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Abstract: Interest in active learning continues to grow worldwide. Although the large volume of active
learning research has provided a myriad of ways to implement active learning in the classroom, the
construct remains underdeveloped and difficult to operationalize becanse of three main issues in the
research literature: (a) the confusion surrounding what “active” in active learning refers to (i.e.,
behavioral activity, cognitive activity, or both?); (b) the variation in active learning activities in research
and in practice; and (c) the dichotony between active learning and lecture. The purpose of this reflection
article is to articulate these issues so that active learning can move beyond its current status as
“underdeveloped.” By discussing avenues for future research that address those issues, our goal is to
move the field forward by helping researchers focus on why active learning is effective, which forms of it
are the most effective, how it should be implemented to maximize learning, and for whom different
active learning interventions are the most effective. Just as active learning is easy to prescribe, it should
also be easy to implement.
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The traditional lecture method continues to be the predominant mode of instruction in college courses
(Stains et al., 2018). However, this method has been criticized for promoting passive learning
(Deslauriers et al., 2019) and for being less effective than active learning at narrowing the achievement
gap and thereby ensuring equity for underrepresented students (Theobald et al., 2020). To improve
STEM education and to reduce STEM disparities, moving courses away from an environment where
students receive and absorb information (typically termed passive learning) and toward an environment
where students participate in generating and interacting with the information (typically termed active
learning) has been encouraged through numerous university- and national-level efforts (e.g.,
Association of American Universities [AAU], 2017; Center for STEM Learning, 2016). With its
growing research base, active learning continues to gain political and instructional interest (Hartikainen
et al., 2019). As of May 1, 2022, the number of active learning articles we found for publication years
2019-2022 from five comprehensive databases (Engineering 1 illage |Elsevier|, Education Research
Information Center |[EBSCOhost|, Medline [PubMed], Web of Science Core Collection [Clarivate]|, and
Dissertations & Theses Global [ProQuest]) was neatly 14,000 after duplicates were removed. As further
evidence of active learning’s widespread popularity, a bibliometric analysis of articles that cited the
prominent Freeman et al. (2014) meta-analysis on active learning indicated there were 925 funding
sources and 90 country affiliations listed for the authors of these citing articles (Martella et al., 2021c).

Despite its increasing prominence and the high volume of active learning articles published
recently, active learning remains an umbrella term (Lombardi et al., 2021) that has been described as
an “easy thing to prescribe as a cure but difficult to put into practice” (Eyler, 2018, para. 5). Further,
active learning has been called a “curious construct” (Lombardi et al., 2021, p. 8), and the current view
of active learning has been said to be “underdeveloped” (Lombardi et al., 2021, p. 15). The uncertainty
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about the meaning and implementation of active learning has led to questions such as, “Are there
active-learning strategies that optimize learning is some situations but not others?;” “Is lecture
inherently flawed, or are there some circumstances under which students can actively learn during
lecture?;” and “What characterizes effective learning processes in undergraduate STEM fields?”
(Lombardi et al., 2021, p. 9). These questions reflect the current state of the active learning literature—
that is, we know active learning works in general, but why and for whom it works, as well as how it should
be implemented, are questions that remain largely unanswered.

The purpose of this reflection article is not to question active learning’s effectiveness nor to
present a new definition of active learning. Rather, our goal is to draw attention to critical issues in the
research literature and to highlight areas in need of further research, which we hope will aid researchers
studying the construct of active learning and ultimately allow them to provide clearer guidance on how
to effectively implement active learning in college courses. Our reflection will focus on three main
issues within the current active learning literature. The first issue is the confusion surrounding what
“active” in active learning refers to (i.e., behavioral activity, cognitive activity, or both?). The second
issue is the extensive variation in active learning activities that occurs in both research and practice.
The third issue is the dichotomy that has been created between active learning and lecture. For each
issue, we will discuss how the current research base can be strengthened by more deliberate and
targeted research. Table 1 provides a summary of each issue and the accompanying research directions
to address these issues.

Issue 1: The Meaning of “Active” in Active Learning

A seminal and often cited definition of active learning is “instructional activities involving students in
doing things and thinking about what they are doing” (Bonwell & Eison, 1991, p. iif). This open-ended
definition is unsatisfactory to many researchers, some of whom have noted the need for further
operational definitions of and studies on active learning, given its range of implementations (e.g.,
Lombardi et al., 2021; Martella et al., 2021b; Martella et al., 2023). More recent definitions are also
rather open-ended. In the meta-analysis conducted on active learning by Freeman et al. (2014), this
method was defined as one that “engages students in the process of learning through activities and/or
discussion in class, as opposed to passively listening to an expert. It emphasizes higher-order thinking
and often involves group work” (pp. 8413-8414). This definition was established through the
collection of written definitions from 338 audience members who attended biology departmental
seminars on active learning at several universities throughout the United States and Canada. A similar
and more recent working definition of active learning was provided by Lombardi et al. (2021): “Active
learning is a classroom situation in which the instructor and instructional activities explicitly afford
students agency for their learning” (p. 16). This definition was established through the combination
of definitions provided by contributing discipline-based educational research (DBER) teams.
Although aspects of these definitions provide some acknowledgment of the importance of
cognitive engagement for learning, active learning as an instructional method is often discussed based
on the overt behaviors of students during class. For example, the Interactive Constructive Active
Passive (ICAP) framework (Chi & Wylie, 2014) focuses on overt student behaviors during cognitive
engagement activities. Passive engagement relates to recezving information such as listening to a lecture
or silently reading a text. Active engagement relates to manipulating information such as taking notes
during lecture or pausing and playing a video. Constructive engagement relates to generating
information such as asking questions during a lecture or explaining the concepts presented in a video.
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Table 1: Overview of issues in the active learning literature and future research directions to

address these issues.

Issue

Crux of Issue

Future Research Directions

Example of Research

Comparison(s)
Meaning of Does active Design studies that focus High behavioral activity /
“active” in learning refer on the two dimensions of low cognitive activity vs.
active to behavioral active learning—cognitive low behavioral activity /
learning activity, activity and behavioral high cognitive activity
cognitive activity.
activity, or
both? Identify and implement Lecture presentation with
learning strategies that visual and mental imagery
encourage cognitive vs. lecture presentation
processing. without imagery
Variation in Which active Compare different active Clicker questions vs. case
active learning learning conditions with studies
learning activities are other variables isolated
activities the most and controlled.
effective and
how should Combine different Flashcards + self-
they be learning strategies to explanations vs. flashcards
combined in determine their paired (alone) vs. self-
class? effectiveness as compared explanations (alone)
to their individual
effectiveness.
Dichotomy Should Design studies with 100% lecture (0% active
between lecture be uncontaminated contrasts learning) vs. 0% lecture
active included in between lecture and active (100% active learning)
learning and active learning conditions.
lecture learning
courses? Examine dosage amount, 25% lecture / 75% active

schedule, and/or order for
the integration of lecture
and active learning.

learning vs. 75% lecture /
25% active learning

Finally, interactive engagement relates to dialoguing information such as defending one’s
position to group members during lecture or answering comprehension questions with a partner while
reading a text. Although the focus is on overt behaviors, the deeper purpose of these activities is to
promote mental activity, as active learners are said to be engaged cognitively (Bonwell & Eison, 1991;
Chi & Wylie, 2014). Indeed, active learning has been labeled “the process of keeping students mentally,
and often physically, active in their learning” (Michael, 20006, p. 160). This mental activity or cognitive
engagement promotes the construction of knowledge and the formation of mental models through
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the integration of prior knowledge and new information (Michael, 2006). Although students being
cognitively active often translates into them being behaviorally active, these two dimensions of active
learning (i.e., cognitive activity and behavioral activity) are distinct and not always correlated. Equating
active learning (cognitive activity) with active teaching (behavioral activity) has been referred to as the
constructivist teaching fallacy (Mayer, 2004). Therefore, it is worthwhile to discuss active learning as a
learning process in addition to discussing it as an active teaching method.

As a learning process, active learning involves multiple cognitive processes (Fiorella & Mayer,
2015; Mayer, 2021). These processes include attending to the relevant material in a lesson by selecting
it into working memory, mentally organizing the selected material into coherent mental
representations in working memory, and integrating the incoming material with relevant knowledge
activated from long-term memory. These active learning processes are guided by affect and beliefs,
such as the student’s positive affect during learning (Pekrun & Linnenbrink-Garcia, 2012; Pekrun &
Perry, 2014) and the student’s high self-efficacy beliefs during learning (Bandura, 1986; Usher &
Pajares, 2008).

As an active teaching method, active learning involves engaging students in class activities that
involve more than sitting and listening to a lecture. Indeed, the engagement and interaction that class
activities afford represents the most common definition of active learning. For example, in a survey
of 105 members of the Society for the Advancement of Biology Education Research (SABER), the
most common definition of active learning related to “interacting/engagement,” followed by
definitions related to “not lecturing/listening” and “group work™ (Driessen et al., 2020). In contrast,
during lectures, students are said to be recipients of information that is passively absorbed (Prince,
2004), resulting in shallow learning (Gleason et al., 2011). Lecture is also said to “reinforce students’
roles as passive learners” (Smith & Cardaciotto, 2011, p. 54). However, lecture is not necessarily always
passive, at least not in the cognitive sense. Students in a class lecture may be behaviorally passive but
cognitively active (Opdal, 2022). For example, an instructor may ask students to think about how the
new content connects to prior content they have learned, or students may think about how to ask a
question to clarify their understanding of a specific concept. Both acts are behaviorally passive but not
cognitively passive. Therefore, determining whether the “active” aspect of active learning should be
focused on cognitive activity, behavioral activity, or both remains an open question in the literature
that, if answered, would provide insight into why active learning is effective.

Future Research

The simple “active learning versus lecture” contrast that is common in the literature (which we discuss
later as Issue 3) focuses on the behavioral dimension but unfortunately tends to overlook the cognitive
dimension. There is no question as to whether cognitive engagement is an important component of
learning—it is—but there remains a question as to whether the behavioral activity of students is
needed to promote deeper or greater learning. Future research could focus on the two dimensions of
active learning—cognitive activity and behavioral activity—to determine whether students who are
cognitively engaged during lecture (behaviorally passive) learn less than students who are cognitively
engaged during active teaching (behaviorally active). One could envision four different experimental
conditions in a research study (see Figure 1 in Mayer, 2004) reflecting the factorial combination of low
or high behavioral activity crossed with low or high cognitive activity.

A second research direction is to “discover instructional methods that promote appropriate
processing in students rather than methods that promote hands-on activity or group discussion as
ends in themselves” (Mayer, 2004, p. 15). Identifying and implementing learning strategies that
encourage cognitive processing could help students learn more from both lecture and active teaching
(i.e., the behavioral dimension of active learning). There are many strategies that can be implemented
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during lecture to encourage students to be more cognitively engaged, such as using visual images and
mental imagery, providing structure through outlines or knowledge maps (deWinstanley and Bjork,
2002), and using humor to help students connect classroom content to new situations (Hackathorn et
al., 2011). Similarly, there are many strategies that can be implemented during active teaching to
encourage students to be more cognitively engaged, such as practice testing and peer teaching (Fiorella
& Mayer, 2015). Thus, the conversation surrounding active teaching and lecture may be more
informative when we shift it to be about identifying strategies that are most connected to how students
learn, drawing on the wealth of knowledge from cognitive and educational psychology about effective
learning strategies (e.g., Ambrose et al., 2015; Karpicke, 2017; Klahr & Nigam, 2004; Mayer, 2008,
2021; Sweller et al., 2011).

Issue 2: Activity Variation in Research and in Practice

The implementation of active learning (used in the remainder of this paper to refer to active teaching
methods) in college settings varies widely, both in research and in practice. The open-endedness of
the definitions provided eatlier lends insight into why active learning can look so different from one
study to the next or from one classroom to another. However, a common thread among active learning
definitions is the emphasis on the use of activities to engage students in the learning process. Indeed,
numerous activities that require behavioral activity (e.g., clicker questions, group discussion, peer
teaching, worksheet problems) have been implemented in classes to promote student learning.
Consider that active learning college interventions in the literature vary “widely in intensity and
implementation” and include “approaches as diverse as occasional group problem-solving, worksheets
or tutorials completed during class, use of personal response systems with or without peer instruction,
and studio or workshop course designs,” as well as varying amounts of lecture (Freeman et al., 2014,
p. 8410). In a recent study examining the features present in active learning courses in 57 comparison
studies published in three primary DBER science journals, Martella et al. (2021a) found that the
average number of active learning and other pedagogical features included in active learning college
courses was five. Features identified in these studies included activity sheets, clicker questions, case
studies, class projects, group tasks, purposeful tutoring (e.g., peer teaching), student presentations,
tutorials and games, whole class discussions, lecture, student quizzes, learning/exam preparation, and
homework (see Tables 1 and 2 in Martella et al., 2021a). How these activities and other pedagogical
strategies were designed and implemented also varied across studies. Similarly, Arthurs and Kreager
(2017) identified four main categories of in-class activities in their analysis of 337 articles; these
included individual non-polling activities, in-class polling activities, whole-class discussions or
activities, and in-class group activities. Variation in the activities themselves could also be found within
these categories.

With the extensive variation in activities identified in active learning courses, it is unclear which
activities are most effective (i.e., which ones promote cognitive engagement) and how these activities
can be most effectively and efficiently integrated into class. Some researchers have lamented that
college instructors are provided with no formal training on how to choose activities and implement
them in class and yet are tasked with transitioning their courses to involve more active learning (e.g.,
Rhodes, 2021). When faculty were surveyed on barriers they faced for the adoption of evidence-based
practices in STEM, they reported a lack of pedagogical skills or information and instructional
challenges (Shadle et al., 2017). Students have been impacted by these challenges, reporting that they
were not sure how the activities implemented by their instructors helped them succeed (Shekhar et al.,
2020). Although the umbrella of active learning affords a myriad of activities for instructors to choose
from, it also makes it more difficult for them to know which ones to choose.
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Future Research

To advance the field’s knowledge surrounding how to most effectively implement activities in the
classroom, we will discuss two primary research directions to be considered. The first research
direction relates to disentangling the effectiveness of different activities and controlling variables. The
second research direction relates to combining different learning strategies to determine their paired
effectiveness. Both of these research directions would provide clarity as to why and how active learning
as a teaching method can be effective.

Disentangling the Effectiveness of Activities and Controlling 1 ariables

Active learning courses often involve several activities used to engage students in the learning process
(Martella et al., 2021a). Examples of the activities provided in three active learning courses are: (a) pre-
class reading and video assignments, pre-class quizzes, clicker questions, in-class problem sets, weekly
self-tests, and practice problems and practice exams (the course also included Socratic lecture; in
Crimmins & Midkiff, 2017); (b) worksheets, group work, clicker questions, assignment review,
teaching assistant help during group problems/assignments (the course also included lecture; in
Rissanen, 2018); and (c) worksheet activities, group work, homework problems to solve during class,
and quizzes (the course also included online videos to watch as well as “catch-up days” with instructor-
led problem solving; in Collins, 2019). An issue with each of these examples is that the concurrent
implementation of multiple activities in a course does not allow one to determine the relative
effectiveness of the various activities, both in isolation and in conjunction with one another.
Considering that many activities differ not only on a surface level (e.g., clicker questions are visibly
different than group worksheets) but also may differ on a deeper level (e.g., in the cognitive processes
involved, as discussed later), there is likely a range in their effectiveness. If one desires to optimize an
active learning course by retaining the most effective activities and discarding the least effective ones,
then it is critical to disentangle the effectiveness of different activities.

One approach to disentanglement is to compare different active learning interventions or
courses. However, given the array of activities provided in many courses, it may be unsurprising that
the comparison conditions in studies on active learning often differ on more than one feature (Martella
et al., 2021a). For example, in one study comparing two active learning courses (Connell et al., 2016),
the first active learning course involved 160 minutes of class per week consisting of lecture (120
minutes per week), think-pair-share activities, real-time writing, reflective pauses, and reading guides,
whereas the second active learning course involved 160 minutes of class per week consisting of online
lectures, group quizzes with immediate feedback technique scratch cards, just-in-time lectures, activity
sheets, 2-minute writes, cooperative learning, think-pair-share activities, content summaries, reading
assignments, reading and watching guides, real-time writing, reflective pauses, and an online discussion
board. The second active learning course was clearly more interactive and did lead to higher student
performance than the first active learning course did. However, what specifically led the second course
to outperform the first course remains unclear because it is not possible to disentangle the
effectiveness of the various activities, thereby making it difficult to know how they impacted student
learning. Was there synergy among features in the second course that led to higher learning gains? Or
was there a specific activity within the second course that was most responsible for improving student
learning? These questions reflect the importance of isolating and controlling variables when
conducting experiments on what makes active learning effective.

To make valid inferences from the outcomes of experiments, the conditions in the
experiments need to be unconfounded. An important strategy for scientific reasoning is the control-
of-variables strategy, where a single contrast is made between conditions and any confounds that
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hinder making valid conclusions are identified (Chen & Klahr, 1999). In the context of studying active
learning, applying this strategy would involve comparing one active learning activity to a different
activity, with no other differences between the conditions being compared. Unfortunately, this is rarely
done in the active learning literature (Martella et al., 2021a), making it difficult to determine why certain
conditions resulted in higher (or lower) performance than the comparison condition(s). Without
identifying what aspect of an intervention resulted in higher learning gains, providing practical advice
and guidance to instructors is difficult. Thus, specific recommendations that are validated in
experiments that disentangle the effectiveness of different activities and control for variables across
conditions are needed to help instructors transform their courses to be more evidence-based.

Combining Different 1earning Strategies

We alluded eatlier to the fact that activities can differ based on their surface features, such as the
materials involved and students’ overt behavior. For example, a multiple-choice quiz looks quite
different and evokes visibly different behavior than providing students with a concept map where they
make a diagram of the relationships between or among concepts. However, activities can also differ
on a deeper level where they engage different cognitive processes (reflecting active learning as a
learning process). For example, numerous active learning activities incorporate learning strategies that
encourage elaborative or retrieval-based cognitive processes. These processes have been found to be
effective in promoting student learning and retention. Elaboration (also termed elaborative rehearsal)
involves integrating prior knowledge with new knowledge and results in higher recall (e.g., Gallimore
et al., 1977; Shaughnessy, 1981), higher delayed recognition accuracy (e.g., Benjamin & Bjork, 2000),
and better conscious recollection (e.g., Gardiner et al.,, 1994) than simply repeating information
(termed maintenance rehearsal). Several activities can promote elaboration such as making concept
maps, engaging in self-explanations, summarizing/paraphrasing content, serving as a peer teacher, and
participating in elaborative interrogation (i.e., generating an explanation or using why and how
questioning strategies). With regard to encouraging the retrieval of information, the testing effect is
the phenomenon that occurs where taking memory tests enhances later retention (Roediger &
Karpicke, 2006). Other forms of retrieval practice include taking quizzes, solving worksheet problems
without notes, and using flashcards to deliberately recall information.

When compared to elaborative practice, retrieval practice often leads to higher retention (e.g.,
Goossens et al., 2014; Karpicke & Blunt, 2011; Karpicke & Smith, 2012; O’Day & Karpicke, 2021).
Although elaboration does enhance initial encoding, it may not provide additional memory benefits
after successful retrieval (Karpicke & Smith, 2012). One direction for further research is to
systematically investigate the effects of combining activities that include different learning strategies,
such as combining elaborative encoding activities with retrieval activities (Karpicke & O’Day, in press;
O’Day & Karpicke, 2021). It may be the case that elaborative and retrieval activities have additive or
multiplicative effects when used in combination; alternatively, their combination may offer little or no
advantage over using just one of them. In one recent study that begins to fill this research gap, the
effects of combining retrieval practice (in the form of practice testing) with concept mapping were
examined; interestingly, the combination of the two activities did not lead to greater benefits than
when retrieval practice was implemented on its own (O’Day & Karpicke, 2021). Therefore, only the
retrieval activity was needed to improve student performance.

The study by O’Day and Karpicke (2021) highlights the importance of assessing whether
different types of activities that draw on different learning strategies lead to differences in retention
when used in combination. As in their study, it may be the case that activities that are entirely retrieval-
based promote greater retention than activities that involve a mix of elaborative-based strategies and
retrieval-based strategies. Similar research questions could be applied to the ICAP framework, asking
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whether a particular combination of active, constructive, and/or interactive activities could lead to
more, less, or equivalent learning than when each activity is used on its own. From a practical
standpoint, systematically studying the combination of different types of activities could help
instructors refine how they select specific activities to use in their courses and could help them
determine how and whether to combine different types of activities to promote student learning.

Issue 3: The Dichotomy Between Active Learning and Lecture

Research on active learning commonly presents active learning as an alternative to lecture (Zakrajsek,
2018). For example, in the Freeman et al. (2014) and Theobald et al. (2020) meta-analyses on active
learning, two categories of instructional methods were compared—active learning and lecture—
creating a dichotomy by making it appear as an either/or choice. However, active learning versus
lecture is not necessarily a simple dichotomy (Bernstein, 2018; Evans & Dietrich, 2022; Richardson,
2008; Zakrajsek, 2018) and contrasting the two methods can lead to overlooking aspects of lecture
that promote learning (Lombardi et al., 2021) and are cognitively engaging. In this section, we address
the dichotomy between active learning and lecture by considering whether lecture can be (and should
be) included in active learning courses.

Can active learning courses contain lecture or are they mutually exclusive? The “lecture versus
active learning” dichotomy pits the two against each other, making it appear as though instructors
need to choose one or the other to implement in their courses. The sentiment that lecture should be
significantly reduced or completely eliminated from college courses is ubiquitous across the United
States and in other countries. For example, there are numerous department and university-wide
initiatives focused on active learning course transformations whete faculty are supported and/or
incentivized to make changes to their courses to actively engage students (e.g., AAU, 2017; Center for
STEM Learning, 2016). In 2015, Vice-Chancellor Warren Bebbington at the University of Adelaide in
Australia was working to phase out lectures in favor of flipped classrooms (which still often contain
lecture in the form of at-home videos or recorded lectures; see Lawson et al., 2019 for a discussion of
designing effective flipped courses) and other active learning course formats (Dawson, 2015).
However, some researchers say that there should not be “a monolithic stance about lecture or no
lecture” as “there are still times when lectures will be needed” (Noah Finkelstein quoted in Bajak,
2014, para. 7) and that the answer to the question “How do we best get our students to learn—by
facilitating for student activity or by lecturing?” is “a matter of both, not one or the other” (Opdal,
2022, p. 80).

When looking to the research literature to determine whether lecture should be abolished, the
question becomes more muddled for two reasons. First, despite laments that lecture is ineffective, the
research base on direct instruction (e.g., lectures, demonstrations, modeling) is vast and includes a
variety of instructional topics, intervention durations, assessment measures, and student ages and skill
levels, among other factors (e.g., Alfieri et al., 2011; Chen & Klahr, 1999; Klahr & Nigam, 2004; Kruit
et al., 2018; Lorch et al., 2010; Morgan et al., 2015). This research base has revealed benefits of direct
instruction linked to reducing the burden on students’ working memory by removing the
discovery/trial-and-error process (Clark et al., 2012; Sweller et al., 2011) and ensuring the knowledge
that students acquire is not incorrect, disjointed, or incomplete (Rosenshine, 1995). Consequently, it
seems questionable to advocate for the outright elimination of an instructional method that research
shows can be effective in helping students learn. Second, most empirical studies on active learning
compare the continuous exposition of lecture to interactive lecture rather than to pure (i.e., lecture-
free) active learning (Zakrajsek, 2018). For example, when examining the active learning courses from
57 comparison studies, Martella et al. (2021a) found that most active learning courses contained a
significant lecture component, with 72.4% of the active learning college courses devoting at least 20%
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of the main class session to lecture. Often, courses that were flipped also contained lecture in the form
of at-home videos or recorded lectures. Further, in the Freeman et al. (2014) meta-analysis, active
learning college courses could contain up to 90% lecture and still be deemed active learning courses.
Therefore, the “lecture versus active learning” dichotomy in the literature does not capture the true
comparison of “lecture versus lecture+activities” that is actually occurring in these studies (Zakrajsek,
2018), making it difficult to gauge the effectiveness of lecture and to know whether lecture is necessary.

Future Research

To move the field forward in terms of understanding how much, if any, lecture should be included in
college courses, it is important to disentangle lecture and active learning while also investigating their
combination. The research directions described below relate to the question of how active learning
should be implemented. Echoing our eatrlier discussion about assessing the effectiveness of various
active learning activities, the conditions in experiments comparing lecture and active learning need to
be unconfounded, such that a pure lecture condition is compared with a pure active learning condition.
This uncontaminated contrast between conditions would enable researchers to draw conclusions
about which instructional method is more effective (if that is their goal). However, the combination
of lecture and active learning—which is what is actually represented in “active learning” conditions in
many research studies—is also important to investigate to provide clarity as to how active learning
should be implemented, which introduces dosage amount (or intensity—see, for example, Bernstein, 2018)
as a factor that should be systematically studied.

Dosage Amonnt

The amount of time instructors should dedicate to active learning and lecture is referred to as dosage
amonnt, which can range between the extremes of 0% active learning activities (100% lecture) to 100%
active learning activities (0% lecture). Comparing those extremes would represent the pure contrast
between active learning and lecture that tends to be missing from the literature. Between those
extremes, one can explore variations in relative dosage amounts. For example, a researcher or an
instructor could decide to (a) emphasize active learning activities and implement dosage amounts of
approximately 25% lecture and 75% active learning activities; (b) emphasize lecture and implement
dosage amounts of approximately 75% lecture and 25% active learning activities; or (c) emphasize the
two equally and implement dosage amounts of approximately 50% lecture and 50% active learning
activities.

Dosage Schedule and Dosage Order

Once the percentage of class time dedicated to active learning activities and lecture is established, an
important consideration is how to integrate the two approaches, which introduces dosage schedule and
dosage order as factors. Dosage schedule refers to how lecture and student activities are organized in a
structured manner, such as blocked or interspersed during a class session. In a blocked schedule, students
are presented with a full lecture over multiple concepts and a full active learning activity over these
concepts, but the instructional methods are not alternated. In an nterspersed schedule, students receive a
mini-lecture and a mini-learning activity over the first concept, followed by a mini-lecture and mini-
learning activity over the second concept, and so on. Therefore, the two instructional methods are
alternated or interspersed in class. Research on the spacing effect suggests that breaking the lecture
into segments (each accompanied by corresponding learning activities before or after) should be more
effective than presenting the lecture as a continuous unit (accompanied by corresponding learning
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activities before or after), thereby supporting implementation of an interspersed schedule. The spacing
effect is the finding that learning is often better when it occurs distributed or spaced over time rather
than massed (Bahrick et al., 1993; Carpenter, 2017; Dunlosky et al., 2013; Karpicke, 2017; Weinstein
et al., 2018). It has been theorized that spacing is beneficial because it allows unique features to be
added to contextual representations during learning; these different contexts can help in the search
process during future memory retrieval attempts (Karpicke, 2017; Karpicke et al., 2014; Mayer &
Fiorella, 2022).

Dosage order refers to whether instructors lecture on the content before students engage in
activities relating to the content (lecture-then-activity) or whether students explore the content through
activities first and then receive a lecture over the content (actzvity-then-lecture). According to the cognitive
load hypothesis (de Jong, 2010; Sweller et al., 1998; Sweller et al., 2019), learning activities should be
more effective when implemented after lecture, particularly for students who do not have high relevant
prior knowledge. Cognitive load refers to how much of a demand is imposed on working memory during
a task (Sweller et al., 1998). Given that working memory is limited in capacity (e.g., see Cowan et al.,
2012; Miller, 1956), having to discover the solution to a problem can lead to a long trial-and-error
process that places a high demand on working memory (Sweller, 2004). Strong initial guidance could
therefore be particularly important for students from underrepresented groups who may be more
likely to be underprepared for college due to economic and educational disparities (see U.S.
Department of Education, 2017; Theobald et al., 2020). For example, Salehi et al. (2019) found that
differences in incoming preparation were associated with performance differences in introductory
physics courses. On the other hand, according to the productive failure hypothesis (Kapur, 2008,
Kapur & Bielaczyc, 2012), learning activities should be more effective when implemented before the
lecture. It is theorized that the struggle and unsuccessful outputs of students will familiarize them with
elements of the problem sets; when guidance is ultimately provided, this familiarization can help make
their procedural and conceptual understanding more meaningful and better encoded (Kapur, 2008;
Matlen & Klahr, 2013). Given that the cognitive load and productive failure hypotheses support
implementing different dosage orders, future research should take dosage order into account to test
these hypotheses when combining active learning and lecture interventions.

Prior Research on Dosage Amonnt, Schedule, and Order

Initial insight into whether and how dosage amount, dosage schedule, and/or dosage order affect
student learning has been provided by Theobald et al. (2020) and Martella et al. (2024). In Theobald
et al.’s meta-analysis examining how active learning versus traditional lecture affected the achievement
gap for underrepresented students, they conducted a separate analysis on active learning intensity.
They found that high-intensity active learning (dosage amount of 67-100%) was the most effective at
narrowing the achievement gap for underrepresented groups. Unfortunately, the studies on which this
analysis were based also differed on several other factors, such as the activities implemented in class
and where lecture was implemented during the class period, preventing conclusions that can be tied
unequivocally to dosage amount.

Martella et al. (2024) conducted two experiments to examine the impact of manipulating the
dosage amount and dosage schedule of active learning and lecture. In the first experiment, college
students received either an 18-minute lecture over a scientific topic (dosage amount: 100% lecture /
0% active learning) or an 18-minute active learning activity (a matching game) over that same topic
(dosage amount: 0% lecture / 100% active learning). There were no other differences between
conditions, following the control-of-variables strategy discussed earlier. Overall, students in the pure
lecture condition outperformed their peers in the pure active learning condition on a test about the
topic. In the second experiment, college students received one of the following: (a) an 18-minute
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lecture over a scientific topic (dosage amount: 100% lecture / 0% active learning); (b) a 9-minute
lecture and a 9-minute active learning activity (a matching game) that were blocked (9-minute lecture
- 9-minute activity; dosage amount: 50% lecture / 50% active learning); or (c) a 9-minute lecture and
a 9-minute active learning activity (a matching game) that were interspersed (3-minute lecture = 3-
minute activity = 3-minute lecture = 3-minute activity = 3-minute lecture = 3-minute activity;
dosage amount: 50% lecture / 50% active learning). Thete were no other differences between
conditions. Overall, students in the interspersed condition outperformed their peers in the pure lecture
and blocked conditions on a test about the topic; however, students in the blocked condition did not,
on average, outperform their peers in the pure lecture condition. Therefore, integrating lecture and
active learning maximized student learning, but only when this integration occurred with an
interspersed schedule. This study provides an example of how experiments can be designed to
investigate dosage amount and dosage schedule in future research on active learning.

Moderating Variables

As a final note, there are many moderating variables that should also be systematically studied to
determine whether there are any boundary conditions for certain active learning interventions. Two
of these variables will be discussed in detail: relevant-knowledge level and demographics (e.g., sex,
race/ethnicity). However, there are many other variables to also think about, including but not limited
to, class size (e.g., <25 students, >250 students); course focus (e.g., conceptual knowledge, procedural
knowledge); course discipline (e.g., engineering, physics); course topic difficulty (e.g., easy, hard);
course format (e.g., online, face-to-face); and classroom setup (e.g., lecture hall, room with grouped
tables).

Relevant-Knowledge Level

Whether students are novice, intermediate, or expert learners is important to examine in the context
of active learning research because explicit instruction can be quite effective for more novice learners.
As noted by Clark et al. (2012, p. 10), “if the learner has no relevant concepts in long-term memory,
the only thing to do is blindly search for solutions. Novices can engage in problem solving for
extended periods and learn almost nothing.”” Once students have developed a solid knowledge base,
minimal guidance may be useful for reinforcing student learning (Archer & Hughes, 2011; Clark et al.,
2012). For these more expert learners, actively taking part in generating information can lead to better
long-term retention for this information than if students had been simply provided with it—a finding
called the generation effect (deWinstanley & Bjork, 2004; Slamecka & Graf, 1978). Therefore, answers to
questions about the optimal dosage amount, schedule, and order of lecture and active learning could
be qualified by students’ prior knowledge. For example, novice learners might need more lecture than
expertlearners and they might also need lecture to come first rather than second. This prior knowledge
consideration also relates to the level of a class. For example, lecture may be more necessary in an
introductory course where students are more likely to be more novice learners or with foundational
content early in an instructional sequence.

Demographics

Some researchers have found that different implementations and intensities of active learning in the
classroom have led to differences in the reduction of the achievement gap (Theobald et al., 2020). For
example, in an investigation of society’s educational debts, Nissen et al. (2022) found that collaborative
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learning did not help in closing the gap for first-generation Black and Hispanic women, continuing-
generation Black women, and first-generation Black men. Further, a gender performance difference
was found in inquiry-oriented courses but not in other courses (Johnson et al., 2020). Unfortunately,
active learning “is not a silver bullet for mitigating achievement gaps” (Theobald et al., 2020, p. 6479).
Of concern, certain instantiations of active learning have resulted in women reporting more stereotype
threat as well as lower self-efficacy (Aguillon et al., 2020), and non-White first-generation college
students reporting decreases in academic self-efficacy (Hood et al., 2020). Therefore, the research
directions we have discussed for the three main issues in the active learning literature should also
include a consideration of potential moderating variables, thereby providing insight into how active
learning interventions can be tailored appropriately for different students. Consideration of
moderating variables would provide clarity about for whom active learning works as well as how it should
be implemented for different populations of students.

Conclusion

The growth of active learning research and the interest in transforming college courses to improve
STEM education is encouraging. Researchers and practitioners alike care that students receive
evidence-based practices in the classroom. The current active learning literature has provided a large
platform from which deeper and more targeted research can stem. The purpose of this reflection
article is to provide insight into areas within the literature that can be further developed so that active
learning can move beyond its current status as “underdeveloped.” By articulating three major issues
and providing a discussion of avenues for future research to address them (see Table 1), our goal is to
facilitate more insight into why active learning is effective, which forms of it are the most effective,
how it should be implemented to maximize learning, and for whom different active learning
interventions are the most effective. These research directions will provide mechanistic information
in addition to practical information that can move the field forward. It is time for recommendations
from the active learning literature to move beyond the general advice of “try active learning in your
courses” to providing specific recommendations supported by appropriate empirical evidence and
based on individual and group needs.
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