they did for the class I had them
work on in those groups ... trying to simulate how it would
have been in the classroom, and still trying to foster that
community.”

One interviewee also mentioned that their increase in
active-learning score is an artifact of the survey design, because
most of their activity in the face-to-face modality was com-
pleted in the lab portion of the course, so those activities were
not included in the survey.

Learning Goals and Feedback. The calculated average for the
learning goals and feedback subscale was 63.1 during face-to-
face instruction and 52.72 during remote instruction (Figure 3).
The 10.38 decrease was significant (t = 7.53, p < 0.001). Inter-
viewees explained their approaches to changing or maintaining
the specificity of learning goals and frequencies of feedback
provided to students with practical, logistical, and personal
value reasoning (Supplemental Table 2). Those who decreased
the specificity of their learning goals in the remote modality
explained that they intended to streamline course material for
students by sacrificing depth for breadth, in part because the
online or asynchronous delivery mode made it difficult to get
depth or because there was not enough time to get in depth on
course topics. Interviewee 5 described: “[I know I am] not
going to get this covered and [I am] not going to get that cov-
ered. How can I streamline the material so that I can hit more
topics but maybe less in depth?”

Several interviewees who maintained the same specificity
of learning goals cited practical reasons such as their learning
goals were already well established for the course, they did
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not have enough preparation time to change their existing
learning goals, or they wanted to continue to allow students
to prepare for exams. Other interviewees indicated that main-
taining consistency was of high value to them personally or
that they did not think students were concerned with the
learning goals.

Those who increased learning goal specificity after the ERT
transition explained that it was to provide more structure and
specific points of focus for students and that it was important as
a justification for why they were asking students to do the activ-
ity or course work.

Interviewees were also asked to explain why the amount of
feedback they provided to students changed or did not change
after the transition to ERT. Those who decreased in the amount
of feedback listed a variety of reasons for the change.

Interviewees citing time constraints and stress-level barriers
indicated that they did not have enough time to provide valu-
able feedback and they, as instructors, felt overwhelmed and
were operating in “survival mode.” Interviewee 6 explained:

“The amount of feedback decreased largely because I was just
so overwhelmed with the amount of material that was coming
in. Instead of an in-class discussion where they might've just
gotten participation points for being there and speaking up
and that kind of thing, all of a sudden they’re having to type
something up and send it to me and I'm trying to read all of
this and grade all of this and I couldn’t handle it ... by no
means do I think that was ideal but it was the only way I could
survive.”

Interviewees noted limitations of both remote modalities
reduced their ability to provide feedback. Those using synchro-
nous formats said it was difficult to give feedback in real time
with synchronous sessions, and those using an asynchronous
format thought it was difficult or not possible to provide useful
feedback given the time lag in turning in assignments and send-
ing feedback out.

Interviewees also mentioned logistics barriers that led to a
decrease in the amount of feedback. One interviewee men-
tioned that expectations of students were established early in
the semester. Another interviewee who used synchronous class
sessions said that instructors cannot monitor breakout rooms
well without awkwardly butting in and disrupting the student
workflow. Some interviewees said they did not know how to
use the feedback tools in their learning management systems,
and others said their grading system was very time-consuming.
Interviewee 1 described:

“Transitioning to remote, the learning management system
was very clunky and caused some real delays. You know, it
took five clicks to see an answer for a question so by the time
grading was done, there wasn't much time for feedback.”

Interviewees also explained that the format of questions and
assignments changed with ERT from primarily free response
and essay to multiple-choice questions so that grading was eas-
ier and automated whenever possible. Others went in the oppo-
site direction and made their exams harder to take, which
meant they were more time-consuming to grade. Finally, one
interviewee mentioned that students were not as engaged in
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ERT compared with the face-to-face modality, so they did not
ask for feedback.

A few interviewees who kept the amount of feedback the
same across modalities reported that this was possible, because
all student assignments were submitted on the learning man-
agement system regardless of modality, and because the inter-
viewee wanted to encourage students to do a better job in the
remote modality.

Interviewees who increased the amount of feedback pro-
vided to students explained personal value and logistical rea-
sons for the increases. Interviewee 7 thought it was important
for students to know specifics of grading:

“When it went online, they never had any [instructor] circulat-
ing in the class or I never went over a question with the right
and wrong answers in class anymore. All they got really was
what they saw and so I was just trying to make it very clear to
them why I was taking off points and what they missed or
whatever those misconceptions might have been.”

Other interviewees mentioned that, because they had less
group work in the remote format, they felt they needed to pro-
vide more feedback for individuals, because they had no chance
to chat in person with students and knew all students would
receive before the exam were feedback comments from the
instructor, and because the instructor had more time at home
compared with when they were in their office because of multi-
ple on-campus obligations that were minimized or removed
when the remote modality began.

Inclusivity. Respondents reported similar use of inclusivi-
ty-based ST practices during face-to-face instruction (M =
65.42, SD = 25.35) and ERT (M = 62.73, SD = 25.55; Figure 3).
Despite the similarity in mean scores, a 2.69 mean score signif-
icant decrease was observed (t = 3.65, p < 0.001).

Interviewees who showed a decrease in inclusivity scores
after the online switch mentioned that the decrease was an arti-
fact of course timing, in that the inclusivity-relevant topics hap-
pened to occur before the transition; that the inclusivity prac-
tices were dropped or reduced as a casualty of stripping the
course topics down to the basics addressed by the course text-
book, which contained little to no diverse representation, and
because they felt uncomfortable or awkward discussing contro-
versial topics remotely, because they prefer to address these top-
ics via conversation and open dialogue, which they did not feel
was possible in the asynchronous remote format (Supplemental
Table 3). Interviewee 9 mentioned: “If I'm going to do recorded
lectures then it’s harder to get into controversial topics but
when I'm in the class I can bring up and have more of a dialogue
with my class.”

Interviewees who maintained the same levels of inclusivity
across modalities mentioned that inclusivity was a major com-
ponent of their course design or that inclusivity is of high per-
sonal value to them. Interviewee 3 expressed:

“Oh, for me that’s very, very, very important.... I have friends
who work in my field who are amazing Black women or Black
men and they are not represented fairly in a lot of different
ways. So, to me that’s very important. I have students of color.
I want them to see themselves in what I do.”
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Responsiveness. A significant decrease (t = 12.95, p < 0.001)
in use of ST practices related to responsiveness was observed
between face-to-face instruction (M = 75.75, SD = 14.72) and
ERT (M = 55.25, SD = 19.60; Figure 3).

Interviewees who decreased their responsiveness practices
after the transition to ERT indicated two main reasons for the
decrease: logistical concerns and a lack of student cues avail-
able (Supplemental Table 4). In terms of logistics, interviewees
mentioned that they did not want to overburden students with
additional work, that the online modality afforded fewer possi-
ble types of follow-up resources in both synchronous and asyn-
chronous formats, and that they did not have enough time to
check on all breakout rooms during online class sessions like
they would while circulating around a classroom. Interviewees
described that jumping into breakout rooms interrupted the
flow of student work and that the weekly module structure led
to a time lag in grading and feedback, so there was no opportu-
nity to adjust to student understanding until the class had
moved on to a different topic.

In terms of the lack of student-cued responses, interview-
ees more specifically attributed their decrease in responsive-
ness to the inability to see students synchronously, because
students tended to keep their cameras off during class ses-
sions; inability to interact with students in real time when in
the asynchronous format; a general lack of responsiveness
among students; a lack of input from students until assign-
ments or assessments were turned in for a grade; and a ten-
dency of students to give false indications of understanding to
avoid discomfort. Interviewee 3 described: “Sometimes flat
out asking them, they’re not going to tell you ... sometimes
they don’t even know enough, like they’re so overwhelmed
they just say, ‘Yes’ to make the conversation go away, or they
don’t respond.”

Interviewees who maintained the same level of responsive-
ness in both formats indicated that they found students were
more likely to email them with questions when they were in the
online modality, that their course activities fostered back-and-
forth interactions between the instructor and students, and that
being responsive was of high personal value in their teaching.
Interviewee 14 describes this importance:

“Because that’s the most important thing, right? You can’t
figure out if students don’t know something and then not work
to try to fix it ... I guess I was able to maintain it because I
think it was the most important part of teaching.”

Experimental Design. Respondents reported low use of ST
practices related to experimental design. Before ERT, mean use
was 33.53 (SD = 19.95), and during ERT, mean use decreased
to 26.0 (SD = 19.47; Figure 3). The difference in respondent
means was significant (t = 7.18, p < 0.001).

After the switch to ERT, interviewees tended to decrease
experimental design practices but maintained similar frequen-
cies of activities involving scientific literature or media articles.
Interviewees cited practical, logistical, artifactual, student-mo-
tivated, and personal value-related reasons for taking these
approaches (Supplemental Table 5).

Interviewees who decreased in experimental design and
communication scores indicated that these practices were
removed after the transition in an attempt to simplify course
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materials just to get through the semester in “survival mode.”
Interviewee 11 said:

“It was less of a let’s analyze and think about what’s going on
here and come up with hypotheses and more so like, okay,
here’s the system that we’re looking at. Here are the basics that
I want you to know. Here are some ideas that I want you to
think about. Here’s a video to reinforce that and, here’s a time
that I'm available for us to discuss that ahead of the test.”

In some cases, these practices were dropped as a conse-
quence of removing another course aspect such as group work
or face-to-face labs. In other cases, interviewees could not
ensure that students would have access to articles or other
sources when they were off campus with unknown Internet
access. One interviewee mentioned that the amount of time
working on these activities was the same in both modalities,
but it took longer for students to work through each individual
activity remotely, so the frequency itself decreased. Addition-
ally, some of the decreases were artifacts of the original course
plan, which included experimental design early in the semes-
ter but not late in the semester. Interviewee 6 also reported
dropping practices in this category, because the students
lacked the skills needed to successfully complete these tasks
independently:

“It’'s not something that our students seem to be very adept at

. I'm teaching most of them as second-semester freshmen
and so they really need a lot of prodding and hints and I think
that would just be really hard to do remotely.”

Interviewees who did not change frequency of experimen-
tal design and communication practices between modalities
attributed their ability to maintain the same levels to factors
such as resource availability and course design. Those citing
resource availability reported that they provided tutorials,
articles, or data sets to students through email or learning
management systems, or their institutions provided iPads or
loaner laptops to students before they left campus. Interview-
ees who mentioned course design indicated that experimen-
tal design or scientific literature composed a substantial por-
tion of their course structure and goals; that their course
material was amenable to experimental design or using liter-
ature; and that, in some cases, students were able to continue
conducting semester-long projects after the transition. In
addition, some interviewees clarified that opportunities to
practice these skills were provided for students, but students
were not held accountable for completing them. Interviewee
2 articulated:

“When we cut off, we were just getting into human anatomy
and physiology and I do a lot of case studies there ... How
often students were actually doing that I'm not sure but I was
creating the opportunities for them.”

Interviewees who increased in the experimental design and
communication practices did so because it was their normal
approach to teaching or because they place high personal value
on these practices as part of their teaching philosophy. Inter-
viewee 7 indicated:
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“I feel like that’s just sort of a skill you need to have as a biolo-
gist and certainly I teach an upper-level biology course and so
I just wanted to make sure that ... the skills portion of it, they
were still getting.”

Data Analysis. The use of ST practices related to data analysis
significantly decreased after the transition to ERT (t = 7.27, p <
0.001). During face-to-face instruction, the mean use of data
analysis teaching practices was 38.98 (SD = 20.71), which
decreased to 30.8 (SD = 20.44) during ERT (Figure 3).

Interviewees who decreased the frequency of activities in
which students were asked to make or interpret graphs reported
that the decrease was motivated by not having enough time and
needing to cut course components to make the amount of time
in class or doing course activities more manageable for stu-
dents, instructors, or both (Supplemental Table 6). Interviewee
3 noted: “For me it was just making things more manageable ...
some of their classes kind of tended towards overloading with
busy work as opposed to fair assessments.” Interviewee 10 indi-
cated that assignments with graphs were dropped, because they
were challenging for students: “For the non-science majors, I
mean their science literacy is not always the best and they get
frustrated very quickly, so it was a battle I wasn’t interested in
fighting.”

Interviewees who maintained the same frequency of activi-
ties involving graphs indicated that they were able to establish
graphing and graph interpretation skills early in the semester,
so it was relatively easy to continue asking students to continue
using these skills after the transition. Interviewee 13 explained:
“Because I had that front-end focus on analysis, practical inter-
pretation, graph building, they were able to actually apply that
stuff with me not directly in the room.”

In some of these cases, students continued working on
semester-long projects that had begun during the face-to-
face portion of the course. In other cases, students already
had the materials (paper lab manuals) or technology (insti-
tution-provided iPads with graphing assignments preloaded)
physically in hand and available from the start of the semes-
ter, so the practices continued seamlessly after the transition
to the online modality. Only one interviewee increased the
frequency of activities involving graphs after the transition,
and that interviewee attributed the increase as an artifact of
course timing, because the only course content involving
interpretation of graphs happened to fall at the end of the
semester.

Cognitive Skills. A significant decrease (t = 6.80, p < 0.001) in
use of ST practices related to cognitive skills was observed
between face-to-face instruction (M = 48.73, SD = 18.54) and
ERT (M =41.29, SD = 19.57; Figure 3).

The reasons that interviewees provided for decreases in cog-
nitive skills practices were primarily of the logistical nature
(Supplemental Table 7). Some thought that cognitive skills
activities required more instructor guidance, so they were pro-
hibitively difficult to facilitate asynchronously or live with
breakout rooms. Other interviewees mentioned that cognitive
skills practices were lost as a casualty of dropping team-based
activities. For some interviewees, the decrease in case studies or
open-ended activities was simply an artifact of course timing,
because these activities were originally planned for the first half
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of the semester. Other interviewees noted that the raw number
of cognitive skills—related activities or problems were the same,
but it took students longer to work through them remotely, so
there were fewer in each class session. Interviewee 10 described
this experience as:

“To cover the territory for those discussion questions that I
thought was the depth we needed was a lot more prodding on
my part, had a lot more of that lag time, had a lot more awk-
ward silence, things like that. The amount of time was the
same, but the number of different things we hit was different.
It was a lot less.”

Interviewees who maintained the same frequency of cogni-
tive skills practices after the transition to ERT stated two main
reasons: First, they were able to set the tone for course rigor
early in the semester during the face-to-face interactions and
maintain that rigor after the transition; and second, their per-
sonal values or teaching philosophies include challenging stu-
dents to practice or build their cognitive skills. Interviewee 6
explained:

“Well I'm just always trying to do that as much as I can. I dont
see a lot of point in asking students to just memorize stuff. I
mean, they obviously have to know facts to be able to use the
facts and apply them and analyze them and so on but I would
much rather them be able to work at a little bit higher level.”

Interviewee 7 cited that a desire to promote academic integ-
rity motivated an increase in cognitive skills practices after the
online transition:

“I didn’t want [the students] to just be able to Google the
answer and find something really straightforward online and
so I was really trying to tailor my questions, not so much like
rote memorization questions, but really to understand a partic-
ular process. The easiest way to do that I thought, and not
fight the Internet was to really come up with these more
deep-probing sorts of questions.”

Reflection. Respondents reported low, but similar use of reflec-
tion-based ST practices during face-to-face instruction (M =
32.37,SD =21.67) and ERT (M = 29.32, SD = 20.80; Figure 3).
Despite the similarity, the 3.05 mean score decrease was signif-
icant (t=2.13, p =0.035).

To gauge the underlying factors contributing to changes in
course and self-reflection strategies, interview participants were
asked to explain why they changed or did not change the num-
ber of times students were either asked to reflect on their study
habits or problem-solving strategies (self-reflection) or to provide
feedback on course structure (course reflection), and they pro-
vided a variety of reasons for their approaches (Supplemental
Table 8).

About half of the interviewees decreased the number of
self-reflection practices after the remote transition. Most of
those individuals attributed this decrease as an artifact of course
timing rather than the modality transition, because students are
encouraged to reflect more frequently at the beginning of the
semester as they adjust to the course, and because the course
expectations were well established at the time of the course
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interruption. Several interviewees also attributed this decrease
to an incompatibility with asynchronous formats, because lec-
ture videos were prerecorded, and because instructors only saw
the students’ finished products; they could not circulate around
the classroom to observe students while they were working
through questions or problems. Interviewee 2 describes this
occurrence:

“In person, 'm wandering around the room and I'm listening
in to conversations. I'm kind of reading over their shoulders, as
they’re writing out answers and I'll jump in a lot and I'll ask
them, ‘Okay, tell me what you’re thinking right here. You know,
what, why do you think this is the case? What led you to this
conclusion?’ ... Once we started meeting online, there wasn't
an opportunity for me to see the students work through the
process. All I ever saw was the product.”

Interviewee 1 increased the amount of student self-reflection
practices after the transition as an attempt to maintain a con-
nection with the students and to keep the students engaged in
the course:

“After transitioning to remote, partly [I] just missed the stu-
dents. Partly [I] wanted to maintain connection and let them
know [I was] still on the other end of the email ... [I] tried to
just keep reminding the students of that via email so that they
didn’t feel like they were adrift at sea and also just to keep
[the] course content on their radar.”

With respect to course reflection practices, one interviewee
reported a decrease in course reflection, in that the instructor
did not solicit feedback directly to avoid over-emailing students,
but was open to suggestions from students. Another individual,
Interviewee 13, kept the frequency of course reflection practices
consistent in both modalities, because it was an important com-
ponent of their teaching philosophy:

“I feel like it’s sort of my duty as an instructor to be able to sort
of read the pulse of the classroom, actually listen to feedback
and be humble enough to say okay this is working, this is not
working, let me find a way for this to work for you and I
thought that that was especially important given that none of
them signed up for this kind of online transition.”

Several interviewees who increased the frequencies of
course reflection practices when their courses transitioned to
ERT indicated reasons related to their own inexperience and
uncertainty in the new learning environment, their teaching
philosophy, wanting to know what was and was not working for
students, and a desire to keep students connected to the course.
Interviewee 5 connected these reasons by explaining:

“Our students are really good at catching you in the hallway,
catching you in the cafeteria, things like that. Well now when
we are going online where everyone’s scattered it felt like it
was now the burden of Are you understanding this?’ shifts
more back to me as opposed to students being responsible for
their own learning. [Instructors at my institution] really were
very much concerned and we were continually reminded of
trying to reach out to the students and not letting them hide
behind the distance.”
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Indirect Student Course Evaluation Feedback Regarding
ST Practices

Survey respondents were given the option to provide student
evaluations for their focal courses. Thirty-six (27%) of respon-
dents elected to provide this information. The average response
rate by students within each focal course was 58%. Twenty-nine
of the participating respondents provided course evaluation
data that included open-ended responses to questions asking
for feedback on their courses. Open-ended responses that men-
tioned the transition to the online/remote setting were collated
and further analyzed. A total of 109 responses from 15 courses
were gathered. Given the low response rate by participants and
the unrepresentative nature of these data, course feedback was
only used as a source of triangulation between the results of the
quantitative study and follow-up interviews.

The most frequent subject of student comments related to
ST centered around active learning and responsiveness. Com-
ments mentioning specific active-learning approaches (16% of
all comments) were coded by the type of intervention used. The
majority of these comments mentioned class discussion (65%)
or collaboration tools (24%). Comments related to responsive-
ness included the themes of communication (36%), flexibility
(20%), and organization (13%).

Students mentioning discussion in course evaluations over-
whelmingly cited it as positive (79%), even if the technology
was obtuse or awkward. They appreciated the way it provided
an opportunity to interact with classmates.

“I really liked the discussion questions we had once we moved
to online learning because it was a really nice way to facilitate
discussion with my peers and think about what I do and don’t
understand after completing the homework. I felt more con-
nected and engaged with the class which I think was one of my
fears when we moved to online classes.”

Communication is foundational to the ST practice of respon-
siveness. The theory of transactional distance (Moore and Kear-
sley, 1996) frames the importance of communication in the
context of distance learning and states that separation between
students and their teachers can “lead to communication gaps, a
psychological space of potential misunderstandings between
the behaviors of the instructors and those of the learners”
(p. 200). A recommendation Moore has made based on this
framework is that communication between teachers and stu-
dents should include three elements: dialogue, structure, and
student autonomy. Dialogue in this theory is measured in the
extent to which it resolves the students’ problems (Moore,
1997). Structure refers to the level of rigidity or flexibility of the
course. This criterion is measured by the ability of the course to
meet the students’ needs. Learner autonomy is a direct outcome
of quality dialogue paired with a flexible structure, because
these factors in combination enable learners to effectively
engage with the course with agency.

In this context, the student comments related to communi-
cation, flexibility, and organization are in strong alignment with
this model and closely associated with the ST practice of respon-
siveness. A large majority of students who mentioned commu-
nication discussed it in a positive light (76%). The general
theme was an appreciation of frequent and clear correspon-
dence from their professors. For example, one student reported,
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“The switch to distance learning was [fl]Jawless. Thank you for
always keeping communication open and answering questions,
no matter how frantic and crazy they seemed. I enjoyed this
course!”

A comment about communication was paired with a com-
ment about the online/remote transition 45% of the time. Of
these paired comments, a positive statement about communica-
tion was cited with a positive statement about the transition to
the online/remote setting 85% of the time. For example,

“I believe that the ability to meet with the professor virtually
(if needed) when online learning began (and in-person if
needed before online learning began) was great and that the
transition was handled perfectly.”

Positive attitudes toward the communication in the course
likely contributed to student feelings of a smooth transition to
the remote setting. As supported by the theory of transactional
distance, comments related to flexibility and organization
assumed strong communication with the instructor.

“[Instructor] was very kind and understanding of the difficul-
ties that online classes presented and was appropriately
accommodating with Test Corrections, reminders of due dates,
and an overall smooth transition to online learning with
[their] mini-lectures, problem sets, and discussion questions.”

“You made everything possible to help us understand the con-
tent, and you are there to answer our concerns timely even
with the social distancing. [Instructor] set us up for success
from the beginning. [They] set standards and made them clear
and how to meet them. [They were] helpful and made [them-
selves] available to us as students. [Instructor] made an excel-
lent switch to online courses and I enjoyed and appreciated
[their] approach. I felt that [they were] a difficult but excellent
professor.”

Overall, comments that we observed related to the ST prac-
tices of active learning and responsiveness supported their
impact on student learning. In the context of a remote environ-
ment, the ability of these practices to promote effective commu-
nication between peers and the instructor contributed to a pos-
itive attitude of students toward the course.

DISCUSSION

The COVID-19 pandemic has had a tremendous impact on all
levels of our educational system. Early on in the pandemic,
during the abrupt termination of face-to-face learning and sub-
sequent transition to ERT, disruption was especially widespread.
This emergency online shift with little to no time to develop or
adapt remote curricula in the Spring of 2020 inspired a variety
of approaches to adjusting course plans and teaching strategies
to complete the semester. Instructor strategies to transition
their courses to remote modalities fell on a continuum of
change, ranging from approaches that retained as much of the
original course plan as possible to drastic changes in course
plans and requirements, often stripping the course to the mini-
mum components and goals required to meet “adequate” stan-
dards. We posited that the quality of instruction declined as a
result. We conducted an online survey near the conclusion of
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the Spring semester of transition to quantify the amount of
change in ST practices in biology-related courses before and
after ERT. We then conducted follow-up semistructured inter-
views with a subset of survey respondents to gain insight on
how and why they changed their courses in those ways.

Decrease of All ST Practices during ERT, Especially Active
Learning

Each of the ST subcategories decreased as a result of the rapid
transition to ERT, but active learning, responsiveness to stu-
dents, and learning goals and feedback were the most dramati-
cally impacted (Figure 3 and Table 6). In particular, our data
suggest that a main challenge of the abrupt shift to ERT
was grappling with how to bring active learning into the remote
setting (Supplemental Material 1). Active-learning practices
decreased by a score of 21 points on the MIST scale. Averaged
across all respondents, the percentage of class time students
were active decreased by 16.8% and the percent of time spent
working in groups decreased by 13% when the transition
occurred as self-reported by instructors (unpublished data).
This is particularly concerning, because of all the ST practices,
those associated with active learning have the most evidence
supporting their role in student success (Freeman et al., 2014),
including benefits for underrepresented students, such as reduc-
ing the achievement gap (Theobald et al., 2020), improving sci-
ence self-efficacy (Ballen et al., 2017), and increasing retention
(Estrada et al., 2016). Thus, this decrease in active learning
alone is likely to have been a substantial detriment to student
learning after the remote switch. However, some instructors
were able to retain high levels of active-learning practices in
both synchronous modalities and asynchronous modalities
(Supplemental Material 1). Interviewees listed live conversa-
tions and group work in breakout rooms being used while meet-
ing synchronously. Interactive assignments or shared class doc-
uments for students in asynchronous modalities kept students
active on their own time. Students also seemed to appreciate
the chance to complete active-learning strategies, especially if it
meant interacting with their classmates. An overwhelming
majority (79%) of student course evaluation responses men-
tioning the use of discussion and interaction with classmates
cited active learning in a positive manner.

Responsiveness to Students, Learning Goal Use,

and Feedback Decreased during ERT

Teaching practices associated with responsiveness to students
and learning goal use and feedback were the second and third
most-impacted ST subcategories. These decreases likely
occurred for similar reasons due to parallels between instruc-
tors being responsive to student needs and providing feedback
on progress toward achieving learning goals. Indeed, interviews
revealed that instructors had trouble gauging how well students
understood material when operating either synchronously or
asynchronously, which affected instructors’ ability to provide
feedback or to be responsive to misunderstandings. Addition-
ally, when formative assessments were completed, the neces-
sary lag time in providing feedback in asynchronous approaches
often meant that students did not receive the feedback until the
class had moved on to the next weekly module, which was
often a different topic. This is concerning, because the course
then loses the iterative nature of learning in which students can
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identify specific misunderstandings and correct them before
taking summative assessments. Student evaluation data pointed
to instructor responsiveness as a key component of positive stu-
dent experiences in the switch to remote modalities. Specifi-
cally, students pointed to instructor flexibility and understand-
ing of their situations as well as a sense of strong communication
as major contributors to positive course experiences. Students
also viewed strong communication between an instructor and
students as an indicator of a highly organized instructor. Taken
together, the decrease in responsiveness and feedback brought
on by the disruption of face-to-face learning environments is
likely to have decreased instructor effectiveness and negatively
impacted the student experience.

Retention of ST Practices during ERT

Of the variables we measured, the MIST face-to-face score was
the most impactful predictor of remote MIST scores (Table 5).
Instructors who used higher levels of ST practices in the face-to-
face setting had higher levels of ST teaching practices in the
remote setting. In other words, doing more ST in everyday
instructional approaches translated to doing more ST under
duress, despite large decreases in the frequencies of those prac-
tices. Even at a potentially reduced capacity to implement ST,
instructors who were invested in using these best practices
found a way to weave them into their suddenly changed curric-
ulum. Given the sudden remote switch and the often noted
“survival” mentality of ERT, it is not surprising that instructors
who had low levels of ST in face-to-face did not take the time
and cognitive load to shift their teaching approaches to include
more ST practices, despite the benefit it might have had for
students. Our interviews nicely exemplified these two ends of
the spectrum (Supplemental Materials 1-8). In one case, fac-
ulty at the institution of a high MIST score instructor were
urged by administrators to operate under low expectations and
to conduct courses asynchronously, but after trying and dislik-
ing that approach, the instructor instead held synchronous class
meetings in which students worked almost exclusively on case
studies in breakout room groups. In a different case, a lower
MIST score instructor held synchronous class sessions consist-
ing almost entirely of lectures. When this instructor tried break-
out rooms, inevitable technical difficulties arose, and the
instructor decided to drop all activity beyond lecturing in the
main meeting room thereafter to avoid the hassle and the
wasted time to work out issues with the technology.

Modality type was also a significant contributor to variation
in MIST remote scores (Table 5). Instructors who used synchro-
nous or blended modalities were more likely to have higher
MIST remote scores and experience a less drastic reduction in
remote MIST scores compared with instructors using asynchro-
nous modes. This suggests that the synchronous formats more
closely resembled the in-person learning environment and were
therefore more likely beneficial for students, given the higher
levels of research-supported practices. Indeed, when comparing
in-person and remote versions of the same course in nonemer-
gency instances, research conducted in marketing education
indicated that student learning and engagement in online mar-
keting courses most closely resembled the level of the face-to-
face classroom when the online course operated in synchronous
formats (Francescucci and Rohani, 2019). It should be noted,
however, that many of the instructors indicated in interviews or
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survey comments that despite the potentially reduced quality of
teaching, they chose asynchronous delivery of course materials
to promote equity and accommodate student needs such as dif-
fering time zones, lack of reliable Internet connection or com-
puter access, needs to acquire and maintain full-time employ-
ment to help their family pay rent, and many others. In some
cases, the instructors made this decision independently, but in
others, they were pressured or required to do so by administra-
tors at their institution (Colclasure et al., 2021). Although the
courses were more likely to differ in research-based practices
when courses were delivered asynchronously, students men-
tioned benefits of some of the asynchronous tools or items in
their course evaluations. Of the student course evaluation com-
ments analyzed, 25% mentioned prerecorded or minilecture
videos, and an impressive 96% of these comments were positive
in the use of this tool. This suggests that, even when online
courses are delivered synchronously, providing recordings of
class sessions or prerecorded minilectures is likely to benefit stu-
dents and provide a more positive experience in the course.

The instructors’ comfort with technology also influenced
their likelihood of implementing ST in ERT (Table 5). Instruc-
tors who were more comfortable with technology implemented
higher levels of ST practices. It is perhaps not surprising that
those who were comfortable with technology tried out more ST
in the remote format. Two instructors who were uncomfortable
with technology mentioned in their interviews that they tried
using some technology features like breakout rooms or showing
videos, but once they experienced difficulty, those instructors
abandoned ship and stuck with the basics (Supplemental Mate-
rial 1). The degree of troubleshooting required for remote
course delivery for the instructors alone was intimidating for
these and similar instructors, and this was compounded by the
need to help students troubleshoot their own technical difficul-
ties, especially in cases of unstable Internet connections or lim-
ited access to technology.

Time-Intensive and Nonequitable Practices Dropped

To gain insight into the underlying reasons for instructional
decisions regarding ST practices, we asked interviewees to
reflect on why they chose to change or retain ST practices after
the disruption in their courses. A detailed analysis of the major
barriers faced by interviewees and their perceptions of the
barriers their students faced have been published previously
(Colclasure et al., 2021). Instructor motivations for decreasing
tended to fall in categories of practical or time-based justifica-
tions or concerns around equity or fairness to students from
different time zones, those with limited Internet connectivity or
access to technology, or students with employment or family
obligations (Supplemental Material 1). Many interviewees
mentioned not having enough time to plan logistics of how to
facilitate ST practices remotely. Several also mentioned that
they were planning to spend time in the subsequent summer to
work on those logistics and develop more effective strategies for
upcoming remote semesters as the pandemic and remote
instruction continued.

There were two general recurring themes that emerged
throughout the interview process for why instructors were able
to maintain practices. First, practices were maintained because
the precedent for and expectations regarding those practices
had already been established early in the semester while the
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classes were meeting face-to-face. Instructors were able to con-
tinue implementing these practices in a somewhat seamless
manner, because the students knew how to complete the tasks,
had developed the necessary skills, could efficiently use the
affiliated technologies, or were familiar with the expectations
for success around these practices or activities before the inter-
ruption. In particular, interviewees mentioned this in reference
to practices involving graphing skills, data analysis skills, apps
or programs used for graphing, finding and/or reading scien-
tific articles, metacognitive reflection practices, and -criti-
cal-thinking skills. Second, instructors indicated intentionally
retaining ST practices that were of high personal value to them-
selves, many of which were aspects of their teaching philoso-
phies. One interviewee put forth extra effort to continue includ-
ing a diversity of contributors to science; they valued making
sure all of their scientist friends and colleagues were repre-
sented to their students (Supplemental Material 3). Another
interviewee mentioned retaining activities requiring students to
use higher-level cognitive skills, because that was the central
motivating factor for the flipped design of the course, and they
think that college-level science courses should demand high-
er-level cognitive engagement from students (Supplemental
Material 7).

Study Limitations

While our study provides valuable insight regarding instruc-
tional approaches in ERT, there are a number of cautions to be
considered when interpreting the result of this work. First, we
disseminated MIST toward the end of the semester, so instruc-
tors provided information about their teaching practices from
the face-to-face portion of the course in a retrospective man-
ner rather than toward the end of the face-to-face environ-
ment itself. This was a necessary approach, given the sudden-
ness of the remote transition. We also note that the short time
frame between the end of face-to-face modality and the sur-
vey administration is likely to yield relatively accurate results,
especially as instructors were making direct comparisons
between the two modalities. Additionally, self-report instru-
ments have been subject to overestimation of practices in
some cases, especially when respondents are pressured to per-
form well by instances of promotion or professional develop-
ment evaluation (Ebert-May et al., 2011; Weiman and Gilbert,
2014). However, our work presented no pressure to perform
and focused on the change in practices rather than the raw
frequency of practices, thus mitigating typical motivators to
overestimate practices. Furthermore, previous work by the
developers of MIST triangulated instructor, student, and
observer responses and found a strong correlation between
the perspectives, which supports the use of MIST as an instruc-
tor self-report tool in low-pressure conditions (Durham et al.,
2018).

We also note that many of the courses in our sample, espe-
cially those at PUIs, included both a lecture and lab component.
MIST is designed to capture information only from the lecture
portions of courses, and respondents are instructed to only con-
sider lecture portions of their course in their responses, so our
results likely underestimate ST levels for courses in which lab
components were tightly integrated in regular course compo-
nents. Several survey respondents noted this concern in the
open comments box.
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Despite the use of strategies to increase survey response
rates (Dillman et al., 2014), the authors acknowledge receiv-
ing a relatively low response rate (12.2%) from our target
population. The low response rate was likely caused by the
fallout from COVID-19 and corresponding challenges with
ERT (email overload, increased workload, etc.) that have
been well documented during this time (Johnson et al., 2020;
Colclasure et al., 2021; Stewart, 2021). The significant esti-
mated time commitment to complete the survey (20 to 30
minutes) also likely deterred members of the sampling frame
from starting the survey (Kaplowitz et al., 2012). In rare
cases, faculty may have not had access to the Internet and
would therefore be unable to see or respond to our request.
Given these challenges, the authors believe the response rate
is acceptable, but caution should be taken when interpreting
the data.

The study described here is regional and centered on PUIs.
About half (49.3%) of all respondents were from our focus area,
which includes five midwestern states: Iowa, Kansas, Missouri,
Nebraska, and North Dakota. Out of all our respondents within
the Midwest, a majority (77.6%) were from these same five
states. Eighty-two percent were from a PUI (Table 2). Given
this, we found no statistical difference in instructor responses
from this focused region of the Midwest versus the rest of the
sample (see Overall Change of ST Practices and Contributing Fac-
tors). We also found that the challenges reflected in our focus
population reflected struggles that have been reported more
broadly (Johnson et al., 2020; Colclasure et al., 2021; Stewart,
2021).

The authors would like to stress that this work can only be
interpreted in the context of ERT; our results cannot necessarily
be extended to standard remote teaching environments in
which time to consider pedagogical decisions and develop
course plans is abundant and students who enroll in the course
are likely to have adequate access to technology and Internet
connectivity. In other words, it is not the remote teaching envi-
ronment itself that necessarily decreased ST levels, but rather
the emergency and survival teaching mode of operation caused
by the rapidity of the transition to the remote modality that
impacted ST approaches. Our qualitative data illustrate both
the instructors’ lack of ability to prepare due to time challenges
and difficulties in balancing home life with work and their
uncertainty concerning student access to class time, technology,
or reliable Internet connectivity as major limiting factors in
instructors’ abilities to implement ST practices. Our findings
would quite likely be different if the instructors knew months
ahead of time that they would be teaching online, and indeed,
many of the interviewees mentioned dedicating time in the sub-
sequent summer to more rigorously plan for effective instruc-
tion in their presumed remote modality courses for the upcom-
ing semester.

Recommendations

Our work took an important step by documenting changes in
research-based instructional strategies that occurred as a result
of the COVID-19-necessitated rapid transition to remote teach-
ing modalities. Generally speaking, we found that instructors
who were already trained in and implementing higher levels
of ST practices in their courses as well as those who were
most adequately equipped with technology resources of both
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hardware and know-how before the disruption of face-to-face
learning were most likely to retain higher levels of effective
teaching approaches under duress. Educators and administra-
tors in higher education institutions can leverage this insight to
better prepare for future events that might require rapid
changes in course plans and ensure the quality of the educa-
tional experience can be retained in the event of unexpected
changes. Building a more robust and reliable infrastructure can
lay the groundwork that instructors can easily tap into for sup-
port in situations that would require a rapid shift to remote
modalities, whether they be broad-range, campus- or depart-
ment-wide, or even at the level of individual instructors, and
whether they be short-term, such as a weather-related campus
closure, or longer term, like the pandemic quarantines and
campus closures. We offer the following recommendations to
help minimize negative impacts on teaching in the event of
rapid change to remote modality. These recommendations par-
allel those that came out of a detailed analysis of the 14 indi-
vidual interviews that were part of this study (Colclasure et al.,
2021).

Despite the advantages of implementing research-sup-
ported instructional strategies (Freeman et al., 2014), recent
evidence suggests that undergraduate science courses are still
primarily taught using traditional lecture strategies (Stains
et al., 2018). Our data indicate that this detriment was further
amplified by the rapid transition to ERT. Thus, providing
instructors with support and training for the use of research-
based instructional strategies such as those associated with
the ST pedagogy can improve both face-to-face instruction
and adjustments necessitated by ERT. In particular, focusing
training and teaching practice on the implementation of
active-learning and communication strategies to promote
interaction between students and responsiveness by the
instructor would be expected to have a major impact in buff-
ering against learning losses based on our results. In addition,
focusing on practices that intersect ST and inclusivity will
likely yield robust retention of practices across modalities
(Harris et al., 2020). Practices in this intersection can help
keep students connected and engaged with the course without
excluding those who have restricted access to technology and/
or those students who have limited Internet connectivity. The
interviews conducted in this study were conducted on a repre-
sentative set of individuals who spanned the range of ST
implementation observed in our data set. Because of this, the
interview data provide a wealth of specific cases in different
ways ST practices were used or not used for faculty training
purposes.

Another implication of this study is that regular use of elec-
tronic resources and access to technology in face-to-face set-
tings can reduce the impact of the ERT transition by improving
instructor self-efficacy in technology usage. Resources should
be evaluated for their application in the implementation of ST.
It could be beneficial for individuals, departments, and institu-
tions to curate exemplar resources aligned with ST practices. In
particular, resources that help facilitate teamwork in an online
setting and that promote interaction between instructors and
students could be prioritized to buffer against disruptions in an
emergency scenario. Practicing the use of these tools in none-
mergency situations is important for both instructors and
students. Similarly, instructors in our study whose institutions
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provided technology such as tablets or laptops to all students
were able to mitigate some of the limitations of students who
would not otherwise have access to technology, thus promoting
inclusivity and the continuation of ST practices implemented
before ERT. Any strategy promoting faculty self-efficacy in the
usage of technology would be predicted to promote ST practice
in an ERT event based on our results.

Our data indicate that synchronous ERT formats more
closely resembled face-to-face portions of the disrupted courses
than asynchronous ERT approaches; however, synchronous for-
mats are not always possible or equitable for all students. This
demands that attention be paid to developing effective methods
to implement ST practices in asynchronous formats. For exam-
ple, one interviewee had students work in groups to complete a
shared Google Doc of course notes, which was easily completed
across time zones and varying schedules of the participating
students (Supplemental Material 7). However, as we saw in our
study, respondents came into ERT with a wide range of online
teaching experience. In an ERT situation, focusing efforts to
support faculty with little online teaching experience into syn-
chronous and blended synchronous/asynchronous online for-
mats may cause less disruption to the quality of teaching based
on our results. Outside ERT, online teaching training efforts
anchored in ST would be more effective in preparing faculty for
abrupt transitions. Faculty development efforts starting with
foundational training on ST could then expand to the individ-
ual needs and interests of the faculty involved to work on
adapting and implementing these principles in face-to-face set-
tings, blended face-to-face/online learning formats, synchro-
nous online settings, synchronous/asynchronous blended for-
mats, and asynchronous online modalities. Encouraging faculty
to continuously work on their ST implementation within a vari-
ety of formats would maximize their ability to transition
abruptly into remote learning. Combining this training with
curated resources, as recommended earlier, would help the
institution act more cohesively in serving students.

Developing contingency plans for unexpected events in the
future can help ensure a more seamless transition in teaching
and learning in higher education when circumstances require
rapidly changing course modality in an ERT scenario. More
importantly, supporting faculty in adopting ST practices and
ensuring equitable access to technology will provide immediate
benefits to students and added protection against the negative
effects of a future crisis.
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