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ABSTRACT
Active learning is frequently used to describe teaching practices, but the term is not 
well-defined in the context of undergraduate biology education. To clarify this term, we 
explored how active learning is defined in the biology education literature (n = 148 ar-
ticles) and community by surveying a national sample of biology education researchers 
and instructors (n = 105 individuals). Our objectives were to increase transparency and 
reproducibility of teaching practices and research findings in biology education. Findings 
showed the majority of the literature concerning active learning never defined the term, 
but the authors often provided examples of specific active-learning strategies. We cate-
gorized the available active-learning definitions and strategies obtained from the articles 
and survey responses to highlight central themes. Based on data from the BER literature 
and community, we provide a working definition of active learning and an Active-Learn-
ing Strategy Guide that defines 300+ active-learning strategies. These tools can help the 
community define, elaborate, and provide specificity when using the term active learning 
to characterize teaching practices.

INTRODUCTION
The promotion of undergraduate biology knowledge in the United States has immedi-
ate and long-term implications for increasing national science literacy, providing 
high-quality education to the science, technology, engineering, and mathematics 
(STEM) workforce, and contributing to critical scientific advances. To meet these 
objectives, calls to action formalized priorities and made specific recommendations 
aimed at improving undergraduate biology education nationwide. For example, after 
extensive discussions among biology faculty, students, and administrators, the 
American Association for the Advancement of Science (2009) published a formative 
document, Vision and Change: A Call to Action, which advocated for “student-centered 
classrooms” and outlined six core competencies intended to guide undergraduate biol-
ogy education: 1) apply the process of science; 2) use quantitative reasoning; 3) use 
modeling and simulation; 4) tap into the interdisciplinary nature of science; 5) com-
municate and collaborate with other disciplines; and 6) understand the relationship 
between science and society. Another call to action came from the President’s Council 
of Advisors on Science and Technology (2012), who proposed five recommendations 
to change undergraduate STEM education, including the adoption of “evidence-based 
teaching practices.”

Although these pushes for “student-centered” and “evidence-based” practices are 
relatively recent, they stem from ideologies that are more than a century old. Specifi-
cally, Dewey (1916) wrote, “Learning means something which the individual does 
when he studies. It is an active, personally conducted affair” (p. 390). Based upon this 
work, Pesavento et al. (2015) identified Dewey as one of the earliest and most influ-
ential advocates of what we now know as active learning. Subsequently, others 
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expanded on and institutionalized terms such as “student-cen-
tered” and “evidence-based” practices (Piaget, 1932; Montes-
sori, 1946; Vygotsky, 1987; Papert, 1980; Brown et al., 1989; 
Turkle and Papert, 1990; Ackermann, 2001, Cook et al., 2012). 
While this body of work is critical to our understanding of active 
learning, the ways in which practitioners and researchers cur-
rently use the term are often vague.

Despite this ambiguity, research concerning the effectiveness 
of active learning in the classroom has continued. For example, 
a landmark meta-analysis compared student achievement and 
failure rates between undergraduate science, engineering, and 
mathematics classes that used active-learning approaches and 
those that used lecture (Freeman et al., 2014). Findings demon-
strated that active learning decreased failure rates by 55% and 
increased student examination performance by approximately 
half a standard deviation. To define active learning for the pur-
poses of clarity and transparency in their research, Freeman 
et al. (2014) developed a definition based on responses from 
338 biology departmental seminar audience members: “Active 
learning engages students in the process of learning through 
activities and/or discussion in class, as opposed to passively lis-
tening to an expert. It emphasizes higher-order thinking and 
often involves group work” (pp. 8413–8414). This definition 
guided their inclusion criteria for the study, and it is one of the 
few examples of clearly defined parameters.

Although many articles do not define the exact parameters 
of active learning, the research has demonstrated the positive 
effects of active learning on student achievement and affect 
across multiple contexts. For example, researchers demon-
strated that active learning yields disproportionate learning 
gains among the most at-risk student groups, such as 
first-generation college attendees and those who identify with 
races/ethnicities historically underrepresented in STEM fields 
(Beichner et al., 2007; Haak et al., 2011; Eddy and Hogan, 
2014; Ballen et al., 2017; Wilton et al., 2019; Bauer et al., 
2020). Additionally, a meta-analysis conducted by Theobald 
et al. (2020) demonstrated that active learning narrows 
achievement gaps for underrepresented students in undergrad-
uate STEM disciplines. However, it is important to note that the 
definitions of active learning used in these articles vary from the 
antithesis of lecture (Theobald et al., 2020) to listing the spe-
cific strategies that characterize the term (e.g., in-class activi-
ties, prelecture preparation, and frequent low-risk assessment; 
Ballen et al, 2017).

Despite the varying parameters of the term, postsecondary 
institutions have increasingly embraced the use of the term 
“active learning” (Pfund et al., 2009; Aragón et al., 2018). 
Examples include institution-wide initiatives (e.g., the Science 
Education Initiatives at University of Colorado and University 
of British Colombia, and the Active Learning Initiative at Cor-
nell University), the Summer Institutes on Scientific Teaching 
(www.summerinstitutes.org), and the Obama Administration’s 
Active Learning Day (https://obamawhitehouse.archives.gov/
blog/2016/10/25/active-learning-day-america). Additionally, 
more than three-fourths of colleges and universities in the 
United States provide some type of active-learning classrooms, 
defined as those that offer flexibility in design to facilitate dif-
ferent types of teaching (Alexander et al., 2019).

Despite these institutional supports and documented 
positive impacts, the term “active learning” itself is difficult to 

ascertain from a review of literature. For example, Eddy et al. 
(2015) explained that active learning is a complex process that 
encompasses both teaching methods and student learning. 
Drew and Mackie (2011) noted the meaning of active learning 
may be dichotomous, as it has been considered a theory of 
learning as well as a set of pedagogical strategies. Although 
attempts have been made to define active learning as a theory 
(Freeman et al., 2014; Connell et al., 2016; Moss-Racusin et al., 
2016; Auerbach and Schussler, 2017; Jeno et al., 2017) as well 
as a set of strategies in biology education research (BER; Tan-
ner, 2013; Miller and Tanner, 2015), these attempts are not 
always 1) streamlined or easy to follow, 2) regularly used in the 
literature, 3) supported by literature or data, and/or 4) compre-
hensive. This outcome is problematic when trying to under-
stand what exactly active learning encompasses.

Notably, the variation in the conceptualization of active 
learning reflects a state of scientific revolution. According to 
Kuhn (1970), the development of a science has alternating 
phases (i.e., normal and revolutionary). Normal science, 
equated to puzzle-solving, comes with a reasonable chance of 
solution via familiar methods and can be solved by one person. 
On the other hand, a revolutionary phase involves a collectively 
negotiated revision to an existing belief or practice. While disci-
pline-based education researchers address questions about the 
efficacy of recently developed teaching strategies, those strate-
gies are commonly being binned under active learning, which is 
an ill-defined term. To improve our field, it is important to 
negotiate how the community interprets and understands this 
term.

Furthermore, demystifying active learning in undergraduate 
biology has direct applications for teaching and research. The 
broad interpretation of active learning may discourage instruc-
tors from trying new instructional practices and may ultimately 
serve as a barrier to implementation (Kreber and Cranton, 
2000; O’Donnell, 2008; Stains and Vickrey, 2017). It may addi-
tionally serve as a barrier to experimental replication in disci-
pline-based education research (DBER) communities, because 
there are no agreed-upon standards or criteria for inclusion or 
exclusion. Given this, we investigated the following four ques-
tions in the context of undergraduate biology courses: 1) How 
does the BER literature use and define the term “active learn-
ing”? 2) How does the BER community define the term “active 
learning”? 3) How are active-learning strategies described in 
the BER literature? and 4) How are active-learning strategies 
described by the BER community? We addressed these research 
questions through a review of BER literature and a survey of the 
BER community. We expect that, by developing ways to effi-
ciently communicate active learning in the context of biology 
education, we will encourage teaching innovations and the 
adoption of common research-based practices.

METHODS
Analyzing the Literature
To address how the BER literature defines and uses the term 
“active learning,” we extracted information from peer-reviewed 
biology education journals. Many peer-reviewed journals pub-
lish BER, including Advances in Physiology Education, American 
Biology Teacher, Anatomical Science Education, BioScience, Jour-
nal of College Science Teaching, CBE−Life Sciences Education 
(LSE) and the Journal of Microbiology & Biology Education; 
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however, we chose to examine only two of them, acknowledg-
ing that this is an exploratory, nonexhaustive study. We chose 
LSE and the Journal of Microbiology & Biology Education because 
of their prominence, history, and readership (see websites: 
www.lifescied.org; www.asmscience.org/content/journal/jmbe). 
We searched for the term ”active learning” in the titles, abstracts, 
or text of research articles published in those two journals, and 
only papers that used this term were included in our analysis. 
To get a contemporary snapshot of how the term is used, we 
only included articles published over the 3 years that preceded 
the start of the study, from January 1, 2016, to December 31, 
2018. We collected data within the same time span from Cours-
eSource, an online journal that exclusively publishes evi-
dence-based biology teaching materials for undergraduate 
classrooms and laboratories (www.coursesource.org/about). 
We included this journal, because it captures how biology 
instructors translate findings from the active-learning research 
literature into classroom practice. All CourseSource lesson arti-
cles included an Active Learning section in which authors list 
and/or explain their instructional approaches, so we included 
all published papers in the final analysis.

Once we selected articles based upon our search criteria, 
three of the authors (C.J.B., M.K.S., and J.K.K.) read the articles 
and extracted the relevant text surrounding the search term 
“active learning.” If active learning was defined in the article, it 
usually occurred after the term was first mentioned in the intro-
duction or the methods. Articles that described specific 
active-learning strategies often included them in the methods 
section of the paper, after introducing active learning broadly as 
an effective form of instruction. Because this text placement 
could vary, we searched through each article to make sure we 
included any definition or strategies that the article’s authors 
described.

To determine how BER articles use and define the term 
“active learning,” we first examined to what extent, if at all, 
articles included a definition of active learning. Articles that 
met the inclusion criteria were binned into six categories, first 
based on whether researchers followed their definition of 
active learning with a citation (i.e., “literature based”) or did 
not include a citation (i.e., “not literature based”). We then 
recorded whether articles included specific active-learning 
strategies, either in addition to a formal definition or in place 
of a definition. Our final list of categories included articles that 
provided: 1) a definition of active learning that was literature 
based (i.e., included a citation) with examples of active-learn-
ing strategies; 2) a definition of active learning that was not 
literature based (i.e., did not include a citation) with examples 
of active-learning strategies; 3) a definition of active learning 
that was literature based with no examples of active-learning 
strategies; 4) a definition of active learning that was not litera-
ture based and had no examples of active-learning strategies; 
5) no active literature definition with active-learning strate-
gies; and 6) no active literature definition and no active-learn-
ing strategies (Figure 1).

Surveying the Community
In addition to combing the literature, we collected survey data 
from members of the Society for the Advancement of Biology 
Education Research (SABER; a scientific community of disci-
pline-based education researchers and teaching practitioners 

who focus on improving postsecondary biology education 
through evidence and theory) via the Listserv. We selected 
SABER as a group to survey, because it is the “world’s largest 
organization dedicated to scientifically exploring how to teach 
biology most effectively” (https://saberbio.wildapricot.org).

Through the survey, we collected demographic information 
from the survey participants, including institution type, employ-
ment position (i.e., faculty, postdoc, graduate student, etc.), 
level of biology class (e.g., lower level, upper level, etc.), class 
size, country of instruction, and frequency of active-learning 
instruction practice (Table 1). Additionally, the survey included 
the following two prompts: 1) “In your own words, define the 
term ‘active learning’ in the context of undergraduate biology 
classrooms”; and 2) “List the active-learning techniques that 
you use in biology classrooms.” All research was conducted in 
accordance with the Cornell University Institutional Review 
Board (Cornell IRB protocol no. 1810008360).

Data Categorization
After we obtained both active-learning definitions and strate-
gies from the surveys and the literature, we analyzed the 
data. Specifically, we started by creating two data sets. These 
were created by 1) taking the active-learning definition text 
from the literature and from the surveys and combining it into 
one Excel spreadsheet, and 2) taking the active-learning strat-
egies text from the literature and from the surveys and com-
bining it into another Excel spreadsheet. Both data sets were 
then categorized.

FIGURE 1. Ways in which articles from LSE, the Journal of 
Microbiology & Biology Education, and CourseSource use the term 
“active learning.”
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Categorization of Active-Learning Definitions
After combining the active-learning definitions from both 
data sources (i.e., the literature and surveys), we analyzed 
the active-learning definition data. Using open coding 
(Strauss, 1987; Strauss and Corbin, 1990), a method rooted 
in the grounded theory framework (Glaser et al., 1968), three 
of the authors (J.K.K., M.K.S., and C.J.B.) reviewed the 
responses and identified recurring themes. Using the method-
ology from Saldaña (2015), the authors compared their notes 
and developed a final set of 10 categories: students interact-
ing or engaging with the material, not traditional lecture, 
group work, scaffolding or constructivism, problem solving, 
individual formative assessments (e.g., through the use of 
personal response systems), student-centered pedagogy, 
application or synthesis of material, student ownership of 
learning, and evidence-based teaching. The authors binned 
each article’s use of the term into as many categories of active 
learning as appropriate. At first, the three coders placed 71% 
of the definitions in the same categories. After discussion, 
coders resolved all differences and shared 100% agreement. 
Then, we calculated how often the definitions appeared in 
each of the 10 categories for the surveys and the literature 
individually.

Categorization of Active-Learning Strategies
After merging the strategies from the literature with those 
obtained from the surveys, we analyzed the active-learning 
strategy data. Using open coding, three researchers (E.P.D. and 
two undergraduate students) developed a set of nine categories 

(Supplemental Appendix A): metacognition, discussion, group 
work, assessment, practicing core competencies, visuals, con-
ceptual class design, paperwork, and games. To improve our 
collective ability to reliably categorize strategies, we needed 
definitions of each strategy listed. Because no such list of defini-
tions existed, we defined each of the unique strategies (Supple-
mental Appendix B) using published literature or dictionary 
definitions (Supplemental Appendix C). The utility of this list, 
which we call the Active-Learning Strategy Guide can also be 
used by the education research community and disciplinary 
practitioners interested in learning about active-learning strate-
gies. Using the Active-Learning Strategy Guide, we were able to 
categorize the strategies with an initial percentage of agree-
ment of 75%. After discussion, the researchers resolved any dif-
ferences with discussion for a final percentage of agreement of 
100%.

RESULTS
How Does the BER Literature Use and Define the Term 
“Active Learning”?
Of the 148 articles that fit our search criteria, the majority did 
not provide a definition for the term “active learning,” but 
instead listed examples of specific active-learning strategies 
(53.42%; Figure 1). The second most common approach used 
in the articles provided less information: no definition and no 
list of relevant strategies (30.14%). Overall, this demonstrates 
the overwhelming majority of the active-learning literature 
(83.56%) did not define active learning.

To address how the BER literature defines active learning, 
we focused on articles that provided a definition of the term, 
with or without the inclusion of one or more references. Among 
the 24 articles that defined active learning (Table 2), 17 articles 
(74%) provided literature citations and seven (26%) did not. 
Of the 17 articles that defined active learning using references 
to the literature, five of them (29%) cited Freeman et al. 
(2014). There was a bit of variation in reference use, with a 
total of 43 different references mentioned (Supplemental 
Appendix D).

The 17 definitions obtained from the literature were cate-
gorized as previously mentioned. The most represented cate-
gory defined active learning as “students interacting or engag-
ing with the material,” followed by the category that 
emphasizes what active learning is not: “not traditional lec-
ture” (Figure 2A).

How Is the Term “Active Learning” Defined by the BER 
Community?
We received responses from 105 individuals from a range of 
institutions across the United States (Table 1). In general, sur-
vey participants’ definitions fit into the same categories as those 
in the published literature surveyed (Figure 2A). The most com-
mon definition of active learning, from the BER community, 
was “interacting/engagement” with the material. The second 
most common categorized definition was “not lecturing/listen-
ing,” followed by “group work.”

How Are Active-Learning Strategies Described 
in the BER Literature?
After analyzing the qualifying articles, we found that 38% of 
them did not mention any specific active-learning strategy. 

TABLE 1. Information about SABER members who participated in 
the survey

How would you describe your institution type?
 PhD-granting institution (60%)
 Primarily undergraduate institution (17%)
 Community college (14%)
 Master’s-granting institution (5%)
 Other (4%)

What is your current position?
 Faculty (71%)
 Other (14%)
 Postdoc (11%)
 Graduate student (4%)

What type of biology class do you teach? (select all that apply)
 Combination of lower level, upper level, or graduate (58%)
 Lower level (introductory; 26%)
 Upper level (requires at least one prerequisite; 14%)
 Graduate level (2%)

What size biology classes do you teach? (select all that apply)
 Small (50 or fewer students; 42%)
 Combination of small, medium, and large (38%)
 Large (more than 100 students; 14%)
 Medium (more than 50 up to 100; 6%)

Do you use active-learning instruction practices in your teaching?
 Yes, in every class period (86%)
 Yes, in some class periods (14%)
 No (0%)
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From the papers that mentioned active-learning strategies, a 
total of 339 strategies were extracted, with 133 of them being 
unique responses. Once these strategies were categorized, the 
data revealed the most frequently represented strategy catego-
ries from the literature were discussion (29%), group work 
(22%), and metacognition (22%; Figure 2B).

How Are Active-Learning Strategies Described 
by the BER Community?
We asked survey participants to respond to the prompt “List the 
active-learning strategies that you use in biology classrooms.” 
We collated a list of 681 strategies from the responses, of which 
201 were unique. After categorizing these strategies, we found 
the most frequently represented strategy categories from the 
surveys were discussion (34%), group work (29%), and meta-
cognition (45%; Figure 2B).

DISCUSSION
Our aim was to bring clarity and transparency to the term 
“active learning” as it is used within the BER community. We 
addressed this by identifying the definitions and strategies 
attributed to the term by analyzing the literature and surveying 
a BER society. From these compiled findings, we constructed an 
active-learning definition (see Box 1) as well as a reference 
guide for 300+ defined active-learning strategies (Supplemen-
tal Appendix B).

Below we propose future steps for the BER community with 
accompanying tools to aid in the process. First, we advocate for 
all BER concerning active learning to provide a cited definition. 
Second, we suggest authors define and describe the active-learn-
ing strategies used in the experimental research.

Define the Term
Active learning has rarely been defined in the literature. This 
outcome could be due to the lack of a unanimous definition for 

the BER community; the fact that active learning is a complex 
process encompassing both teaching methods and student 
learning (Eddy et al., 2015); the dichotomous nature of the 
term as both a theory and as a set of pedagogical strategies 
(Drew and Mackie, 2011); the perception that this term is 
self-descriptive; and/or the notion that it is unimportant, given 
the majority of the research articles focused on the effects of the 
implementation of a specific active-learning strategy. Whatever 
the reason, we advocate for the inclusion of definitions in BER 
articles in order to clarify the author’s interpretation. This is 
because, based on our investigation into the contemporary lit-
erature, it is apparent that people interpret active learning in a 
variety of different ways (i.e., interacting/engagement, not lec-
turing/listening, group work, scaffolding/constructivism, indi-
vidual formative assessments, application/synthesis, problem 
solving, student centered, and evidence based). Ultimately, pro-
viding a definition may aid in increased fidelity and reproduc-
ibility of experimental outcomes (Stains and Vickrey, 2017).

When considering outcomes such as those demonstrated by 
Freeman et al. (2014; i.e., active learning decreased failure 
rates by 55% and increased student examination performance 
by approximately half a standard deviation), increased fidelity 
and reproducibility of experimental outcomes is important, 
especially because the promotion of undergraduate biology 
knowledge in the United States is consequential to critical sci-
entific advances. To help in these efforts, we provide a number 
of resources and suggestions. First, we provided all of the defi-
nitions of active learning collected from recent BER literature in 
addition to the references used to support them, when applica-
ble (Table 2). We also constructed a working definition of active 
learning based on the summarized input from the 148 articles 
found in the BER literature and the 105 responses from the BER 
community. This definition can be used confidently by the BER 
community in their own research, given it is based on an aver-
age of BER literature and instructor responses.
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FIGURE 2. Frequency of how the BER literature and community define active learning and describe strategies. (A) The categorized 
definitions of active learning from the literature (LSE, Journal of Microbiology & Biology Education, and CourseSource) and a survey 
disseminated to SABER members. Each bar shows the percentage of articles or total survey respondents who included the corresponding 
term in their definition of active learning or list of active-learning strategies. (B) The categorized active-learning strategies from the same 
BER literature and community sources. The graph is organized by increasing percentage of total survey responses in each category. The 
percent values represented in each figure do not add up to 100%, because each literature source and survey response could have more 
than one strategy or definition represented.
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Define the Strategies
The research papers we examined commonly listed active-learn-
ing strategies. Many of the strategies were either 1) self-de-
scriptive, that is, the meaning could be easily deciphered from 
the term (e.g., applying knowledge of other subjects, circulate 
to check for understanding, group brainstorming); 2) defined 
in the literature by Tanner (2013), Miller and Tanner (2015), 
or others; or 3) easily collapsed into one of the three most 
common categories (i.e., metacognition, group work, or 

TABLE 2. Active-learning definitions pulled from the literaturea

Citation Active-learning definition

Auerbach and Schussler 
(2017)

“Active learning is a student-centered pedagogical approach that engages student thinking through the use of class 
activities that require students to reflect upon and often explicitly discuss their ideas and their application.” 1, 2

Ballen et al. (2017) “Characterized by in-class activities, pre-lecture preparation, and frequent low-risk assessment.” 3, 4, 5, 6, 7

Becker et al. (2017) “Active-learning … requires students to take responsibility for their own knowledge level.” 8

Bentley and 
Connaughton (2017)

“Active learning occurs whenever students participate in an activity that allows them to process or synthesize course 
content.”

Bouwma-Gearhart 
et al. (2018)

“Part of student engagement (i.e., active learning is anything that engages students).”

Cavanagh et al.  
(2018).

“Active learning involves a range of student-centered pedagogies that encourage engagement through activities such as 
peer collaboration, experimentation, writing, and problem solving.” 9, 10

Connell, Donovan and 
Chambers (2016)

“Active-learning pedagogies are intended to move classrooms toward more student-centered learning, and they engage 
students in knowledge construction. This context is in contrast to traditional lecture, which focuses on dissemination 
of instructor knowledge and relies on passive student listening.”

Cooper et al. (2017a) “In contrast to instructors predominantly transmitting information to students by lecturing during class, active-learning 
classrooms give students the opportunity to construct their own knowledge, often through group work with other 
students.” 7, 8, 11, 12, 18

Cooper and Brownell 
(2016)

“In active-learning classes, students are asked and often required to actively engage with other students and the 
instructor.… there is not a single, agreed-upon definition of active learning.”7

Cooper et al. (2018) Students engage in constructing their own knowledge during class. 7, 13, 14, 15

Cooper et al. (2017b) “In contrast to traditional lecture, students in active-learning classrooms are expected to interact more frequently with 
one another as well as with the instructor.”12, 16, 17, 18

Dewsbury (2017) “Active learning is a broad concept.”
Durham, Knight and 

Couch (2017)
“Students are explicitly asked to engage in thinking about course material during class.”19, 20, 21

Elliott et al. (2016) “Active-learning strategies require students to engage with concepts and then provide students with feedback on their 
learning process.”

Goff et al. (2017) “The active engagement of students in the learning process.”13, 23

Green, McMahon and 
Brame (2016).

“The main aspects of active learning: learning by doing and metacognition.”

Hoefnagels and Taylor 
(2016)

“Active learning is difficult to define, but the overall goal is simple: to reduce the amount of time that students spend 
passively listening to lectures.”

Jeno et al. (2017) “Active learning requires students to actively interact with the learning material and has been shown to have a positive 
effect on retention, as well as reducing dropout and failure rates.” 7, 24

Kudish et al. (2016) “[Active learning] require[s] critical integrative and analytical thinking.” 7, 25, 26

Lee et al. (2018) “Active learning … focuses on moving students from passively receiving and replicating instruction to actively using, 
testing, and formulating what they are learning for themselves.”

McCourt et al. (2017) “Active learning…can be defined as pedagogies that require students to engage directly in and take responsibility for 
their own learning. In practice, active learning occurs when instructors stop lecturing and provide time for students 
to complete activities that build conceptual understanding.”

McLean and Suchman 
(2016)

“Active learning advocates contend that when students do something they learn it better than if they just hear and see 
it.”27

Moss-Racusin et al. 
(2016)

“A collection of teaching methods that engage learners and provide practice in scientific thinking.”9, 28, 29, 30, 31, 32

Stoltzfus and Libarkin 
(2016)

“Active learning is based on constructivist theory—the idea that students must create their own knowledge in order for 
learning to persist. One core feature of active learning in the classroom is a decrease in lecturing during which 
students passively listen and an increase in outcome-related activities in which students actively develop their own 
understanding.”1, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43

aCitations available in Supplemental Appendix D.

BOX 1. Active Learning Defined

Active learning is an interactive and engaging process for stu-
dents that may be implemented through the employment of 
strategies that involve metacognition, discussion, group 
work, formative assessment, practicing core competencies, 
live-action visuals, conceptual class design, worksheets, and/
or games.
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discussion). However, many strategies lacked transparency, 
because authors did not describe how they were implemented. 
We found these cases problematic, because the strategies 
would be difficult to replicate. To improve clarity and transpar-
ency, we share with readers our comprehensive list of unique 
strategies, collected from both the literature and the surveys, 
with definitions from the literature, when available, as well as 
citations of articles in which they were used in practice (Sup-
plemental Appendix B and C).

Additionally, we have created a living-document version of 
Supplemental Appendix B and C that can be viewed using the 
following link: www.ballenlab.org/active-learning-strategies-in 
-biolo. Contributions or constructive feedback from the commu-
nity is welcome; you can make a submission by contacting the 
lead author or using the following Google form: https://forms 
.gle/Boh6NNm1rqzHACXi8. This feedback will be considered 
and used by the lead author to improve the living document 
going forward. Our hope is that biology education researchers 
and teachers use these tools to define active-learning strategies 
they have used or as guides to articles that previously imple-
mented these strategies. It is important to note that the strate-
gies used and the efficacy measured in those studies may vary 
based on fidelity of implementation.

Another way to increase the precision of descriptions is the 
use of observation protocols that can characterize classroom 
instruction behaviors. Some examples include the Teaching 
Dimensions Observation Protocol (Hora et al., 2013), the 
Classroom Observation Protocol for Undergraduate STEM 
(Smith et al., 2013), the Practical Observation Rubric to Assess 
Active Learning (Eddy et al., 2015), and the Measurement 
Instrument for Scientific Teaching (Durham et al., 2017). 
These protocols document the frequency of multiple instruc-
tional practices, include categories of active-learning strate-
gies, and can be helpful both for research purposes and to 
provide feedback to instructors on their practices. Such infor-
mation can provide valuable guidance to biology educators, 
especially when used in conjunction with data on student 
performance, attitudes, social psychological factors, and 
self-reflective practices.

Limitations and Future Work
One limitation of this work is that the active-learning definitions 
and strategies were solicited from the BER community only. 
While we hypothesize that these definitions and strategies may 
overlap with other DBER subjects (chemistry, geology, physics, 
etc.), we cannot generalize our results across disciplines, given 
results from Lund and Stains (2015) revealed differences in the 
factors influencing the adoption of evidence-based instructional 
practices among disciplinary chemistry, biology, and physics fac-
ulty. However, many of the strategies featured in the 
Active-Learning Strategy Guide may be useful across disciplines. 
Additionally, it is reasonable to expect we may have received 
different active-learning definitions and strategies from disci-
plinary biology instructors or teaching practitioners who do not 
have a BER background. While seeking that information is out 
of the scope of this research, the BER community would benefit 
from engaging with the larger community to see how their work 
is translated among practitioners.

Second, while it is important to understand how active 
learning is used in classroom environments—particularly those 

that result in improved student outcomes—we recognize this 
does not control for instructors’ fidelity of implementation. 
Fidelity of implementation is how well an intervention or activ-
ity is implemented in comparison with the original program’s 
intention (O’Donnell, 2008; Stains and Vickrey, 2017), and this 
can strongly impact the efficacy of the pedagogy. So, as we con-
tinue to test active-learning strategies, it is critical to describe 
how and why certain pedagogies are enacted in the classroom.

Third, we examined only three journals that commonly pub-
lish BER. This means the findings are not representative of all 
BER that has been published during that time period. However, 
the three journals we focused on are commonly used by the 
BER community. For example, LSE and the Journal of Microbiol-
ogy & Biology Education publish primarily research articles and 
have a long-standing history and a large readership; Course-
Source is the only online journal that exclusively publishes evi-
dence-based biology teaching materials for undergraduate 
classrooms and laboratories.

Future work will 1) identify to what extent—and how—
active learning is characterized across the DBER literature; 2) 
characterize the definition of active learning in the context of 
undergraduate STEM by collecting survey data from DBER 
communities across STEM fields; 3) categorize the specific 
active-learning strategies employed across STEM disciplines 
through survey data; and 4) investigate to what extent, if at all, 
perceptions of active learning differ among DBER communities 
across STEM fields.

CONCLUSIONS
We support the use of active learning as a unifying term to gen-
erate awareness and collaboration among those interested in 
improving their teaching. The term gives DBER instructors an 
accessible on-ramp to engage with larger initiatives. However, 
because the term is rarely defined and can have many different 
meanings, those who use active learning should define what 
they mean and give examples of the strategies they are using. 
For example, authors could say: “We used an active-learning 
instructional approach focused on student engagement using 
group work and clicker questions with peer instruction,” fol-
lowed by the appropriate citations and additional detail about 
the application and frequency of strategies. These additional 
details will allow the community to address more nuanced 
questions, such as: Do specific active-learning instructional 
strategies promote student learning in multiple environments? 
Which strategies increase equitable outcomes for students from 
diverse backgrounds? How can we maximize the effectiveness 
of a particular active-learning strategy in a variety of contexts? 
These questions can be more effectively answered when the 
approach and context of the learning environment is precisely 
defined. This clarity has the potential to make DBER communi-
ties, and their research, stronger.
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