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ABSTRACT

While group work in undergraduate science education tends to have overall benefit, less
is known about the specific peer—peer dynamics that optimize learning during group
interaction. The current study used peer ratings and self-reported data from 436 students
enrolled in team-based undergraduate science courses (biology or chemistry) to deter-
mine group dynamics that predicted both willingness to work with peers in the future and
individual achievement in the course. Results show that greater personal connection and
contributions predicted willingness to work with agroup member (R?, | =0.75;R? . =
0.59). While active contribution to a group predicted greater achievement, more non-
content interactions (e.g., encouragement, listening to feedback, being polite) predicted
lower achievement, despite these being on-task and relevant. Additionally, having group
members who were willing to continue working with a student was a positive predictor
of that student’s achievement regardless of course. Strikingly, students in chemistry were
significantly less willing to work with women in their groups compared with men. Finally,
not all forms of group conflict predict decreased achievement. These findings highlight
group factors such as student behavior within the group, aspects of the group social en-
vironment, and peer support that can be targeted for optimizing undergraduate science
learning.

INTRODUCTION

Strides have been made over the last decade to shift the nature of undergraduate sci-
ence instruction in the United States. While there is still room for growth, adoption of
more “active” styles of engaging students in learning have increased relative to tradi-
tional lecture (American Association for the Advancement of Science [AAAS], 2019).
One often underappreciated benefit of using more active instructional strategies is
increased opportunities for students to experience the social aspects of science (Chinn
and Malhotra, 2002; Tanner et al., 2003; Ford, 2008; Manz, 2015). Teamwork is one
specific social aspect of the sciences and science, technology, engineering, and mathe-
matics (STEM) careers that is crucial for scientific productivity (Wang, 2016). How-
ever, not all groups perform equally (Salas et al., 2018), and a host of negative reper-
cussions can result from formally requiring students to work in groups (Blumen et al.,
2014; Eddy et al., 2015; Nokes-Malach et al., 2015; Chang and Brickman, 2018). This
means that understanding how group dynamics can be optimized (i.e., maximizing
positive and minimizing negative effects) will become increasingly important as active
instructional practices become more common in university science programs.

Guided inquiry (GI) is an instructional method that emphasizes student-centered
group learning while the instructor serves as a facilitator (Lewis and Lewis, 2005;
Hein, 2012; Walker and Warfa, 2017). GI makes use of cooperative learning theory in
higher education (Johnson et al., 2014) by adopting a cooperative goal-orienting struc-
ture to engage students in group work. This cooperative structure generates positive
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interdependence wherein peers must rely on one another to be
successful. During GI, groups are encouraged to construct
knowledge by asking and defining questions, interpreting data,
arguing from evidence, and practicing oral/written communica-
tion of scientific ideas (Lawson, 1995) as opposed to receiving
knowledge in a traditional lecture approach. While GI draws
from well-researched science education techniques, it has been
shown to only have minimal impact on student learning (Walker
and Warfa, 2017). The reasons for this have not been well
explored, but studies have focused on characteristics of GI that
may impact method efficacy, including student attitudes (Schro-
eder and Greenbowe, 2008) and implementation (Simonson
and Shadle, 2013; Balasubramaniam, 2015). Little attention
has been given to the contribution of group dynamics to learn-
ing through GI. Thus, the current study seeks to explore how
differential student experiences and behaviors in groups predict
end-of-course achievement. This will not only provide insight
into the social side of GI learning but also more broadly inform
our understanding of group work in higher education.

The current study examined the extent to which a multitude
of factors (group behaviors, self-perceptions of group-work abil-
ity, and group experiences) predicted students’ performance in
two introductory undergraduate science courses (biology for
non-science majors and chemistry for science majors) that
extensively used GI pedagogy (present in more than 90% of
class meetings). To better understand how group factors impact
student learning through GI, we sought to answer the overarch-
ing question “What group dynamics positively predict both stu-
dent engagement with peers and achievement in undergradu-
ate science?” This was answered by examining data from 44
groups in biology and 65 groups in chemistry (436 students
total) collected in a pretest—posttest design.

We began by investigating how group social factors pre-
dicted student willingness to work with fellow group members.
Research question 1 (RQ1) asked: “What qualities do students
use to determine if they are willing to work with a group mem-
ber in the future?” We hypothesized that student would be
more willing to work with their groups in the future if they felt
that group members contributed directly to their learning. This
is because individuals invest based on the likelihood of a return
(i.e., conditional cooperation; Keser and van Winden, 2000;
Fehr and Fischbacher, 2004; Premo et al., 2018c), which is most
likely to come from a group member directly contributing to
knowledge construction within the group.

Following initial support for this hypothesis, we then
explored the contributions that different group-work qualities
had on a student’s overall course achievement in research ques-
tion 2 (RQ2): “Which group-work qualities predict student
achievement (final grade point average in the course)?” We
generated three hypotheses regarding RQ2. First, we hypothe-
sized that having one student willing to work with another
would be fundamentally important to the first student’s achieve-
ment in a team-based course setting. Second, we hypothesized
that the quality of student engagement with group members
and with content ideas (i.e., contributions) would predict
greater course achievement (Summers and Volet, 2010; Jur-
kowski and Hénze, 2015; Curseu et al., 2018; Premo et al.,
2021; Cavagnetto et al., 2022). Third, we hypothesized that
relationship conflict in the group would predict lower achieve-
ment, based on previous literature that described negative
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effects of this form of group conflict (Darnon et al., 2002; Buchs
et al., 2010; Sohr et al., 2018).

LITERATURE REVIEW

Group Work in Undergraduate Biology and Chemistry
Education

Over the last decade, the landscape of undergraduate science
education has begun to shift toward greater reliance on peer—
peer dynamics during learning. A recent report by the AAAS
noted a real, but slow, shift toward integrating group work in
undergraduate science education (AAAS, 2019). Self-reported
integration of group work in biology increased from 29% to
50.4% during 2004-2014. In the physical sciences (including
chemistry), this shift was smaller, moving from 20% to 33%
during the same period (Eagan, 2016). Large-scale observa-
tions of more than 2000 undergraduate STEM classes found
similar rates of group work, with around 50% of biology and
36.5% of chemistry courses integrating some form of group
work into instruction (Stains et al., 2018). While we know that
group work in undergraduate science courses has increased, we
know less about what type of specific group-work strategies are
being used (Stains et al,, 2018; AAAS, 2019). It has been
reported that general strategies in many biology and chemistry
classrooms include: 1) informal peer—peer discussions around
instructor prompts, 2) assigned groups working on a task (e.g.,
worksheet), and 3) group projects. However, instructor adher-
ence to specific group-work models (e.g., cooperative learning;
Johnson et al., 2014; and peer instruction; Lasry et al., 2008) is
less clear. One specific group-work strategy noted as being pres-
ent by both Stains et al. (2018) and AAAS (2019) is process-ori-
ented guided-inquiry learning (POGIL; Moog et al., 2006). At
present, at least 300 undergraduate instructors in the United
States are implementing POGIL in their classrooms, with most
doing so two to three times per week (AAAS, 2019). This means
that understanding the dynamics of what makes groups effec-
tive for learning is critical to undergraduate science education.

Understanding group dynamics is not only important for
increasing student learning, but also for the prevention of a host
of negative social and learning consequences (Blumen et al.,
2014; Eddy et al., 2015; Nokes-Malach et al., 2015; Chang and
Brickman, 2018). From a social perspective, putting students
into groups can encourage a diffusion of responsibility that can
result in disengagement (Pieterse and Thompson, 2010;
Maiden and Perry, 2011), increased anxiety and exclusion
(Eddy et al., 2015), and negative impacts through relationship
conflict (Darnon et al., 2002; Buchs et al., 2010; Sohr et al.,
2018). It has even been found that some negative social conse-
quences can remain regardless of active efforts by instructors
(e.g., use of roles, peer evaluation, group contracts) to reduce
them (Chang and Brickman, 2018).

Negative social consequences of group work coincide with
potential negative impacts on student cognitive processes
(Nokes-Malach et al., 2015). For example, it has been suggested
that the requirement of social interactions in student groups
reduces cognitive resources available for cognitive processing
(Kirschner et al., 2009; Nokes-Malach et al., 2015). Addition-
ally, the process of interacting can result in retrieval disruption,
making student recall of prior knowledge more difficult (Zhang
et al., 2017). These factors may contribute to the consistent
finding in cognitive psychology that groups underperform in
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comparison to what one might expect given the combined
knowledge of each individual (Marion and Thorley, 2016).
Thus, group interactions introduce variables that must be
accounted for to optimize learning.

The unintended consequences of grouping students in an
environment that introduces new social variables put instruc-
tors in a position where they must maximize beneficial collabo-
rative interactions between students and minimize negative
consequences (Andrews and Rapp, 2015). Yet this cannot take
place without a firm understanding of how different group
dynamics impact engagement and thus the potential for learn-
ing. At a basic level, students recognize that the quality of learn-
ing with peers can be inconsistent, and thus students are not
always willing to engage cooperatively (Eddy et al., 2015;
Chang and Brickman, 2018; Premo et al., 2018c). Interdepen-
dency theory (Balliet et al., 2017) argues that individuals invest
energy and resources into helping others in situations where
they will receive a return (i.e., conditional cooperation). For
example, the more students perceive a learning benefit that
comes from peer interactions, the more they are willing to
invest time and effort into working with their peers (Premo
et al., 2018a, b, c). This finding has also been supported by
observing student cooperative behavior in classrooms. The
interaction between likelihood of return perceived by students
(i.e., reciprocity) and investment in peers has been found to
predict observed whole-class prosocial behavior (i.e., disposi-
tion toward working with peers) in undergraduate science lab-
oratory classrooms (Premo et al., 2018a).

The fact that students will invest less in working with peers
under circumstances when doing so is less valuable to their own
learning has the potential to undermine group work. Thus,
knowing which group dynamics preferentially impact willing-
ness to work with a group member is a foundational step toward
ensuring effective group dynamics. This goal is targeted by the
first research question of the current study: “What qualities do
students use to determine if they are willing to work with a
group member in the future?”

The Gl Approach
One early effort to shift chemistry instruction away from a
purely didactic lecture to more student-centered in nature was
through the use of GI (Farrell et al., 1999). This technique uses
many elements of cooperative learning (e.g., instructor as a
facilitator, use of groups, and specific member roles; Johnson
et al., 2014) to support students in completing activities that
take them through a three-phase learning cycle: 1) exploration,
2) concept invention, and 3) application (Lawson, 1995). Stu-
dents begin with the exploration phase, in which they interpret
a model or data, then move to a concept invention phase, in
which they answer questions to reveal important relationships
between concepts, and finally apply these relationships in an
application phase at the end of the session. This cycle is used in
GI at least once in each class to allow students to construct
understandings of major principles throughout the course.
Despite the significant use of GI methodologies (such as
POGIL), and in contrast to the widespread success of coopera-
tive learning (Kyndt et al., 2013) from which much of the tech-
nique is founded, a systematic review of the technique found
that only minor learning gains result from GI (Walker and
Warfa, 2017). In contrast, Hein (2012) reported some differ-
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ences between traditional lectures and POGIL classrooms, but
critically, this study does not demonstrate a significant differ-
ence in learning when a standardized outcome (same examina-
tion type) is used for comparison. In a biochemistry POGIL
course, Bailey et al. (2012) found that student learning
increased from pretest to posttest, but lacked a comparison
group to contextualize whether these gains were more than
those found via traditional approaches (Bailey et al., 2012).

However, not all studies agree that only minor learning
gains occur through GI methodology. Significant impacts of
peer-led team learning (PLTL, an approach building from GI
that uses peer facilitation of six to eight students per group;
Eberlein et al., 2008) have been found in general chemistry
classes. Lewis and Lewis (2005) found that, after statistically
controlling for student academic ability, the amount of PLTL
sessions a student attended positively predicted the student’s
score on three out of five course examinations. In addition,
when overall examination performance was compared between
PLTL and a control group, PLTL students scored significantly
higher in all five examinations. Similar success was reported by
Farrell et al. (1999) in their implementation of GI within a gen-
eral chemistry course. In comparison to traditional lecture
semesters, students who participate in GI have lower ratings of
both course failure and withdrawal. More recent work by
Bokosmaty et al. (2019) also reported significantly increased
percentages of high-performing students in three chemistry
courses following the adoption of a variety of instructional
changes, including significant online pre-instructional supports
(i.e., a partially flipped classroom in which students engaged
with material, including discussion boards, concept videos, or
pre-assessments, before class), as well as in-class activities that
are significantly influenced by POGIL approaches (Bokosmaty
et al., 2019). Yet caution should be taken in the attribution of
increased student performance to POGIL, as this is not the only
experimental manipulation. When taken together, these studies
suggest that GI approaches have the potential to increase stu-
dent learning, yet impacts are highly inconsistent across
studies.

We suggest that one factor contributing to this inconsistency
in student learning is the variable quality of student-student
engagement in groups. Recent qualitative work in chemistry
supports the idea that group dynamics are critical to the GI
learning processes (Warfa et al., 2018). By examining group
discourse, it was found that specific norms of understanding
emerge at the group level during GI and shape how groups
developed an understanding of chemical phenomena. This
result shows that variances exist in how teams engage with con-
tent during GI and suggests that these variances may impact
learning processes. Thus, a more quantitative examination of
which specific forms of variance predict greater student learn-
ing, and to what degree, is needed for optimization of GI
approaches. RQ2, “Which group-work qualities predict student
achievement?,” provided this quantitative examination.

Sources of Variance in Group Learning

Current research examining the relationship between group
work and learning has centered on interaction behaviors such
as contributions of group members (Summers and Volet, 2010),
the general group social environment (e.g., negative aspects;
Monson, 2019), social comfort (Theobald et al., 2017), and
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discourse between group members (Jurkowski and Hénze,
2015; Curseu et al., 2018; Premo et al., 2021; Cavagnetto et al.,
2022). These factors have the potential to impact the efficacy of
GI learning.

How undergraduate students choose to interact in groups
can account for some differences in student learning. One
investigation by Summers and Volet (2010) found that the
number of high-level contributions provided by a student
related to the student’s performance (greater student contribu-
tion to knowledge in the group related to a higher grade). This
finding suggests that student contributions and engagement in
the most productive sections of group conversation may be par-
ticularly impactful to student learning. The idea that differen-
tial engagement may account for learning differences is mir-
rored in Jurkowski and Hénze’s (2015) investigation into the
role of transactional communication (i.e., building on a peer’s
idea) in undergraduate psychology student groups. They not
only found that transactional communication can be increased
via specific training, but engagement in this practice had posi-
tive effects on knowledge acquisition in a group. Both studies
suggest that students may learn more in groups when they are
explicitly and actively engaging with ideas and contributing
during group work.

More general social experiences in teams can also impact
learning. For example, Monson (2019) found that undergradu-
ate sociology students’ experiences during a group research
project could account for their performance on a related final
paper. After controlling for several factors statistically (e.g.,
individual characteristics, group composition, task, group
grades), the author found that individuals who reported nega-
tive experiences did not score significantly lower on the out-
come measure. Yet if their groups reported a negative experi-
ence, and thus did poorly on the group outcome, individual
students’ performances were worse. In other words, students in
negative group climates learn less from the group and subse-
quently perform worse. In alignment, Theobald et al. (2017)
found that greater social comfort in active-learning groups pre-
dicts greater student content mastery (score increase of 27.5%).
Taken together, these results suggest that the general social
environment of a group can account for some of variance in
group learning.

Studies that account for more specific peer-peer dynamics in
groups are less common. One example is Curgeu et al.’s (2018)
investigation of how discussion quality mediated the relation-
ship between motivation to engage in cognitive activities and
performance on a written group report. Their results showed
that the quality of a group’s discussion completely mediates the
motivation to engage in cognitive activities and group perfor-
mance. This suggests that students can be motivated to engage
with cognitive activities in a group, but without high-quality
discussion, motivation cannot drive performance. In total, con-
temporary research on factors impacting student learning in
teams suggests both the quality of student engagement in
groups and the general character of the group’s social environ-
ment have the potential to impact individual student
achievement.

METHODS

This study seeks to investigate the overall question “What group
dynamics positively predict both student engagement with
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peers and achievement in undergraduate science?” The follow-
ing section reports on the data collected and participants,
instructional modes of the courses, methods of measurement,
and methods of statistical analysis.

Data Collection and Participants

Data were collected from 109 student groups with a total of
436 students either in a chemistry course for science majors
(261 students total) or in a biology course for non-science
majors (175 students total). These classes were chosen due to
the highly team-based nature of both courses and the similarity
in instructional approach. Eighty-nine percent of student
groups were four members in size for the duration of the
course, with some being reduced as a result of course with-
drawal. All data were collected in a pretest—posttest format,
with the pretest being completed in the first 2 weeks of the
semester, and the posttest being completed in the last 2 weeks
of the semester.

All students completed ratings of group behavior using the
Comprehensive Assessment of Team Member Effectiveness
(CATME) peer evaluation assessment (Ohland et al., 2012; see
Table 1). All measures were completed by students on the
CATME online platform (catme.org). Almost all students who
consented to the study and completed the CATME peer evalua-
tion assessment were included in the analysis for RQ1 (What
qualities do students use to determine if they are willing to
work with a group member in the future?). A minority of stu-
dents who did consent (n = 27) did not complete the measures
and could not be included. During the initial semester of data
collection, the online CATME peer evaluation only contained
questions related to seven peer-rating group qualities (Ohland
et al., 2012): 1) contributing to group’s work; 2) interacting
with group mates; 3) keeping the group on track; 4) expecting
quality; 5) having relevant knowledge, skills, and abilities; 6)
willing to work the group member in the future; and 7) per-
sonal connection to the group member. As more data were col-
lected in later semesters, the online CATME peer evaluation
was updated with an additional seven group qualities: 1) rela-
tionship conflict, 2) process conflict, 3) task conflict (Jehn and
Mannix, 2001), 4) group interdependence (Vegt et al., 2001),
5) group commitment (Carless and De Paola, 2000), 6) inter-
personal cohesiveness (Loughry and Tosi, 2008), and 7) group
attraction (Loughry and Tosi, 2008; see Table 1). As these addi-
tional questions were not originally available to students on the
online CATME platform, groups from earlier semesters could
not be included in the analysis for RQ2 (Which group-work
qualities predict student achievement?). This reduced the sam-
ple size to 116 biology students (29 groups) and 185 (42
groups) chemistry students in the analysis for a total of 14
group qualities.

Demographics for participants included in the analysis of
both RQ1 and RQ2 can be seen in Table 2. Despite a significant
reduction in participants from RQ1 to RQ2, demographic com-
positions of participants and average course performance
remained relatively consistent between the research questions.
There are several important demographic differences between
the chemistry and biology courses that are important to note:
1) the chemistry course had 65-71% men compared with the
more even distribution of 53-54% men in the biology course
(nonbinary and/or gender queer were not options for students
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TABLE 1. Online CATME peer evaluation assessment

Which Group Dynamics Matter

Section Quality Example items Type?
CATME peer ratings Contributing to the group’s work  Does more or higher-quality work than expected./Makes important PR & SR
(Ohland et al., 2012) contributions that improve the team’s work.
Interacting with group mates Asks for and shows an interest in teammates’ ideas and contribu- PR & SR
tions./Provides encouragement or enthusiasm to the team.
Keeping the group on track Makes sure that teammates are making appropriate progress./ PR & SR
Gives teammates specific, timely, and constructive feedback
Expecting quality Motivates the team to do excellent work./Believes that the team PR & SR
can do excellent work.
Having relevant knowledge, Demonstrates the knowledge, skills, and abilities to do excellent PR & SR
skills, and abilities work./Able to perform the role of any team member if
necessary
Willing to work with them in the [ would gladly work with this individual in the future./If I were PR
future selecting members for a future work team, [ would pick this
person.
Personal connection I like this person as an individual./I consider this person to be a PR
friend.
Group conflict (Jehn and Relationship conflict How often do people get angry while working in your group?/ SR

Mannix, 2001)
Process conflict

How much emotional conflict is there in your work group?

How often are there disagreements about who should do what in SR

your work group?/How much conflict is there in your group
about task responsibilities?

Task conflict

How much conflict of ideas is there in your work group?/How SR

often do people in your work group have conflicting opinions
about the project you are working on?

Group interdependence (Vegt et al., 2001)®

I depend on my teammates for the completion of my work./I have SR

to work closely with my teammates to do my work properly

Group commitment (Carless and De Paola, 2000)"

Our team is united in trying to reach its goals for performance./T'm SR

unhappy with my team’s level of commitment to the task.
(scale reversed)

Group work (Loughry and  Interpersonal cohesiveness
Tosi, 2008)

Group attraction

Team members like each other./Team members get along well SR

Team members get to participate in enjoyable activities./Team SR

members like the work that the group does.

PR, peer rating; SR, self-report.

*Some sections of online CATME Peer Evaluation Assessment just measured one group quality.

to select due to a limitation of inclusive demographic selections).
2) The chemistry course had a more ethnically diverse student
population, with ~22% of students identifying as non-Caucasian
compared with ~14% in biology. 3) Students’ final grade point
averages in chemistry were lower than in biology. 4) In the biol-
ogy course, a majority of students were in either their first or
second year, while students in the chemistry course were distrib-
uted across the four years.

Context

Instructor Competency. The instructors of both the biology
(H.W.-A.) and chemistry (M.H.) courses have received signifi-
cant training in POGIL. Both have trained at POGIL regional
conferences and have obtained certification to train other prac-
titioners. In addition, both professors have facilitated six POGIL
training conferences, instructing more than 300 high school
and university teachers in the POGIL pedagogy during the
period of data collection. H.W.-A. holds a PhD in cellular biol-
ogy and physiology and has 20 years of experience teaching
biology at the undergraduate level. M.H. holds a PhD in chem-
istry and has 20 years of experience teaching chemistry at the
undergraduate level.

CBE—Life Sciences Education « 21:ar51, Fall 2022

Course Descriptions. Participants in the study were either
enrolled in introductory biology for nonmajors or introductory
chemistry for majors. See Table 3 for a comparison of the two
courses. While the demographics of students and enrollment size
varied between the two courses (described earlier), many simi-
larities in instructional approach were present. One critical differ-
ence to note is that the biology course was structured to encour-
age higher dependence on group members. Specifically, one
biology assignment was randomly gathered from each group to
represent the efforts of the entire group. In the chemistry course,
students knew whose work would be collected for the group.
Additionally, students in the biology course completed part of
their final course examination as a group, which constituted 30%
of the final exam score. More details as to the curriculum used in
each course can be found in the Supplemental Material.

Measures

Instrument Description. Students completed the CATME peer
evaluation assessment at two time points (within the first 2
weeks of the semester and during the last 2 weeks) in both the
biology and chemistry courses via the CATME online platform
(catme.org). The CATME platform first trained students by
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TABLE 2. Demographics

Biology Chemistry
Variable RQ1 RQ2 RQ1 RQ2
1. Number 175 116 261 185
2. *Gender (women, men) 47%, 53% 46%, 54% 29%, 71% 35%, 65%
3. Academic standing
Year 1 58% 58% 16% 10%
Year 2 33% 35% 46% 46%
Year 3 6% 7% 23% 24%
Year 4 3% 0% 15% 19%
4. Average age 20.7 20.5 22.3 22.59
5. *Ethnicity
Asian/Asian American 2% 2% 1% 1%
Hispanic/Latino/a 8% 6% 13% 12%
White/Caucasian 85% 89% 76% 79%
Pacific Islander <1% <1% 1% <1%
Multiracial/other 4% 2% 5% 5%
Black/African American 0% 0% 1% <1%
Native American 0% 0% 1% 0%
6. Average course grade 3.10/4 3.08/4 2.62/4 2.66/4

having them rate hypothetical students’ behaviors before asking
students to rate their own group members. For RQ1, students
responded to 11 questions (five peer rating and six Likert type),
while for RQ2, students answered an additional 23 Likert sur-
vey questions assessing their views of, and experiences with,
their groups (where 1 = strongly disagree, 2 = disagree, 3 =
neither agree nor disagree, 4 = agree, and 5 = strongly agree).

TABLE 3. Comparison of courses

As a reminder, the CATME peer evaluation assessment did not
include the additional questions on their online platform until
later in the study, thus RQ2 has a smaller sample size. See Table
1 for more details on these measures and example descriptors/
items used in the CATME peer evaluation assessment. The full
CATME peer evaluation assessment and more details regarding
its implementation can be found in the Supplemental Material.

Course element Biology course

Chemistry course

Population served
Size and demographics

Non-science majors

students
Use of GI

50-65 students per section, majority first year

Science majors

100-150 students per section, majority second year
students

>85% of course material is taught via GI and is present in almost every class during the semester (method

highly informed by Moog et al., 2006)

Permanence of groups

Composition of groups 4 members per group

Based on study time availability Avoidance of

Groups are established at the start of the semester and largely remain the same throughout

At least 4 members per group, larger groups were
uncommon

minority women presence in a group (e.g., 3 men Based on study time availability

and 1 woman)
Roles assigned to team members
(rotated per class session)

Manager (keeps the team on task and asks questions for the group)
Spokesperson (presents the team’s answers)

Reader (reads questions out loud to the group)

Scribe (ensures team consensus on answers as
assignment collection for grading is random)

Recorder (turns in the assignment for the team’s
grade)

Grading 10% GI activities* (group grade) 10% reflections
10% study modules 20% GI activities** (group grade)
10% research study 20% homework
20% homework 20% individual exams
30% individual exams 30% individual final exam
20% individual and group final exam GI activities are group grades, and students know
GI activities are group grades and students do not which student’s assignment will be collected.
know which student’s assignment will be
collected.
Final examination is partially completed as a group
(70% of the exam was based on individual score.
while 30% came from the group score).
21:ar51, 6 CBE—Life Sciences Education  21:ar51, Fall 2022



Measurement Quality. Recent research in undergraduate sci-
ence education has argued that structural validity of an instru-
ment cannot be assumed across different educational contexts
and that factor analysis should be conducted and reported on
when an instrument is used in a new context (Knekta et al.,
2019). Thus, we assessed the quality of measurement models
for all aspects of group work being measured via confirmatory
factor analysis (CFA) and Cronbach’s alpha reliability. The Cron-
bach’s alpha values were largely in the range of acceptability (o
= 0.70 to 0.89), with one subscale being mediocre at 0.66 but
sufficient for exploring new areas of education research (Hair,
2011). CFA was then used to test a hypothesized latent struc-
ture of the CATME peer evaluation assessment and provided
evidence of structural validity (Brown, 2015). Evaluation of the
CFA measurement model quality was conducted using fit indi-
ces. Essentially, fit indices indicate the extent to which individ-
ual survey questions/ratings align with their hypothesized
structure (i.e., we would expect all questions that measure rela-
tionship conflict to group together, as they are designed to mea-
sure the same factor, and not group with those designed to
assess a different factor like interdependency).

We used three common fit indices to assess the quality of the
CATME peer evaluation assessment for RQ1 and the additional
group-work questions added to the CATME peer evaluation
assessment for RQ2 survey subscales independently. For the
root mean-square error of approximation (RMSEA), <0.06 is
considered to be a threshold value indicating a good fit for the
model (Hu and Bentler, 1999), with values up to 0.08 being
considered acceptable (MacCallum et al., 1996). A comparative
fit index (CFI) of 0.90 or above indicates adequate model fit
(van de Schoot et al., 2012). The last fit index reported was the
standardized root mean-square residual (SRMR). Values for the
SRMR below 0.05 indicate good model fit (Diamantopoulos
et al., 2000), but up to 0.08 is considered acceptable (Hu and
Bentler, 1999). All models were run using a robust maxi-
mume-likelihood estimator to correct for variations in normality.
While the above cutoff values were used, we recognize that no
single cutoff value is appropriate to be used across all contexts
(Hancock and McNeish, 2017) and that acceptable overall fit
can occur with a weaker index if the remaining indices support
acceptance of the model (Brown, 2015). Thus, a majority rule
was used where at least two out of three fit indices had to indi-
cate at least adequate fit to be used in the results.

CFA results for the RQ1 CATME peer evaluation assessment
included RMSEA =0.10, CFI=0.96, and SRMR = 0.03. Given the
cutoff values chosen, the RMSEA value indicates poor fit, the CFI
indicates excellent fit, and the SRMR indicates good fit. Thus, the
latent factors from Ohland et al. (2012) are used in the analyses,
given that 2/3 of the fit indices had at least acceptable fit. CFA
results for the RQ2 CATME peer evaluation assessment survey
subscales included RMSEA = 0.03, CFI=0.97, and SRMR = 0.04.
All these values indicate that the hypothesized latent subscale
structure for items had good fit and support the analysis using
the specified latent factors discussed in Measures.

Assessments contributing to the measure of course achieve-
ment include both GI teamwork activities and examinations.
These are based on published curricular materials developed by
experts in their respective scientific fields, which support both
content and construct validity. For more information on these,
see the Supplemental Material.
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Analyses

Regression Analysis and Model Fitting. We used multiple
regression to examine factors that predicted dispositions toward
working with a group member and end of course achievement.
A large number of potential predictors were collected, and
regression was used to examine the relative impact of these fac-
tors simultaneously (Field, 2013). A separate model selection
process was completed for each research question and subject
area (four models total). The process of arriving at the best-fit-
ting model was the same for each model and followed the steps
outlined in Jordt et al. (2017).

After we generated a highly inclusive initial model for pre-
dicting each research question by course (see the left column of
Table 4 for all variables initially included), backwards stepwise
regression was used to remove variables from the model until
we had the best-supported model based on Akaike information
criterion (AIC) validation. AIC is a relative fit index. This means
that AIC values only indicate goodness of fit when compared
with the AIC values of other potential models; lower values
indicate a more optimal model (Burnham and Anderson, 1998).
We adopted the model with the lowest AIC, with the simpler
model being accepted if AAIC was 2 > |x| > 0 (Jordt et al.,
2017). Variables are retained in the preferred model if they
meet the criteria, even if they are nonsignificant predictors, as
these still have explanatory power based on AIC (Burnham and
Anderson, 1998). One caveat holds: To control for variance
based on gender and underserved student status, these charac-
teristics were retained in the model regardless of significance.

RESULTS

Biology Had More Dramatic Changes in Group Qualities
throughout the Semester Than Chemistry

To begin investigating our overall research question, “What
group dynamics positively predict both student engagement
with peers and achievement in undergraduate science?,” we
first examined within each class how group-work qualities
changed throughout the semester. With the updated version of
the CATME peer evaluation assessment, 14 group qualities
were assessed in a pretest—posttest manner (see Table 1 for all
measures collected). These included qualities for which group
members rated each of their peers (e.g., contributions, interac-
tions, quality of work, personal connection) and assessed their
group as a whole (e.g., conflict in the group). Due to data being
collected at both the beginning and end of the semester, this
allowed us to examine any change in groups during the
semester.

Before assessing the changes in group qualities during the
semester, we first compared pretest scores for groups in biology
with those in chemistry to assess any initial differences. Analy-
sis showed no significant differences between groups in each
class at the start of the semester, indicating that any significant
changes at the end of the semester were not due to any inherent
qualities. Of the 14 group qualities assessed, eight categories
demonstrated a statistically significant change in the biology
course, while six were identified in the chemistry course (see
Figure 1). Overall, individuals in both biology and chemistry
rated their group members higher in group-work abilities (i.e.,
contribution; interaction; keeping the group on track; expecting
quality group work; and having relevant knowledge, skills, and
abilities) at the end of the semester than at the start of the
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TABLE 4. Summary of research questions, predicting variables, and results by class (B = biology, C = chemistry)?

RQ1: What qualities do students use to determine if they are willing to work with a group member in the future?

Qualities assessed for each individual group member Qualities that determined willingness to work in the future B C
Student’s contributions More willing to work with the student if student contributed more X X
Personal connection to the student” More willing to work with the student if they felt connected to the X X
student
Student’s interactions with group® n.s.
Student’s efforts to keep the group on track® n.s.
Student’s expectations of quality work® n.s.
Student’s knowledge, skills, and abilities® n.s.
Demographic factors for RQ1
Gender of a student Less willing to work with the student if the student was a woman X
Student is from an underserved population n.s.
RQ2: Which group-work qualities predict student achievement (final grade point average in the course)?
Qualities assessed for each individual/group Group-work qualities that predicted student achievement B C
Student’s contributions>* Higher grade if student contributed more X X
Group members’ willingness to work with a student® Higher grade if group members were willing to work with the X X
student in the future
Students’ self-reported interactions with their group Lower grade if students reported that they interacted more with X X
their groups
Student’s interactions with group® Lower grade if student interacted more with the group X
Process conflict in group Higher grade if more process conflict was present in the student’s X
group
Relationship conflict in group Lower grade if more relationship conflict was present in the X
student’s group
Task conflict in group Higher grade if more task conflict was present in the student’s X
group
Student’s expectations of quality work®® Higher grade if the student expected quality group work X
Student perception of group interdependence n.s.
Student perception of group interpersonal cohesiveness n.s.
Student perception of group commitment to tasks n.s.
Student perception of group attraction to tasks n.s.
Student’s efforts to keep the group on track®* n.s.
Student’s knowledge, skills, and abilities>* n.s.
Demographic factors for RQ2
Student is from an underserved population Lower grade if the student was from an underserved population X

Gender of a student n.s.

2All variables were collected in a pretest-posttest format. Detailed model results including coefficients and R-squared values can be in Tables 5, 6, 7, and 8. Rows with
the darkest shading show variables that were significant for both classes, rows with lighter shading were only significant for one class, and unshaded rows were not

significant for either class.

"These variables were measured by each member in a group rating other group members.
Student self-report data for these subscales were also assessed but were not significant predictors.

semester. This highlights that groups in both the biology and
chemistry classes noticed an increase in their group members’
skills throughout the semester when the class was centered
around GL

While there were similarities between the group-work quali-
ties that changed between biology and chemistry, the magni-
tude of this change was different between courses (see Figure
1). Students in the biology course rated the growth of their
peers around five times higher in the areas of contribution (biol-
ogy d = 0.64, chemistry d = 0.12), interactions (biology d =
0.67, chemistry d = 0.13), and having relevant knowledge,
skills, and abilities (biology d = 0.62, chemistry d = 0.11) than
chemistry groups. Biology groups had four times the growth in
expecting quality work (motivates the team to do excellent
work, believes that the team can do excellent work; biology d =
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0.84, chemistry d = 0.2) and around 2.5 times growth in evalu-
ating their peers’ ability to stay on track (biology d = 0.59,
chemistry d = 0.23) when compared with chemistry groups.
Biology groups also gained personal connections to their group
members that were more than three times larger than those
seen in chemistry groups (biology d = 0.43, chemistry d = 0.14).
Finally, biology groups experienced a significant decrease in
task conflict (d = 0.35) during the semester. This was paired
with an increase in interpersonal cohesion in their groups (d =
0.28). Neither of these changes were seen in chemistry groups.

When taken together, these changes in group qualities sug-
gest a fundamental difference in group experiences in the biol-
ogy course which were not experienced in the chemistry course.
This may have direct implications for the role of group work in
the courses including student learning and the development of
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Biology. A detailed look at the final biol-
ogy model (Table 5) indicates that out of
all the variance in a group member’s con-
Chemistry tinued willingness to work with a stu-
dent, the model can account for 75% of
that variance (adjusted R?> = 0.75). This
indicates that the final regression model
was a very strong model for predicting a
group’s continued willingness to work
with a student. Additional nuances in the
model results show that, while both a stu-
dent’s contributions at the start (initial)

= Biology

Change during the scemster (post-test - pre-test)

Student's Student's Student's Student's Student'’s
contributions  interactions  cfforts to keep expectations of knowledge,
with group  the group on  quality work  skills, and

track abilities

Personal
connection

and end of the semester (overall) are pre-

f dictive, they differ in magnitude. A stu-
dent’s contributions overall for the semes-
ter had a much higher impact (B = 0.46)
than a student’s contributions at the start
of the semester (B = 0.13). Additionally,
group members’ personal connections to
a student were important (B =0.51), sim-
ilar in magnitude to a student’s contribu-
tion rating.

Task conflict Interpersonal
in group cohesion

FIGURE 1. Changes in group qualities during the semester for both the biology and

chemistry courses. All differences shown were statistically significant following a

Bonferroni correction (p < 0.003).

teamwork skills. Potential reasons for these differences will be
explored in the discussion below.

RQ1: What Qualities Do Students Use to Determine If They
Are Willing to Work with a Group Member in the Future?
Engaging students in collaborative work is a foundational step
toward understanding how to promote student-centered learn-
ing. We hypothesized that student behaviors that explicitly sig-
nal greater likelihood of benefit (e.g., a student’s contributions)
would predict group members’ willingness to work with a stu-
dent in the future. For example, if a student feels that all group
members are contributing, and they will not be left with the
burden of all the group work, then that student will be more
willing to continue to work in a group. Alternatively, students
will be more willing to continually engage in group work if they
feel an increase in collaboration will benefit their learning
(Premo et al., 2018a). While we are not able to get at the exact
mechanism of the type of benefit students might be perceiving,
this hypothesis is supported in both the biology and chemistry
courses as described in the following sections.

TABLE 5. Final regression model predicting willingness to work
with a group member in the future (biology)*

Factor® B SE

Intercept -0.16 0.23
Student is a woman 0.03 0.03
Student is from an underserved population 0.04 0.05
Student’s initial contributions to the group* 0.13 0.05
Student’s overall contributions to the group* 0.46 0.05
Personal connection to the student* 0.51 0.07

n = 175; Adjusted R*> = 0.75.
*Initial = beginning of semester; overall = end of semester.
*p < 0.05.
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Chemistry. The final chemistry model
can be seen in Table 6 and is able to
account for a majority of the variance
(adjusted R* = 0.59) in group members’ continued willing-
ness to work with a student. This model accounts for less
variance in willingness to work than the final biology
model, but still can account for 59% of this disposition,
with only three predictors indicating that this is a good
model overall. Despite model consistency between biology
and chemistry (in both contributions and personal connec-
tion predicting continued willingness to work), two differ-
ences are present in chemistry. First, gender is predictive of
a group’s continued willingness to work with a student.
Group members were significantly less willing to work with
a woman than a man, showing significant gender bias in
chemistry groups. Second, only a student’s overall semester
contributions to the group predicted the group’s continued
willingness to work, and not initial contributions at the
start of the semester.

Overall. When comparing biology and chemistry, a group
member’s contributions to the group had the largest impacts on
group members’ continued willingness to work with a student
Byioogy = 0-59, By iy = 0.48). Group members’ feelings of per-
sonal connection to the student were also predictive of willing-
ness to work in both models. While being willing to work with
those you have a personal connection to is not a particularly
surprising factor, it was neither the sole nor the largest factor in
predicting students’ willingness to engage with group members
in this study. Interestingly, a number of group-work qualities
that have been previously tied to group effectiveness (Ohland
et al., 2012) did not predict willingness to work with a student
in both the biology and chemistry models (p < 0.05). These
included the student’s interactions with the group; efforts to
keep the group on track; expectations for quality group work;
and the student’s knowledge, skills, and abilities. While a
student’s knowledge, skills, and abilities signal the implicit
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TABLE 6. Final regression model predicting willingness to work
with a group member in the future (chemistry)?

TABLE 7. Final regression model predicting student achievement in
biology®

Factor® B SE Factor® B SE
Intercept 0.67 -0.21 Intercept 0.55 0.57
Student is a woman* -0.09 -0.03 Student is a woman 0.04 0.06
Student is from an underserved population -0.04 -0.04 Student is from an underserved population 0.03 0.10
Student’s overall contributions to the group* 0.48 0.04 Student’s initial interactions with group* -0.27 0.09
Personal connection to the student* 0.43 0.06 Student’s expectations of quality work* 0.25 0.10
i = 261; Adjusted R = 0.5, Initial task conflict in group* 0.39 0.10
"Overall,: end of semester. Overall relationship conflict in group* -0.39 0.13
*p < 0.05. Student’s overall contributions* 0.37 0.10
Overall group member willingness to work with a 0.29 0.09

potential for future benefit, this factor was not predictive (p <
0.05). This may be because what a student contributes to the
group is more tangible and impactful in comparison to a stu-
dent’s potential knowledge, skills, and abilities. This difference
has implications for how instructors can encourage more con-
tinued willingness to work within their classroom groups,
which will be explored in the Discussion.

RQ2: Which Group-Work Qualities Predict Student
Achievement (Final Grade Point Average in the Course)?
Given that both courses are highly reliant on students working
in groups (>85% of instructional time), we hypothesized that
group experiences would be related to course achievement.
This is supported by research suggesting that both the quality of
student engagement with ideas (e.g., contributions) in groups
and the group’s social environment (e.g., conflict, interpersonal
cohesion) are linked to learning (Jurkowski and Hanze, 2015;
Theobald et al., 2017; Curseu et al., 2018; Monson, 2019;
Premo et al., 2021; Cavagnetto et al., 2022).

Biology. Six group qualities predicted student achievement in
biology (see Table 7). Specifically, if students said that they
expected quality group work, this predicted higher achieve-
ment. Yet if students said that they interacted more with their
groups (e.g., encouragement, listening to feedback, being
polite), this predicted lower achievement. The finding that
self-reported interactions predicted decreased achievement
contrasts with the finding that group members’ ratings of a stu-
dent’s contributions predicted the opposite (i.e., increased
achievement). This suggests a core difference between the cog-
nitive functions of just interacting with a group versus contrib-
uting to the group in terms of learning. In addition, group mem-
bers’ desire to work with a student predicted higher achievement.
This shows the importance of having supportive group mem-
bers—increased ability of a student to learn in a group. Finally,
greater presence of task conflict in their group predicted
increased achievement, while more relationship conflict pre-
dicted decreased achievement. Of these predictors of achieve-
ment in biology, task conflict (B = 0.39) and group members’
ratings of a student’s contributions (B = 0.37) predicted the
largest increases in achievement. Relationship conflict in the
group predicted the largest decrease in achievement (B =
-0.39).

Chemistry. Five group qualities and one demographic attri-
bute predicted student achievement in chemistry (Table 8). As

in biology, if students said that they interacted more with their

21:ar51, 10

student in the future®

n = 116; Adjusted R* = 0.41.
"Initial = beginning of semester; overall = end of semester.
p < 0.05.

groups (e.g., encouragement, listening to feedback, being
polite), this predicted lower achievement. In terms of group
members’ ratings, the more group members said a student con-
tributed and the more group members wanted to work with the
student, the higher the student’s grade. In addition to self-re-
ported interactions predicting lower student achievement in
chemistry, if group members rated a student’s interactions as
higher, this predicted additional decrease in the student’s final
grade. The contrast between contribution as a positive predic-
tor of achievement and more general interactions (e.g., encour-
agement, listening to feedback, being polite) as a negative pre-
dictor can be seen as a theme across both biology and chemistry.
A predictor that was present in chemistry but not biology
included when a student was from an underserved population.
Students who were non-Caucasian received lower grades in
chemistry. Finally, group process conflict predicted positive
increases in one’s grade, which was a form of conflict that was
not predictive in biology.

Overall. Results in both biology (Table 7) and chemistry (Table
8) only partially align with our hypotheses. Group qualities
were able to predict a much higher percentage of a student’s
grade in biology (41% of a student’s final grade point average
in the course) than in chemistry (15%). This suggests that
dynamics of group learning were less impactful on student

TABLE 8. Final regression model predicting student achievement
in chemistry?

Factor® B SE

Intercept 1.58 0.55
Student is a woman 0.01 0.07
Student is from an undeserved population* -0.29 0.08
Student’s initial interactions with group* -0.19 0.08
Overall process conflict in group* 0.26 0.13
Student’s overall contributions* 0.31 0.09
Student’s overall interactions with group* -0.25 0.10
Overall group member willingness to with student ~ 0.23 0.10

in the future*

an = 185; Adjusted R* = 0.15.
"Initial = beginning of semester; overall = end of semester.
*p < 0.05.
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achievement in chemistry than in biology (though 15% of a
student’s achievement can easily determine the student passing
or failing a university course). Despite this difference, there
were common group qualities that predicted achievement in
both courses. These included a students’ contributions and their
group members’ continued willingness to work with them. As
will be explored in the Discussion, the presence of different
forms of conflict increased/decreased achievement. Interest-
ingly, more interactions (e.g., encouragement, listening to feed-
back, being polite) consistently predict decreased achievement
across courses, despite being on-task and relevant to working in
a group (see Table 4 for an overview of results).

DISCUSSION

As strategies that rely on peer-to-peer dynamics (in contrast to
lecture) become increasingly adopted in undergraduate sci-
ence, the efficacy of these approaches will rely on both: 1) the
ability of the instructor to promote collaborative engagement
between students and 2) the encouragement of dynamics that
increase group learning. Thus, we sought to determine what
predicts a group member’s continued willingness to work with
a student before exploring the extent to which group qualities
predict student achievement.

Which Group Dynamics Matter?

Continued Willingness to Work with a Student Depends on
Conditional Cooperation and Personal Connection
Conditional Cooperation. Students who are willing to work
with one another are foundational to group work in the class-
room. Additionally, some experiences, such as interdependence
structures and more exposure to group work can result in stu-
dents who are more willing to work with peers in the future
(Premo et al., 2018a; Van Ryzin et al., 2020). Thus, in this study,
we hypothesized that students would be more willing to con-
tinue to work with their peers in the future if they perceived
doing so would improve their learning (conditional coopera-
tion; Keser and van Winden, 2000; Premo et al. 2018a, b). Spe-
cifically, students would be more willing work with peers in the
future who were directly contributing to group work. In this
study, there was strong evidence that despite the difference in
class content (biology vs. chemistry), students who completed
group work in a GI-centered class were more willing to continue
to work with their peers when they felt that there was direct
contribution to the group.

The importance of a student’s contributions is striking in
that neither a student’s ability (having relevant knowledge,
skills, and abilities) nor other group-work dynamics (interact-
ing with the group, keeping the group on track, and expecting
quality) significantly predicted group members’ future willing-
ness to engage with a student. While these factors have been
found to be critical for group effectiveness in other studies
(Ohland et al., 2012), students are not using these behaviors to
judge who they are willing to work with in the future.

Personal Connection. Personal connection was the additional
quality group members used to determine continued willing-
ness to work with a student in both biology and chemistry. This
suggests that allowing students to self-select groups may have
the benefit of generating groups with increased willingness to
work together if students have friends in the classroom whom
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they have worked with in the past. It must be recognized that
the students without these social connections would not benefit
from grouping in this way. Personal connection may also be
increased through greater student sense of belonging. Prior
research has found connections between a student’s sense of
belonging and friendship (Pittman and Richmond, 2008). Addi-
tionally, there are a number of instructor qualities that have
been found to be associated with classroom belonging, such as
instructor warmth and structuring the classroom to support
belonging, engagement, and motivation (Dewsbury and Brame,
2019; Freeman et al., 2007; Zumbrunn et al., 2014). An infor-
mative area of further study would be examining how a sense
of belonging and inclusive classroom environment impact how
students work and learn from one another.

Finally, it is important to recognize that continued willing-
ness to work with a student is not just about the level of collab-
oration within a group. As it will be discussed further, the more
a group is willing to work with a student in the future, the
higher the student’s final course grade (regardless of whether
the student was in biology or chemistry). This means that stu-
dents who contribute more tend to have more collaborative
groups (due to higher willingness to work), which ultimately
leads to an increase in their final grades.

Gender Bias. One critical difference between group members’
continued willingness to work with students between biology
and chemistry was that chemistry students held a significant
bias against future group work with women. Prior research has
shown that gender differences do exist in chemistry classrooms,
with women having significantly lower self-efficacy and higher
test anxiety despite equal achievement in the subject (Sunny
et al., 2017). This phenomenon is likely connected to the larger
issue of gender bias in chemistry, which can be seen in popular
chemistry textbooks (Murray et al., 2021) and among practic-
ing chemists (Miller-Friedmann et al., 2018).

Additionally, women have historically been underrepre-
sented in science (Beede et al., 2011), with this trend being
especially alarming in the state where this study occurred (only
23.5% of science jobs are held by women; Hess et al., 2015),
indicating that there may be a cultural component to the gen-
der bias seen in chemistry. While this does not explain why
there is no significant gender bias in biology, it may be due to
the increased number of men in the chemistry course. Previous
studies have found that gendered stereotypes (science is for
men) negatively impact women’s science identity (Starr, 2018).
Despite women having significantly higher achievement in high
school STEM classes, they are significantly less likely to pursue
a STEM major in college (Jiang et al., 2020).

Thus, promoting student success relies on the ability
of science environments to support the development of stu-
dent science identity and sense of belonging in science. Iden-
tifying more with science increases student science motiva-
tion and desire to pursue science-related careers (Estrada
et al., 2011). Investigating how one should holistically
define, measure, and support science identity and sense of
belonging for students, especially women, is critical. Further
work is needed to identify how gender bias is manifesting in
chemistry classrooms and which interventions would be most
appropriate for reducing the impacts of this on women in
chemistry classrooms.
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Dynamics That Predict Achievement: Contributions, Conflict,
and Support

“Contributing to” versus “Interacting with” a Group. As was
mentioned earlier, contribution was an important predictor of
student achievement for both classrooms. Yet surprisingly,
interaction-based behaviors in groups had the opposite impact
and predicted lower achievement. This may seem counterintui-
tive. However, a core difference between contribution and
interactions, as defined by the CATME instrument items, is that
contributions require active cognitive processing of ideas, while
interactions do not. CATME defines interaction as involving
more surface-level engagement with the group through “show-
ing interest,” “being encouraging,” and “asking for feedback”;
none of which require active cognitive processing of ideas. For
example, a student can encourage peers to generate ideas with-
out having to think deeply about those same ideas. The contrast
between noncontent interactions and content contributions is
aligned with research highlighting that greater learning results
from more active cognitive processing of ideas. Students learn
more when interactions include high discussion quality (Curseu
et al., 2018), productive discourse around contrasting opinions
(Sampson and Clark, 2011; Howe, 2014; Premo et al., 2021),
and the justification of one’s ideas (Premo et al., 2021).

The contrast between contributions and interactions pro-
vides insights into how to structure group work that promotes
contributions, while being mindful of inclusive interactions. For
example, if a student shows interest in another student’s ideas
and is encouraging, the student being encouraged is likely to
find the group environment more welcoming and inclusive. Yet
the results of this study show that these noncontributing inter-
actions during learning activities themselves (i.e., GI in this
case) detract from achievement. We would argue that interac-
tive behaviors during group work are not detrimental in and of
themselves but may be functioning to decrease the amount of
time a student has to actively process ideas and contribute. Stu-
dents always have a finite amount of time to learn from another
during group work. Thus, to maximize learning during these
periods, students should be primarily focused on contribution
and related content conversations.

Group Conflict. Conflict in student groups has been conceptual-
ized as having a negative influence on student learning (Buchs
et al., 2004; Sohr et al., 2018), but prior research has shown
that some form of conflict can also be useful in supporting
group performance (Jehn and Mannix, 2001; Jehn and Shah,
1996). In direct alignment with the results of this study, Curseu
et al. (2012) found that task conflict can be useful in promoting
group performance, while relationship conflict has the opposite
effect. Thus, conflict in groups is not a unidimensional con-
struct. Instead, conflict involving ideas (task conflict in this
study) and the processes by which a team engages with ideas
(process conflict in this study) both appear to have the potential
to promote learning. This likely arises from the potential for
“cognitive conflict” (Piaget, 1985) around ideas that are likely
to arise in these scenarios.

Cognitive conflict occurs when a student’s current cognitive
structures are disrupted based on the presence of discrepant
ideas from team members—a factor likely involved in both
forms of conflict. This difference between cognitive conflict of
ideas versus conflict in interpersonal relationships was also
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recently noted by (Butera et al., 2019) and emphasizes the pos-
itive impact of some form of conflict on cognition. We hypothe-
size that task and process conflict may be promoting learning
through changing the types of interactions occurring between
students, so they are more likely to involve higher cognitive
processing (just like the contributing behaviors mentioned ear-
lier). Both contrasting opinions (Howe, 2014; Premo et al.,
2021; Sampson and Clark, 2011) and having to justify one’s
ideas (Premo et al., 2021) have been shown to promote learn-
ing, and future work should explore how best to promote these
in undergraduate science.

Peer Support. Knowing the factors that promote student—stu-
dent engagement is critical, because many active-learning strat-
egies rely on students being willing to actively work with peers.
Results from the current study highlight this importance. Hav-
ing group members who were continually willing to work with
a student was a positive predictor of achievement regardless of
class. Being part of a group of students who are willing to con-
tinually engage with one another is not merely a convenience
but a core necessity for student achievement in courses that use
group work.

Underserved Students. In this study, underserved students
(non-Caucasian) received significantly lower grades in chemis-
try than their Caucasian peers. This was not seen in the biology
class. Similar to women, underserved students are minoritized
in chemistry with nonequitable representation in the classroom
and in chemistry-related careers (Menon, 2021). Previous stud-
ies have demonstrated that a decreased sense of belonging is
predictive of lower achievement for non-Caucasian students
(Fink et al., 2020; Edwards et al., 2021). As such, underserved
students may not feel a sense of belonging in their groups and/
or classrooms, and this might impact their contribution to a
group. In particular, underserved students may be battling ste-
reotype threat (Spencer et al., 2016) and may engage in code
switching (Morton, 2014) in these situations. As mentioned
earlier, this study demonstrates that active contribution to a
group predicts achievement. If students are allocating cognitive
effort to avoid stereotypes and implement code switching in
their courses, that energy is not being spent on cognitive pro-
cessing (Johnson et al., 2021; Taylor and Walton, 2011). While
more research is needed to investigate this further, inclusive
pedagogy within the classroom can help promote the success of
all students.

Accounting for Differences between Biology and
Chemistry

Majors versus Nonmajors. Several factors predicting group
members’ willingness to work with a student in the future
and student achievement were common between the biology
(nonmajors) and chemistry (majors) courses. This suggests
that these same factors may be important group dynamics in
other areas of science instruction. Yet several factors were
unique to just one course, and there was significantly more
growth in group members’ ratings of their group members’
abilities in biology over chemistry. Both warrant a discussion
of the extent to which the nature of the courses (nonmajors
vs. majors) and the students in them, may be contributing to
this difference.
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Prior research has shown science major students have some
differences from non-science majors. For example, science
major students have significantly higher science motivation
(Glynn et al., 2011), content knowledge (Partin et al., 2013),
and science self-efficacy (Johnstone et al., 2001). For non-sci-
ence majors, motivation to learn science tends to be connected
to how relevant science is to their own (non-science) career
trajectories (Glynn et al., 2007), which is more explicitly pres-
ent for science majors. Yet differences between these groups are
not always clear. For example, it has been found that non-sci-
ence majors can have higher attitudes toward science than sci-
ence majors (Partin et al., 2013) and that both groups can hold
similar views about the nature of science (Miller et al., 2010).

Based on these findings, one might hypothesize that science
majors (i.e., those in the chemistry course) would be more
motivated to engage in and develop group-work skills due to
having higher science motivation. As this study did not collect
information on science motivation, we cannot conclude science
majors in this study had a higher science motivation than the
nonmajors. However, the finding that students in the biology
course (nonmajors) grew in their group-work skills two to five
times more than students in chemistry (majors) contrasts this
hypothesis. Based on the increased growth, one could predict
that the biology students would be more motivated in class if
motivation was indeed the reason for these differences. Thus,
several alternative factors may account for the differences in
both group-work skill development and model differences
between biology and chemistry.

Alternative Factors between Classes. Results of this study
highlight the importance of students being able to actively con-
tribute to groups during learning. One method for encouraging
student contribution is through increased interdependency
between students (i.e., conditions under which students can
only succeed through working with others). Higher levels of
student interdependence are related to increased student learn-
ing (Tomcho and Foels, 2012), more interaction (Johnson and
Johnson, 2002), and increased engagement in justifying one’s
ideas (Premo et al., 2021). This can be done through a variety
of methods, such as 1) group grades, 2) structured group activ-
ities, and 3) obtaining skills and/or knowledge from another
person. While this study is limited in its ability to draw conclu-
sions about the overall differences in interdependency between
courses, there are key differences between the structure of the
biology course and the structure of the chemistry course. In the
biology course, random collections of one group assignment
(i.e., a student cannot choose the best group member’s work to
hand in) and a group final examination were incorporated to
encourage group members to work together. The high-value
positions of group work as part of their final exam in the biol-
ogy course could be increasing students’ commitment to group
work during the semester. These key differences might give
some insights into why students in biology grew significantly
more in their group-work qualities when compared with stu-
dents in chemistry.

Finally, other factors that may be differentiating the classes
include the difference in gender ratios and diversity between
classes (Table 1). Both biases against women and underserved
students were only seen in the chemistry course, which sug-
gests that these dynamics may have had larger impact on
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groups, which could account for some of the differences
between the courses.

Recommendations for Instructors
Given the key results that highlight the importance of meaning-
ful contributions in groups, instructors should structure group
work that will promote intentional engagement within groups.
We suggest that instructors go through the following steps to
help promote greater collaboration in groups. First, reflect on
whether students will benefit from working in a group for a
given activity. Some activities are more appropriate for individ-
uals to complete. Organizing students in groups for activities
that are not appropriate for a group may place students in posi-
tions where they are unlikely to meaningfully contribute. This
can ultimately detract from future willingness to work in a
group if students feel like they do not need to be in a group to
complete a task but are put into groups regardless. Second,
reflect on what group-work structures are needed to help ensure
all students can contribute. Diversity in student preparation and
prior knowledge means the ability to contribute will vary. Strat-
egies like different resource allocation (readings, figures, etc.)
among group members (Buchs et al., 2004; Buchs and Butera,
2009; Bertucci et al., 2011) or assigning different roles to group
members (De Wever et al., 2009; Shimazoe and Aldrich, 2010)
have the potential to increase the likelihood that a student will
be able to contribute to the group as a whole. We suspect that
not all types of resource allocation/roles will be equally effec-
tive in promoting contribution, and reflection about this strat-
egy is important. For example, a common group role is a
“recorder” who writes down the group’s ideas. This role may be
less likely to contribute to discussion than other roles due to
time taken to write down ideas instead of discussing them.
Finally, students may not contribute to a group if they feel
like they do not belong in a group (Eddy et al., 2015). Strategies
that may improve the sense of belonging for students in the
group include: 1) icebreakers for groups (Chlup and Collins,
2010), 2) metacognitive reflections on group member contribu-
tions (Kwon et al., 2013; Smith and Mancy, 2018), and 3)
emphasis on inclusive learning environments (Gale et al., 2017;
Dewsbury and Brame, 2019). Use of these tactics is likely to
reduce anxiety, increase a sense of belonging, and promote more
collaboration among students in their classrooms and groups.
As mentioned previously, to maximize learning, students
should be primarily focused on contribution and related con-
tent conversations. However, this generates a conundrum,
because interactions and behaviors that support inclusivity are
also critical for a positive social environment and can promote
later contributions from group members (see above). We sug-
gest a model of group work wherein different types of group
discussions are localized to certain time points in class. Some
activities are more appropriate for groups to have interact-
ing-like behaviors to connect with each other at the start of the
semester or as a check-in at midsemester. Alternatively, other
group activities should be focused on contribution-like behav-
iors, which are critical for students to understand concepts.
Instructors should identify what type of group work is needed,
when, and how to best support students in their group behav-
ior. This will help to maximize the potential for contributions of
students, and thus cognitive processing, while still generating
spaces for the building of inclusive environments in class.
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CONCLUSION

Results of the current study reveal that, while many factors have
been found to be critical for group work, only a subset of group
qualities appear to be directly predictive of achievement in
undergraduate science. Some group qualities that have be
assumed to be connected to willingness to work with a student
and achievement were not. For example, both group cohesive-
ness and commitment to the group’s task are neither positively
nor negatively connected to achievement. In terms of group
behavior, a student’s display of relevant knowledge, skills, and
abilities does not predict either group members’ continued will-
ingness to work with the student or the student’s own course
achievement. These findings suggest that instructors may be
able to promote more optimal group learning through preferen-
tially encouraging and designing curricular structures that
allow for equitable contributions in teams rather than attempt-
ing to manage a greater variety of group qualities. By focusing
on promoting group qualities that were predictive of both group
members’ willingness to work with peers in the future and
achievement, we can work to optimize how groups are learning
in our classrooms.

Limitations and Future Work

The goals of the current study were to identify which group
qualities are critical to both student engagement with, and
learning from, group work in undergraduate science. Yet the
conclusions that can be drawn are limited in a variety of
respects. First, peer ratings of behaviors are only a proxy of the
actual behaviors that could be observed through audio/video
means and thus are more prone to error and bias. Second, the
data sources are only from two undergraduate courses collected
over multiple semesters, which limits their generalizability to a
variety of other undergraduate science contexts. Despite this,
we hypothesize that “in common” factors found to predict
achievement in both courses (i.e., contributions, personal con-
nection, interactions, willingness to work, and conflict) in the
current student are likely at play in a variety of other science
classrooms and thus should bear further scrutiny in under-
standing how the social environment promotes or detracts from
undergraduate science learning. Future work should focus on
the intersection between inclusivity and achievement in pro-
moting group dynamics in the classroom. Results of this study
suggest that both inclusivity (which promotes content contribu-
tions) and cognitive processing of ideas (which promotes
achievement) are critical and intertwined. Thus, promoting
both in a mutually supporting way is a goal that can elevate all
students in undergraduate science education.
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