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Abstract

We conducted a meta-analysis to test the impacts of one active learning teaching strategy, group work, on student performance by
calculating estimates across 91 studies from 53 articles. Our overall estimate indicates that the implementation of group work in biology
classrooms increased student performance by 1.00 standard deviation, which we contextualized as a change greater than one letter
grade. Moderator analyses revealed that this increase in performance held across all group sizes, class sizes, biology and life science
majors and nonmajors, and whether the groups were assigned by the instructor. However, we did not observe increased performance
in graduate level courses, in cases where group work was incorporated for only part of the course term (e.g., less than a semester or
quarter) or when the group work was not graded. These results demonstrate that group work leads to impressive boosts in student

performance and underscores the value of studying specific active learning strategies.
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Despite increasing interest in targeted teaching strategies that
are effective in classroom environments (Allen and Tanner 2005,
Tanner 2013, Driessen et al. 2020), robust analyses concerning
the effect of single active-learning strategies on student per-
formance across courses and institution types remain scarce.
For example, current approaches to testing the effects of active
learning in science, technology, engineering, and mathematics
(STEM) are largely based on studies comparing courses with
at least some active learning to those featuring traditional,
undisrupted lecture from the instructor (Andrews et al. 2011,
Freeman et al. 2011, 2014, Haak et al. 2011, Ballen et al. 2017,
Barral et al. 2018, Casper et al. 2019, Theobald et al. 2020). Al-
though such studies are valuable, for a complete understanding
of the effective elements of active learning, we need to consider
the individual impacts of isolated active-learning strategies on
student outcomes. In the present article, we fill a gap in the
literature by using meta-analytic techniques to quantitatively
evaluate the effect of one common active-learning strategy: group
work.

Although group work can be implemented in a variety of post-
secondary subjects, we examined the effect of group work on stu-
dent performance specifically in postsecondary biology classes.
Group work is one of the most frequently used active-learning
strategies among postsecondary biology educators (Driessen
etal. 2020), and there are ample, peer-reviewed publications avail-
able on which to conduct a meta-analysis, because group work
is frequently included in small-scale experimental and quasi-
experimental research demonstrating positive student outcomes
in postsecondary biology courses (Johnson et al. 1998, Springer
etal. 1999, Knight and Wood 2005, Carmichael 2009, Chaplin 2009,
Gaudet et al. 2010, Daniel 2016, Marbach-Ad et al. 2016, Yapici
2016, Donovan et al. 2018, Weir et al. 2019).

For the purposes of this meta-analysis, we broadly defined
group work as students working together during class time in
groups of at least two (and smaller than the total class size).
This definition allowed us to capture a wide breadth of stud-
ies related to group work, encompassing specific types of group
work, such as cooperative learning (Johnson et al. 1998), think-
pair-share (Prahl 2017), and team-based learning (Michaelsen and
Sweet 2008).

In this study, we compared the results of experiments and
quasi-experiments that documented student performance in
classes with at least some group work component with those doc-
umenting classes without a group work component by analyzing
data from the published and unpublished literature. Gathering
available data from nearly a century of research, we investigated
the following question: What is the effect of group work on aca-
demic performance?

Experimental design

We followed the updated PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines for best
practices in quantitative reviews (Page et al. 2021). To identify
studies comparing student performance in undergraduate biol-
ogy classes that incorporated at least some group work compo-
nent with those classes without a group work component, we
searched seven online databases (Web of Science, APA Psych-
Info, ERIC, PubMed, Academic Search Premier, Education Research
Complete, Dissertations and Theses; supplemental table S1) using
predetermined search terms (box 1) and reviewed the papers in-
cluded in three previous meta-analyses on active learning and
group work (Springer et al. 1999, Johnson et al. 2000, Freeman
et al. 2014). As part of the systematic literature review, we
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Box 1. Search terms used to identify papers.

((“Collaborative Learning” OR “Group Work” OR “Peer Instruction” or “Peer Learning” OR “PLTL” OR “Team-Based Learning” OR “Team
Based Learning” OR “Team-Based-Learning” OR “Small-group” OR “Large-group” OR “Medium-group” OR “Cooperative Learning” OR
“Think-pair-share” OR “Deliberative Democracy”) AND (“College Student™ or “Univ*” or “Undergraduate™ OR “Graduate™ OR “Post-
secondary”) AND (“Biol*” OR “Natural Science™ OR “Health Science®) AND (“Achievement” OR “Test” OR “Performance” OR “Outcome™”
OR “Learning Gain*” OR “Grade” OR “Score” OR “Summative” OR “Assessment” OR “Exam” OR “Final”))

Identification of studies via databases and registers

Identification of studies via other methods

Reports not retrieved

Reports assessed for eligibility
(n=228) Reports excluded due to not
meeting inclusion criteria

(n=213)

—
Records identified from: Duplicate records o .
g Web of Science (1 = 3,753) temisiad betors Records identified from previous
= APA Psychinfo (n=161) screening meja-analyses
S ERIC (Ebsco) (n = 273) (n=667) (n=236)
= PubMed (n = 69) [
1= Academic Search Premier (n = 427)
% Education Research Complete (n = 163)
- Dissertations and Theses (n = 372)
Total: 5,218
] A 4
R g " Reports excluded:
ecords screene By title (n = 3,284)
(n=4551) By abstract (n = 875)
: Reports not retrieved
= Reports sought for retrieval (n g 2) Reports sought for retrieval
= (n=392) (n=236) (n=8)
[T
3 ¥
=
8 ¥
Reports assessed for eligibility Rep"fts _exctud_ed du_e t{? not
(n=390) meeting inclusion criteria
(n=352)
o
% Articles included in review ‘
2| | =53
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—

Figure 1. PRISMA flow diagram for systematic searches of databases. Source: Adapted from Page and colleagues (2021).

searched for articles published from 1 January 1924 to 16 Novem-
ber 2020. We selected our earliest date because it was cited in
a previous article (Johnson et al. 1998) that informed a previous
meta-analysis on group work (Johnson et al. 2000).

Criteria for admission

We used several criteria for admission for our study, including
only studies that examined postsecondary students in a biologi-
cal science class; incorporated any type of group work (defined by
two or more students working or discussing topics together); and
reported, at a minimum, a mean measure of academic perfor-
mance before and after group work (i.e., pre- and post-treatment
test) or a mean measure for the classes experiencing group work
and for the classes not experiencing group work (i.e., treatment
and comparison). We considered academic performance a broad
measure of student learning in postsecondary biology courses,
and we used student outcomes from assessments, including quiz
scores, midterm exam scores, final exam scores, final grade, and
concept inventories. The included studies also investigated the
effect of group work on student performance in lecture courses,
rather than lab courses (i.e,, we did not include articles that
examined the effect of group work on student performance in

labs because of the inherent differences between lab and lecture
courses). For this criterion, we refer to lecture as a type of class
(e.g., lecture as opposed to lab class), although lecture can also
be used to describe a teaching practice (i.e., passively lecturing)
in other contexts. The included studies were conducted in a
classroom during official class meeting times. This does not in-
clude lab recitation, quiz sections, or supplementary instruction
session times. The included studies also necessarily used the
same concept inventory or pre-treatment and post-treatment
tests, the same exams, or final class grade to evaluate the two
classes. Finally, the included studies were published or reported
from 1 January 1924 to 16 November 2020.

We also used several criteria to exclude studies. Specifically,
we did not include studies that compared the effect of group
work with the effect of one-on-one instruction, because we did
not find that representative of many postsecondary teaching
environments; that used a crossover study design (i.e., stud-
ies where the same students were exposed to both individual
and group work and then compared with themselves), because
of the inherent confounding effect of each treatment on stu-
dent performance due to the design type; that compared the
effect of group work with the effect of another strategy that
included group work (e.g., flipped classroom), because we were
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interested only in comparing student performance in courses
that used group work with student performance in courses
that did not use group work; or that used group work only for
group exams, because we were interested in the effect of group
work during class instruction rather than during summative
assessments.

Review process

Three authors (ED, IH, and PB) read the titles and abstracts of the
5218 papers returned by the database searches (figure 1), as well
as from the 236 citations in three previous relevant meta-analyses
(Springer et al. 1999, Johnson et al. 2000, Freeman et al. 2014) to
determine eligibility. We excluded articles from the study if they
did not meet one or more of the criteria for admission or if they
did meet one or more of the exclusion criteria (figure 1). In cases
where it was unclear whether a study fit the scope of our project,
we read the entirety of the paper to determine its suitability and
excluded articles that did not meet our inclusion criteria or did
meet our exclusion criteria. After these steps, we were left with 53
papers from which to collect data. See the supplemental materials
for the full reference list of papers included in the meta-analysis.
To conduct moderator analyses, we recorded the available data
on group size, class size, class level, whether the class was at-
tended by mostly majors or nonmajors, the duration of the group
work (e.g., semester-long, weeklong), whether the group work was
graded or not, and whether the group was assigned by the instruc-
tor or not (table 1). We also collected data on several variables
for the purposes of sensitivity analyses because they are known
to have an experimental impact in education research. These
included experimental design type (i.e., independent or paired),
whether the instructor was the same for the treatment and com-
parison group, and whether—in the case of independent experi-
mental designs—the student treatment and comparison sections
were academically comparable before the experiment.

Effect size

To estimate differences in student performance (e.g., average class
grade, final exam score) across comparable courses that experi-
enced group work from those that did not experience group work,
we calculated a standardized mean difference for each course in
the form of Hedges’ g (Hedges 1981). This statistic is commonly
used in meta-analyses, it estimates the effect size for the differ-
ence between means scaled to the pooled standard deviation, and
it also includes a correction for small sample sizes (Hedges and
Olkin 1985). A positive value indicates increased student perfor-
mance in the intervention group (i.e., group work) relative to the
comparison group (i.e., no group work), whereas a negative value
indicates increased student performance in the comparison group
(i.e., no group work) relative to the intervention group (i.e., group
work; Durlak 2009).

Data collection

We categorized study designs as either paired (i.e., pre- versus
post-group-work data collection) or independent (i.e.,, post-
treatment with group work versus post-comparison without
group work). The difference in study design required different
approaches to data collection. Specifically, for a paired design,
we collected mean student performance scores (e.g., concept
inventory scores, exam scores) before and after working in groups,
standard deviations, the number of students in each class both
before and after experiencing group work, and a pretreatment-
posttreatment correlation value. However, correlation values
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were not present in any of the studies, so we imputed correlation
values of .9 (see the supplemental material). For an independent
design, we collected mean performance scores (e.g., concept
inventory scores, exam scores, final grades), standard deviations,
and the number of student participants in each class (e.g., classes
that experienced group work versus classes that did not experi-
ence group work) from each article. Importantly, we did not use
course grade as a measure of student performance for indepen-
dent research designs where the grading schemes for both the
treatment and comparison sections were not the same. Some ar-
ticles contributed multiple data points if multiple estimates were
available.

Despite the differences between the data collected for each
experimental design type, we extracted data from both types of
studies directly from tables or text in the publication or from
figures using WebPlotDigitizer version 4.2 (https://automeris.io/
WebPlotDigitizer). In cases where a study did not provide stan-
dard deviations—or standard error values that we could convert
to standard deviations—we contacted the corresponding author
via email. However, if we did not get a response from the author
within 3 months, we imputed values; this was the case for 15 of
our 91 estimates (16.48%). According to Kambach and colleagues
(2020, p. 11706), when calculating Hedges’ g as the estimate, if the
meta-analysis data set is missing fewer than 25% of the standard
deviation values, then it is best practice to use mean-value impu-
tation for the standard deviation values rather than exclude the
data from analysis. We estimated these values using the average
standard deviation from the other studies (mean-value imputa-
tion; Kambach et al. 2020; also see the supplemental material).
In addition, we developed a protocol to handle cases where stud-
ies provided either multiple treatments, multiple comparisons, or
multiple outcomes (see the supplemental material).

Coding data

After data collection, we categorized each study according to the
following moderators: group size, class size, class level, whether
the class was mostly majors or nonmajors, the duration of the
group work (e.g., semester-long, weeklong), whether the group
work was graded, and whether the groups were assigned by the
instructor (see the supplemental material for further details on
these codes). For sensitivity analyses, we also collected informa-
tion on whether the instructor was the same, whether—in the
case of independent experimental designs—the student treat-
ment and comparison sections were academically comparable
before the experiment, and the experimental design type used
in the study. In our original approach, we planned to code for
the type of group work, the amount of class time—in minutes—
spent in groups, the percentage of a student’s grade that was af-
fected by graded group work, whether the group work involved
high or low stakes, and what the students were specifically do-
ing in their groups. However, this information was not commonly
available in the articles or comparable among articles, if it was
provided. For example, many articles simply wrote that students
worked in groups, without addressing the exact amount of time
spent during each class on group work, if there was a grade as-
signed to this work or the work the students completed within
their groups. When articles did provide this information, it was
difficult to compare. For example, when the authors did report
the amount of time spent in groups, they reported it as a per-
centage, minutes of class time, or days of the week, without the
context to convert this information to comparable values across
articles.
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Table 1. Estimates included in the meta-analyses with moderator information.

Citation Group size Class size Level Majors Duration Graded Assigned
Altiparmak et al. (2009) M S NA No <S NA NA
Armbruster et al. (2009) M M L Yes S No Yes
Armstrong et al. (2007) L L L No S Yes Yes
Armstrong et al. (2007) L L L No S Yes Yes
Beers (2005) NA NA U Yes <S NA NA
Brown (2016) M S U NA S NA Yes
Burrowes (2003) M M L NA S Yes No
Carmichael (2009) M L L NA S No No
Chaplin (2009) M M L Yes S NA Yes
Chuck (2011) M S U Yes S Yes No
Collier (2017) L L L Yes S Yes Yes
Collier (2017) L L L Yes S NA Yes
Connell et al. (2016) M M L No S NA Yes
Connell et al. (2016) M M L No S NA Yes
Daniel (2016) M M L NA S NA NA
Das et al. (2019) L M G Yes <S Yes NA
Donovan et al. (2018) M L L No S NA Yes
Donovan et al. (2018) M L L No S NA Yes
Donovan et al. (2018) M L L No S NA No
Fernandez-Santander (2008) S S L NA S NA NA
Fetalvero (2017) NA M L No S NA Yes
Fuller et al. (2016) L NA u Yes <S NA NA
Gaudet et al. (2010) L NA U NA S Yes Yes
Giojalas et al. (2021) M M L NA S Yes No
Hacisalihoglu et al. (2018) S M L Yes S NA Yes
Heather (2008) L S U NA S No NA
Huysken et al. (2019) NA S L Yes S NA NA
Huysken et al. (2019) NA S L Yes S NA NA
Kitchen et al. (2003) S M U Yes S No NA
Klegeris et al. (2013) NA M NA NA S NA NA
Knight and Wood (2005) S M U Yes S Yes Yes
Koufogiannakis et al. (2005) L NA G Yes S Yes Yes
Koufogiannakis et al. (2005) L NA G Yes S Yes Yes
Lewis and Tamblyn (1987) NA S U Yes S NA NA
Lian and He (2013) L NA L Yes NA No Yes
Lyons (2008) L S L Yes S NA NA
Marbach-Ad et al. (2016) S M L Yes S No No
Moreno-Lopez et al. (2009) M S U NA S Yes Yes
Morse and Jutras (2008) NA L L Yes S Yes No
Mutlu (2018) NA NA L NA NA No Yes
Mutlu (2018) NA NA L NA NA No Yes
Rajappa et al. (2016) NA NA G Yes <S No Yes
Randolph (1992) NA NA L NA NA NA NA
Reich, and Wang (2019) S M L Yes S NA NA
Reich and Wang (2019) S S L Yes S NA NA
Rissanen (2018) M L L No S S NA
Sangestani and Khatiban (2013) M S L Yes S NA NA
Santisteban (2017) NA M L Yes S S Yes
Sevening and Baron (2003) S S u Yes S NA Yes
Sevening and Baron (2003) L S U Yes S NA Yes
Stiles and Katene (2013) S NA u No <S NA NA
Styers, Van Zandt and Hayden NA M L Yes NA NA NA
(2018)
Styers et al. (2018) NA S L Yes NA NA NA
Styers et al. (2018) NA S U Yes NA NA NA
Suhendar (2017) M S NA NA NA NA NA
Szogedi et al. (2009) S NA G Yes NA NA NA
Theobald et al. (2017) NA L L NA <S NA Yes
Theobald et al. (2017) NA L L NA <S NA Yes
Tsaushu et al. (2012) L M NA NA NA NA NA
Walsh et al. (1999) L NA G Yes <S NA NA
Walters (2014) M M L Yes S NA Yes
Watt-Watson et al. (2004) L L NA Yes <S NA Yes
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Table 1. Continued.

Citation Group size Class size Level Majors Duration Graded Assigned
Weasel and Finkel (2016) L L L No S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019) NA M NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019} NA L NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019} NA L NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019) NA M NA NA S NA NA
Weir et al. 2019) NA L NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019) NA M NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019) NA M NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019) NA L NA NA S NA NA
Weir et al. (2019) NA M NA NA S NA NA
Weir et al. (2019) NA S NA NA S NA NA
Yang et al. (2019) L S L NA S Yes Yes
Yapici (2016) M S NA NA S Yes NA

Note: Each row represents one estimate (i.e., the difference between two means) of the effect of group work on student performance. The citation column represents
the article the estimate was taken from. The full citations are provided in the supplemental materials. The group size column details whether the group was small
(S,n < 4 students), medium (M, 4 <n > 6 students), or large (L, n > 6 students). The class size column details whether the class was small (S, n < 50 students), medium
(M, 50 < n < 200 students), or large (L, n > 200 students). The level column indicates the class level the data was taken from: lower (L) is first- and second-year
students, upper (U) is third- and fourth-year students, and graduate (G) is graduate students. The majors column indicates whether the students in the study were
mostly biology or life sciences majors, with “yes” indicating the students were mostly majors and “no” indicating the students were mostly not majors. The duration
column indicates the duration of the group work treatment: semester or quarter long treatment (S) or less than the quarter or semester length (<S). The graded
column indicates whether group work was graded, with “yes” indicating group work was graded and “no” indicating group work was not graded. The assigned
column represents whether groups were assigned by the instructor, with “yes” indicating the groups were assigned by the instructor and “no” indicating the groups
were not assigned by the instructor. NA in any column represents the fact that this data was unavailable for the specific study. Several citations are listed in this
table more than once, indicating the number of estimates they contributed to our meta-analysis. If an article contributed more than one estimate (i.e., data point), it
was because the study contained multiple experiments or data from several classrooms that could be used to calculate more than one estimate. For example, Weir
and colleagues (2019) is a meta-analysis of the effect of group work on student performance in which 26 different classrooms at one university were investigated,
so we have 26 estimates from that article.

Calculating the effect of group work on
student performance

We collected and analyzed data (i.e., student performance data,
including final grades, exam scores, and concept inventory scores)
from two types of studies: paired design and independent de-
sign. Specifically, we used Comprehensive Meta-Analysis software
(www.meta-analysis.com) to calculate Hedges’ g and the associ-
ated variance for each study. We analyzed the Hedges’ g values
and associated variance values in RStudio (R Core Team 2016),
using the metafor package (Viechtbauer 2010). We used this pack-
age to conduct a multivariate linear mixed-effects model, where
the fixed effect was Hedge’s g and the random effect was the au-
thor of the study. We fixed our intercept for this model at zero, to
test whether or not the effect of group work on student perfor-
mance was significantly different from the null (i.e., group work
has no effect on student performance). In addition, we fitted the
model with the restricted maximum-likelihood method to find the

overall effect of group work on student performance (Viechtbauer
2010).

To contextualize our estimate, we collected final grades from
several large, introductory biology courses at a single institution.
We took the average standard deviation for each class section and
multiplied this by our overall estimate. This allowed us to calcu-
late how group work would potentially affect a student’s letter
grade, at least in the case where exam scores accounted for the
majority of the students’ grades.

Next, we conducted several sensitivity analyses using metafor
to determine the robustness of our results by considering the ex-
tent to which they are affected by changes in our models or as-
sumptions (Viechtbauer 2010). Specifically, to test the sensitivity
of our results to removal of particular studies, changes in corre-
lation values, and changes in imputed standard deviation values,
we conducted meta-analyses with the following changes from the
original model: We removed the random effect of author from the
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Figure 2. Caterpillar and orchard plots depicting the effect of group work on student performance. The overall effect of group work on student
performance, using Hedges’ g as the effect size. A positive value indicates increased student performance in the intervention group (i.e., group work)
relative to the comparison group (i.e., no group work), whereas a negative value indicates increased student performance in the comparison group (i.e.,
no group work) relative to the intervention group (i.e., group work). (a) A caterpillar plot is a forest plot organized by estimate size. Each dot in the
caterpillar plot represents one estimate in our meta-analysis, and the lines extending from each estimate represent the 95% confidence intervals. The
diamond at the bottom of the plot shows the overall estimate (the white circle) and its 95% confidence intervals (the black bars). If the overall estimate
plus the 95% confidence intervals lies to the right of the null (i.e., is a positive value) and does not cross the null, then the effect of group work on
student performance is positive and statistically significant. (b) The orchard plot represents each estimate (one comparison of the effect of group work
on student performance versus the effect of no group work on student performance) as an individual circle, and the size of each of these comparisons
is inversely proportional to its standard error. The overall estimate is represented by the small circle outlined in black, and the black horizontal lines
extending from either side of the circle represent the 95% confidence intervals. If the estimate, including the 95% confidence intervals, lies to the right
of the null (i.e., is a positive value) and does not cross the null (i.e., zero), then the effect of group work is positive and statistically significantly

different from the effect of no group work on student performance.

original analysis; we excluded one study that contributed 26 of
the 91 estimates (table 1; Weir et al. 2019); we removed extreme
outliers (i.e., those with estimates two or more standard devia-
tions greater than the overall estimate); we doubled the imputed
standard deviation value for those studies missing standard de-
viations; we removed the estimates that required imputed stan-
dard deviations; we tested whether our data set was robust to
changes in the correlation value in paired research design com-
parisons by changing it to 0.9, 0.5, and then 0.1; we excluded
data from paired design studies; in the case of studies with an
independent research design, we removed all estimates obtained
from studies that did not have the same instructor for the treat-
ment and comparison groups; and in the case of studies with
an independent research design, we removed all estimates ob-
tained from studies that did not demonstrate that the treatment
and comparison groups were academically comparable prior to
the study. To assess publication bias, we constructed and visu-
ally inspected funnel plots (supplemental figures S3a and S4a;
Sterne et al. 2005), used Duval and Tweedie’s trim and fill method
(supplemental figures S3b and S4b; Duval and Tweedie 2000a,
2000b), and calculated fail-safe Ns (Rosenthal 1979).

Next, to assess whether the effect of group work on student
performance held across each of the levels (e.g., lower, upper,
and graduate) within each of the moderators (e.g., class level), we
conducted multivariate linear mixed-effects model analyses with
the restricted maximume-likelihood method for class size, class
level, group size, majors or nonmajors classes, the duration of
the group work (e.g., semester-long, weeklong), whether the group
was graded or not, and whether the groups were assigned or not,
as individual fixed effects, using the metafor package in RStudio
(Viechtbauer 2010, R Core Team 2016). We fixed our intercept for

these models at zero, to test whether the effect of group work
on student performance was significantly different from the null
(i.e., group work has no effect on student performance). To visual-
ize the output as a caterpillar plot (i.e., a forest plot organized by
estimate size; figure 2a) and orchard plot (figure 2b), we used the
metafor and orchaRd packages in R, respectively (Viechtbauer 2010,
Nakagawa et al. 2020). We then exported these plots to edit in
Biorender, using the web application to combine separate R plots
into one singular figure and to add aesthetic aspects, such as axis
titles (BioRender.com).

Finally, we conducted pairwise analyses with the restricted
maximume-likelihood method to test for differences between the
levels within each of the moderators (i.e., class size, class level,
group size, majors or nonmajors classes, the duration of the group
work, whether the group was graded or not, and whether the
groups were assigned or not) using the metafor package in RStudio
(Viechtbauer 2010, R CoreTeam 2016).

Results reveal the staggering and positive
impact of group work on student
performance

From the 5454 articles and manuscripts we reviewed (i.e.,, 5218
from database searches + 236 used in previous meta-analyses),
we compiled data for our meta-analysis from 53 articles and 91
estimates (figure 1). We analyzed these estimates in several dif-
ferent ways: in total, to yield an overall estimate; using several
sensitivity analyses to establish reliability and validity; and using
seven moderators to explore the impact of different class settings.
We detail each of these analyses in the following sections.
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Our results showed group work had a large positive effect on
student academic performance Hedges’ g = 1.00 (+ 0.30 SD for
+ 95% confidence intervals (CI), z = 6.35, P < 0.0001; figure 2,
supplemental table S2a). This means, on average, students who
worked in groups performed 1.00 standard deviation higher than
students who did not work in groups. To put the effect size in per-
spective, Hedges and Hedberg (2007) asserted that Hedges' g val-
ues of 0.20 or higher on performance measures in education re-
search should be of interest to policymakers. Kraft (2020) pointed
out that effects considered small by these standards can be quite
large relative to the impacts of most field-based interventions in
education, particularly in larger studies with broad achievement
measures. Therefore, our results (an estimate of 1.00 standard de-
viation) should be considered staggering and a move for policy
change.

To contextualize our overall estimate of 1.00, we collected final
grades from 2951 students enrolled in fourteen large, introduc-
tory biology courses at a single institution, averaging 211 students
in each class. In these courses, exam scores generally accounted
for the majority of students’ grades. We multiplied the average
standard deviation for each class section (i.e., 13.49) by the esti-
mate (i.e., 1.00) to calculate how group work would affect a stu-
dent’s grade. This yielded an increase of 13.49 percentage points,
a change equal to more than one letter grade.

The positive impact of group work is robust to
interrogation

We then conducted several sensitivity analyses to determine the
robustness of our results by considering the extent to which
they are affected by changes in our models or assumptions (see
the supplemental material). These sensitivity analyses created a
range of estimates from 0.83 (£ 0.45 SD for + 95% confidence inter-
vals (CI), P < 0.001; supplemental table S2k) to 1.15 (£ 0.39 SD for +
95% confidence intervals (CI), P < 0.0001; supplemental table S2g).
These sensitivity analyses demonstrated our results are robust to
correlation value changes and the removal of particularly large es-
timates, articles that contribute a large amount of estimates, im-
puted standard deviation changes, estimates with imputed stan-
dard deviations, estimates taken from paired design studies, es-
timates taken from experiments where the instructor was differ-
ent for the treatment and comparison group, and estimates taken
from experiments that did not demonstrate that prior preparation
was similar across the treatment and comparison groups at the
outset of the study (supplemental table S2b-S2h). Unpublished
studies with low effect sizes are unlikely to have created sampling
bias, as was demonstrated by both Duval and Tweedie’s trim and
fill method (Duval and Tweedie 2000a, Duval and Tweedie 2000b)
and Rosenthal’s fail-safe N method (n = 179,395; Rosenthal 1979;
see also supplemental figures S3 and S4).

The positive impact of group work applies across
a variety of moderating contexts

Next, we analyzed our data using the following moderators:
group size, class size, class level, whether the classes were for
majors or nonmajors, the duration of the group work, whether
the group was graded or not, and whether the groups were
assigned by the instructor. These analyses tested whether the
positive and statistically significant effect of group work on
student performance held across each of the levels within each
of the moderators. Our moderator analysis of group size demon-
strated group work had a significant positive effect on student
performance in all group sizes, (i.e.,, small, medium, and large;
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figure 3, supplemental table S5; omnibus test of moderators,
QM(3) = 32.69, p < .0001). Our moderator analysis of class size
demonstrated that group work improved student performance
across all class sizes (i.e., small, medium, and large; figure 3,
supplemental table S6; QM(3) = 86.65, p < .0001), although the
largest positive effect of group work was in large classes (i.e.,
200 or more students). The moderator analysis of class level
demonstrated that group work improved student performance
across both lower- and upper-level classes; however, it did not
have a significant effect on student performance in graduate
classes (figure 3, supplemental table S7; QM(3) = 34.67, p < .0001).
The moderator analysis of majors or nonmajors showed that for
both majors and nonmajors classes, group work had a significant
effect on student performance (figure 3, supplemental table S8;
QM(2) =35.79, p < .0001). In our moderator analysis of duration of
group work, we found that group work had a significant effect on
student performance in classes that used group work throughout
the duration of the semester or quarter; however, group work did
not have a significant effect on student performance in classes
that used group work for less than the duration of the semester
or quarter (figure 3, supplemental table S9; QM(2) = 34.25, p <
.0001). In our moderator analysis of whether group work was
graded or not, we found that group work had a significant effect
on student performance in classes where the group work was
graded; however, group work did not have a significant effect on
student performance in classes that did not grade the group work
(figure 3, supplemental table S10; QM(2) = 12.47, p = .002). Finally,
in our moderator analysis of group assignment, we found for
both the groups that were assigned by the instructor and those
that were not assigned, group work had a significant effect on
student performance (figure 3, supplemental table S11; QM(2) =
35.46, p < .0001).

These analyses reveal that the significant and positive effect of
group work on student performance holds across all group sizes,
class sizes, classes levels, major status, and groups assignment by
the instructor status. However, we did not observe increased per-
formancein graduate level courses, in cases where the group work
was incorporated for only part of the course term (e.g., less than
a semester or quarter) or when the group work was not graded.

Next, we conducted pairwise analyses (i.e., linear models where
one of the levels of the moderator is the reference and each of
the other levels within the moderator are compared with it) to
test for differences between the levels within each moderator. On
the basis of these analyses, there were no statistical differences
on the impact of group work on performance outcomes between
the group size (QM(2) = 0.93, p = .63), class levels (QM(2) = 2.17,
p = .34), majors or nonmajors classes (QM(1) = 0.050, p = .822),
whether group work was graded (QM(1) = 0.59, p = .44), or the du-
ration of group work (QM(1) = 1.12, p = .29). However, the effect
of group work on student performance did vary on the basis of
class size (QM(2) = 55.15, p < .0001), with the students from the
large classes performing 0.43 standard deviations better than the
students from the small classes (95% CI = 0.31, p < .01) and 0.44
standard deviations better than the students in the medium class
sizes (95% CI = 0.12, p < .0001). The students in the medium class
sizes performed 0.02 standard deviations (95% CI = 0.30) lower
than the students in the small class sizes, although this was not
statistically significant (p = .28). In addition, the effect of group
work on student performance varied on the basis of whether the
group was assigned by the instructor or not (QM(2) = 12.98, p =
.0003), with the students in assigned groups performing 0.55 stan-
dard deviations (95% CI = 0.30) higher than the students who were
not in assigned groups (p < .0001).
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Figure 3. Mean estimates with 95% confidence intervals for the levels within each moderator: group size, class size, class level, majors versus
nonmajors, duration of group work, whether the group work was graded or not, and whether the groups were assigned or not. If the estimate and the
confidence intervals lie to the right of the dotted line (i.e., Hedges’ g = 0), then the effect of group work for that level within that moderator has a
positive and statistically significant effect on student performance in postsecondary biology courses. If the confidence interval crosses the dotted line,
then the effect of group work on student performance for that level within that moderator is not statistically significant.

When interpreting the results of moderator analyses and
pairwise analyses, we remind the reader that these are separate
analyses, and sometimes one analysis will show significant ef-
fects while the other will not. This is because these two analyses
compare each level of a moderator with different intercepts.
Specifically, the moderator analysis compares each level of the
moderator with the null (i.e., zero in this case; group work does
not increase student performance), whereas the pairwise analysis
compares each level of the moderator with the others (e.g., thereis
no statistical difference between the effect of group work on stu-
dent performance when group work was graded versus ungraded).

We leverage our staggering results to
encourage instructors to use group work in
their courses

Using meta-analysis, we investigated the effect of group work on
student academic performance in postsecondary biology courses,
using broad measures of student learning, including quiz scores,
exam scores, final grades, and concept inventory scores. We show
that the implementation of group work increased overall student
performance by 1.00 standard deviation, which we translated to
approximately a 13% boost in students’ grades. Given that group

work is often an integral part of active learning (Driessen et al.
2020), our results support the findings of Freeman and colleagues
(2014), signaling that active-learning strategies can improve stu-
dent performance in the sciences. Furthermore, we found the
effect of group work persisted across group sizes, class sizes,
course levels, group sizes, major status, and group assignment.
We also found positive effects of group work on student perfor-
mance when group work was used throughout the duration of
the semester or quarter and when the group work was graded. To
evaluate the generality of the impacts of active-learning strategies
on student outcomes, future research will benefit from both the
study of a wide range of individual strategies (e.g., clicker ques-
tions, presentations) and the investigation of how different uses of
the same strategy affect student outcomes (Century et al. 2010).
Our work demonstrates the significant and large effect of group
work on student performance, which holds across a variety of
moderating variables, and we encourage instructors to implement
group work in their biology classrooms. However, on the basis
of our findings that the effect of group work on student perfor-
mance was significant only when group work was graded, as op-
posed to not graded, and when it was used throughout the quar-
ter or semester, rather than being used for only a portion of the
course, we recommend that instructors grade the group work in
their class and use group work for the duration of their class.
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There are plenty of resources available for instructors who
are interested in maximizing the positive effects of group work,
in its various forms, in their class. For example, Tanner and
colleagues (2003) detailed several essential elements of effective
cooperative learning (a specific type of group work), such as in-
dividual and group accountability and promoting interpersonal
skills. Prahl (2017) advised instructors who wish to implement
think-pair-share exercises in their classroom, offering guidance
on writing questions and problems, interacting with the students,
and assessing the exercises. Michaelsen and Sweet (2008) ex-
plained team-based learning and defined the four essential ele-
ments as properly formed and managed groups, student account-
ability for the quality of their individual and group work, frequent
and timely feedback on student work, and group assignments
that promote learning and team development. Finally, Smith and
Knight (2020) detailed how clickers (technology used to relay stu-
dentresponses to the instructor) can be integrated into the biology
classroom to help encourage students to apply their knowledge
and analyze new scenarios. In fact, Smith and colleagues (2009)
demonstrated that peer discussion during clickers improves stu-
dent understanding of material through group interactions and
debate, even when no one in the group knows the answer at the
beginning of the exercise. They suggest a constructivist explana-
tion for how students are arriving at their answer and advanc-
ing their understanding, underscoring the importance of coupling
group work with student response systems such as clickers. Al-
though there are many other resources available for instructors
interested in implementing group work in their class, we offer
these as foundational starting points.

Considerations and future directions for group
work research

The present study has several limitations that inspire future di-
rections. First, the studies we analyzed usually used a variety
of group-work-oriented strategies in the treatment courses (e.g.,
group brainstorming, group discussion of homework questions,
and group clicker questions) and a variety of teaching strategies
that did not use group work in the comparison courses (e.g., lec-
ture, lecture with clicker questions, and lecture with daily quizzes
at the start of class and in-class individual assignments). Because
we cannot disentangle each specific group-work strategy or fac-
tor in the type of comparison teaching strategy used (because few
studies used the exact same comparison teaching strategies), we
cannot identify exactly which group-work-oriented strategy pro-
duced the largest effect on student performance. Identifying the
best group work strategy for increasing student performance is
important in making instructor recommendations, and this re-
quires further study.

Second, our contextualization of the overall effect of group
work on student performance was based on final grades that
largely consisted of points contributed from high-stakes exams.
Although this is reflective of the grading structure in many un-
dergraduate biology courses in the United States, it is not rep-
resentative of the grading structure in all postsecondary biology
courses. Given this, it is important to note that grading structures
that incorporate features aside from high-stakes exams, such as
attendance, participation, and homework, may see varying bene-
fits from the contextualized improvement of more than one letter
grade.

Third, some of the studies included in this meta-analysis lacked
information for the moderators we analyzed (i.e., group size, class
size, class level, majors, duration of group work usage, graded,
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and assigned). Missing information means we relied on subsets
of data, sometimes representing data from as few as six articles
as was the case for the graduate class level, to evaluate the ef-
fects of moderators on group work. Even within the moderators
that we examined, sometimes the level of detail available in the
papers limited our understanding. For example, we categorized
biology major classes as those in which the students in the class
were mostly biology or life science majors. If the only information
we were provided was that 60% of the students in a class were not
biology majors, we would categorize this class as for nonmajors,
even if the class was required to be a biology major. Conducting
follow-up studies of our moderators could certainly provide addi-
tional insights.

Fourth, few studies in our meta-analysis demonstrated a null
or negative effect of group work on student performance. It may
be that null or negative effects of group work are not being
published because of the file drawer effect (i.e.,, null or nega-
tive findings are less likely to be published than is significant
work; Rosenthal 1979). However, this is an issue that all meta-
analyses are susceptible to, and our bias analyses demonstrate
there was little concern for the file drawer effect (Rosenthal
1979).

Fifth, we did not use a forward or backward citation accumu-
lation method. These citation accumulation methods are helpful
as checks that the literature was exhaustively searched. Given
that we did not use forward or backward citation accumulation
methods, we may have missed several studies that fit the scope
of our meta-analysis; however, we feel our search is still robust
given that we searched seven large databases with many relevant
search terms, checked the citations of the articles found by previ-
ous meta-analyses on active learning and group work, and found
a fail-safe number of articles that suggests a minimal risk of pub-
lication bias in our meta-analysis (i.e., our fail-safe number was
large, indicating it would take 179,395 articles to nullify our over-
all estimate result).

Sixth, future research will benefit from analyzing other mod-
erating variables that may affect group work, such as time spent
on group work, the degree of structure put in place for the groups
and the group activities, whether or not students have prior expe-
rience with group work, the percentage of a student’s grade that
is affected by graded group work, heterogeneous versus homoge-
neous groups, among other variables. We were unable to analyze
these variables as moderators because the literature did not con-
sistently or commonly list these features in their experiments and
quasiexperiments.

Seventh, our search terms did not include biochemistry or
biotechnology, so our meta-analysis is focused on studies that
examined classes labeled biology, biological sciences, natural sci-
ence or natural sciences, or health science or health sciences. Al-
though the impact of group work on biology-adjacent disciplines
(such as biochemistry and biotechnology)—as well as other STEM
disciplines—was out of the scope of the current study, we encour-
age future research to focus on this topic. The future of discipline-
based education research relies on advancing our knowledge of
specific strategies to make clear recommendations to instructors
and curriculum developers.

Conclusions

In the present article, we demonstrated that group work is a teach-
ing strategy that has the potential to boost student performance
in postsecondary biology courses by 1.00 standard deviation, con-
textualized in the present article as an improvement of more than
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one letter grade. Given that students generally earn lower grades
in STEM courses than in non-STEM courses (Koester et al. 2016)
and that these grades are consequential (those who leave STEM
cite the performance challenge associated with STEM courses as
the primary motivation for their decision; Seymour and Hewitt
1997, Seymour and Hunter 2019), group work has the potential
to benefit individuals and ultimately strengthen the STEM work-
force.

Supplemental material

Supplemental data are available at BIOSCI online. All data and
code used for this meta-analysis are available at https://github.
com/EmilyDriessen/Group-work-and-student-performance-in-
biology-A-meta-analysis..git.
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