N

N

Group Size and Peer Learning: Peer Discussions in Different
Group Size Influence Learning in a Biology Exercise
Performed on a Tablet With Stylus

Jean-Baptiste Corrégé, Nicolas Michinov

» To cite this version:

Jean-Baptiste Corrégé, Nicolas Michinov. Group Size and Peer Learning: Peer Discussions in Different Group
Size Influence Learning in a Biology Exercise Performed on a Tablet With Stylus. Frontiers in Education ,
2021, 6, pp.733663. <10.3389/feduc.2021.733663). <hal-03423267)

HAL Id: hal-03423267
https://univ-rennes2.hal.science/hal-03423267v1

Submitted on 10 Nov 2021

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-
for the deposit and dissemination of scientific re- tinée au dépoét et a la diffusion de documents scien-
search documents, whether they are published or not. tifiques de niveau recherche, publiés ou non, émanant
The documents may come from teaching and research  des établissements d’enseignement et de recherche
institutions in France or abroad, or from public or pri- francais ou étrangers, des laboratoires publics ou
vate research centers. privés.

Au‘to'flizition
HAL Authorization


https://univ-rennes2.hal.science/hal-03423267v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

',\' frontiers
1in Education

ORIGINAL RESEARCH
published: 10 November 2021
doi: 10.3389/feduc.2021.733663

OPEN ACCESS

Edited by:
Pei Sun,
Tsinghua University, China

Reviewed by:

Heng Luo,

Central China Normal University,
China

Gerard Rayner,

Swinburne University of Technology,
Australia

*Correspondence:
Nicolas Michinov
nicolas.michinov@univ-rennes2.fr

Specialty section:

This article was submitted to
Educational Psychology,

a section of the journal
Frontiers in Education

Received: 30 June 2021
Accepted: 22 October 2021
Published: 10 November 2021

Citation:

Corrégé J-B and Michinov N (2021)
Group Size and Peer Learning: Peer
Discussions in Different Group Size
Influence Learning in a Biology
Exercise Performed on a Tablet
With Stylus.

Front. Educ. 6:733663.

doi: 10.3389/feduc.2021.733663

®

Check for
updates

Group Size and Peer Learning: Peer
Discussions in Different Group Size
Influence Learning in a Biology
Exercise Performed on a Tablet With
Stylus

Jean-Baptiste Corrégé and Nicolas Michinov*

Laboratory of Psychology: Cognition, Behavior and Communication (LP3C), Department of Psychology, Univ Rennes, Rennes,
France

Determining the optimal discussion group size to improve performance and learning
has created an intense debate in psychology and provided mixed findings in laboratory
and field settings. In a quasi-experimental study in the education field, we examined the
effect of discussion group size on individual learning in a biology exercise performed on
a tablet with stylus. The sample involved 102 secondary school students divided into
four classes, each corresponding to one of the four experimental conditions (alone
without peer discussion vs discussion in dyads vs triads vs four-member groups). They
were asked to draw individually a functional schema of the human respiratory system,
once before and once after discussing with peers (or reflecting alone). Both drawings
were evaluated by four independent coders, and the learning gain for each student was
computed from these evaluations. Results revealed that learning gain was greater for
students discussing in four-member groups than for those in the other conditions.
Additional analyses suggested that this effect was moderated by the students’ gender,
with the learning gain being greater after discussion in four-member groups among
females only. These findings suggest that group size of four individuals might be the
optimal configuration to improve peer learning.

Keywords: biology, gender, group discussion, group size, peer learning, tablets

INTRODUCTION

Working in groups is a frequent practice in the K-12 science classroom. In this context, determining
the number of students who should work in a group is problematic. As some groups often have more
members than others, an ideal group size is difficult to determine in learning settings. Identifying the
optimal group size in peer discussion and its impact on learning is a crucial research issue that can
have a determining influence on students learning. It may also provide some useful
recommendations for teachers to improve group learning in their classroom. Based on the
literature about the effects of group size on different outcomes (performance and learning) and
the mixed findings generally observed, there is an interest to extend research to complex tasks or
exercises in secondary education settings among students using technology-mediated learning
environments. The aim of the present study was to examine the effect of discussion group size
on learning gain in a biology exercise performed on a tablet with stylus.
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Effects of Group Size on Performance
Based on a social-cognitive approach in the field of social

psychology, the pioneer research considering the effects of
group size on performance has mainly been carried out in the
laboratory and organizational settings. It has led to contradictory
findings on a set of dependent variables such as performance,
distribution of participation, conformity and satisfaction (Lorge
and Solomon, 1959; Thomas and Fink, 1963; Seta et al., 1976; Hill,
1982). Since, there is an intense debate about the minimum
number of people in a “group,” with some researchers
considering two individuals working together in a dyad as the
smallest group size (Williams, 2010), while others state that a
group is composed of three (i.e. triad) or more people (Moreland,
2010; Tasca, 2020). The term “group size” itself remains a vaguely
defined concept with in some studies small groups consist of four
or more members (Wheelan, 2009), whereas in others they are
limited to two or three members (Yetton and Bottger, 1983).

Studies from social psychology suggest that individuals
working in dyads perform better than those in triads or larger
groups of four or more people (Levine and Moreland, 2004), or
individuals working alone (Taylor and Faust, 1952; Schultze et al.,
2012). A large number of studies have demonstrated that
increasing the number of participants in a group may reduce
the individual motivation and effort to work collaboratively on a
task, demonstrating a “social loafing” effect in large groups
(Ingham et al, 1974; Petty et al, 1977; Latané et al,, 1979;
Karau and Williams, 1993). For instance, in a study in which
participants had to solve intellectual problems of various
difficulty, either as individuals or in same-sex groups of two,
three, six, or ten members, it was shown that group performance
decreased as group size and task difficulty increased (Bray et al.,
1978). In the same vein, Wheelan (2009) found that work groups
of three to eight members operating in organizations were
significantly more productive than groups with nine members
or more. In a study involving 87 groups of two to six members
performing a collaborative task, Yetton and Bottger (1983) found
that performance did not improve for groups larger than four.
Similarly, numerous studies working on social dilemma tasks
found that cooperation decreased with increasing group size
(Hamburger et al., 1975; Komorita and Lapworth, 1982). For
instance, in comparing three- and seven-member groups,
Hamburger et al. (1975) showed that smaller groups were
more cooperative than larger ones.

On the contrary, other findings in pioneering research have
demonstrated that larger group size may improve group
performance in a wide variety of tasks (Taylor and Faust,
1952; Seta et al.,, 1976; Littlepage, 1991; Littlepage and Silbiger,
1992). In comparing performance between four-member groups
and dyads, Seta et al. (1976) showed that groups performed better
than dyads on a memorization task only under a cooperative
condition, but not under a competitive condition. Using an
experimental task consisting in naming an object through a
series of questions, Taylor and Faust (1952) also found that
four-member groups performed better than dyads, ie. failed
less and spent less time per problem, and that dyads
performed better than individuals working alone on the same
criteria. In their study, Littlepage and Silbiger (1992) assigned
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students to groups of one, two, five, or ten participants to answer
multiple choice questions, and found that group performance
rose in line with increasing group size.

Similar findings were observed in a series of studies in which
individuals and groups of two, three, four, or five people had to
solve highly intellective problems (letters-to-numbers problems).
Results revealed that groups of more than three performed better
than dyads, but also better than the best person of an equivalent
number of individuals in ‘nominal’ groups (Laughlin and Ellis,
1986; Laughlin et al., 2006). One of the ways to resolve these
contradictory results about the impact of group size on
performance has involved considering the type of task the
groups are working on (Steiner, 1972). It appears that when a
solution is offered by a group member and is easily recognized as
being correct (high demonstrability) the group outperforms the
best performing individual (Laughlin and Ellis, 1986; Laughlin
et al., 2002). Recent findings have demonstrated that increasing
the group size contributes to decreasing performance for low
demonstrability problems, ie., problems for which group
members fail to recognize the correct solutions proposed by
others during a discussion (Amir et al., 2018).

Effects of Group Size on Learning

Another study on collaborative learning examined the effects of
group size on learning in real education settings in which a crucial
role is given to peer discussions and social interactions within
groups. Although student attitudes toward group discussions are
often negative (Clinton and Kelly, 2020), there are valuable active
learning methods for engaging students in fruitful peer
discussions (Prince, 2004; Smith et al., 2009; Topping et al,
2017). In active learning methods based on peer discussion
such as Peer Instruction (Mazur, 1997), students are invited to
discuss with their peers to improve their learning after a first
answer to a question, and to give their answer again after the
discussion (Vickrey et al., 2015; Balta et al., 2017; Knight and
Brame, 2018; Schell and Butler, 2018). In one of the rare studies
on Peer Instruction in which group size varied (two vs three vs
four-member), Relling and Giuliodori (2015) did not find any
significant effect on the change in answers after peer discussion in
a veterinary physiology course. To our knowledge, except in this
study, the number of students involved in peer discussion has not
been systematically controlled in Peer Instruction and this
number generally ranges from two to an undetermined
number of neighbors in the classroom. Peer discussions do
sometimes take place within more or less structured small
groups (Michinov et al., 2015; Morice et al, 2015), but as
stated by Morice et al. (2015), “group size should
systematically be controlled when peer instruction takes place
[...] future studies should rigorously control group size from two,
including proximate neighbors in the classroom, to four
members” (p. 730).

Beyond the Peer Instruction method, there is a lack of
consensus about the effects of peer discussion on learning, and
the issue about the optimal group size remains largely open to
date in this field (Peltokorpi and Niemi, 2019). Indeed, some
research suggests that small groups function better than larger
groups because their members cannot attribute the responsibility
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of the discussion to others (Webb, 1982, 1989), or may lack the
ability to evaluate potential solutions to a problem (Schultz,
1989). On the contrary, other studies claim that increasing the
number of students in a group might improve collaborative
learning, leading students to benefit greatly from peer
discussions due to a wider range of views (Needham, 1987).

Some research suggests that dyads are better than groups of
three or more members (Slavin, 1987; Webb, 1989; Lohman and
Finkelstein, 2000; Kim et al., 2020), or individuals working alone
(McDonald et al., 1985; Richey et al., 2018; Kim et al., 2020).
Other research recommends groups of three to four members to
improve student achievement (Lou et al., 2001; Caulfield and
Caroline, 2006), while other studies have tried to distinguish the
differences between triads and four-member groups (Egerbladh,
1976; Wiley and Jensen, 2006). In their study, Wiley and Jensen
(2006) demonstrated that triads outperform dyads, individuals
working alone and the best individual in ‘nominal’ groups on an
arithmetic problem-solving task. Similarly, Egerbladh (1976)
demonstrated that triads performed better than dyads and
individuals working alone, and dyads outperformed
individuals working alone. A four-member group has also
been proposed as the optimal size to improve performance
and learning (Alexopoulou and Driver, 1997; Shimazoe and
Aldrich, 2010). In comparing dyads and four-member groups
before and after a discussion in a physics course, Alexopoulou
and Driver (1997) found that groups of four students functioned
better than dyads in terms of both group discussion processes
and learning, probably because fruitful discussions are relatively
constrained in dyads. In the same vein, Kagan (1992) pointed
out that group sizes of four to five are best for small group
learning, and Shimazoe and Aldrich (2010) reported that the
ceiling on group size should be four because beyond this number
the tendency to “loaf” increases with group size. Recent findings
confirmed this view, revealing that performance per individual
decreased as group size increased (Peltokorpi and Niemi, 2019).

However, these findings are moderated by the type of
classroom setting in which students are learning (advanced
vs mainstream). Using a pretest—posttest quasi-experimental
design, Apedoe et al. (2012) examined the effects of group size
(dyads, triads and four-member groups) on student learning in
chemistry in two types of classroom setting, advanced or
mainstream. They found that in mainstream classrooms,
students in triads and four-member groups performed
slightly better than students working in dyads, while
students in advanced classrooms performed better in dyads.
In their study, group sizes of three and four did not differ from
each other either in advanced or mainstream settings.

Effects of Group Size in
Technology-Mediated Learning
Environments

A body of studies has examined the effects of group size when
individuals used various information and communication
technologies for online discussions with their peers and to
perform richer learning tasks. Again, the results are controversial.

Group Size and Peer Learning

In a study using a group-based mobile learning environment,
Melero et al. (2015) concluded that group size did not affect
individual performance. Nevertheless, the results of this study
revealed that students belonging to four-member groups
expressed higher levels of engagement in the task. Similarly,
studies in Computer-Supported Collaborative Learning (CSCL)
suggested that smaller groups (three or four members) produced
better performance than large groups, i.e., groups with more than
five members (Strijbos et al., 2004; Schellens and Valcke, 2006).
Examining group discussions on online forums, Shaw (2013)
observed that small groups had higher participation rates, which
indirectly influenced learning scores. A recent meta-analysis
examining the effects of Computer-Based Scaffolding (CBS) on
learning among students having to solve problems showed that
the size effects were higher when students worked in dyads than
in triads, small groups or individually (Kim et al., 2020). Another
meta-analysis on mobile-Computer-Supported Collaborative
Learning (mCSCL) revealed that four-member groups had
better outcomes than dyads or triads (Sung et al, 2017). In
using social networks for peer discussions, Sugai et al. (2019)
also showed that a four-member group was the optimal size for
collaborative argumentation for educational purposes.

Taken together, these studies reveal mixed findings about the
effect of group size when students discuss with peers using online
technologies. They also suggest the need to conduct additional
studies to examine the impact of group size on learning using
interactive technologies during in-person classes. Indeed, many
studies have required students to discuss online, but fewer have
used technologies to support peer discussions when performing
exercises during in-person classes. In the present study, during in-
person classes students in different sized groups were asked to
perform a biology exercise with the support of oral discussion
using an interactive learning environment. Unlike previous
studies, online technologies for discussion were not used.

Overview of the Present Study and
Hypothesis

As previous research has not provided a consensus about the
optimal group size both for individual performance and student
learning, we conducted a pretest—posttest study among students
in a secondary school. It involved comparing students working
alone to those discussing in dyads, triads or four-member groups
to evaluate the learning gain between their first and second
answer to a question. More specifically, students performed a
biology exercise twice, once before and once after peer discussion
(or individual reflection when students worked alone). The
exercise required drawing a functional schematic view of the
human respiratory system on a tablet with a stylus. After their
first completion, the teacher displayed collective feedback on a
central screen with a video projector, providing students with an
overview of all their drawings in a ‘thumbnail’ format. These
“thumbnails” did not allow a perfect visualization of all the
students’ work, but provided an overview of the different
drawings to support their individual thinking or group
discussion. In order to evaluate the learning gain, all the
individual drawings were blind coded by several coders.
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As students were in a mainstream classroom setting (Apedoe
et al., 2012), and based on previous studies (Alexopoulou and
Driver, 1997; Lou et al., 2001; Caulfield and Caroline, 2006; Wiley
and Jensen, 2006), students in three and four-member groups
should perform better than students working alone or in dyads.
However, several studies (Yetton and Bottger, 1983; Shimazoe
and Aldrich, 2010), including those using technology-mediated
learning environments (Sung et al., 2017; Sugai et al, 2019),
suggest that this hypothesis can be refined according to the group
size of three or four members. Thus, we expected that four-
member groups would perform better than three-member
groups, dyads or students working alone.

MATERIALS AND METHODS

Participants

The study was conducted on 102 secondary school students (49
males, 48.04% of the sample) ranging from 11 to 13 years old
(M = 11.9, SD = 0.39), all in seventh grade. They were in four
classes with the same female biology teacher. As minors were
involved in the study, an informed consent from the parents of
each pupil was obtained. All procedures in these studies were in
accordance with the ethical standards of institutional and/or
national research committees for studies involving human
participants and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards.

Materials and Instruments
Tablet and stylus: The teacher and students had a tablet (Dell
Latitude 5285 2.70 GHz with a 12.3-inch screen LCD 2736 x
1824) and a pressure-sensitive stylus (Dell Active Pen) enabling
straight lines to be drawn with high precision (3 mm).
Interactive learning environment: The Kassis software
developed by the IntuiDoc team of the IRISA Laboratory in
collaboration with Learn and Go (http://kassis-apps.com/en) was
installed on each tablet. This software allows the teacher to create
lessons and share exercises with his/her students. It contains a set
of features that allows students to take notes on slides, collaborate
with peers on a shared whiteboard, create questions using
graphics and produce drawings or sketches (see Michinov
et al., 2020 for more details). In this study, only the latter
feature was used to perform a biology exercise.

Procedure

The study took place during a biology course taught by a
female teacher in four different class groups during the first
semester of the year. It was presented to the students as a test of
a new interactive learning environment requiring the use of a
tablet and stylus to perform a biology exercise during a class.
In each class, two experimenters were in the room to help
students use the application and manage any potential
technical problems. Each of the classes was assigned to one
of the four experimental conditions involving different group
sizes to which students were randomly assigned: Alone (n =26,
13 females and 13 males), dyad (n = 22; six dyads composed of
one male and one female, three dyads composed of two males,
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and two dyads composed of two females), triad (n = 30; nine
triads composed of one male and two females, one triad
composed of two males and one female), and four-member
group (n = 24; two groups composed of three males and one
female, one group composed of one male and three females,
and three groups composed of two males and two females).
The classes were matched with an experimental condition
according to the number of students in each class (e.g., a
class of 30 students was chosen for allocation in 10 triads and a
class of 22 students was chosen to constitute 11 dyads). As the
size of the groups varied, the spatial organization of the
classroom also varied across conditions to facilitate (or
limit) peer discussions. In each condition, students were
seated to ensure they had a clear view of the collective
feedback displayed on the screen in front of them (see
Appendix A).

The course began with the students being seated at a
designated place so that groups would be randomly formed
from the start of the experiment. Once seated, the teacher
informed students they were not allowed to move to other
groups in the classroom during the lesson. The teacher also
gave each student their username to log onto the application. It
consisted of the students’ initials and date of birth. The teacher
then introduced the experimenters and explained that, while
this particular lesson used a tablet and stylus, it would
nonetheless be a normal lesson. One of the experimenters
then showed the students how to use the interactive learning
environment.

The study itself was divided into four phases that are
described in Figure 1. As a normal class takes 50 minutes,
each phase was set to last about 10 minutes, leaving time for
the teacher to answer any questions raised by the students
during the remaining 10 min. The first phase consisted in a
familiarization task to allow students to learn how to use the
tablet and stylus and make sure they understood how it worked.
The second phase consisted in producing an initial drawing
which involved students individually drawing a functional
schematic view of the human respiratory system on the
tablet with the stylus. This exercise was chosen because
students had never completed it before and they had only
received some introductory elements about how the human
respiratory system worked 1 week previously. The exercise was
sufficiently complex for students not to be able to produce a
perfectly correct schema on their first drawing and,
consequently, they could improve their production from the
first to the second attempt. Once they had completed their
drawing, they could send it to the teacher by clicking on the
“send” button and wait before proceeding to the next phase.
This first version was automatically saved to be used as the pre-
test. The following phase began when all the students’ drawings
had been received. In the third phase, the teacher displayed a
collective feedback to elicit peer discussion in groups of
different sizes. The feedback contained all the students’
drawings on the whiteboard in a “thumbnail” format in such
a way that none of them were made salient (see Appendix B). In
the “Alone” condition, students could only examine the
combined students’ production displayed on the collective

Frontiers in Education | www.frontiersin.org

November 2021 | Volume 6 | Article 733663


http://kassis-apps.com/en
https://www.frontiersin.org/journals/education
www.frontiersin.org
https://www.frontiersin.org/journals/education#articles

Corrégé and Michinov

Group Size and Peer Learning

10 minutes 10 minutes 10 minutes 10 minutes
First phase: Second phase: Third phase: Fourth phase:
Familiarization First drawing Peer discussion Second drawing

Students write their
first name and

Students individually
draw a functional

The teacher displayed the drawings on
_ the whiteboard in a ‘thumbnail’ formg_t

Students individually
redraw a functional

FIGURE 1 | Overview of the procedure.
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feedback and were not allowed to discuss anything with their
peers. Finally, in the fourth phase, students were asked to
redraw individually the schematic view of the human
respiratory system on a new blank page of the interactive
learning environment on their tablet with a stylus without
communicating with anyone. During this period, they could
no longer see their peers’ drawings, or their initial drawing.
Their second version was recorded and served as the post-test.
At the end of the lesson, students were asked to answer a single
question on the interactive environment to check the efficacy of
the experimental manipulation.

Measures
Manipulation check: In order to verify the efficacy of the
experimental manipulation concerning the perception of the
group size, students were asked how many people they had
discussed with during the exercise, from zero to three.
Learning gain: This was calculated from the mean score
differences between the second and the first drawings. The
seven piles “sort-resort” technique was used to evaluate a score
of overall quality of the drawings by four independent coders
blinded to the hypothesis. This technique adapted from M. E.
Shaw (1963) by Hackman et al. (1967), has been used in many
studies to assess individual or collective production such as
products, ideas, drawings, etc. (Craig and Kelly, 1999;
Michinov et al., 2004). The coders had basic knowledge in
biology, but they did not teach in this discipline. Each coder
received a model of the correct schema from the teacher, as
well as a folder containing color copies of all the drawings
presented in a random order (pre- and post-test). They did not
know the purpose of the experiment, the experimental
condition to which participants had been allocated, or
whether the drawing was the first or second. They first
sorted the drawings into three piles (high, medium and
low) on the overall quality of the drawing. Once sorted on

this criterion, each pile was then re-sorted. The “high” pile was
sorted into two piles (high-high and high-low), the “medium”
pile was sorted into three piles (medium-high, medium and
medium-low), and the “low” pile was sorted into two piles
(low-high and low-low). This resulted in seven piles
corresponding to a seven-point overall quality scale ranging
from 1 (low) to 7 (high). The same “sort-resort” technique was
applied to evaluate whether the graphical representation of the
respiratory system was adequate (e.g., whether organs such as
lungs were present or not), and whether there was adequate use
of legends. The evaluations on the three criteria were inter-
correlated (r = 0.60, r = 65, and r = 0.63, all p-values < 0.001).
As the inter-coder reliability was satisfactory for all the
evaluations (see Table 1), a single composite score based on
the mean scores of the four coders for the first and the second
drawings was used to measure learning gain (difference
between post- and pretest).

RESULTS
Manipulation Check

A Chi-square test revealed a significant difference between the
four conditions, x* (9, N=101) = 111.00, p = 0.001, ¢ = 0.0605.
In the “Alone” condition, 57.7% of students reported having
discussed with zero people (this relatively “low” percentage
may be explained by the fact that students mentioned that
they had talked to others in the classroom, but not during the
biology exercise itself); in “Dyad,” 68.2% indicated that they
had discussed with one person; in “Triad,” 76.7% indicated
that they had discussed with two people; in the “four-member
group” condition, 73.9% indicated that they had discussed
with more than three people. These analyses suggest that
students had a relatively good perception of the group size
condition in which they had been placed.
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TABLE 1 | ICCs between the four coders using the “sort-resort” technique on three criteria for the first and second drawings.

Overall
quality of drawings

First drawings 0.86
Second drawings 0.85

Adequate
graphical representation

Adequate
use of legends

0.81 0.89
0.83 0.88

Learning gain
N

Alone Dyad

FIGURE 2 | Learning gain in each experimental condition.

.ﬁﬁii

Experimental condition

Triad Four-member group

Learning Gain
Preliminary analyses were computed to verify whether there were

any differences between the experimental conditions on the first
drawing. No difference was found between the experimental
conditions on the pretest scores, F (3, 98) = 1.54, p = 0.21,
= 0.04 (“Alone™ M = 1.89 and SD = 0.95; “Dyad™: M = 2.24 and
SD = 1.03; “Triad™ M = 1.78 and SD = 0.92; “four-member
group” M = 2.27 and SD = 1.14). None of the Tukey’s Post-Hoc
comparisons tests were significant.

An analysis of variance (ANOVA) with group size as
between-subjects factor revealed a significant effect on
learning gain, F (3, 98) = 3.90, p = 0.011, #* = 0.11 (see
Figure 2). A significant planned comparison (1 1 1-3)
revealed that students discussing in four-member groups
outperformed those in all the other conditions, t 98) = 3.223,
p = 0.002. Additional Tukey’s Post-Hoc comparisons tests
showed that the only significant differences were between the
“four-member group” condition and two other conditions
(dyads and working alone). Specifically, it appeared that
students involved in four-member groups (M = 0.92, SD =
0.95) improved their learning more than students working in
dyads (M = 0.29, SD = 0.47), t 98) =-2.975, p = 0.02, or alone
(M =0.32,SD = 0.66), £ 98) = —2.943, p = 0.021, but they did not
significantly differ from those working in triads (M = 0.52, SD
= 0.68), £ 98) = —2.009, p = 0.192. No other differences were
significant between the experimental conditions.

A priori contrasts yielded only a significant difference on
learning gain between students discussing in four-member
groups and those in all the other conditions, the results
confirmed the hypothesis that students discussing in four-
member groups would perform better than those in other
discussion groups or those working alone.

Additional Analyses

Although not systematically controlled in the present study, the
students’ gender was taken into consideration in further analyses,
and treated as a moderator of the effect of group size on learning
gain. A between-subject factor ANOVA with students’ gender and
group size as predictors yielded that both group size, F (3, 94) =
6.13, p < 0.001, #* = 0.12, and students’ gender had an effect on
learning gain, F (1, 94) = 8.94, p = 0.004, 7 = 0.06. Pairwise
comparison showed that female students (M = 0.68, SD = 0.91)
improved to a greater extent than male students (M = 0.33, SD =
045, p = 0.004, d = 0.01). These effects were qualified by a
significant interaction between group size and students’ gender,
F (3,94) = 8.81, p < 0.001, ;72 = 0.18 (see Table 2 and Figure 3).
Post-hoc comparisons showed that female students in four-
member groups (M = 1.66; SD = 0.93) improved more than
females who worked alone (M = 0.13, SD = 0.59, p < 0.001, d =
0.03), in dyads (M = 0.34, SD = 0.59, p < 0.001, d = 0.02), or triads
(M =0.68,SD = 0.79, p = 0.002, d = 0.02). Only a single difference
explained the interaction effect for which female students improved
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TABLE 2 | Means (M) and Standard Deviation (SD) of learning gain for each experimental condition according to students’ gender.

Alone Dyad Triad Four-member group
n M SD n M SD n M SD n M SD
Female 13 0.13 0.59 10 0.34 0.59 19 0.68 0.79 11 1.66 0.93
Male 13 0.52 0.69 12 0.25 0.36 1h 0.26 0.32 13 0.29 0.25
Total 26 0.32 0.66 22 0.29 0.47 30 0.52 0.68 24 0.92 0.95
T Students'
2,00 gender
M Male
EFemale
1,50
£
S, 100 TEE
o
o
£ —
o
@
- 50 —
& a
50
Alone Dyad Triad Four-member
group
Experimental condition
FIGURE 3 | Learning gain according to experimental condition and student gender.

more than male students in four-member groups (M = 0.29, SD =
0.25, p < 0.001, d = 0.03). There was no difference between the
experimental conditions among male students, although they
tended to have better learning gain when alone.

DISCUSSION

The aim of the present study was to determine the impact of peer
discussion on learning in groups of different sizes and potentially
to try to determine the optimal size of a group in peer learning. A
quasi-experimental field study was conducted in a secondary
school among students following a biology course using a
technology-mediated learning environment. During a learning
session, they had to individually produce a schematic view of the
human respiratory system on a tablet with stylus. This production
was performed twice, once before and once after discussing in
groups (or reflecting on their own in the control condition).
The results verified our hypothesis and thus are consistent
with studies demonstrating that students discussing in four-
member groups learn better than those in triads, dyads, or
individuals working alone (Yetton and Bottger, 1983;
Shimazoe and Aldrich, 2010; Sung et al, 2017; Sugai et al,

2019). Based on findings found in a mainstream classroom
(Apedoe et al, 2012), it could also be expected that students
would perform better when they collaborated both in three- and
four-member groups than in dyads or working alone. However,
no difference on learning gain was found between students
discussing in triads and those in the other conditions
(including the four-member group condition). Taken together,
the present results yielded an effect of group size on learning gain
revealing that discussing in four-member groups is beneficial to
learning improvement. At least two different interpretations may
be proposed to explain these results.

First, it is possible that the number of interactions between
students in ‘large’ groups may explain the benefits. Discussion is
more constrained in dyads than in four-member groups
(Alexopoulou and Driver, 1997), it is therefore reasonable to
consider that the greater number of interactions in “large” groups
than in “small” groups partly explained learning gain. However,
as peer discussions were not measured in the natural classroom
setting where this study took place, it would be interesting in
future research to capture student interactions in groups of
different size in real-time. Such a measurement would help us
to determine whether peer discussions could have a positive
influence on learning gain, and to understand better the
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impact of why being more than three improves learning gain.
This procedure is generally difficult to investigate in natural
settings where several groups are working together in the same
classroom.

Secondly, the specificity of the task used—a biology
exercise—may also contribute to explaining the present results.
Based on the group performance literature in social psychology,
when a solution is proposed by a group member, and it is easily
recognized as being correct (high demonstrability), the group
outperforms the best performing individual (Laughlin and Ellis,
1986; Laughlin et al., 2002). In the present study, it is possible that
if a student in a four-member group produced a correct drawing
the first time round, his/her work could have been adopted by
others the second time round, and consequently each group
member improved his/her learning. Such a process is more
likely to happen in ‘large’ groups than in dyads, or when
group size increases (Laughlin et al, 1975). Although it is
difficult to evaluate the demonstrability of the task, the biology
exercise was designed by the teacher to be relatively complex for
each student, and the demonstrability of the correct answer by
the students was not obvious. On the other hand, if the exercise
can be considered as a problem with low demonstrability, then
the present results are not consistent with a study demonstrating
that increasing group size contributes to decreasing
performance for problems in which group members failed to
recognize correct solutions proposed by their peers (Amir et al.,
2018). An interpretation based on task demonstrability has to be
considered with caution because most findings were obtained in
social psychology studies measuring group performance in
laboratory settings, and not individual learning. Rather than
demonstrability, the complexity of the task should be
considered as a crucial factor in engaging learners in
meaningful discussions in order to perform an exercise
correctly. For instance, it has been demonstrated that as task
complexity increases learning as an individual becomes less
effective and efficient than learning in a group of individuals
(Kirschner et al., 2009). It is also possible to consider that, in
four-member groups there is a greater likelihood of the presence
of a group member with sufficient knowledge to catalyze
learning improvement in members who are less
knowledgeable than in smaller sized groups. Thus, future
research should identify the level of knowledge of each group
member before the task, their influence in the discussions and
individual learning gain.

Beyond the effect of group size on learning gain, the present
study revealed unexpected results about the moderating role of
students’ gender. It appears that the benefits of peer
discussions in “large” groups were greater for female than
male participants. Indeed, results revealed that female
participants in four-member groups significantly improve
their learning more than those in the other conditions, and
to a great extent than male participants involved in groups of
the same size. For the male participants, no difference in
learning gain was found between the experimental
conditions, even though they tended to improve when they
worked alone rather than when they discussed with their peers
in groups of different sizes.

Group Size and Peer Learning

This moderating effect of gender could be interpreted in terms
of the reduction of “social loafing” in groups. Indeed, a meta-
analysis revealed that female participants are less likely to reduce
their efforts for the group exhibiting a lower degree of ‘social
loafing’ (Karau and Williams, 1993). On the contrary, by striving
to be better than others through social comparisons (Buunk et al.,
2007), male participants demonstrate a reverse pattern, regardless
of the consequences on group performance (Karakowsky and
Siegel, 1999). Of course, this interpretation is speculative because
neither motivation, nor social comparisons within groups were
measured, and no difference was found on learning gain among
males related to group size.

Another interpretation may be proposed based on social role
differences of male and female participants in cooperative or
competitive contexts (Eagly et al., 1995; Datta Gupta et al., 2005;
Niederle and Vesterlund, 2007; Michinov et al., 2009; Dohmen
et al., 2011). According to the Social Role Theory (Eagly, 1987),
males and females generally behave in ways that are consistent
with their expected social roles, ie., beliefs about gender
differences in self-concepts. Based on this theory, women often
have a more collectivist self-concept (cooperative, interdependent
or communal), while men exhibit a more individualist self-
concept (competitive, independent or agentic). A meta-analysis
of gender difference in cooperation revealed that women were
more cooperative than men in larger groups (Balliet et al., 2011).

Finally, our results were found in the context of
technology-mediated learning, whereas prior research
revealed mixed findings about the impact of group size on
learning when students had to collaborate and discuss online
with a large variety of technologies (Strijbos et al., 2004;
Schellens and Valcke, 2006; Shaw, 2013; Sung et al., 2017;
Sugai et al, 2019; Kim et al., 2020). On the contrary to
previous studies, the technology-mediated learning
environment used in the present study was based on tablets
equipped with a stylus that allowed students to perform an
exercise requiring a drawing to be produced a second time
after having discussed their initial solutions with their peers in
a face-to-face situation. In using such technology, collective
feedback could be displayed to the whole class after the first
drawing phase (see also Michinov et al., 2020), enabling all the
work to be viewed in a “thumbnail” format. Although this
format did not allow the students’ drawings to be seen in
detail, an overview of the different drawings may have allowed
them to support their thinking or discussions. However,
because we could not record the students’ behaviors on
video, and because there was insufficient time to administer
a post-experimental questionnaire after the lesson, we ignore
to what extent the students used the collective feedback to
stimulate their discussion with their peers or their individual
reflection.

CONCLUSION AND LIMITATIONS

The results of the present study revealed that discussing in four-
member groups was more beneficial to learning improvement
than discussing in smaller groups or no discussion with peers.
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Thus, our findings tend to confirm that a group size of four
individuals is the optimal configuration to improve peer
learning. The present findings must be taken with caution
because they are not without limitations like other quasi-
experimental studies conducted in natural settings. One of
the main limitations is the sample size yielding an
interaction effect between gender and group size. Although
some research is consistent with ours in claiming that the
ceiling on group size should be four (Yetton and Bottger,
1983; Shimazoe and Aldrich, 2010), it would also be
important in future studies to increase the group size to over
four members. Another limitation concerns the lack of more in-
depth investigations during or after the experiment, including
collecting qualitative data from interviews or observations.
Indeed, it is often difficult in field studies to take enough
time with students and their teacher to observe or question
them during a lesson, and particularly after the lesson. Although
it would theoretically be possible to observed students
performing the task and discussing with their peers during
the experiment, such a method is difficult to apply practically
and coding data problematic, in particular because many groups
are working at the same time.

Far from being definitive, the present results need additional
research to improve understanding of the impact of group size on
learning, while also considering gender in group composition.
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APPENDIX

Group Size and Peer Learning

Seating arrangement 'Alone' condition
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Appendix A | Spatial organization of the classroom in each experimental condition. Note. The (red) crosses indicate the unoccupied seats in each classroom.
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Appendix B | Overview of the collective feedback displayed on the screen in a “thumbnail” format.
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