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ABSTRACT: Extensive research within science, technology, engineering, and mathematics (STEM)
fields has demonstrated that active learning leads to greater educational success for students
relative to traditional lecture methods. While studies have explored active learning use across various
STEM fields, minimal research has focused specifically on the atmospheric sciences. A baseline
knowledge of the use of active learning in this field is vital for determining instructional effec-
tiveness and can identify areas for improvement. The goal of this study is to provide a baseline
regarding the state of active learning within the atmospheric sciences, including understanding
what active learning strategies are most widely used, their frequency of use, and who is using
them. Atmospheric science instructors were invited to participate in an online survey to provide
information about their active learning use in the classroom and resources used to learn more
about active learning strategies. Survey results indicate that case studies are the most popular
high-use active learning strategy across all levels of instruction, though how they are implemented
within the classroom is not clear. New atmospheric science instructors, instructors beyond the
typical 5-yr tenure mark, and female instructors exhibit the highest number of unique active learn-
ing strategies. Future work stresses the need for a larger sample size and more direct classroom
observation of instructors using active learning.
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ver the past few decades, a large body of research has demonstrated that pedagogical

strategies that promote collaborative student interactions and concept-focused

engagement with content leads to significantly greater student learning (e.g., Hake 1998;
Crouch and Mazur 2001; Prince 2004; Knight and Wood 2005; Umbach and Wawrzynski 2005;
Fairweather 2009; National Research Council 2012; Freeman et al. 2014). These engagement-
focused strategies, collectively known as active learning, benefit students in a variety of ways.
Rooted in cognitive theory, active learning requires students to actively participate in the
acquisition of knowledge, allowing learners to more effectively integrate new information
with their prior knowledge (Faust and Paulson 1998; Yilmaz 2011; Jaeger et al. 2017). As a
result, students increase their self-efficacy, feeling more confident in their ability to learn the
material, and succeed in a course (e.g., Wilke 2003; Fencl and Scheel 2005). Active learning
strategies also help to reduce the achievement gap for students who are socioeconomically
or educationally disadvantaged as well as traditionally underrepresented within the sciences
(e.g., Ernst and Colthorpe 2007; Haak et al. 2011; Eddy and Hogan 2014; Freeman et al. 2014).

The benefits of active learning are well established within the geosciences; both intro-
ductory and upper-level courses have demonstrated success in using diverse, interactive
pedagogical approaches (e.g., Yuretich et al. 2001; McConnell et al. 2003; Yuretich 2004;
Kortz et al. 2008; Goldsmith 2011; Dohaney et al. 2012; McConnell et al. 2017). Most notably,
student performance is improved (e.g., McConnell et al. 2006; Mora 2010; Freeman et al. 2014;
Davenport 2019), and students are more engaged with and exhibit more interest in the material
(e.g., Yuretich et al. 2001; Sawyer et al. 2005; Cutrim et al. 2006; Francek 2006). Additionally,
significant evidence demonstrates that students, particularly within the geosciences, pre-
fer interactive and collaborative methods over passive lecture (e.g., Yuretich et al. 2001;
McConnell et al. 2003; Dohaney et al. 2012; Yuretich and Kanner 2015; Davenport 2018,
2019). The successes of the broader geoscience discipline have, to a lesser extent, also been
replicated within the field of atmospheric science. A variety of active learning approaches
have been implemented, including opportunities for student reflection and interaction on
tasks (e.g., Cutrim et al. 2006; Steeneveld and Vila-Guerau de Arellano 2019), authentic
real-world experiences both in the classroom and out in the field (Barrett and Woods 2012;
Charlton-Perez 2013; Coleman and Mitchell 2014; Croft and Ha 2014; Tanamachi et al. 2020),
and guided, collaborative exercises working through problems (Davenport 2019).

Even with the notable successes associated with active learning approaches, there are
several challenges to implementing these research-based instructional strategies. Faculty
interviews identify several situational barriers, such as the need to cover too much mate-
rial, student resistance, department norms, and physical limitations of classroom layouts
(Henderson and Dancy 2007; Walczyk et al. 2007; Shadle et al. 2017). Some faculty also
perceive a potential loss of autonomy over how a course is conducted, an inability to manage
meaningful assessments in large courses, and a belief that their current instructional methods
are adequate [see a comprehensive list of barriers in Shadle et al. (2017)]. However, even with
a strong desire to implement active learning, the most commonly cited barrier to modifying
the classroom experience is lack of time (Dancy and Henderson 2010; Shadle et al. 2017;
Riihimaki and Viskupic 2020). Time constraints can be a function of a number of factors; how-
ever, studies routinely demonstrate that tenure and promotion considerations and the related
issue of research efforts being rewarded more than instruction are critical components in how
faculty decide to use their time (Michael 2007; Walczyk et al. 2007; Brownell and Tanner 2012;
Riihimaki and Viskupic 2020).
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Taking into account the barriers listed above across science, technology, engineering, and
mathematics (STEM) disciplines, instructors are more likely to use traditional didactic lecture-
based teaching methods than active learning or other research-based pedagogical methods
(Wieman et al. 2010; National Research Council 2012; Stains et al. 2018). While knowledgeable
within their field, instructors are often not afforded opportunities to develop deep pedagogi-
cal knowledge (e.g., Auerbach and Andrews 2018). Even with knowledge of different active
learning approaches, the act of implementing such changes is dependent on personal and
professional context, as well as experiences (e.g., Rogers 2003; Andrews and Lemons 2015).

Within the geosciences, a limited number of studies have been conducted to quantify the vari-
ous instructional practices used in the classroom. Macdonald et al. (2005) collected self-reported
information from over 2,000 geoscience faculty on courses they taught, teaching methods used,
activities incorporated into courses, and the types of assessments given to students. However,
only 5.6% of the N = 2,094 respondents within Macdonald et al. (2005) were faculty teaching
atmospheric science, meteorology, or climate-related courses. While a more recent follow-up
survey with N = 2,600 participants increased that rate to 9.5% (Egger et al. 2019), neither study
provided breakdowns by subdiscipline with regard to instructional practices. To the authors’
knowledge, the “state” of active learning use and implementation within the atmospheric
sciences specifically has not been addressed since Macdonald et al. (2005).

In light of the prior work establishing the benefits of active learning, combined with the need
for updated and more comprehensive instructor implementation data specific to atmospheric
science, the goal of this study is to provide a baseline regarding the state of active learning
within the atmospheric sciences. A survey was developed to 1) identify the types of active
learning strategies used within college-level atmospheric science courses and 2) quantify the
frequency of use of identified active learning strategies. While the self-report data gathered
from the survey limit what conclusions can be drawn from the data (e.g., Fung and Chow 2002),
the survey results will serve as the foundation for improving the implementation of active
learning, ultimately leading to improvements in atmospheric science students’ educational
experience, thus supporting a deeper and richer understanding of the atmosphere. Under-
standing how instructors are using a particular active learning strategy (i.e., “Does the strategy
align with learning goals?”) as well as the reasons behind their decision to use the strategy
are important research questions; however, these are outside the scope of this project and
will be considered in future work.

The remainder of this paper is organized as follows: the “Methodology” section describes
the development of the active learning survey and the demographics of the study popula-
tion. The “Results” and “Discussion” sections examine the survey data and analyze the key
findings. The “Conclusions and future work” section concludes with a recap of key findings
as well as possible avenues for future work.

Methodology
Survey design, dissemination, and response rate. The active learning use survey for this
study, created in Qualtrics (see online supplementary material; https://doi.org/10.1175/BAMS-
D-20-0239.2; www.qualtrics.com/), consisted of an electronic consent form and two sections. The
first section asked participants to specify the number of introductory, upper-level undergraduate
and graduate courses that they had taught between fall 2018 and summer 2019. At the time of
conducting this study, this was the most recent 12-month academic
year. Then, for each category in which a participant taught at least
one course, participants were asked to assess the frequency with © frequency ofuse of various types of assessments
which they utilize one or more active learning strategies.! i followed; however, assessment results are not
The active learning strategies included in the survey were select- discussed in this study (see “Future work” section).
ed based on their established efficacy in the geoscience education

! Asimilar question asking participants to assess
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literature, as well as their (broadly defined) widespread usage (see review in McConnell et al. 2017;
along with Rao et al. 2002; Vazquez-Garcia 2018; Petrunich-Rutherford and Daniel 2019).
Specifically, the usefulness for instruction and potential to improve student learning in geo-
science classrooms has been analyzed for all of the strategies that are included within the
survey for this study. Definitions of active learning strategies could be viewed by participants
by hovering their mouse pointer over each strategy (see supplemental material for the list of
active learning strategy definitions from Q1.2a-Q1.2c of the survey). The second section of
the survey asked participants to answer a series of demographics questions.

The survey was emailed to faculty in atmospheric science departments (N = 757). Faculty
email contact information was extracted from institutions listed as hosting atmospheric
science programs based on a program listing provided by the National Weather Association
(NWA; https://nwas.org/membership/committees/education/colleges-universities/). Partici-
pants were also contacted within atmospheric science listservs (e.g., SUNY Albany “MAP”
listserv, AMS member Open Forum). While a larger potential sample size was contacted
with inclusion of the listservs, the sample size estimate from the NWA list is believed to be
a better representation of the number of participants invited; faculty who also happen to
participate in one or more of the contacted listservs likely received overlapping email invita-
tions. The authors of this study contacted participants within the communities and listservs
described above at least three times to help maximize the study response rate, which is
consistent with suggestions for improving survey response rate outlined by recent research
(e.g., Saleh and Bista 2017).

A total of N = 211 participants completed the survey, implying a survey response rate
of 27.9%. This response rate is lower than the 254-260 participant sample size threshold
recommended by Krejcie and Morgan (1970) given our N = 757 participants contacted (i.e.,
32.5%-33.9% response rate). This may be tied to the challenges associated with online survey
response rates due to “burnout” (e.g., Mufioz-Leiva et al. 2010) and survey oversaturation
(e.g., Sax et al. 2003; Saleh and Bista 2017).

Demographics. The majority of the participants were employed by “doctoral” universities (75.6%),
with nearly all of the remaining participants being evenly split between “baccalaureate”
and “master’s” universities (11.3% each; N = 168). Approximately 65.1% of the survey par-
ticipants were male, with just over a third of the participants identifying as female (34.9%;
N = 166). For context on whether this study sample is represen-
tative, this study refers to MacPhee and Canetto (2015),> who
documented the representation of women in U.S. atmospheric
sciences doctoral programs via the demographic and profes- graphics of faculty in the geosciences more
sional information found on 34 atmospheric science doctoral broadly, which includes (but does not specifically
program websites in 2009, or approximately 70% of the total separate out) the atmospheric sciences.
number of atmospheric science doctoral programs (NWA 2020).
MacPhee and Canetto (2015) determined that, of the 813 ten-
ured and tenure-track faculty members employed in atmospheric science, only 17% were
female. In the present study, just over one-third of all participants identified as female
(34.9%; N = 166), with a slightly smaller fraction (29.2%) when considering only tenured
or tenure-track faculty. Thus, the results presented herein may be biased toward female
faculty, though it is possible that MacPhee and Canetto (2015) may have undersampled
female faculty in 2009.

Just over half of the participants (53.6%) had over 10 years of experience, 19.1% had 5-10
years of experience, 15.5% had 2-5 years of experience, and roughly 11.9% had less than
2 years of experience (N = 168). Nearly all of the participants use traditional (in-person)
course delivery format (85.2%), with 8.28% indicating they teach using a hybrid course format.

”»

2 Other studies, such as Gannet Hallar et al. (2015)
and Egger et al. (2019), have examined demo-
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Only 2.37% of the participants indicated that they teach online. The remaining 4.14% of the
participants indicated that they use two or more of the course delivery formats.

The average number of courses taught by the participants between fall 2018 and summer
2019 was 3.73 courses, with a range of 1-10 courses taught during the period (N = 174).
The most frequent response was that an instructor taught 2 courses during the period. Almost
two-thirds of the participants (65.5%) indicated that they taught at least one introductory level
course between fall 2018 and summer 2019, with 77.0% teaching at least one upper-level
course, and 44.8% teaching at least one graduate-level course during the period (N = 174).

Results
The majority of results shown in this section pertain to Q1.2 of the survey, which asks partici-
pants to rate the frequency of use of a variety of in-class active learning teaching strategies
within their courses (see supplemental material). The authors define “high-use” frequency
as a participant selecting either the “occasionally” or “frequently” rating per active learning
strategy.

Most common high-use active learning strategies. Table 1 shows the percentage of partici-
pants within introductory (N = 114), upper-level undergraduate (N = 134), and graduate-level
(N = 78) atmospheric science courses that use one or more of the active learning strategies listed
throughout the table at a frequency categorized as high-use. In all three categories, “case stud-
ies” exhibit the highest percentage of high-use by participants (57.0% for introductory, 66.4%
for upper-level undergraduate, and 53.8% for graduate courses, respectively). The higher fre-
quency use of case studies by participants is not particularly surprising, as such assignments
are often used within a number of different disciplines, including atmospheric science, as
a way to engage students in data analysis applied to specific weather and climate events of
interest (e.g., Herreid 1994; Schultz 2010; Steeneveld and Vila-Guerau de Arellano 2019).
Interestingly, the only other high-use active learning strategies that 50% or more of partici-
pants responded to were “think—pair—share” within introductory courses and “peer instruction”

" on

Table 1. Percentage of participants that teach courses at the “introductory,” “upper-level” undergraduate,
and “graduate” levels that “frequently” use any of the following active learning strategies listed above.
"Frequently” is defined here as a participant selecting, for an active learning strategy, that they
use this strategy either “occasionally” or “frequently.” Strategies frequently used by 50% or more
of participants that responded are italicized and marked with an asterisk (*). See the supplemental
material regarding a list of responses included as “other” for each of the three levels.

Frequently utilized active learning strategies
Introductory (N = 114) Upper level (N = 134) Graduate (N = 78)
* Case studies (57.0%) * Case studies (66.4%) * Case studies (53.8%)
* Think—pair-share (54.4%) Peer instruction (44.0%) * Peer instruction (51.3%)
Lecture tutorials (44.7%) Think—pair—share (41.0%) Concept maps/sketches (33.3%)
Concept maps/sketches (41.2%) Concept maps/sketches (40.3%) Lecture tutorials (33.3%)
Peer instruction (40.4%) Lecture tutorials (38.1%) Think—pair—share (28.2%)
Group quizzes/tests (27.2%) Group quizzes/tests (22.4%) Group quizzes (15.4%)
Other (20.2%) Minute papers (17.2%) Minute papers (14.1%)
Minute papers (19.3%) Other (17.2%) Other (10.3%)
Role-playing (9.65%) Role-playing (11.9%) Role-playing (7.69%)
Gallery walks (8.77%) Gallery walks (4.48%) Jigsaw (3.85%)
Jigsaw (8.77%) Jigsaw (2.99%) Gallery walks (2.56%)

AMERICAN METEOROLOGICAL SOCIETY BAMS Unauthen&%&U‘l %8\%/&0615(!@96129/22 02:28 AM UTC



within graduate courses. All other active learning strategies were selected by less than 50%
of participants.

Figure 1 provides insight into how many unique active learning strategies are used by
participants. In general, the number of active learning strategies used spans 1 to 9 strategies
for all three instructional categories. On average, participants teaching introductory courses
use 3.32 active learning strategies, those in upper-level undergraduate courses use 3.06
strategies, and those in graduate-level courses use 2.54 strategies. Fifty percent or more of
participants that teach introductory courses use up to 3 active learning strategies, and the
same holds true for those that teach upper-level undergraduate courses. For graduate-level
courses, 50% or more of participants use up to 2 active learning strategies. While no study (to
the authors’ knowledge) quantifies the use of active learning strategies specifically within the
atmospheric sciences, the results from Fig. 1 are in line with Macdonald et al. (2005), which
showed that 50% of geosciences faculty incorporate interactive teaching strategies [also see
Table 1 of Lund and Stains (2015)].

Active learning strategies and teaching experience. Figure 2a
shows the cumulative® number of unique high-use active learn-
ing strategies participants use within their instruction parti- > Inthis study, the cumulative valueis calculated
tioned by years of teaching experience (N = 167). The cohorts by first determining the number of high-use
that incorporate a variety of active learning strategies more

active learning strategies used by 50% or more
of participants that teach introductory courses.

frequently relative to the study population overall include newer Next, the same calculation is performed for
instructors (i.e., <2 years of teaching experience) and those that participants teaching upper-level undergraduate
are likely posttenure (i.e., 5-10 years of teaching experience). courses. If an active learning strategy that was

. . . . . e ey not accounted for in the introductory course
The greatest diversity of high-use active learning activities oc- Y

curs at the introductory level, with each cohort incorporating participants, the cumulative total increases.
one additional unique strategy at the graduate level (Fig. 2b). Otherwise, the count remains the same. This is
Furthermore, the specific active learning strategies used by a then repeated once more by repeating the above
majority of each subset of instructors reaffirms the popularity calculation for participants teaching graduate
of case studies (cf. Table 1).

The results of this study do not directly
reveal why particular subsets of teaching
experience tend to incorporate more, as well

results now exhibits 50% or more high-use by

courses.

100 Percentage of Participants Using X or More Active Learning Strategies

as different, active learning activities more Emr::rufml (glq = 11 13 1))
frequently than others. One possibility is that %or MlGraduate (N=78) ||

these instructors take advantage of various
professional development and pedagogical
resources more often, thus gaining ideas and
training in how to incorporate more strate-
gies. Figure 3, which shows the percentage
of respondents participating within a variety
of professional development opportunities
(see Q1.4 within survey in the supplemental
material), indicates no consistent differences
among the teaching experience subgroups.

While slightly higher rates of newer and _— ‘
posttenure instructors using journal articles, v 3Num§e, of Asctive fearnin7g Stra?egies oo

b,OOks’ websites, and con.ferenc.e presenta- Fig. 1. Percentage of participants using at least X number of
tions are observed relative to instructors active learning strategies at a high-use frequency, where X
within the 2-5-yr-experience cohort, these s the value on the x axis. Note that “other” is considered a
differences are not significant. unique active learning strategy. See text for more details.

Percentage
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Cumulative Number of Unique Active Learning Strategies Used by
Majority of Cohort
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Case studies

Think pair share
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Group quizzes

(Concept maps

Lecture tutorials

Fig. 2. Depictions of high-use (i.e., at least occasionally) active learning strategies used by a majority
(at least 50%) of faculty for different levels of teaching experience. The high-use strategies for
the entire study population (labeled as “all”) are shown for comparison. (top) The cumulative
number of unique active learning strategies for each cohort, and (bottom) specific activities for
each cohort at each course level. Note that the specific strategies for the entire study population
are not shown in the bottom panel for ease of viewing but are the same as the “10+ years”
teaching cohort.

Active learning strategy use: Male versus female instructors. When partitioning the data
by male versus female instructors, there is a notable difference in the cumulative number of
unique high-use active learning strategies used by males and females (Fig. 4a). While males
(N=72, 86, and 52 for introductory, upper-level undergraduate and graduate courses, respec-
tively) reported “case studies” as their only unique high-use strategy, females (N = 35, 38,
and 20 for introductory, upper-level undergraduate and graduate courses, respectively) noted
5 unique high-use active learning strategies (Fig. 4b). In addition to case studies, females also
use “think—pair—share,” “peer instruction,” “concept maps,” and “lecture tutorials” (the latter
of which only exhibited high use by 50% or more of female participants for introductory and
graduate-level courses).

While the male and female groups had approximately the same percentage of respon-
dents fall into the 2-5 years and 5-10 years of teaching experience cohorts, the male
cohort was largely biased toward those instructors with 10+ years of experience. Ap-
proximately 62.6% of the male respondents that answered Q1.2 had 10+ years of experi-
ence, compared to only 37.9% of the females answering this question (N = 107 and N =
58, respectively). In addition, nearly a quarter of the female respondents for this question
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Rates of Use of Resources to Implement Active Learning Strategies

Professional development workshop
Coursework/certification program
CTL consukation

Conference poster
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Conference presentation
m 2-5 years
Faculy lkearning community m 5-10 years
10+ years

Infor mal d scussions OUTSIDE dept

i

Infor mal discussions WITHIN dept

Journal Article/Book/Website

o

10 20 30 40 50 60 70 80 90 100

Percent of respondents

Fig. 3. The percentage of respondents within a given teaching experience cohort who used different
resources to implement active learning strategies within their classrooms.

(24.1%) had less than 2 years of experience, while less than 5% of male respondents had
less than 2 years of experience. While instructors with less than 2 years of experience
exhibited a greater use of active learning strategies relative to instructors with 10+ years
of experience, differences in the number of strategies used between males and females
are evident across all experience categories.

When examining the various professional development and pedagogical resources that
instructors take advantage of by gender (Fig. 5), we find that males and females seek out
resources related to teaching and learning with similar frequency. In this study, males are
slightly more likely than females to seek out resources through informal conversations within
their departments as well as through consultation with their institution’s center for teaching
and learning. However, females are much more likely than their male counterparts to seek
out resources through informal conversations outside their departments and to participate
in professional development workshops.

Discussion

Case studies. 1t is clear that case studies are the most popular choice of high-use active
learning strategy within all three levels of atmospheric science instruction surveyed. Case
studies are fairly straightforward to implement within the classroom given the vast amount
of reanalysis and archived data available to instructors and students on the internet. That
being said, the authors of this study are unaware of any research that has directly investi-
gated the efficacy of case studies within the atmospheric sciences. For example, one could
question whether case studies are truly effective in maximizing understanding of course
material within atmospheric science courses or are used because instructors observed their
peers implementing such exercises. Understanding how instructors are using a particular
active learning strategy (i.e., Does the strategy align with learning goals?) as well as the
reasons behind their decision to use the strategy are important research questions, but these
are outside the scope of this project and left for future work. “Personal practical theories,”
described as the use of an instructional strategy based on one’s own educational experi-
ence or observation of their peers (e.g., Gess-Newsome et al. 2003; Lund and Stains 2015),
may factor into the popularity of case studies observed in this study.

AMERICAN METEOROLOGICAL SOCIETY BAMS Unauthen&%&lol'l 53%3|oa§339é’29/22 02:28 AM UTC



Importantly, it can- Cumulative Number of Unique Active

ncft be directly deter- Learning Strategies Used by Majority of
mined from the results -

of this study whether
case studies are imple-
mented in a way that is
considered active learn-
ing. For example, an )
instructor could teach

a course that is primar- 0
ily lecture based and, Introductory Upper-Level Graduate
embedding within a
lecture, describe a case
study of an atmospheric
science event. In this Activity Male

scenario, students are Intro Upper Level  Grad Level
passive recipients of the
information, and not
taking an active role
or engaging with the Peer instruction
material. Herreid (2011)
notes that the manner
in which case studies Concept maps
are implemented is vital
for retention of infor-
mation. Case studies
that are used within the

—Female —Male

Female

Upper Level Grad Level

Case Studies

Think pair share

Group quizzes

Lecture tutorials

Fig. 4. Depictions of high-use (i.e., at least occasionally) active learning strategies
used by a majority (at least 50%) of male and female faculty. (top) The cumulative
framework of discus-  number of unique active learning strategies for each cohort, and (bottom) the
sion assignments, group  specific activities for each cohort at each course level.

or individual case study

projects, problem-based

learning or team-based learning, or clicker questions within lecture, lead to greater student re-
tention of course material versus instructors simply referencing a case study within their lecture
le.g., see Fig. 1 “Cone of Learning” in Herreid (2011), adapted from Dale (1969)]. Determining
how case studies are implemented is the first step in understanding the effectiveness of case
studies within the atmospheric sciences.

In general, an active learning strategy can be classified as requiring students to participate
in either “generative” or “active” work (e.g., Andrews et al. 2019). “Generative” work trains
students to apply higher-order learning skills (e.g., “analyze,” “evaluate,” and “create”;
see Armstrong 2020) toward developing understanding of course topics. On the other hand,
“active” work involves the implementation of frequent, “low-stakes” activities that assess
student ability to recall important course concepts, which requires students to utilize lower-
order learning skills (e.g., “remember,” “understand,” and “apply”). It is not known within
this study whether case studies require atmospheric sciences students to participate more
often within the context of generative or active work. Investigating this (along with how case
studies are implemented) would better inform the community of how to best implement case
studies within atmospheric science courses.

Influence of teaching experience on implementing active learning strategies. A key finding
of this study is the uneven implementation of active learning strategies and the extent to which
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they are used within the Rates of Use of Resources to Implement Active Learning Strategies
classroom by instruc-
tors. Namely, relatively
new instructors (i.e., <2
years of experience)

Professional development workshop
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rate more active learn- Informal discussions OUTSIDE dept [ —
ing strategies relative to Informal discussions WITHIN dept |
all instructors (Fig. 2). Journal, book, website |,
While the survey in this
. 0 10 20 30 40 50 60 70 80 90 100
study did not ask about

Percent of respondents
motivations or reasons

for using various ac-
tive learning strategies,  Fig. 5. The percentage of respondents (by gender) who used different resources
prior research provides to implement active learning strategies within their classrooms.

® Female mMale

insight into why these
differences are evident.

First, faculty motivation for including and updating courses with reformed teach-
ing approaches is inherently complex and personal (e.g., Andrews and Lemons 2015;
Riihimaki and Viskupic 2020). For example, there is an overarching process that tends to
occur to result in such changes; Rogers (2003) describes the manner in which innovative
instructional changes are made as the “innovation-decision” process. The first step involves
“discovering” a teaching strategy and learning more about it. Given that many new instruc-
tors (including graduate students) undergo various trainings as part of their onboarding,
it is possible that the “new instructors” cohort is using active learning strategies at a higher
rate simply due to exposure to new ideas. However, as shown in Fig. 3, atmospheric science
instructors frequently use a variety of sources to learn about active learning strategies, includ-
ing informal discussions, websites, books, journal articles, and professional development
workshops, with relatively little dependence on level of teaching experience. This suggests
that simple exposure is an insufficient explanation.

The discovery and learning period is followed by becoming “persuaded” to implement the
strategy, with a subsequent testing within the classroom stage. This is then supplanted by
ultimately adopting a specific strategy within an instructor’s pedagogy (Lund and Stains 2015).
Unfortunately, the survey did not collect any data related to these intermediate steps before
adoption, so it is unclear what differences lie among the teaching experience cohorts and any
reasoning behind them. Despite this, these results are consistent with other studies in that
simple awareness of reformed teaching methods does not neatly transition to implementation,
as a number of different factors such as departmental culture, norms within disciplines, and
personal context are all important (e.g., Lund and Stains 2015; Sturtevant and Wheeler 2019).

One critical component not factored into the innovation-decision process that may shed addi-
tional light on differences in the implementation of active learning strategies based on teaching
experience is the time and effort required to implement a new approach. This has been shown
to be the most frequently cited barrier to instructional change (Dancy and Henderson 2010;
Riihimaki and Viskupic 2020). Riihimaki and Viskupic (2020) framed this barrier (@among oth-
ers) in terms of expectancy value theory (Walker and Symons 1997), which essentially states
that motivation for change is a function of perceived effort in producing a given outcome. For
example, “implementing a new teaching method may be labor intensive ... but if the learn-
ing outcomes are dramatically improved or if the new method is particularly valued by the
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students, instructor, department, or institution, the instructor may still be motivated to adopt
the new method” (Riithimaki and Viskupic 2020).

Also, one of the more significant drivers of how instructors choose to spend their time
relates to tenure and the balance and perceived importance of research versus teaching
(Tang and Chamberlain 2003; Brownell and Tanner 2012). Noting that two-thirds of partici-
pants in this study exhibiting 5-10 years of instructional experience were tenured associate
professors, it is possible that the uptick in more frequent use of active learning strategies may
be tied to having less pressure with respect to research productivity, thus allowing more time
to focus on teaching. Even if this is true, the perception that teaching activities are unimport-
ant within promotion and tenure decisions is still strong at colleges and universities (e.g.,
Tang and Chamberlain 2003; Shapiro 2006; Walczyk et al. 2007; Riihimaki and Viskupic 2020).
Implementing initiatives that improve teaching effectiveness is important for fostering peda-
gogical reform in the classroom (Brownell and Tanner 2012).

Gender. Another key finding of this study is that female instructors use multiple active learning
strategies with high frequency, while the majority of male instructors typically only use case stud-
ies (Fig. 4). Although the male cohort was largely biased toward those instructors with 10+ years
of experience, the disparity in the number of high-use active learning strategies used by males
and females still exists. While the survey did not ask instructors what influences their decisions
about learning strategies, the findings presented here generally are in line with prior research.
Numerous studies have shown that women are more likely than men to adopt interactive
and engaging pedagogies. For example, a survey study of 107 U.S. 4-yr colleges and universi-
ties revealed that female instructors were more likely to incorporate active learning in their
classes than their male counterparts (Kuh et al. 2004, p. 27; Nelson Laird et al. 2011, p. 263;
Bennett et al. 2005). While the study cited above included atmospheric science instructors, a
breakdown by discipline was not provided. It was noted, however, that the gender gap in teaching
styles can vary significantly by discipline. Therefore, the results from the previous section in this
current study offer insight into differences in teaching style by gender in the field of atmospheric
sciences. Kuh et al. (2004) also agree with the result of this study that, as years of teaching ex-
perience increase, the likelihood that a faculty member uses active learning activities decreases.
While there is a large body of research that demonstrates the benefits of active learning, it is
important to note that this does not imply that females are more skillful educators than males,
as research has not shown differences in student outcomes based on the gender gap. In fact, it
has been shown that women may be significantly more open to new pedagogical approaches,
are more knowledgeable about active learning strategies and, therefore, more likely to adopt
them than their male counterparts (Henderson et al. 2012; Williams 2015). Further research
into the reason for the gender gap in atmospheric science is needed, as well as an investigation
of any learning differences that arise due to different pedagogies (Nelson Laird et al. 2011).

Conclusions and future work

Even with substantial literature demonstrating the value of active learning within STEM

courses, research that has specifically investigated active learning strategy use across U.S.

institutions within the atmospheric sciences is limited. The results of this study, based on

survey data collected throughout the atmospheric science college and university community,

provides a baseline regarding the frequency of active learning strategy use within this field.
The key results that emerged from this study are the following:

1) Case studies are the most popular high use active learning strategy across all levels of
instruction, though how they are implemented within the classroom across the atmo-
spheric science community is not clear.
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2) New atmospheric science instructors (i.e., <2 years of experience) as well as instructors
just beyond the typical 5-yr tenure mark (i.e., 5-10 years of experience) exhibit the largest
number of high-use active learning strategies.

3) The majority of atmospheric science female instructors surveyed typically use several
high-use active learning strategies, while the majority of male instructors only use case
studies.

The results presented above provide a more comprehensive baseline regarding atmospheric
science active learning use and professional development opportunities. While the findings
of this study do provide initial insight as to who is using active learning strategies with high
frequency, several follow-up questions about active learning use and implementation arise
that require further investigation.

The most significant limitation of this study is the lack of a significant sample size. Recall
that the study response rate was 27.9%, with a maximum N = 211 participants for any given
question. The response rate for some questions was even lower when data were partitioned
based on type of courses instructed, years of instructional experience and sex/gender. Also,
the majority of respondents worked at doctoral institutions, thus biasing the data based on
instructional experiences within typically research-intensive departments. Given that
the number of atmospheric science instructors within the United States is small compared
to other STEM fields (e.g., biology, chemistry, engineering, physics, mathematics), a higher
participation rate is required to ultimately improve overall understanding of active learning
use within this field.

As mentioned earlier, several challenges arise with online survey response rate, such as sur-
vey “burnout” and optimizing the number of notifications to prospective participants regard-
ing survey completion (e.g., Sax et al. 2003; Mufioz-Leiva et al. 2010; Saleh and Bista 2017;
Liu and Wronski 2018). Along with online survey response challenges, it has been shown
that, when instructors self-report, they overestimate the frequency with which they use active
learning (e.g., Fung and Chow 2002; Ebert-May et al. 2011). Therefore, future work requires
consideration of alternative modes of data collection to help alleviate these issues.

A more systematic and reliable (though labor-intensive) approach versus self-reporting is
direct classroom observation (Budd et al. 2013). Acknowledging the benefits and drawbacks
of each approach, more recent studies have opted to leverage a blend of both self-reporting
by instructors and classroom observations (Ryker 2014; Teasdale et al. 2017). Given that
this study relies on self-reported information, future work will require direct observation
of atmospheric science instructors within the classroom to determine if the results of this
study hold with respect to frequency of active learning use. This includes utilizing mixed
modes of data collection (e.g., instructor and/or student interviews, collection of student work
samples) to develop a more comprehensive understanding of how active learning strategies
are implemented and motivations for using certain active learning strategies. Furthermore,
additional classroom observations and follow-up interviews will be needed to directly ad-
dress the “why” of observed differences among male versus female faculty and instructors
with differing levels of teaching experience.

Research tools exist that can be used to help accomplish the above. An example is the
Reformed Teaching Observation Protocol (RTOP), a tool that can be used by an observer
to measure the implementation of reformed teaching methods, which includes active learning
strategies (e.g., Piburn and Sawada 2000). Another tool is Classroom Observation Protocol
for Undergraduate STEM (COPUS; e.g., Smith et al. 2013; Stains et al. 2018), where trained
observers code student and instructor behaviors within 2-min increments while observing
the course live. The use of any of the observation tools listed above would provide a more
comprehensive understanding of active learning application within atmospheric science
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courses, though these methods require more time and resources. Therefore, such tools will
be used in future work by the authors of this study to develop a better understanding of the
state of active learning in this field.

Regarding case studies, it is important to know how this strategy is implemented within
atmospheric science courses. For example, case studies being used within a “generative”
active learning framework may be more effective versus an “active” framework. In general,
atmospheric science courses should strive to incorporate generative work as much as pos-
sible to provide students the opportunity to develop higher-order thinking skills, which will
enhance their understanding of atmospheric science and better prepare them for career
positions. Also, an instructor simply referencing a case study within a lecture will lead to a
different learning experience for students versus one in which students are required to take
the lead on applying course material and self-analyzing data.

Given that this study has shown that case studies are the most popular active learning
strategy in the atmospheric sciences, it is vital that case studies are being utilized in the most
effective manner. The use of research tools that require direct observation of instructor and
student activity within the classroom setting would be an effective way of determining case
study implementation across U.S. institutions. Future work will investigate this as well as if
case studies serve as learning tools guiding generative (rather than active) work.

Last, this paper did not address any of the results collected regarding the frequency of
high-use assessment tools within atmospheric science courses. The type of assessment
tools used within a STEM course can impact the effectiveness of a course. For example,
Cotner and Ballen (2017) showed that female students perform better within introductory
biology courses when mixed modes of assessment are used relative to that of males. This sug-
gests that thoughtful choices in assessment for a course may play a role in closing the gender
gap within a science course. The assessment results from the survey conducted in this study
can play a role in understanding the “state” of assessment use in the atmospheric sciences.
This would be a first step toward understanding what (if any) reform is necessary to improve
atmospheric science course assessment.
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