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Abstract

Active learning is a popular approach to teaching and learning that has gained trac-
tion through research on STEM educational improvement. There have been numer-
ous university- and national/international-level efforts focused on transitioning
courses from the lecture method to active learning. However, despite these large-
scale changes, the active learning literature has not been assessed on its methodolog-
ical rigor to ensure instructional recommendations are rooted in rigorous research
studies. The purpose of the present review was to determine areas of strengths and
areas in need of improvement and to provide specific recommendations on how to
continue or improve active learning research to strengthen the respective literature
base and increase confidence in results. We assessed the articles included in the
Freeman et al. (PNAS, 111:8410-8415, 2014) meta-analysis as well as a random
sample of more recent active learning articles (2015-2022) on 12 internal validity
controls (i.e., control procedure used to prevent a threat to the internal validity of
a study). Results indicated that there were high percentages of articles that did not
meet each internal validity control. In fact, no articles from the Freeman et al. meta-
analysis and no sampled 2015-2022 articles met each of the 12 internal validity con-
trols. Therefore, the active learning literature contains numerous internal validity
control issues that need to be addressed if we are to determine the extent to which
active learning interventions are effective and if there are any boundary conditions
for when particular active learning interventions are or are not effective.
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With STEM pipeline issues and STEM inequity, there have been numerous university-
and national-level efforts (e.g., Association of American Universities [AAU], 2017,
Carl Wieman Science Education Initiative, n.d.; Center for STEM Learning, 2016)
focused on transitioning courses from the lecture method to active learning. As such,
active learning, as an umbrella term, continues to gain political and instructional inter-
est (Hartikainen et al., 2019). Active learning is a popular approach to teaching and
learning that focuses on involving students in the learning process and affording them
agency for their learning (Lombardi et al., 2021). Rather than transmit information to
students for them to absorb during a class lecture, for example, instructors implement
more student-centered learning where students can participate in class activities such
as responding to clicker questions, working on a problem-solving worksheet with their
peers, or digging into a case study (Martella, Lovett, & Ramsay, 2021).

The focus on participatory activities/discussion is represented in many definitions
of active learning such as those presented by Freeman et al. (2014; see p. 8413-8414)
and Lombardi et al. (2021; see p. 16) as well as reflected in the Interactive Construc-
tive Active Passive (ICAP) framework (Chi & Wylie, 2014). One of the most seminal
definitions of active learning presented by Bonwell and Eison (1991) is “instructional
activities involving students in doing things and thinking about what they are doing”
(p. iii). Unsurprising given the open-endedness of active learning definitions through-
out the educational literature is the variation in active learning implementations (see
discussions by Martella, Lovett, & Ramsay, 2021 and Martella & Schneider, in press).
For example, in the Freeman et al. (2014) meta-analysis on active learning, active
learning courses “included approaches as diverse as occasional group problem-solv-
ing, worksheets or tutorials completed during class, use of personal response systems
with or without peer instruction, and studio or workshop course designs” (p. 8410).
This variation has resulted in active learning being called a “curious construct” (Lom-
bardi et al., 2021, p. 8) and being described as “an easy thing to prescribe as a cure
but difficult to put into practice” (Eyler, 2018, para. 5).

Despite this variation, the common thread in these active learning implemen-
tations is the reduction or elimination of lecture in favor of more participatory
activities assigned during class given that lecture is often considered a less effective
mode of teaching (e.g., Deslauriers et al., 2019; Stains et al., 2018; Wieman, 2014).
Active learning, often touted as a constructivist approach to teaching and learning
(e.g., Freeman et al., 2014), focuses on students constructing/building their own
knowledge. To do this, active learning instruction often moves students away from
passive behaviors and toward more active, constructive, and interactive behaviors
(see ICAP Framework—Chi & Wylie, 2014). Researchers who are invested in stud-
ying the “active versus passive” contrast may assume that being more behaviorally
active leads students to be more cognitively active—an assumption that has been
referred to as the constructivist teaching fallacy because it equates active learning
(cognitively active) with active teaching (behaviorally active; Mayer, 2004, p. 15).
According to the science of learning, active learning involves appropriate cogni-
tive processing during learning, where during a lesson, information is attended to,
organized into a coherent structure, and integrated with relevant prior knowledge
(Mayer, 2011, 2022). When active teaching leads to active learning, more meaning-
ful learning can occur—a likely goal of active learning researchers.
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When discussing active learning and/or active learning versus traditional lecture
in higher education, one highly influential review article often cited is the Freeman
et al. (2014) meta-analysis that included 225 studies comparing student performance
under active learning versus traditional lecture in STEM undergraduate courses. One
way to determine the impact an article has on scientific discourse is to examine its
number of citations (Lopresti, 2010). Based on citation data drawn from Web of Sci-
ence: Core Collection (WOSCC), the Freeman et al. (2014) meta-analysis has been
cited 3182 (WOSCC) times (as of February 2, 2023). When authors cite Freeman
et al., they typically use the article as support for reducing or eliminating lecture and
adopting active learning (Martella, Yatcilla, et al., 2021). In fact, since the release
of Freeman et al. (2014), many calls have been made to switch to active learning
instruction with such strong statements as “in undergraduate STEM education, we
have the curious situation that, although more effective teaching methods have been
overwhelmingly demonstrated, most STEM courses are still taught by lectures—the
pedagogical equivalent of bloodletting” (Wieman, 2014, p. 8320); “the impression
I get is that it’s almost unethical to be lecturing if you have this data...[there is]
an abundance of proof that lecturing is outmoded, outdated, and inefficient” (Eric
Mazur as quoted in Bajak, 2014, para. 4); and “to put it bluntly, everyone should
be taken off the control (i.e., traditional lecture) and switched to the treatment (i.e.,
carefully considered active learning methodologies)” (Pienta, 2015, p. 963).

Furthermore, when examining national, international, and university-level initia-
tives and grants that are focused on active learning adoption in college classrooms
(e.g., AAU, 2017; Carl Wieman Science Education Initiative, n.d.; Chasteen, 2023;
Massachusetts Institute of Technology, 2021; University of Georgia, 2022), the
Freeman et al. (2014) meta-analysis is often cited as support for this department or
campus-wide adoption. As justification, faculty or administrators often make state-
ments such as “active learning is empirically demonstrated to improve student reten-
tion of content” (University of Georgia, 2022, p. 6). For policymakers and practi-
tioners, systematic reviews (like the Freeman et al. meta-analysis) can prove useful
when making decisions for public policy and practice by providing efficacy informa-
tion (Gough et al., 2013).

Given that the fervent efficacy claims, pedagogical decisions, and national and
international university initiatives surrounding active learning adoption have been
rooted in active learning research, particularly Freeman et al. (2014), it is important
to examine the methodological strengths and weaknesses of the literature base to
ensure these research-based recommendations are rooted in rigorous research. There
have been many approaches taken to assess the methodological rigor in a number of
disciplines (e.g., Bratt & Moons, 2015; Garavan et al., 2019; Pennington et al., 2021;
Ramirez et al., 2017; Yang et al., 2012). Methodological rigor refers to the “thor-
oughness and accuracy with which research is conducted and it therefore involves
elements such as empirical validity, technical quality, statistical significance, and the
generalizability of results” (Flickinger et al., 2014, p. 105). Researchers typically
choose methodological controls within categories of validity from which to assess
the rigor of their respective literature. For example, Garavan et al. (2019) investi-
gated four categories of validity—each with several dimensions—to determine
the methodological rigor of empirical studies on the training and organizational
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performance relationship. These categories included internal validity, external valid-
ity, construct validity, and statistical conclusion validity. Yang et al. (2012) devel-
oped six criteria for their “rigor checklist” to determine the methodological rigor
of clinical studies. These criteria included population, design, data and sampling,
measure instruments, analysis, and interpretation.

Much of the research conducted on methodological rigor has been conducted
in medicine/health sciences which may be unsurprising given the direct impact
medical interventions can have on the well-being of human subjects (e.g., Bratt &
Moons, 2015; Ramirez et al., 2017). However, another research area in which inter-
ventions can have a direct impact on the well-being of human subjects is the learn-
ing sciences which includes interdisciplinary research focused on “instruction in the
social, organizational, and cultural dynamics of learning; learning and cognition;
learning strategies; educational psychology; educational testing and measurement;
instructional design and technology; and statistical design of educational research”
(National Center for Education Statistics, 2010, p. 1). Assessing the methodological
rigor of studies relating to educational topics is critical given these studies’ potential
to impact course instruction and student academic success.

Methodological rigor assessments in the learning sciences have spanned educa-
tional disciplines such as computer science education (Lishinski et al., 2016; Ran-
dolph et al., 2007), school psychology (Burns et al., 2012), special education, and
experimental STEM education (Avcu & Avcu, 2022) and topics such as literacy
(Finch, 2022), reading fluency (Naveenkumar et al., 2022), and concept mapping
(Rosas & Kane, 2012). These studies used established methodological quality indi-
cators in their respective fields (i.e., design quality/type of design, sampling proce-
dures, instrument technical adequacy, intervention description, bias and confounding
issues, outcome assessment, analytic approach, etc.) and/or have used professional
quality design standards such as those from What Works Clearinghouse (WWC) and
the Council for Exceptional Children (CEC) (for those studies in education and spe-
cial education).

For the methodological reviews that have been conducted in the broader edu-
cational literature (see examples above), the results have been mixed. For exam-
ple, Naveenkumar et al. (2022) examined the methodological rigor using the CEC
quality indicators of reading fluency intervention studies and found that 22 of the
26 (85%) studies met the quality indicators for internal validity. Sulu et al. (2023)
reviewed science education articles focused on school-age students with develop-
mental disabilities and found that 18 of 27 (67%) studies met all of the CEC qual-
ity indicators. Sulu et al. (2022) reviewed self-monitoring interventions for students
with disabilities and found that 18 of 24 (75%) studies met all WWC design stand-
ards fully or with reservations. Alternatively, Avcu and Avcu (2022) examined the
methodological rigor of experimental STEM education articles published in Turkish
journals and found that all of the selected articles suffered from some form of seri-
ous methodological flaw.

Given (a) the limited number of reviews conducted on methodological rigor in
the learning, (b) the mixed results of methodological studies depending on educa-
tional discipline/topic, and (c) the strong advocacy for active learning adoption, it is
important to make active learning the subject of a specific methodological review.
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Although there are many categories of methodological controls, the focus of the
present review was on methodological controls used to prevent threats to the inter-
nal validity of a study. To make valid inferences, researchers have to ensure some-
thing other than the independent variable(s) did not produce the outcome. One of
the major goals of scientific research is to identify the cause(s) of particular phe-
nomena. Causal explanations allow us to better understand the relationships between
or among different variables. However, there are many extraneous factors or con-
founding variables that can cast doubt over the causality identified in experimental
research and weaken the overall internal validity of a study (Marquart, 2017; Mar-
tella et al., 2013). These factors, considered to be threats to the internal validity of a
study, may include maturation, selection, selection by maturation interaction, statis-
tical regression, mortality, instrumentation, testing, history, and resentful demorali-
zation of the control group (Martella et al., 2013).

To assess the current methodological rigor of the active learning literature as
it relates to internal validity, we took two approaches. Our first approach was to
examine all of the studies included in the Freeman et al. (2014) meta-analysis to
determine the quality of active learning studies on which this popular and influen-
tial meta-analysis was based. Our second approach was to examine more current
active learning research on which a new meta-analysis could be based by examining
a random sample of active learning studies published after the release of Freeman
et al. (i.e., years 2015-2022). The year 2015 was selected as a starting point for
more recent research to provide an overview of the internal validity of articles that
were published after the publication of Freeman et al. in 2014, particularly given
that Freeman et al. called for future research to be conducted on active learning (see
p. 8413). For each of these approaches, we coded articles according to several con-
trols we deemed critical in establishing methodological rigor as they relate to inter-
nal validity (i.e., where cause-and-effect relationships could be demonstrated).

Method
Article Obtainment Procedure

Figure 1 summarizes the search and screening processes for the Freeman et al.
(2014) articles and the 2015-2022 sampled articles.

Freeman et al. (2014) Articles

Search Strategy. The second author reviewed Supplemental Table S4 of Freeman
et al. (2014) to identify the 225 studies included in the meta-analysis. The second
author of the present review identified 187 distinct articles in this table; he contacted
the lead author of the Freeman et al. meta-analysis to gain access to one article (rep-
resenting two studies) that was referred to as “pers comm” in the original reference
list (i.e., Mays, n.d.). The second author was unsuccessful in receiving the Mays
(n.d.) article; therefore, the present review moved forward with 186 articles (which
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Freeman et al. (2014) Reference Table S4

One Article Not Accessed; 10 Articles

(n =191 articles)

. . > Excluded
(V=225 studies, 187 articles) (n = 186 articles total, 176 articles coded)
Database, Conference Proceedings, and Articles Excluded Based on Title-Abstract
Ancestral Searches 2015-2020 -o Screen on Inclusion Criteria i
(N= 6,861 articles) (n=6,670)
Full Text Review Based on Inclusion
Criteria » Articles Excluded (n = 15)

v

Total of Included Articles for
Further Analysis
(n=176)

Database, Conference Proceedings, and
Ancestral Searches 2020-2022
(N = 2,893 articles)

v

Articles Screened Based on Title-Abstract

(n =137 articles)

o . ..
(N = 2,893 articles) : Screen on(in:h;;l%n Criteria
Full Text Review Based on Inclusion i
Criteria » Articles Excluded (n = 53)

v

Total of Included Articles for
Further Analysis
(n=284)

Random Selection of ~33% of 2015-2022
Articles (n = 260) = 84 Articles Coded

Fig. 1 Search strategies for articles reviewed and coded

represented 223 studies) that were located using the third author’s university library
subscriptions and interlibrary loan service.

2015-2022 Sampled Articles

Search Strategy. The complete pre-registered search strategy is available on the Open
Science Framework at (see supplemental material for blinded review purposes). It is
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important to note that our preregistered search strategy was limited to articles with
2010+ publication dates, and we decided after this search to manually limit our search
to 2015+ to focus on articles published after the publication of Freeman et al. in 2014.
Searches were executed (a) on February 19, 2020 and results were limited to publica-
tion years January 1, 2015 to February 19, 2020 and (b) on September 9, 2022 and
results were limited to publication years February 20, 2020 to September 9, 2022. The
following procedure was identical for our 2015-2020 and 2020-2022 searches.

To gather articles that could be included in a more recent meta-analysis on active
learning in STEM, we started with the search terms used by Freeman et al. (2014)
and then made a few changes to their original search strategy given changes that have
occurred since the release of Freeman et al. (2014). Two of these changes included
excluding studies conducted in psychology courses and expanding our search to
include studies conducted in more health discipline courses (i.e., STEMM). We
made the decision to be more stringent in categorizing STEM disciplines through
our exclusion of psychology by aligning with the STEM categories (see Appendix C
for the STEM disciplines included in this report—psychology categorized as social/
behavioral sciences) used in the large report on STEM attrition conducted by the
National Center for Education Statistics (Chen, 2013; note: this report was published
after the Freeman et al., 2014 articles were sampled). This decision was made given
the critical focus on reducing STEM fatigue and attrition by moving toward more
active learning-based college interventions. We also made the decision to include
more health disciplines (e.g., nursing, biomedical sciences, anatomy and human biol-
ogy) in our categorization of STEM disciplines for three primary reasons. First, tradi-
tional STEM disciplines form the foundation for public health (CDC, 2021). Second,
medical science has been the subject of a large number of studies on active learning
(see McCoy et al., 2018). Third, medical science has now been added to the STEM
acronym (i.e., STEMM; note: this addition was largely discussed after the Freeman
et al., 2014 meta-analysis had been published) to reflect the importance of removing
barriers in science, technology, engineering, mathematics, and medicine to encourage
equitable participation (see National Academies of Sciences, Engineering, and Med-
icine, 2020) and to improve the innovation ecosystem in the USA (see The White
House, 2022).

An additional change we made to the Freeman et al. (2014) search strategy was
adding several new search terms that have more recently been used to refer to active
learning or lecture interventions. We identified these new search terms by reviewing
a sample of active learning articles identified in an initial review of the literature.
These search terms included personal response system, team-based learning, inquiry
based learning, discovery learning, discovery based learning, enquiry based learn-
ing, peer tutor®, interactive lectur*, flipped, passive learning, group activit*, and stu-
dent led. We also made more use of “*” with search terms from Freeman et al. in
case a paper included traditional lecture rather than traditional lecturing, for example
(i.e., we included “traditional lectur®”). Search strategies were run in the databases
Web of Science Core Collection, PubMed, Education Research Information Center
(EBSCOhost), Engineering Village (Scopus), and Dissertations and Theses Global
(ProQuest) and were limited to undergraduate or baccalaureate education. Results
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were limited to publications starting in year 2015 (the year after Freeman et al. was
published).

After duplicate records were removed using an iterative procedure outlined in
Bramer et al. (2016), article citations and abstracts were uploaded into a project
on the systematic review screening platform Rayyan (rayyan.ai). Furthermore, an
undergraduate research assistant and the first author searched the American Educa-
tional Research Association for conference proceedings that may have been missed
in our search of the literature. No relevant papers were found beyond those already
captured in our search strategy. During full-text review (as described below), five
research assistants reviewed the reference list to identify papers that were relevant
to our review but missed in our search strategy. One article was captured from this
hand-searching process and added to the 2020-2022 set. PDFs for included articles
were obtained from the university’s library holdings or through Interlibrary Loan.
The total number of articles available for screening from 2015 to 2020 was 6861.
The total number of articles available for screening from 2020 to 2022 was 2894.

Criteria for Inclusion. To be included in our set of 2015-2022 sampled articles,
the following criteria had to be met: The articles needed to include (a) a comparison
of at least one active learning intervention versus a lecture intervention or versus
another active learning intervention; (b) a course(s) conducted at the undergraduate
college level; (c) a general face-to-face college course(s) (not honors or remedial
courses); (d) a course(s) conducted during the main academic year (i.e., fall/spring
semester or fall/winter/spring quarter); (e) a course(s) in a STEM discipline; (f) the
intervention(s) scheduled during the main class session (i.e., not in a laboratory or
recitation); (g) data on student academic performance included; and (h) a control
group (if included) that was specifically labeled to ensure it reflected either a lecture
intervention or an active learning intervention.

Screening. For articles in the years 2015-2020, the first author screened 100%
of the 6861 articles based on title—abstract. For purposes of interrater agreement,
five research assistants received an approximately equal number of the 6861 arti-
cles (~1372) to screen. The interrater agreement level was 93.67%. The first author
discussed all conflicts with the research assistants and reached resolutions for each.
After the screening process, 191 articles moved on to the next phase of screening:
full-text review. The same five research assistants each received an approximately
equal subset (~38 articles) of the 191 articles to review and sent any they believed
should be excluded to the first author, who made the final decision based on the
inclusion criteria outlined above. After full-text review, the number of articles that
were included in the final set was 176 articles.

For the years 2020-2022, the first author screened 100% of the 2893 articles
based on title—abstract. For purposes of interrater agreement, the second and third
authors randomly screened 724 of the 2893 articles (~25%). The interrater agree-
ment level was 94.6%. The first author discussed all conflicts with the co-authors
and reached a resolution for each. After the screening process, 137 articles moved
on to the next phase of screening: full-text review. The first author reviewed the 137
articles; after full-text review, the number of articles that were included in the final
set was 84 articles. Thus, a total of 260 articles (176 + 84) were available for review
from the years 2015 to 2022.
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Coding Procedure

Articles were coded across six basic features related to the method and results sec-
tion (e.g., course discipline, outcome of article; see Table 1) as well as across 12
internal validity controls (see Table 2). These internal validity controls will be
described in further detail below.

Internal Validity Controls

Several internal validity controls were selected based on a review of the research
literature on accepted critical areas for article quality. Sources for internal validity
controls included APA Publications and Communications Board (2008), Cook et al.
(2015), Cook and Campbell (1979), Martella et al. (2013), Theobald et al. (2020),
and What Works Clearinghouse Standards Handbook Version 4.1 (2020). The goal
was to determine critical variables in an article that demonstrated the level of control
of the article. The selected 12 internal validity controls are shown in Table 2; each
internal validity control will be briefly described below.

Research Design. Gold standard of research designs is the randomized control
group design (Martella et al., 2013). However, a quasi-experimental design may pro-
vide experimental control if certain conditions are met such as quality of groups.

Group Equivalence for Both/All Groups—Directly Related to Dependent
Variable. If the groups are not equal on measures directly related to the dependent
variable (i.e., pretests, examination scores on the same or similar skills, professional
content-specific assessments), valid comparisons cannot be made due to a selection
confound.

Group Equivalence for Both/All Groups—Indirectly Related to Depend-
ent Variable. Preferably, there are measures used that are directly related to the
dependent variable; however, without such measures, measures indirectly related to
the dependent variable should be used at a minimum. These measures may include,
for example, high school/college GPAs, prerequisite classes taken (possibly with
grades), and SAT/ACT scores. If the groups are not equal on certain measures, valid
comparisons cannot be made due to a selection confound.

Attrition Equivalency. If there is a differential loss of participants (both number
and characteristics of participants), a confound of mortality is introduced (Cook &
Campbell, 1979) which makes valid comparisons between/among groups difficult, if
not impossible.

Matched Sample Size. If groups are different in size by more than 25%, compar-
isons become more difficult because class size may affect the effectiveness of group
discussions, lecture engagement, responding to instructor questions, etc. (Theobald
et al., 2020), leading to the introduction of a potential confound.

Matched Instructor. If the groups had different instructors, the comparison is
not only on the type of instruction provided but who provided it (Theobald et al.,
2020), leading to a potential confound.

Operational Definition of Variables Provided. Without an operational defini-
tion of the critical variable, it is unclear how the groups differed from one another

@ Springer



Educational Psychology Review (2023) 35:107

107 Page 10 of 48

({QWIBI} QW) UOTIUIAIIU]

(%y0) 1 — (%9°0) 1 (sown 1 TV 03 ssa00e pey dnoid [onuod) g pue |
”mcoﬁﬁcmn—aoo
([paddig 9%001] TV "sa [peddig %06] TV "sa [paddig %07] TV 'sa 11 sA T
(%¥°01) LT (%1°€D) 11 (%1°6) 91 "SA TV U1 'SA TV 'SA TV “8°9) Ioyl0—¢
%D e %1 @»1rne TV SATV—C
(%1°88) 6T (%L°68) TL (%T68) LST TsATv—I1
sdnoi3 uostredwo))
%ro) 1 — (%90) 1 ¥ pue ¢
(%¥0) 1 — (%9°0) 1 ¢ pueg
%r0) 1 — (%90) 1 Spue ‘gl
(%8°0) T %y T — Tpue |
”mnomu.&cmn_aoo
(%E°L) 61 (CA 29K (%L6) L1 (Awouonse ‘A30[0yoAsd 39) 10y10—6
®%SDY @%TD1 (%L1 € £3o1000—8
(%6'1) S (%9°¢) € »1ne SOUBIOG YIBOH—L
(%T°6) ¥ (%6'11) 01 (%0'8) 1 9ous1dg Iendwo)—9
(%9°%1) 8¢ (%S°6) 8 (%0°L1) 0€ SI1SKYg—G
(%¥'ST) OF %L01) 6 %9'L1) 1€ K3ojo1g—+
(%TH1) LE (%E¥D) Tl (%T1) ST Ansmuoyd—¢
(%8S 1% %L01) 6 (%T81) T SONRWAYIRIN—TC
(%1°81) LY (%£°€¢) 8T (%8°01) 61 Suwsaurdug—j
u::&uﬂﬁ 28IN0)H
(%)=u (%)=u (%)=u
(09T =N) r8=N) QLI =N)
pauIquo) ordwres 7z07-S10T (P107) Te 10 UeWAL] uondrrosap Surpo)

SQINJEaJ 9[O1IE ISkq JOJ SUIPOD J[ONIE JO SHNSAY | 3|qe]

pringer

As



107

Page 11 of 48

Educational Psychology Review (2023) 35:107

(%S D ¥ BT »1DC ¥ pue ¢
(%1€ 8 (%8 ¥ %eD v ypueg
%y o)1 — (%9°0) 1 ¥ PUB ‘¢ °C
(%S D ¥ — %ED ¥ gpueg
(%1°€)8 (%9°¢) € (%80 ¢S v pue |
»TD € »rOT (%90) 1 ¥ pue ‘¢ ‘1
(%6'9) 81 (%96 € (%5'8) S1 ¢ pue |
%S DY v T @»I'De ¥ pue ‘z ‘1
(%7°0) T »TD1 — Y PuB ‘g T T
(BLD L (%9°¢) € (%€ ¥ ¢ pue ‘g [
(%T'T1) 6T (%L01) 6 (%¥'11) 0T Tpue |
‘suoneurquo)
[CANIE] %TD1 (%0°%) L Sojel aIN[e]—
(%e'L) 61 (%€'8) L (%89) T1 PaWLIOU/PaZIpIBPURIS—€
(%9°6) ST (%9°¢) € (%S'T1) TC sopeIn—¢
(%T9%) 0T1 (%¥'TS) v (%TEY) 9L (A{ueq 1591 Y00q 10) pado[aAdp IOYDER)/IAYDITEISIY—]
ad£) yuowissassy
(%70) 1 »%TD1 — (D zpue (Iv) 1
‘uoneurquoy)
(%8°¢) 01 (%0'9) § (%80 ¢ SSE[D [—
(%6DS »r0C LD € oM —€
(%S°11) 0€ (%L0D) 6 (%611 1T syeom odnnN—¢
(%£7T8) vIT (%8°6L) L9 (%S°€8) L¥1 Joyrenby/aoisawss [[N—1
(%) =u (%)=u (%)=u
(09T =N) 8 =N) L1 =N)
pauIquio) ordwes zz0z-$10T (¥107) 'Te 10 UewWaaL] uondrosep Surpo)

(ponunuoo) | |qey

pringer

As



Educational Psychology Review (2023) 35:107

107 Page 12 of 48

(%9'%9) 891

(%6°L9) LS (%1°€9) 111 V/N—O
Qouaiojaid Juopms Ajrofejy
%y o)1 - (%9°0) 1 9 pue ¢
%TDe (%9°€) € — ¥ pue ¢
(%r0) 1 - (%9°0) 1 9pueg
(%80T %TD1 (%90) 1 9 puE ‘G ‘1
(%1'0) 1 — (%9°0) 1 9 pue ‘¢ ‘1
(%T9) 91 (%81) ¥ (%89 Tl 9 pue |
(%97) Tl (%87) ¥ (%S 8 gpue |
(%80T %TD1 (%90) 1 cpue |
suoneUIqUO))
%10) 1 (%0°0) 0 (%90 1 (S90URIYJIP OU) SISA[RUR $181S ON—/,
(%8°0) T @»TD1 (%9°0) 1 (dnoi3 [onuod SULIOAR) SISA[RUR 18IS ON—/
(%8°SD) 1 (%S°SD) €1 (%6'ST) 8T (dno13 reuswadxe SULIOAR)) SISATRUR 18IS ON—/,
(%¥00) €S (%10 81 (%6'61) S€ (pox1wr) paurwrexa N uo spuadoq—9
(%80) T (%0000 »1'DT renbg—¢
(BLD L »roc (%80 ¢ [01U05 90URIYIUSIS-UON—
(%S'11) 0€ (%87 v (%871 9T [pyuswLIadxs SourdyuSIs-UON—¢
(%10 1 (%0°0) 0 (%9°0) T [OTUOD SOUBIYTUSTS [EINISTRIS—T
(BLTE) S8 (%€'6€) €€ (%$°60) TS [eyuswLIadxs souroyIuSIs [eonsneIS—I|
Qouewrojrad 1s9y31y Y3 ur paynsai jey) dnois :synsoy
%0 1 — (%9°0) 1 $100[QNSs QAI[ UO SJUSWIAINSLAW PIJR[AI-Y)[BAY TUIE) SHUSPNIS JO AJBINOOY
jeliile)
(%) =u (%) =u (%) =u
(09T =N) r8=N) QLI =N)
paurquo) spdwres 7z0z-S10T (#107) Te 10 uewoaL] uonduosap Surpo)

(ponunuoo) | |qey

pringer

As



107

Page 13 of 48

Educational Psychology Review (2023) 35:107

%10 1 »%TD1 — uonsanb uo paseq PaXIA
(%80T %TD1 (%9°0) 1 ¢ pue g
%10 1 »TD1 — ¢ pue ‘g |
(%70 1 @%TD1 - cpue |
suoneurquo)
(%$9) L1 (%09 ¢ (%89 Tl [enbg—¢
(%€ 9 »%rO T %ED v [onuopy—rg
(%9°¥0) ¥9 (%0°61) 91 (%€°LD) 8¥ Teyuswrodxg—i
(%)=1u (%)=u (%)=u
(09T =N) F8=N) OLT=N)
pauIquo) ajdwes 7z07-S10T (#107) 'Te 10 URWAL]

uondrosap Surpo)

(ponunuoo) | |qey

pringer

As



Educational Psychology Review (2023) 35:107

107 Page 14 of 48

(%¥'0) 1

- (%9°0) 1 € pue [
(%€D9 (G4 (%€ ¥ Spue ‘gl
(%¥'0) 1 — (%9°0) 1 zpue
:suoneuUIqUIO))
(%0°9) €1 (%€8) L (%¥'€) 9 smyderSourng—g¢
%S DV %y CANIN4 VIN—¥
(%S°€S) 6€1 (%$°69) S§ (%L 'LY) ¥8 ON—¢
(%€ 9 (O gk (%€ ¥ Jua[eAmbouou ‘sox—g
(%S'11) 0¢ (%L°01) 6 (%6'11) 1T judreAmnba ‘sox—1
91qerLeA Judpuadap 03 pajerar Apoaxput :sdnoid [[e/yloq 10y 2douseamba dnoin
%10) 1 — %90) 1 (Juazoyrp dnoi3 uostredwos 1nq sdnois [eyuswirradxe 921y} 10§ JUSEAINbI) 7 pue |
:uoneuIqUIO))
»%SD VY (O gk »11DT V/IN—¥
(%6'99) ¥L1 (%8%S) oF (%LTL) 8T1 ON—¢
%19 ¥1 (%6'11) 01 (%€ ¥ JuoreAtnbauou ‘sox—g
(%8°ST) L9 (%0'1€) 9T (%€€D) ¥ JudreAmba ‘sox—1
91qerrea juopuadop 0} pajefar Apoarip :sdnoi3 [re/y1oq Joy aouseanbs dnoin
(%¥0) 1 — (%9°0) 1 (SONISIOATUN JUSISIIIP OM) T PUE |
:uoneuIqUIO))
(%6'D S (%9°¢) € »11DT (urpim) PPO—¢
(%1'88) 62T (%1°88) ¥L (%1°88) SS1 [eyuowiadxg-1send—¢
(%9°6) ST (%€'8) L (%T°01) 81 PazZIuopuey —i
u3ISop Yoaeasay
(%)=u (%)=u (%)=u
09T =N) #8=N) OLI=N)
paurquon ordwres 7z07-S10T (£107) Te 10 uewa1] uondrrosap Surpo)

S[O1U0d AJIPI[eA TEUISIUT £33 Y} 10 SUIPOD J[ONIE JO SHNSAY ¢ d|qel

pringer

As



107

Page 15 of 48

Educational Psychology Review (2023) 35:107

:uoneUIqUIO)
(%6'12) LS (%¥'LT) €T (%E61) ¢ payroads JoN—¢
(%9'6€) €01 (%T'97) TT (%09%) 18 ON—C
(%6'9€) 96 (%TSP) 8¢ (%0°€€) 8§ SOX—T1
10JoNI)Sul PAYdIBIA
%6'1) S %y T L1) € (epew suostredwos /sired 95109 ‘oseyd/reak uo spuadop) g pue |
{uonRUIqUIOD)
(%6'11) 1€ (B1ED 11 (%111 0T payroads JoN—¢
(%ETH) 011 (%S¥€) 6T (%09%) 18 ON—TC
(%8¢P) ¥11 (%0°09) T (%6°0%) TL SOA—1
(%67 uey) a10w Aq JUAIAYIP J0oU *3°T) JzIs d[dwes paydeA
(%¥'59) OL1 (%¥'LL) S9 (%L'6S) SO1 payroads 10N
(%8'81) 61 (%L9D) 1 (%6°61) S€ ON
(%8'SD 17 (%09 § (%$°00) 9¢ SO
sdnos3 Suown/uaamiaq uonLp pyuaLfiq
(%L'LS) 0ST (%099 Ly (%$°89) €01 payroads 10N
(%S'80) ¥L (%€¢€) 8T (%1°92) 9% ON
(%8°€1) 9¢ (%L°01) 6 (%€SD) LT SOX
(s50] %0€ uvyl 1210248) dnoa8 Kuv u1 3s21350d 01 -2.4d WOL P2LINIDO UONLITY
Kouapearnba uontny
%¥'0) 1 — (%9°0) 1 SPuUe‘y g
(%L'L) 0T »%TD1 (%8°01) 61 gpueg
(%0°S1) 6€ (%1°L)9 (%881) €€ gpue |
(%) =u (%) =u (%)=u
(09T =N) #8=N) OLI=N)
paurquon ordwres 7z07-$10T (£107) Te 10 uewAL] uondriosap Surpo)

(ponunuoo) zs|qey

pringer

As



Educational Psychology Review (2023) 35:107

107 Page 16 of 48

(%TTD 6T %1°L)9 (B1°€ED) €T ON—C

(%790 89 (%061 91 (%560 TS SOX—T

sdnos3 (Suowv) uaamjaq jpnba asvsocq

(%TYY) STT (BLTY) S€ (%S'st) 08 ON—¢

(%E'LD) 1L (%6'9¢) 1€ (%L'T0) OF [enred—z¢

(%S°80) YL (%1'12) 81 (%8°1€) 96 SOA—T1

payf12ads (s)ajquiiva jo41u0d ayj Jo a8nsoq

(%L'TE) S8 (%S¥€) 6T (%8'1€) 9S ON—¢

(%6'1¢) €8 (%S0p) ¥€ (%8'LD 6V ented—¢

(%¥'5€) T6 (%00 1T (%E0P) 1L SOA—I1

Payi2ads (s)a1qprava [pjusuiriadxa ayj Jo 28nso(q

PaydIeW pue paqLIdSAP s9[qeLIeA JO a3eso(

(%¥'SP) 811 (%S0%) ¥€ (%L LY) 8 ON—¢

(%1°€€) 98 (%S7E) 6T (%¥'Te) LS ened—¢

(%S'12) 95 (%00 1T (%6'61) S¢ SOA—1

(8)21gD11DA J0.4310D JO UOIULYIP [PUODIIA))

(%1'8) 1T (%9°¢) € (%T01) 81 ON—¢

(%S'1¥) 801 (%T'SP) 8¢ (%8°65) 0L [enred—¢

(%¥°09) T€T (%T19) € (%0°05) 88 SOX—T

(8)a1qv1ava [pjuswLadxa fo uonulfap (puolvLad(Q)

pap1aoid sa[qerrea Jo uonIuyap [euoneradQ

(SV.L JUIPIP AQ PI[ S9SSB[O INQ J0IONIsul dwes Juowrradxa/sredk uo spuadap

%St %1 BL1) € ¢s1030N1)SUT Swres Y £q JYSne) T om) pue SI0}ONNSUI JUSIPIP Aq JySne) Ty oml) g pue |
(%) =u (%) =u (%)=u
(09T =N) #8=N) OLI=N)

paurquon ordwres 7z07-$10T (£107) Te 10 uewAL] uondriosap Surpo)

(ponunuoo) zs|qey

pringer

As



107

Page 17 of 48

Educational Psychology Review (2023) 35:107

Anopy uonejudwdrduwy

%TD € (%9°¢) € - (emseour uo spuadop) { pue |

:uoneuIqUIO))

(%9°6) ST %evD Tl »t'L) €1 aImsu—y

(%T9) 91 (%1'L)9 (%LS) 01 enred—¢

(%8'8) €T (%5°6) 8 (%S°®) ST ON—TC

(%TYL) €61 (%5°59) S (%¥'8L) 8€1 SOA—1

sdnois [[e/yroq

10§ [enba :(s)anseow juapuadoq

%y0) 1 — (%90 1 (paredwod 19)sowes uo spuadap) g pue |

:uoneuIqUIO))

(%00€) 8L (%¥°9Y) 6¢ (%TT0) 6€ poyroads IoN—¢

(%8°01) 8T (%81) ¥ (%9°€1) vT ON—C

(%8°89) €51 (%8°81) 1¥ (%9°€9) TI1 SOA—I1

JUIIUOD PAYOIBIN

(BLD L %r) T %8S (s1ea£ sso1oe pue uryim aredwod ‘paAjoAur AJisioatun uo spuadap) g pue |

{uonRUIqUIOD)

(%8°¢) 01 (%0°0) 0 (%L°9) 01 pay1oads JoN—+

(%S'D ¥ (%99 € (%90 1 S3[99M JUSISHIp I9)SWIs SuWeS—¢

(%T9v) 0zl (%T19) €y (%8°€Y) LL ON—C

(%8'sP) 611 (%6°Th) 9¢ (%TLy) €8 SOX—T

Quresj awn uonejudwa[dw paydIeA

(%L29) €91 (%8°€L) 79 (%%°LS) 101 payroads JoN—¢
(p)=1u (%)=u (%)=u
(09T =N) F8=N) OLI=N)

paulquioy ordwes zz0z-$10T (¥107) 'Te 10 UBWOAL] uondrosep Surpo)

(ponunuoo) zs|qey

pringer

As



Educational Psychology Review (2023) 35:107

107 Page 18 of 48

(%8°€6) ¥T (%076) 6L (%8°€6) $91 ON—C
(%T9) 91 (%09) ¢ (%€ 11 SOA—1
&mpapyf dnous jo4juo)
(%1°€6) TvT (%016) 6L (%9°26) €91 ON—C
(%6'9) 81 (%09) ¢ (%¥'L) €1 SOA—TI
&rgapyf dnoas ppruduiiadxsgy
(%) =u (%) =u %)=u
(097 =N) W8 =N) LI =N)
paurquioy ordureg ¢z0T-S10T (¥107) T8 10 uewaAL] uondridsop Surpo)

(ponunuoo) zs|qey

pringer

As



Educational Psychology Review (2023) 35:107 Page 190f48 107

and what specifically led one group to outperform (or not outperform) the other
(Martella et al., 2020); it is also difficult to replicate studies without this information.

Dosage of Variables Described and Matched. Dosage refers to how much time
students spent with class content (both outside of class and inside of class), and con-
trolling the dosage between/among conditions is important to ensure the independ-
ent variable caused the results and not a difference in time-on-task/exposure to class
content (Mason & Smith, 2020).

Matched Implementation Time Frame. Implementing the experimental and
control groups during the same time period is a control procedure to protect against
history effects (events that occur during a study that can affect the outcome) (Camp-
bell & Stanley, 1963).

Matched Content. Valid comparisons cannot be made between groups if the
same content was not taught to the different groups compared (Deslauriers et al.,
2019).

Dependent Measure(s)—Equal for All Groups. To examine differences in
learning gains between/among conditions, students need to be assessed on measures
that are deemed equivalent (Martella et al., 2013); otherwise, it is unclear if differ-
ences in student learning are due to the independent variable or are due to assess-
ment differences.

Implementation Fidelity. Implementation fidelity allows one to assess if the
interventions were implemented as intended and/or described (Sanetti et al., 2021)—
without it, claims as to the effectiveness of one group over another are difficult to
validate.

Coding of Freeman et al. (2014) Articles

A total of 176 of the 187 articles were coded (see Fig. 1) for the following reasons.
For the present review, if an article had two or more experiments/studies, the article
was counted as one overall article rather than as several separate studies. Multiple
(combination) codes may have been provided if two or more studies within an article
used different designs, measures, procedures, etc. Thus, we use the terms “article”
or “articles” versus “study” or “studies” throughout. Furthermore, the personal com-
munication (i.e., Mays, n.d.) article could not be located and 10 articles (represent-
ing 15 studies) were removed from the present analysis because they were (a) imple-
mented in an introduction to exceptional children course (i.e., Kellum et al., 2001);
(b) a review of different university curriculum approaches or a review of published
studies (i.e., Al-Holou et al., 1999; Gosser, 2011); (c) a description of different in-
class learning experiences (some students on “hot seat”) or methods of taking notes
(i.e., Crider, 2004; Davis & Hult, 1997); (d) a description of anecdotal observations
of differences in including web-based activities (i.e., Marrs & Novak, 2004); or (e) a
comparison of frequent and/or unannounced quizzes versus no quizzes before exam-
inations/tests (i.e., Barbarick, 1998; Graham, 1999; Haberyan, 2003; Steele, 2003).
Therefore, the number of articles in our coding set was 176.

The fourth, fifth, and sixth authors each received the 176 Freeman et al. (2014)
articles to code according to the 12 internal validity controls. The fourth author
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coded 61 (34.7%) of the articles, the fifth author coded 58 (33.0%) of the articles,
and the sixth author assistant coded 57 (32.4%) of the articles. The second author
independently coded 100% of these articles and was the primary rater.

Interrater agreement was calculated by dividing the number of agreements by
disagreements and multiplying by 100. A strict level of agreement was required
for interrater agreement analysis. For example, if the sixth author coded results as
“7” (no statistical analysis provided) but the primary rater coded the same article
as “7” and “3” (no statistical analysis provided but the results favored the experi-
mental group), it was scored as a complete disagreement. Likewise, if a code was
left blank by the fifth author and the primary rater provided a code, it was scored
as a disagreement. In other words, the codes had to be identical to be counted as an
agreement. The interrater agreement was as follows: the primary rater and the fourth
author had an agreement of 96.3% (range 82.6 to 100%); the primary rater and the
fifth author had an agreement of 92.9% (range 73.9 to 100%); the primary rater and
the sixth author had an agreement of 88.1% (range 65.2 to 100%). The overall inter-
rater agreement was 92.5% (range 65.2 to 100%). When there were disagreements in
scoring, the coding of the primary rater (who coded all articles) was used.

Coding of 2015-2022 Sampled Articles

The first author used a simple random sampling process to obtain a sample of ~33%
(84) of the 260 articles from 2015 to 2022 to be coded according to the 12 internal
validity controls (see Fig. 1). The purpose of conducting a random sample was two-
fold. First, the primary focus of the review was on the articles included in the Free-
man et al. (2014) meta-analysis due to its far-reaching influence. However, given
that the meta-analysis was published in 2014, we deemed it important to gather a
snapshot of the quality of the more recent active learning literature that could be
included in a new meta-analysis on active learning post-Freeman et al. Second, due
to the time-intensive coding procedure (including double coding all articles) and the
large, combined number of active learning studies from Freeman et al. (2014) and
post-Freeman et al. (436 articles in total), a one-third sample of articles was chosen
for this snapshot to ensure the recency of the review. Random sampling methods
have been used previously in internal validity control studies (e.g., Han et al., 2022;
Randolph et al., 2007) as well as in other types of systematic reviews (e.g., Lazonder
& Janssen, 2022; Luo et al., 2013) due to the time-intensive coding procedures and/
or number of articles identified through the screening process.

The first author coded 69 (82.1%) of these 84 articles and the fourth author coded
15 (17.9%) of the 84 articles. The second author independently coded 100% of the 84
articles and was the primary rater. Interrater agreement was calculated as described
above. The same strict level of agreement described above was required for interrater
agreement analysis. The interrater agreement between the primary rater and the first
author was 93.8% (range 87.0 to 100%), and the interrater agreement between the pri-
mary rater and the fourth author was 89.3% (range 78.2 to 100%). The overall interrater
agreement was 93.0% (range 78.2 to 100%). When there were disagreements in scor-
ing, the coding of the primary rater (who coded all articles) was used.
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Data Analysis

Frequency counts were determined for each code that fell under each internal valid-
ity control. These frequencies were then turned into a percentage of articles that
received a particular code. If an article received a combined code—e.g., 3 and 4—it
did not get double counted in the “3” frequency count and the “4” frequency count;
rather, a combined code category was created.

Results

The data for the Freeman et al. (2014) articles and the 2015-2022 sampled articles
are presented separately.

Freeman et al. (2014) Articles

Tables 1 and 2 show the results from each of the coded “basic article features” and
“internal validity controls” for the articles reviewed in the Freeman et al. (2014)
meta-analysis.

Basic Article Features

The codings for the basic article features are shown in Table 1.

Course Discipline. As shown in the table, the greatest number of articles (18.2%)
were conducted in mathematics classes. Biology and physics were next with 17.6%
and 17.0%, respectively. Articles in chemistry classes were the fourth most frequent
at 14.2%. Finally, engineering was the fifth most frequent at 10.8%. Therefore,
77.8% of all articles were conducted in mathematics, biology, physics, chemistry
classes, and/or engineering. The least frequent course discipline was health sciences
(1.1%).

Comparison Groups. The most frequent comparison (89.2%) made across arti-
cles was active learning versus lecture. Comparisons between two active learning
approaches occurred in just 1.1% of the articles. Other comparisons were made in
9.1% of the articles and involved >2 course/intervention comparisons (e.g., active
learning 1 vs. active learning 2 vs. lecture). One article (0.6%) was coded alone
since it compared an active learning group to a lecture group that had access to
active learning components at various times.

Intervention Time Frame. The vast majority of articles (83.5%) implemented
comparison groups over a full semester/quarter. A smaller number of articles imple-
mented the groups over multiple weeks (11.9%), one week (1.7%), or during a single
class session (2.8%).

Assessment Type. Most of the assessments used in the articles (43.2%) were
those developed by the researcher/teacher or from a book test bank. These assess-
ments were used alone or in combination with other assessments in 69.9% of the
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articles. Grades were solely used in 12.5% of the articles or solely used and used
in combination with other assessments in 32.4% of the articles. Standardized/nor-
med assessments were solely used in 6.8% of the articles or solely used and used
in combination with other assessments in 22.2% of the articles. Failure rates were
solely used in 4.0% of the articles or solely used and used in combination with other
assessments in 12.5% of the articles. A combination of assessments occurred in
33.0% of the articles. Other assessments reported were health related measures on
live subjects (0.6%).

Results: Group That Resulted in the Highest Performance. The experimental
group (i.e., active learning) was found to produce statistically significantly greater
improvements in academic performance in 29.5% of the articles and greater perfor-
mance in 14.8% of the articles but without statistically significant differences. The
control group (i.e., lecture) was found to produce statistically significantly greater
improvements in academic performance in 0.6% of the articles and greater per-
formance in 2.8% of articles but without statistically significant differences. The
experimental and control groups were equal in 1.1% of articles, and mixed results
were found in 19.9% of the articles depending on the dependent measure reported.
Inferential statistics were not used in 17.0% of the articles; of these articles, 93.3%
showed results favoring the experimental group, 3.3% showed results favoring the
control group, and 3.3% showed results favoring neither the experimental or control
group (i.e., no differences between them).

Given additional nuances of articles, we used multiple codes to indicate combina-
tions of results due to multiple dependent variables, multiple studies in an article,
and/or multiple groups that were compared. Of the 14.2% of articles that had a com-
bination of results, 32.0% had statistically significant or nonsignificant results favor-
ing just the experimental group(s). Therefore, overall, 64.8% of the articles showed
only the experimental group to be more effective than the control group, and 4.0% of
the articles showed only the control group to be more effective than the experimen-
tal condition(s).

Majority of Student Preference. The majority of articles (63.1%) did not report
a student preference for either group. In the articles that did present this informa-
tion, there was a student preference for the experimental condition in 27.3% of these
articles and a student preference for the control condition in 2.3% of these articles.
Equal preference was reported in 6.8% of these articles, and one article (0.6%)
reported that there was a preference for both depending on the question asked.

Internal Validity Controls

The codings for the internal validity controls are shown in Table 2.

Research Design. The vast majority of articles (88.1%) used a quasi-experimen-
tal design (i.e., when different years were compared or when existing classrooms
were used). Only 10.2% of the articles used randomized control designs. Few arti-
cles used other designs such as a within-subjects designs (1.1%) or a combination of
designs when there were multiple experiments and/or multiple group comparisons
(0.6%).
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Group Equivalence for Both/All Groups: Directly Related to Dependent Var-
iable. The following results were obtained despite the fact that Freeman et al. (2014)
reported they excluded articles that did not have student equivalence. A group
equivalence measure directly related to the dependent variable was not reported in
128 (72.7%) of the articles. Of the articles that did include/report this information,
only 23.3% of these articles had at least one group equivalence measure directly
related to the dependent variable that showed the groups to be equivalent, and only
2.3% had at least one group equivalence measure directly related to the dependent
variable that showed the groups to be nonequivalent. A small percentage (0.6%) of
articles reported that at least one group equivalence measure directly related to the
dependent measure showed some of the groups to be equivalent and others to be
nonequivalent (i.e., three experimental groups were equivalent but the comparison
group was nonequivalent). Finally, including a group equivalence measure directly
related to the dependent variable was considered “not applicable” in 1.1% of the
articles (e.g., within-subjects design).

Group Equivalence for Both/All Groups: Indirectly Related to Dependent
Variable. The following results were obtained despite the fact that Freeman et al.
(2014) reported they excluded articles that did not have student equivalence. A group
equivalence measure indirectly related to the dependent variable (e.g., ACT scores,
grade point average before the study) was not included in 47.7% of the articles. At
least one group equivalence measure indirectly related to the dependent variable that
showed the groups to be equivalent was reported in 11.9% of the articles, and 2.3%
of the articles had at least one group equivalence measure indirectly related to the
dependent variable that showed the groups to be nonequivalent. Including a group
equivalence measure indirectly related to the dependent variable was considered
“not applicable” in 1.1% of the articles (e.g., within-subjects design). Finally, sev-
eral articles reported demographic information only (3.4%) or some combination of
measures (33.5%).

Attrition Equivalency. There was attrition that occurred between the pretest and
posttest of greater than 30.0% in 15.3% of the articles. There was no attrition or
attrition was less than 30.0% in 26.1% of the articles. However, information on the
level of attrition, if any, was absent in 58.5% of the articles.

Of the articles that did have attrition greater than 30.0% (15.3%), the attrition
was differential in 92.6% of these articles and not specified in 7.4% of these arti-
cles. Overall (i.e., across all articles), differential attrition between/among groups
occurred in 20.5% of the articles, did not occur 19.9% of the articles, and was not
reported in 59.7% of the articles.

Matched Sample Size. The groups were comparable in size (i.e., not different by
more than 25%) in 40.9% of the articles; however, they were not comparable in size
in 46.0% of the articles. In addition, 1.7% of the articles reported that groups were
both comparable and not comparable in size depending on which comparisons were
made between/among the multiple groups. Group sizes were not reported in 11.4%
of the articles.

Matched Instructor. The following results were obtained despite the fact that
Freeman et al. (2014) reported they excluded articles that did not have instruc-
tor equivalence. The same instructor was used for the experimental and control
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groups in 33.0% of the articles. However, 46.0% of the articles did not use the
same instructor for the comparison groups. In addition, there was a combination
of instructors in 1.7% of articles where two active learning groups were taught
by different instructors and two lecture groups were taught by the same two
instructors or the same instructors were used in one year and different instructors
were used in another year. Information on whether the instructor was the same
between/among groups was not reported in 19.3% of the articles.

Operational Definition of Variables Provided. All features of the experimen-
tal variable(s) were operationally defined in 50.0% of the articles. These features
were partially operationally defined in 39.8% of the articles. Experimental fea-
tures were not operationally defined in 10.2% of the articles. For the control con-
dition, all features of the control variable(s) were operationally defined in 19.9%
of the articles, and these features were partially operationally defined in 32.4%
of the articles. Control features were not operationally defined in 47.7% of the
articles.

Dosage of Variables Described and Matched. The dosage of the experimen-
tal variable(s) was specified in 40.3% of the articles and was partially specified in
27.8% of the articles. The dosage of the experimental variable(s) was not specified
in 31.8% of the articles. The dosage of the control variable(s) was specified in 31.8%
of the articles and was partially specified in 22.7% of the articles. The dosage of the
control variable(s) was not specified in 45.5% of the articles.

When comparing the dosage between/among groups, the dosage was equal in
29.5% of the articles, was not equal in 13.1% of the articles, and was not specified in
57.4% of the articles.

Matched Implementation Time Frame. Groups were not implemented at the
same time in 43.8% of the articles while 47.2% of the articles did so. In addition,
0.6% of the articles implemented the groups during the same semester but during
different weeks, and 2.8% of the articles had a combination of implementing the
groups at the same time and at different times when different groups were compared
during the same year and/or across different years.

Finally, it was not specified if the groups were implemented at the same time in
5.7% of the articles.

Matched Content. The same content was taught across groups in 63.6% of the
articles. However, the same content was not taught across groups in 13.6% of the
articles. In addition, some content was the same and some was different depending
on which semesters were compared in 0.6% of the articles. Whether the content was
the same was not specified in 22.2% of the articles.

Dependent Measure(s): Equal for All Groups. The following results were
obtained despite the fact that Freeman et al. (2014) reported they excluded articles
that did not have examination equivalence. The dependent measure(s) was equal for
both/all groups in 78.4% of the articles but was not equal in 8.5% of the articles.
Dependent measures were partially equal (i.e., some but not all of the measures
were equal) in 5.7% of the articles. It was not possible to determine if the dependent
measure(s) was equal in 7.4% of the articles.

Implementation Fidelity. Implementation fidelity for the experimental
group occurred in 7.4% of the articles but did not occur in 92.6% of the articles.
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Implementation fidelity for the control condition occurred in 6.3% of the articles
but did not occur in 93.8% of the articles.

Rigor Across All Internal Validity Controls. Only 2.3% articles (i.e., Basili
& Sanford, 1991; Bilgin, 2006; Carmichael, 2009; Randolph, 1992) success-
fully met each of the 11 internal validity controls; this analysis (a) excluded both
implementation fidelity and measures indirectly related to the dependent varia-
ble (if they already had measures directly related to the dependent variable that
showed equivalence); (b) allowed for partial ratings on operationally defined
variables and dosage of variables; and (c) gave articles the benefit of the doubt
when not enough information or no information was provided for an internal
validity control (i.e., was coded as “not specified”). If articles that were coded
as “not specified” were counted as not meeting the internal validity control, only
0.6% (i.e., Randolph, 1992) would have met all controls, excluding implementa-
tion fidelity. If implementation fidelity were included in the analysis, no articles
would have met all of the controls. Therefore, 100% of the articles had at least
one internal validity control issue that could interfere with the conclusion of the
effects of the independent variable.

Figure 2 shows the percentage of articles that fully met one or more of the
internal validity controls. Note: credit was provided for having a measure that
was either directly or indirectly related to the dependent variable that showed
the groups were equivalent; therefore, there were 11 as opposed to 12 controls
shown. The majority (61.9%) of the articles met half or fewer of the controls,
only 24.4% of the articles met 7 to 10 of the controls, and no articles met all 11 of
the controls.
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2015-2022 Sampled Articles

Tables 1 and 2 show the results from each of the coded “basic article features” and
“internal validity controls” for the sample of articles (and their subsequent studies)
reviewed since the Freeman et al. (2014) meta-analysis was published (years 2015 to
2022).

Basic Article Features

The codings for the basic article features are shown in Table 1.

Course Discipline. As shown in the table, the greatest number of articles (33.3%)
were conducted in engineering classes. Chemistry and computer science were next
with 14.3% and 11.9%, respectively. Articles in mathematics and biology classes
were the fourth most frequent at 10.7% each. Therefore, 81.0% of all articles were
conducted in engineering, chemistry, computer science, mathematics, and biology
classes. The least frequent course discipline was geology (1.2%).

Comparison Groups. The most frequent comparison (85.7%) made across arti-
cles was active learning versus lecture. Comparisons between two active learning
approaches occurred in just 1.2% of the articles. Other comparisons were made in
13.1% of the articles and involved >2 course/intervention comparisons (e.g., active
learning 1 vs. active learning 2 vs. lecture).

Intervention Time Frame. The vast majority of articles (79.8%) implemented
comparison groups over a full semester/quarter. A smaller number of articles imple-
mented the groups over multiple weeks (10.7%), one week (2.4%), or during a single
class session (6.0%). Only 1.2% of the articles implemented multiple time frames by
providing an active learning group over a full semester but the control group over
multiple weeks.

Assessment Type. Most of the assessments used in the articles were those devel-
oped by the researcher/teacher or from a test bank (52.4%). These assessments were
used alone or in combination with other assessments in 79.8% of articles. Grades
were solely used in 3.6% of the articles or solely used and used in combination with
other assessments in 26.2% of the articles. Standardized/normed assessments were
solely used in 8.3% of the articles or solely used and used in combination with other
assessments in 21.4% of the articles. Failure rates were solely used in 1.2% of the
articles or solely used and used in combination with other assessments in 17.9% of
articles. A combination of assessments occurred in 34.5% of the articles.

Results: Group That Resulted in the Highest Performance. The experimen-
tal group was found to produce statistically significantly greater improvements in
academic performance in 39.3% of the articles and greater performance in 4.8% of
the articles but without statistically significant differences. The control group was
found to produce statistically significantly greater improvements in academic per-
formance in 0.0% of the articles and greater performance in 2.4% of the articles but
without statistically significant differences. There were no articles where the groups
were equal, but mixed results were found in 21.4% of the articles depending on the
dependent measure reported. Inferential statistics were not used in 16.7% of articles;
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of these articles, 92.9% showed results favoring the experimental group and 7.1%
showed results favoring the control group.

Given additional nuances of articles, we used multiple codes to indicate combina-
tions of results due to multiple dependent variables, multiple studies in an article,
and/or multiple groups that were compared. Of the 15.5% of articles that had a com-
bination of results, 30.8% had statistically significant or nonsignificant results favor-
ing just the experimental group(s). Thus, 64.3% of the articles showed the experi-
mental group (i.e., active learning) to be more effective than the control group (i.e.,
lecture) in some way, and 3.6% of the articles showed only the control group to be
more effective than the experimental condition(s).

Majority of Student Preference. The majority of articles (67.9%) did not report
a student preference for either group. In the articles that did present this informa-
tion, there was a student preference for the experimental condition in 19.0% of these
articles and a student preference for the control condition in 2.4% of these articles.
Equal preference was reported in 6.0% of these articles. There were combinations of
student preference in four (4.8%) of the articles.

Internal Validity Controls

The codings for the internal validity controls are shown in Table 2.

Research Design. The vast majority of articles (88.1%) used a quasi-experimen-
tal design (i.e., when different years were compared or when existing classrooms
were used). Only 8.3% of the articles used randomized control designs. Within-sub-
jects designs were used in 3.6% of the articles.

Group Equivalence for Both/All Groups: Directly Related to Dependent
Variable. A group equivalence measure directly related to the dependent variable
was not included in 54.8% of the articles. Of the articles that did include/report this
information, only 31.0% of these articles had at least one group equivalence meas-
ure directly related to the dependent variable that showed the groups to be equiva-
lent, and only 11.9% of these articles had at least one group equivalence measure
directly related to the dependent variable that showed the groups to be nonequiva-
lent. Finally, including a group equivalence measure directly related to the depend-
ent variable was considered “not applicable” in 2.4% of the articles (e.g., within-
subjects design).

Group Equivalence for Both/All Groups: Indirectly Related to Dependent
Variable. A group equivalence measure indirectly related to the dependent variable
(e.g., ACT scores, grade point average before the study) was not included in 65.5%
of the articles. At least one group equivalence measure indirectly related to the
dependent variable that showed the groups to be equivalent was reported in 10.7%
of the articles, while 2.4% of the articles had at least one group equivalence measure
indirectly related to the dependent variable that showed the groups to be nonequiva-
lent. Including a group equivalence measure indirectly related to the dependent vari-
able was considered “not applicable” in 2.4% of the articles (e.g., within-subjects
design). Finally, several articles reported demographic information only (8.3%) or in
some combination with other measures (10.7%).
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Attrition Equivalency. There was attrition that occurred between the pretest and
posttest of greater than 30.0% in 10.7% of the articles. There was no attrition or
attrition was less than 30% in 33.3% of the articles. However, information on the
level of attrition, if any, was absent in 56.0% of the articles.

Of the articles that did have attrition greater than 30.0% (10.7%), the attrition
was differential in 22.2% of these articles and not specified in 77.8% of these arti-
cles. Overall (i.e., across all articles), differential attrition between/among groups
occurred in 6.0% of the articles, did not occur in 16.7% of the articles, and was not
reported in 77.4% of the articles.

Matched Sample Size. The groups were comparable in size (i.e., not different by
more than 25%) in 50.0% of the articles; however, they were not comparable in size
in 34.5% of the articles. In addition, 2.4% of the articles reported that groups were
both comparable and not comparable in size depending on which comparisons were
made between/among the multiple groups. Group sizes were not reported in 13.1%
of the articles.

Matched Instructor. The same instructor was used for the experimental and con-
trol groups in 45.2% of the articles. However, 26.2% of the articles did not use the
same instructor for the comparison groups. In addition, 1.2% of the articles had the
same instructor but the classes were led by different teaching assistants. Information
on whether the instructor was the same between/among groups was not reported in
27.4% of the articles.

Operational Definition of Variables Provided. All features of the experimental
variable(s) were operationally defined in 51.2% of the articles. These features were
partially operationally defined in 45.2% of the articles. Experimental features were
not operationally defined in 3.6% of the articles. For the control condition, all fea-
tures of the control variable(s) were operationally defined in 25.0% of the articles,
and these features were partially operationally defined in 34.5% of the articles. Con-
trol features were not operationally defined in 40.5% of the articles.

Dosage of Variables Described and Matched. The dosage of the experimen-
tal variable(s) was specified in 25.0% of the articles and was partially specified in
40.5% of the articles. The dosage of the experimental variable(s) was not specified
in 34.5% of the articles. The dosage of the control variable(s) was specified in 21.4%
of the articles and was partially specified in 36.9% of the articles. The dosage of the
control variable(s) was not specified in 41.7% of the articles.

When comparing the dosage between/among groups, the dosage was equal in
19.0% of the articles, was not equal in 7.1% of the articles, and was not specified in
73.8% of the articles.

Matched Implementation Time Frame. Groups were not implemented at the
same time in 51.2% of the articles while 42.9% of the articles did so. In addition,
3.6% of the articles implemented the groups during the same semester but during
different weeks, and 2.4% of the articles had a combination of implementing the
groups at the same time and at different times when different groups were compared
during the same year and across different years.

Matched Content. The same content was taught across groups in 48.8% of the
articles. However, the same content was not taught across groups in 4.8% of the arti-
cles. Whether the content was the same was not specified in 46.4% of the articles.
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Dependent Measure(s): Equal for All Groups. The dependent measure(s) was
equal for both/all groups in 65.5% of the articles but was not equal in 9.5% of the
articles. Dependent measures were partially equal (i.e., some but not all of the meas-
ures were equal) in 7.1% of the articles. In addition, only 3.6% of the articles had
results that depended on the measure examined. It was not possible to determine if
the dependent measure(s) was equal in 14.3% of the articles.

Implementation Fidelity. Implementation fidelity for the experimental group
occurred in 6.0% of the articles but did not occur in 94.0% of the articles. Imple-
mentation fidelity for the control condition occurred in 6.0% of the articles but did
not occur in 94.0% of the articles.

Rigor Across All Internal Validity Controls. Only 1.2% of the articles (i.e.,
Lape et al., 2016) successfully met each of the 11 internal validity controls; this
analysis (a) excluded both implementation fidelity and measures indirectly related to
the dependent variable if they already had measures directly related to the depend-
ent variable that showed equivalence; (b) allowed for partial ratings on operationally
defined variables and dosage of variables; and (c) gave articles the benefit of the
doubt when not enough information or no information was provided for an internal
validity control (i.e., was coded as “not specified”). If articles that were coded as
“not specified” were counted as not meeting the internal validity control, no articles
would have met all of the controls. Therefore, 100% of the articles had at least one
internal validity control issue that could interfere with the effects of the independent
variable.

Figure 2 shows the percentage of the articles that fully met one or more of the
internal validity controls. Note: credit was provided for having a measure that was
either directly or indirectly related to the dependent variable that showed the groups
were equivalent; therefore, there were 11 as opposed to 12 controls shown. The
majority (64.3%) of the articles met half or fewer of the controls, only 19.0% of the
articles met 7 to 10 of the controls, and no articles met all 11 of the controls.

Freeman et al. (2014) and 2015-2022 Sampled Articles Combined

Tables 1 and 2 shows the results from each of the coded ‘“basic article features”
and “internal validity controls” for the combination of Freeman et al. (2014) and
2015-2022 sampled articles.

Basic Article Features

The codings for the basic article features are shown in Table 1.

Course Discipline. As shown in the table, the top five disciplines in order from
most to least were engineering (18.1%), mathematics (15.8%), biology (15.4%),
physics (14.6%), and chemistry (14.2%). Overall, 78.1% of all articles were con-
ducted in one of these five disciplines. The least frequent course discipline was geol-
ogy (1.5%).

Comparison Groups. The most frequent comparison was active learning and
lecture (88.1%). Comparisons between two active learning approaches occurred
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in just 1.2% of the articles. Other comparisons were made in 10.4% of the articles
involving at least three comparison conditions.

Intervention Time Frame. Over 82% of the articles were conducted over a full
semester/quarter. Only 17.3% of the articles were conducted over multiple weeks,
one week, or one class.

Assessment Type. Researcher/teacher developed or test bank assessments were
used in 46.2% of the articles. These assessments were used alone or in combination
with other assessments in 73.1% of the articles. Grades and standardized/normed
assessments were solely used in 9.6% and 7.3% of the articles, respectively. Grades
were used alone or in combination with other assessments in 30.4% of the articles.
Standardized/normed assessments were used alone or in combination with other
assessments in 21.9% of the articles. Failure rates were solely used in 3.1% of the
articles and used in combination with other assessments in 14.2% of the articles. A
combination of assessments occurred in 33.5% of the articles.

Results: Group That Resulted in the Highest Performance. The experimen-
tal group was found to produce statistically significantly greater improvements in
academic performance in 32.7% of the articles and greater performance in 11.5% of
the articles but without statistically significant differences. The control group was
found to produce statistically significantly greater improvements in academic per-
formance in 0.4% of the articles and greater performance in 2.7% of the articles but
without statistically significant differences. Mixed results were found in 20.4% of
the articles depending on the dependent measure reported. Inferential statistics were
not used in 16.9% of the articles; of these articles, 93.2% showed results favoring
the experimental group, 4.5% showed results favoring the control group, and 2.3%
showed results favoring neither the experimental nor control group (i.e., no differ-
ences between them).

We used multiple codes to indicate combinations of results; most favored the
experimental group. Therefore, overall, 64.6% of the articles showed the experimen-
tal group (i.e., active learning) outperform the control group (i.e., lecture), and 3.8%
of the articles showed only the control group to be more effective than the experi-
mental condition(s).

Majority of Student Preference. Student preference was reported favoring the
experimental condition in 24.6% of the articles and the control condition in 2.3%
of articles. Student preference was equal for both conditions in 6.5% of the articles.
Finally, student preference was not reported in 64.6% of the articles.

Internal Validity Controls

The codings for the internal validity controls are shown in Table 2.

Research Design. A quasi-experimental design (i.e., when different years were
compared or when existing classrooms were used) was used in 88.1% of the articles.
Randomized control designs were used in only 9.6% of the articles. Within-subjects
designs were used in 1.9% of the articles.

Group Equivalence for Both/All Groups: Directly Related to Dependent
Variable. A group equivalence measure directly related to the dependent variable
was not included in the majority (i.e., 66.9%) of the articles. Almost 26% of the
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articles provided such a measure that showed the groups to be equivalent, and 5.4%
of the articles showed the groups to be nonequivalent on such a measure.

Group Equivalence for Both/All Groups: Indirectly Related to Dependent
Variable. Over 11% of the articles reported at least one group equivalence measure
indirectly related to the dependent variable that showed the groups to be equivalent,
and only 2.3% of the articles that reported a group equivalence measure indirectly
related to the dependent variable showed the groups to be nonequivalent. However,
a group equivalence measure indirectly related to the dependent variable was not
included in 53.5% of the articles.

For the Freeman et al. (2014) and 2015-2022 sampled articles, several different
directly and indirectly related assessments were used to determine equivalency. For
example, articles in both sets reported assessments that demonstrated the groups
were equivalent on skills common to what was being taught such as pretests that
were the same or similar to posttests, subject matter or professional skills tests,
and initial examination scores (before the active learning approach was provided)
in a series of examinations. In addition, articles in both sets reported assessments
that demonstrated the groups were equivalent on measures that were not directly
related to what was being taught such as SAT or ACT scores, GPAs, and prereq-
uisite courses taken (possibly with grades). Demographic information presented in
both sets included courses taken in high school or college, race/ethnicity, gender,
and year in college/age.

Attrition Equivalency. Information on the level of attrition, if any, was absent in
57.7% of the articles. There was attrition that occurred between the pretest and post-
test of greater than 30.0% in 13.8% of the articles. There was no attrition or attrition
was less than 30% in 28.5% of the articles.

Of the articles that did have attrition greater than 30.0% (13.8%), the attrition
was differential in 75.0% of these articles and not specified in 25.0% of these arti-
cles. Overall (i.e., across all articles), differential attrition between/among groups
occurred in almost 16% of the articles, did not occur 18.8% of the articles, and was
not reported in 65.4% of the articles.

Matched Sample Size. The groups were comparable in size (i.e., not different by
more than 25%) in 43.8% of the articles; however, they were not comparable in size
in 42.3% of the articles. Group sizes were not reported in 11.9% of the articles.

Matched Instructor. It was not possible to determine if the instructor was the
same between/among groups in 21.9% of the articles. However, the same instructor
was used for the experimental and control groups in 36.9% of the articles but not in
39.6% of the articles.

Operational Definition of Variables Provided. All features of the experimental
variable(s) were operationally defined in 50.4% of the articles and were partially
operationally defined in 41.5% of the articles. The experimental features were not
operationally defined in 8.1% of the articles. For the control condition, all features of
the control variable(s) were operationally defined in 21.5% of the articles and were
partially operationally defined in 33.1% of the articles. Control features were not
operationally defined in 45.4% of the articles.

Dosage of Variables Described and Matched. The dosage of the experimen-
tal variable(s) was specified in 35.4% of the articles and was partially specified in
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31.9% of the articles. The dosage of the experimental variable(s) was not speci-
fied in 32.7% of the articles. The dosage of the control variable(s) weas specified in
28.5% of the articles and was partially specified in 27.3% of the articles. The dosage
of the control variable(s) was not specified in 44.2% of the articles.

When comparing the dosage between/among groups, the dosage was equal
in 26.2% of the articles and was not equal in 11.2% of the articles. A comparison
between/among groups could not be made in 62.7% of the articles.

Matched Implementation Time Frame. Approximately the same percentage of
articles had the same implementation time frame (45.8%) as with a different imple-
mentation time frame (46.2%). Groups were implemented during the same semester
but during different weeks in 1.5% of the articles, and 2.7% of the articles had a
combination of implementation times. Finally, the implementation time frame was
not specified in 3.8% of the articles.

Matched Content. The same content was taught across groups in 58.8% of the
articles. The same content was not taught across groups in 10.8% of the articles. It
was not possible to determine if the content matched across groups in 30.0% of the
articles.

Dependent Measure(s): Equal for All Groups. The vast majority of articles
reported that the dependent measure(s) was equal for both/all groups (74.2%) or was
partially equal (i.e., some but not all of the measures were equal) (6.2%). However,
8.8% of the articles reported that the dependent measure(s) was not equal. It was not
possible to determine if the dependent measure(s) was equal in 9.6% of the articles.

Implementation Fidelity. Implementation fidelity for the experimental group
occurred in 6.9% of the articles but did not occur in 93.1% of the articles. Imple-
mentation fidelity for the control condition occurred in 6.2% of the articles but did
not occur in 93.8% of the articles.

Rigor Across All Internal Validity Controls. Only 1.9% of the articles (i.e.,
Basili & Sanford, 1991; Bilgin, 2006; Carmichael, 2009; Lape et al., 2016; Ran-
dolph, 1992) met each of the 11 internal validity controls; this analysis (a) excluded
both implementation fidelity and measures indirectly related to the dependent vari-
able (if they already had measures directly related to the dependent variable that
showed equivalence); (b) allowed for partial ratings on operationally defined vari-
ables and dosage of variables; and (c) gave articles the benefit of the doubt when not
enough information or no information was provided for an internal validity control
(i.e., was coded as “not specified”). If articles that were coded as “not specified”
were counted as not meeting the internal validity control, only 0.4% (i.e., Randolph,
1992) would have met all controls (excluding implementation fidelity). If implemen-
tation fidelity were included in the analysis, no articles would have met all of the
controls. Therefore, 100% of the articles had at least one internal validity control
issue that could interfere with the effects of the independent variable.

Figure 2 shows the percentage of articles that fully met one or more of the inter-
nal validity controls. Note: credit was provided for having a measure that was either
directly or indirectly related to the dependent variable that showed the groups were
equivalent; therefore, there were 11 as opposed to 12 controls. The majority (62.7%)
of the articles met half or fewer of the controls, only 22.7% of the articles met 7 to
10 of the controls, and no articles met all 11 of the controls.
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Discussion

A concern in the USA and in other countries is STEM fatigue (or STEM attrition)
wherein students are either dropping out of STEM fields or are not entering them
during college (Martella & Demmig-Adams, 2018). To a large extent, the contin-
ued success of a nation is dependent on highly educated citizens, especially those
in STEM fields (National Science Board, 2010). As a result, there have been calls
for changing the manner in which we educate individuals who enter these pro-
fessions (Martella & Demmig-Adams, 2018; Wieman, 2012). This instructional
change involves moving from the “traditional” method of lecture to an active
learning-based approach.

An issue with the term “active learning” is that there is not a unified definition on
what it involves (Lombardi et al., 2021), other than the reduction or elimination of
lecture. A problem ensues when an approach is defined by what it is not versus what
it is. In addition, the overwhelming majority of active learning conditions in the sci-
ence education literature have been found to devote at least 20% of class time or 30
min per week to lecture (Martella et al., 2021a). In addition to the issue of a missing
operational definition for active learning, there is not a unified definition of what is
meant by the “traditional lecture method” (Zakrajsek, 2018). Despite these issues,
active learning continues to be viewed as not only a more effective approach than
lecture but an even more ethical choice (Wieman, 2014).

One reason for the emphasis on adopting active learning in STEM courses is
the findings in the research literature (e.g., Freeman et al., 2014) that show active
learning (however it is defined) to outperform more “traditional” methods (what-
ever those might be). In our analysis of the articles reviewed by Freeman et al.
(2014), 64.8% of the articles showed that active learning was more effective than
lecture while only 3.4% of the articles showed lecture to be more effective than
active learning. Similarly, in our updated sample of 2015-2022 articles, 64.3% of
the sampled articles showed that the active learning groups outperformed the lec-
ture groups while only 3.6% of the sampled articles showed the opposite effect.

In addition to performance outcomes, some researchers have started to exam-
ine student preferences for active learning or lecture, although these studies are
not as numerous to date. These outcomes relate to a second reason for the empha-
sis on active learning, which seems to be that active learning is preferred by stu-
dents over more “traditional” methods, although this conclusion seems to be in
doubt by active learning advocates such as Deslauriers et al. (2019). Of the arti-
cles in Freeman et al. (2014) that had a direct comparison of preference, 73.8% of
the articles showed student preference for the active learning condition(s). How-
ever, only 27.3% of all Freeman et al. articles showed this preference so this out-
come remains less studied than learning outcomes. For the 2015-2022 sampled
articles that did directly assess the comparison of preference, 59.3% showed stu-
dent preference for the active learning conditions(s). However, only 19.0% of all
sampled 2015-2022 articles showed this preference.

It is important to note that these types of performance and preference com-
parisons reflect a false dichotomy given that active learning and lecture are not
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necessarily devoid of each other. In fact, most active learning interventions con-
tain some aspect of lecture (Martella et al., 2021a, b, Zakrajsek, 2018). In Free-
man et al. (2014), active learning courses could involve up to 90% of the class
period spent on lecture and still be deemed an active learning course and lecture
courses could involve just under 10% of the class period spent on active learning
and still be deemed a lecture course.

Although the evidence seems clear based on the overwhelming number of articles
showing the effectiveness of active learning in all variations and dosages, we must
determine the quality of the literature base to determine the degree of confidence
we can have that the independent variable was responsible for the results or that the
conclusions made in these articles were just. This type of analysis is not uncommon
in other fields where there is a range of articles that meet professional quality control
standards such as those set by WWC. However, we know of no assessment of the
methodological rigor of articles in the active learning STEM literature. It seems that
such an analysis is critical given the focus on and push for active learning in STEM
courses across university campuses. In the present analysis, there were 12 internal
validity controls by which we assessed the articles included in the Freeman et al.
(2014) meta-analysis as well as in a sample of the 2015-2022 articles that could be
included in an updated meta-analysis.

Although we assessed each article against the 12 internal validity controls, one
must not assume that just because one article has fewer controls present than another
that it is overall weaker. We view all 12 controls as important considerations in an
article; however, it is the severity of one or more specific controls that may threaten
cause-and-effect claims. For example, an article may have all internal validity con-
trols in place with the exception of matched groups. This one internal validity flaw
could be severe enough to threaten internal validity claims. On the other hand, if an
article has all controls in place with the exception of a matched instructor, internal
validity may not be threatened if it was shown that the different instructors did not
introduce bias into their instruction (this may be required even if the instructor was
the same for each group). Thus, the presented data should be viewed as an indication
of where there are internal validity flaws in the literature versus the severity of each
flaw which can only be determined on a study-by-study basis. The following pre-
sents a discussion based on the findings for each internal validity control.

Research Designs and Group Equivalence

The gold standard of research designs is the randomized control group design (Mar-
tella et al., 2013). These are considered gold standard because they allow for the
control of many potential confounding variables and allow for a high degree of
internal validity or experimental control. The vast majority of articles did not use
a randomized group design but used a quasi-experimental design. Of particular
importance is ensuring group equivalence when a quasi-experimental design is used,
preferably on a measure directly related to the dependent variable. If the groups are
not equal on critical variables, valid comparisons cannot be made due to a selec-
tion confound (Martella et al., 2013) given that the groups are made up of different
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types of participants (Cook & Campbell, 1979). Unfortunately, most articles that
used a quasi-experimental design did not establish that the groups were equivalent
on a measure directly related to the dependent variable. This was also the case even
for measures indirectly related to the dependent variable.

It is not surprising that the majority of articles were conducted using quasi-
experimental designs given the applied nature of the instructional implementations.
However, it is critical for researchers to demonstrate that the groups are compara-
ble on key variables. At a minimum, groups should be given an assessment that is
related to the dependent variable such as a pretest or a parallel measure to show the
groups are at similar skill levels before instruction is provided. In addition, indirect
measures should also be provided to show equality on variables of interest based on
research questions such as age, gender, and/or race/ethnicity.

Attrition

The loss of participants in a study is problematic, especially if this loss is differential
between/among groups (Martella et al., 2013). If there is a loss of participants, it
is important to show that the amount of loss was equal between/among groups and
that the participants who left the study were essentially the same for both/all groups.
If these conditions are not met, a confound of mortality is introduced which makes
valid comparisons between/among groups difficult if not impossible because each
group may be composed of different types of participants (Cook & Campbell, 1979).
Unfortunately, the majority of articles did not provide information on attrition in
general and differential attrition in particular.

At a minimum, researchers should explicitly document if and how much attri-
tion occurred. Even if attrition did not occur, this should be stated or shown in the
number of participants who began the study and how may finished or the number
of students whose data were used compared to the number of students who were
initially in the study. In addition, if attrition occurred, researchers should determine
if this was differential between groups. In other words, even if there was a loss of
participants in one or more groups, we need to determine whether the participants
who did not finish the study were different from those who did. If there were no or
minimal differences, there likely would not be a concern. However, if the attrition
was differential, an internal validity concern would be present.

Sample Size Equivalence

If groups are not equal in size (i.e., by more than 25%), comparisons become more
difficult because class size may affect the effectiveness of groups discussions, lec-
ture engagement, responding to instructor questions, etc., leading to the introduction
of a potential confound based on the impact of the size of classes (Theobald et al.,
2020). For all articles combined, over half of all articles reported group size differ-
ences or did not report group size information to be able to determine if the groups
were equal in size.
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Researchers should make every attempt to compare groups that are equivalent in
size while also reporting the size of each group. If the groups are not approximately
equal in size, an explanation should be provided on if and how differences in group
sizes may have affected the effects of the instruction while also taking these differ-
ences into account in the interpretation and discussion of the results.

Instructor of Groups

Another potential confound is if there were differences in who taught the classes
compared in the article. One instructor may be more or less effective than another
instructor for a variety of reasons such as excitement about the subject matter, the
manner in which students are interacted with and provided with feedback, organ-
ization, pacing, etc. If the groups had different instructors, the comparison is not
only on the type of instruction provided but who provided it, including instructor
ability or experience (Theobald et al., 2020). Preferably, the instructor for both/all
groups would be the same to remove the instructor as an alternative explanation for
the results. Unfortunately, the majority of articles reported having different instruc-
tors or did not include enough information to determine if the same instructor taught
both/all groups.

A complicating issue relating to the instructor is that having the same instructor
for both or all groups may still introduce a potential confound. It is unlikely that
a singular instructor would not be blind to the instructional methods used in each
class and would not have a preference for one instructional approach over another.
Therefore, it is important to point out that having the same instructor for both (all)
groups may remove one confound (e.g., skill level of different instructors) but could
add another one (e.g., bias for or against one instructional method over another one).
Therefore, researchers should either use the same instructor for both/all groups who
was not influenced by personal bias or expectations or provide information that the
instructors were equal or similar on all critical variables related to teaching. This
issue is also dependent on another control feature that will be discussed below,
namely, implementation fidelity. Researchers can demonstrate that bias or expecta-
tions did not affect the manner in how one provided instruction by presenting infor-
mation (i.e., data) that instruction for the different groups was provided as described.

Operational Definition of Experimental and Control Variables

A critical aspect of any study is the provision of an operational definition of the
independent variable (Klahr, 2013). Without an operational definition of the criti-
cal variable, it is difficult to compare groups given that it is unclear, specifically
and comprehensively, how the groups differed from one another with regard to what
they received (Martella et al., 2020). This is an issue for a study because knowing
why one group outperformed (or did not outperform) the other will be difficult to
deduce. It is also difficult, if not impossible, to replicate articles without having the
procedures of the interventions described in detail. Fortunately, all features of the
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experimental variable(s) were operationally defined or partially defined in most of
the articles.

Despite this positive finding for the literature base, operational definitions for
control variable(s) were much less common. Nearly half of all articles did not pro-
vide an operational definition for the control variable(s). Even though most of the
articles had control conditions that involved lecture, there were differences in how
lectures were given in several articles. Some lectures only involved lecturing to the
students with no interactions while others involved active learning components such
as clicker questions, class discussions, and group work. Note that in the Freeman
et al. (2014) meta-analysis, active learning could contain up to 90% lecture with
10% active learning activities. In other words, lecture classes could involve just less
than 10% active learning components and still be considered lecture classes. Thus,
just indicating that the comparison group used lecture or traditional methods tells us
nothing about what occurred during those classes.

Researchers should provide operational definitions of what occurred in each
group whether that was termed active learning or lecture/traditional methods. For
example, researches could code what occurred during class (e.g., lecture, discussion,
group activities) while also tracking the amount of time spent on each activity. With-
out such definitions, all we can conclude in a study is that what is labeled lecture/
traditional instruction is less effective than what is labeled active learning without
knowing what specifically occurred in each.

Dosage of Experimental and Control Variables

Similar to the issue of operational definitions and treatment fidelity (see below), it
is critical to determine the dosage level of each instructional approach and ensure
that the dosage of instruction students receive is similar because additional instruc-
tion time can increase the amount learned (Anderson et al., 2016). Dosage refers to
how much time students spend with class content (both outside of class and inside
of class) (i.e., the number of opportunities to respond to class content; Mason &
Smith, 2020). This is an important issue given that if one group has a larger dosage
(i.e., spends more time on class content either inside or outside of class), a head-to-
head comparison cannot be made between instructional methods. It is not possible
to know if differences between groups was due to the differential effects of instruc-
tional approaches or due to the time students spent engaged with class material. Per-
haps most importantly, controlling the dosage between/among conditions is critical
in ensuring the independent variable caused the results and not a difference in time-
on-task/exposure to class content. The majority of articles either did not report the
dosage of the experimental variable(s) or reported partial dosage information. More
importantly, it was found that most articles did not have the same dosage between/
among groups.

Researchers must ensure that the amount of time spent with class material is
equal and the only difference between the groups is the type of instruction received.
This can be accomplished by documenting the amount of work required outside of
class, keeping the time in class equal or making up for differences of in-class time

@ Springer



107 Page 38 of 48 Educational Psychology Review (2023) 35:107

with additional activities such as watching videos, and/or having students document
the amount of time they spent on class assignments and attendance.

Time of Implementation

Implementing the experimental and control groups during the same time period is
a control procedure, and it relates to history effects (Campbell & Stanley, 1963).
History effects are events that occur during a study that can affect the outcome
(Cook & Campbell, 1979). If groups receive the experimental and control variables
at the same time, it is less likely that an extraneous event will differentially affect
one group (Campbell & Stanley, 1963; Martella et al., 2013). The majority of arti-
cles had groups that received instruction at different times such as different years
or semesters. For example, in Burnham et al. (2017), the time difference between
the two groups was 5 years (2007 vs. 2012). The difficulty with this implementa-
tion time-frame discrepancy is that the students in the groups can be quite different
as can the course, the technology, etc. If one were to compare the college campus
before and after Covid or even compared the college campus a year ago to the cur-
rent year where there is an increased awareness of diversity, equity, and inclusion,
significant differences may be seen that likely affected the learning environment in
one way or another. Thus, comparisons are difficult to make across time periods.

Researchers should implement groups during the same time period to allow for
a valid comparison of groups based on time of implementation. If implementing
the groups at the same time is not possible, there should be information on if and
how there were differences in societal and educational environments that may have
affected the results.

Content Taught

Valid comparisons cannot be made between groups if the same content was not
taught to the different groups because the results may be based on differences in the
content taught as opposed to how it was taught—this issue was discussed by Deslau-
riers et al. (2019). If the experimental group is taught content that differs from what
the control group is taught, valid comparisons cannot be made on an assessment of
their learning. Over one-third of the articles in our analysis either indicated the same
content was not taught or did not specify if the same content was taught.

Researchers should demonstrate that the same content was taught in all groups
to ensure a fair comparison of learning gains. One way to demonstrate this content
would be to provide and/or compare course descriptions and objectives. Professional
standards may also be shown that are addressed in each course. At a minimum, there
should be a statement that the same content was taught in each course.

Dependent Measure(s)

Equality of measures is important since student performance must be measured in
the same way and with the same assessment, otherwise a valid comparison cannot
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be made (Martella et al., 2013) and would be considered an instrumentation threat
(Campbell & Stanley, 1963). Nearly one-fourth of the articles had measures that
were not or may not have been the same—either the measure(s) was not equal, were
partially equal (i.e., components of the measure were the same and others were dif-
ferent), or had a lack of information on the equality of the measure(s).

Researchers should ensure that the measures used to determine student outcomes
are equal. This can be achieved by providing the same measures or parallel forms of
the measure. Either way, researchers should state explicitly that the same or similar
measures were used to compare groups.

Implementation Fidelity

A critical aspect of any study that includes cause-and-effect claims or that includes
claims of external validity is the assessment of implementation fidelity (Capin et al.,
2018). Implementation fidelity allows one to assess if the interventions were imple-
mented as intended and/or described (Sanetti et al., 2021). Unfortunately, fidelity
of the experimental group and control group implementation occurred in less than
1 in 10 articles. As stated previously, implementation fidelity can aid in removing
instructor effect as an alternative explanation for group differences. We believe this
assessment should be a standard in all educational research that compares instruc-
tional methods. Without it, claims as to the effectiveness of one group over another
are difficult to validate given that there is a lack of evidence that one or both of the
groups were actually implemented as intended and described. In addition, it is dif-
ficult, if not impossible, to generalize the results of an investigation if there is a lack
of information on how the instructional methods were implemented.

Researchers should take steps to ensure that fidelity of implementation occurs
for all groups compared in a study. This can be done in several ways. For example,
published implementation fidelity forms or checklists can be used or forms can be
constructed based on idiosyncratic aspects of an instructional approach (Marchand-
Martella & Lignugaris Kraft, 1997). These forms can be used to document if the
various aspects of instruction were implemented. Direct observation and recording
of various aspects of the different instructional approaches can be utilized in a simi-
lar manner as the direct observational recording of the dependent variable(s) (Lane
et al., 2004). Finally, recordings of classes during instruction can be made and coded
at a later time to document the various aspects of instruction that occurred (Gresham
et al., 2000). (See Capin et al., 2018, for guidelines on enhancing treatment fidelity.)

Final Note About Internal Validity Controls

Freeman et al. (2014) included criteria to weed out articles that had certain inter-
nal validity control issues. For example, they reported that they excluded articles
that did not have examination equivalence, student equivalence, or instructor equiv-
alence. However, in our coding of these articles, we still found issues with these
internal validity controls. Furthermore, we expanded our review to include addi-
tional internal validity controls that are important for rigorous educational research.
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No articles in Freeman et al. met each of the 12 internal validity controls (if imple-
mentation fidelity were included). If we were to conduct a new meta-analysis using
the 2015-2022 sampled articles, there would be no articles (based on our random
sample) included in our meta-analysis as 0% of the articles met each internal valid-
ity control (if implementation fidelity were included).

We realize that it is unrealistic to expect articles to meet all internal validity
controls. These articles are in applied settings. Decisions are made for legitimate
reasons that may create a methodological flaw (Martella et al., 2013) such as com-
paring a current year’s class to one or more classes from previous years. However,
researchers should attempt to implement as many of the controls as are feasible. For
those controls that are not feasible, researchers should provide an indication that
these flaws were taken into consideration in the interpretation of the results and the
conclusions that were reached based on the results.

Limitations

There are six limitations to mention surrounding the procedures used in this system-
atic review. First, one of the Freeman et al. (2014) articles representing two studies
could not be located and, thus, was not included in this review. An additional 10
articles representing 15 studies were removed for various reasons (described previ-
ously). However, given that 94.1% of the articles (representing 92.4% of the studies)
were included in the current review, it is unlikely the results would have changed to
any meaningful degree with their inclusion.

Second, it may be seen as a limitation that articles rather than studies were coded.
The decision was made to code entire articles so that each article could be weighted
equally as opposed to weighting one article heavier than others if it included multi-
ple studies. For example, it was possible for an article to include three studies; thus,
rather than weighting such an article three times as much as another article, it was
weighted the same but may have been subject to combination codes.

Third, we decided to include sampled articles beginning in 2015 rather than in
2010 which was the end of the Freeman et al. meta-analysis. This decision was made
because one purpose of this review was to examine research published after the
Freeman et al. meta-analysis had been published as a snapshot of the overall quality
of the active learning research since its release.

Fourth, many changes have taken place since the initial release of the Freeman
et al. (2014) meta-analysis. As such, we decided to widen our search strategy to
include articles in medical fields given that active learning has become popular in
medical science, STEM disciplines are foundational for public health, and medical
science is now part of a new STEM acronym (i.e., STEMM) to reflect its impor-
tance, both for equity and for societal reasons. We also narrowed our search strategy
by excluding psychology to align with our focus on improving college courses to
prevent/reduce STEM attrition (as discussed by the National Center for Education
Statistics [Chen, 2013]; see Appendix C in this report). This revised search strategy
coupled with our analysis provides a more in-depth look into the quality of the cur-
rent STEM active learning literature.
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Fifth, all articles from 2015 to 2022 were not coded in our review. To reiterate,
the purpose of conducting a random sample was to (a) gather a snapshot of the qual-
ity of the more recent active learning literature that could be included in a more
recent meta-analysis on active learning and to (b) ensure the recency of the review
given the time-intensive coding process (including double coding all articles)
based on our specific internal validity control categories and the number of articles
obtained from our search procedures. Given that the sampling was random in nature,
it is likely that the sample was representative of all of the articles. However, as with
random sampling, error can be introduced. In this current review, the sampling error
was approximately 8.82%. However, given that the results of the 2015-2022 articles
were consistent with the results of the Freeman et al. (2014) review, we have confi-
dence in our sample of articles. Future research could include a larger sample or all
articles to verify these results and build on the present review.

Sixth and finally, extensive steps were made to assess the level of agreement and,
thus, the accuracy of the codings. The levels of agreement were above the accept-
able levels; however, it is possible that others would code the articles differently than
the research group on this project. Therefore, the results should be interpreted as
based on our assessment of the articles that may or may not be representative of how
other researchers would view or code the articles.

Moving Forward

Based on the present review, we outline three primary future research directions.
First, we recommend active learning researchers design their studies to minimize
methodological issues, specifically as they relate to internal validity controls. For
any controls that are not able to be incorporated into the study design, we recom-
mend explicitly pointing out these potential areas of weakness as study limitations
such that results can be interpreted with this information in mind.

Second, we recommend future reviews be conducted on other areas of methodo-
logical controls such as statistical validity. The present review focused strictly on
internal validity controls but statistical validity, for example, is also an important
category for methodological rigor as it relates to the extent to which a certain level
of confidence can be reached that the results of a study were due to a systematic
variable (e.g., independent variable) as opposed to unsystematic variables (e.g.,
measurement error, sampling bias). In addition, other methodological factors may be
considered in the future such as p-hacking (i.e., continuously analyzing data until a
significant result emerges), including underpowered studies (i.e., not including a suf-
ficiently large sample size to detect the effects of a systematic variable), and publica-
tion bias (i.e., only publishing studies that support a certain perspective).

Third, we recommend active learning researchers move beyond the active learn-
ing versus traditional lecture contrast and focus more on researching strategies we
can implement in college classrooms to promote cognitive engagement such as self-
explanations and retrieval practice (see Dunlosky et al., 2013 for a review of learn-
ing strategies). Researchers should also focus on investigating how lecture can be
effectively integrated with participatory class activities (see discussion by Martella
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& Schneider, in press). “Lecture or active learning” reflects a false dichotomy and
an unneeded choice. As some researchers have noted, “there are still times when lec-
tures will be needed” (Noah Finkelstein quoted in Bajak, 2014, para. 7) and it is “a
matter of both, not one or the other” (Opdal, 2021, p. 16). Therefore, moving away
from the constructivist teaching fallacy (Mayer, 2004) where being behaviorally
active is equated with being cognitively active, we need to refocus our efforts on
studying how to design learning environments that cultivate cognitive engagement.

Conclusion

The active learning literature contains a number of internal validity control issues
that need to be addressed if we are to determine the extent to which active learning
interventions are effective and if there are any boundary conditions for when par-
ticular active learning interventions are or are not effective. Consider that half of the
articles conducted in both databases (i.e., Freeman et al., 2014 and 2015-2022 sam-
pled articles) compared groups from different years, with the control group almost
always reflecting the prior year(s). It is possible that biases can be introduced in
articles when instructors have the goal of improving their future course by changing
multiple variables at once. Furthermore, the interventions are generally not observed
to ensure fidelity of implementation, and groups often differ on multiple factors such
as the instructor and the class size. Without controlling for confounding variables,
including this bias, it is possible that the results obtained in these articles are not
reflecting the true effect of active learning interventions (nor lecture interventions).

Unfortunately, we are still left with several questions that were not answered by
the current literature base. First, we do not know what type of active learning meth-
ods work best or what comprises active learning (i.e., observable motoric behaviors
or cognitive [thinking] behaviors). Second, we do not know if the quality of lectures
(however that is defined) would change the outcomes of these articles. Third, we do
not know when active learning approaches should be introduced in the instructional
sequence. Finally, we do not know what the appropriate dosage levels are for both
active learning and lecture components. In our review of 260 articles, we cannot
answer any of these questions with the current literature base. It is our hope that
future research will begin to address methodological control issues to gain a bet-
ter understanding of the effects of different active learning interventions and move
toward answering questions that will develop the construct of active learning and
provide more practical implementation recommendations.
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