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Abstract: Many classrooms in higher education are becoming increasingly diverse. Diversity is an
asset when student interactions are promoted and facilitated by instructors. The challenge is, many
times students are grouped together for a collaborative project without attention to or skilled support
for the learning and development that can occur through the intercultural collaborative process
itself. Instructors often assume this learning happens automatically or organically and does not need
to be acted upon explicitly. However, collaboration skills do not come naturally; simply putting
students in groups is not enough. When collaboration is facilitated skillfully it benefits all students,
especially those from marginalized and historically underserved groups. Here, we enumerate barriers
instructors face in supporting groups, describe/share a model, and explore the implementation of this
model in a general chemistry lab, which relies heavily on group work. We found that these activities
are feasible in a large STEM class, that students participated and found value in them, and that they
enhanced students’ content learning and the development of cross-cutting competencies sought
by employers. We hope after reading this paper, instructors will recognize the responsibility and
opportunity they have in supporting interactions, and have new inspiration and a pathway to do so.
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1. Introduction

Many STEM courses that rely on high stakes, long term group work offer tremendous opportunity for
students from all backgrounds to come together around common goals. This form of collaborative learning
(CL) allows students to actively engage with the course content and one another. This collaborative
process has the potential to enhance content learning and promote the development of transdisciplinary
competencies that institutions of higher education (HE) promise their graduates, and that industry
seeks out in prospective employees [1]. Unfortunately, the reality is that the learning potential of
collaboration is not leveraged to its fullest in the classroom [2].

Large STEM labs often use group work because it is a well-documented method for learning
complex concepts and skills [3,4]. Group work is also utilized as a way to manage exceedingly large
numbers of students and efficiently allocate limited time, space, and equipment. Grouping students is
often sufficient to address these course management and logistical matters, however, it is only one
step in a larger pedagogical process necessary to achieve the full potential of student interactions [5].
Yet, putting students into groups is often the only step many instructors take before asking them to
complete a task. This is problematic because skills and attitudes necessary for effective collaboration do
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not come naturally to students [6,7]. Therefore, facilitating the development of these skill-sets becomes
an added opportunity and responsibility of instructors who use group work as a teaching and learning
method. Facilitating this development is not easy and there are both real and perceived barriers.
Instructors need, and are seeking, support to develop their own facilitation skills and confidence to do
CL well [7–9].

In this paper, we will enumerate these barriers, and explore one model that was implemented in
a large STEM course, a General Chemistry (genchem) lab. This model provided the scaffolding and
support steps known to enhance group functioning, group experience, and group learning (of content
and broader competencies). These course revisions allowed the program and the instructors to leverage
more of the potential benefits of CL, and avoid the pitfalls. With this article, it is our hope instructors
will see new and feasible pathways and find inspiration to integrate these activities or seek out other
approaches from the many resources available for their own unique learning context.

1.1. What Is Collaborative Learning and Why Is It So Important to Get It Right?

Collaborative learning is characterized by more than one individual working on a shared task,
with shared goals, and where students must depend on one another in order to successfully complete
a task [10,11]. CL is a form of active learning, where all students are engaged in the learning process as
opposed to passively taking in information. It is understood that when conditions are right, the learning
benefits are greater for those working collaboratively than those working alone or competitively [10,12,13].
Johnson and Johnson outline three goal structures—competition, independent tasks, and cooperation.
Of the three, they suggest cooperation should be used the majority of the time because social
interdependence is “one of the most fundamental and ubiquitous aspects of being human and it effects
all aspects of our lives . . . ” [14] (p. 4). Our personal, academic, and professional success is dependent
on the knowledge, skills, and attitudes we acquire by interacting effectively with others.

The potential benefits of CL have been documented for decades, and there are many. Between
Johnson [15] and Panitz [11] over 50 benefits were identified. Laal and Ghodsi organized these
50 benefits into four categories: social, psychological, academic, and alternate assessment techniques [16]
(pp. 487–88). The goal of this paper is not to recreate another inventory of the benefits, but we would like
to enumerate those that are particularly relevant to this work under three of the categories, and draw
on references from multiple fields of study—multicultural, intercultural, international, curriculum,
and instruction, etc. Although we do not expand on the category of assessment, we acknowledge
its importance.

Social benefits

• promotes intercultural and interpersonal skill development [9,17–22];
• fosters a sense of community and support among peers [23,24];
• increase students’ social networks [14,22];
• encourages democracy outcomes such as: perspective taking, civic engagement, racial/cultural

engagement, and compatibility of difference [25].

Psychological benefits

• reduces general classroom [26] and test-taking anxiety [11,15];
• improves self-esteem [27] and self-efficacy [28];
• advances emotional maturity, well-adjusted social relations, trust, and optimism about people [14].

Academic benefits

• causes deeper and more sophisticated mastery of course content [14,29,30];
• improves academic performance [13,31,32];
• improves retention and transfer of new information [33];
• enhances problem solving and critical thinking skills [20,21,25,29,34].
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Some of the benefits outlined above, promote an overall sense of inclusion and belonging which
is exceptionally significant because it is a prerequisite for students’ learning and persistence [35,36].
The benefits that promote this include greater intercultural and interpersonal skill development, a sense
of community and support among peers, and increase students’ social networks. Casey and Murphy
Robinson study the neuroscience of inclusion, and report that, “A feeling of belonging and being a
valued member of the group is not just nice to have; it is a brain requirement for survival and to feel
and operate at our best” [37] (p. 12). Many institutions in the US and across the world are seeking
to increase diversity in higher education and therefore have a responsibility to build institutional
capacity that establishes inclusive environments and facilitate meaningful interactions between diverse
students [38,39]. CL is one clear way to support these efforts. These efforts are also shown to support
institutional goals related to retention rates and persistence [12].

Further, as institutions of higher education seek to grow the diversity of their campuses, traditional
pedagogical practices need to be reassessed in terms of who benefits from them and who does not.
Collaborative learning is one way in which we can adapt. Research suggests that when done well,
collaborative learning benefits all students, especially those who are marginalized, underrepresented,
and historically underserved [2,12,40]. This is especially important in the STEM fields, which are known
to have lower persistence rates for women [12,41], first generation [42,43], and students of color [6,44–47].
This increased diversity is a resource and an asset to university campuses and classrooms, and when
engaged can further expand learning potential [7,9,22,25,29,48]. Interaction through group work with
students from diverse backgrounds and lived experiences adds a dimension to the group in which
students may experience disequilibrium as their worldviews may be challenged in ways they have not
been before. Disequilibrium is required for growth and development to occur [49,50]. Johnson and
Johnson have noted that added benefits of diverse groups is due to an exposure to a wider variety
of ideas, multiple perspectives, and different approaches to problem solving which helps stimulate
students’ learning, creativity, and cognitive and social development [10]. This is borne out in research
across multiple disciplines and numerous studies.

Based on this literature, CL has the potential to greatly increase students’ disciplinary knowledge
and support the development of the competency-based Essential Learning Outcomes (ELO) that are
critical for industry [51]. The ELOs outlined by the American Association of Colleges and Universities
were established in partnership with US higher education and industry leaders and align with
the benefits of CL above. The ELOs include inquiry and analysis, critical and creative thinking,
teamwork and problem solving, civic knowledge and engagement, and intercultural knowledge and
competence. These skills and competencies are highly sought after by today’s employers, “employers
overwhelmingly endorse broad learning and cross-cutting skills as the best preparation for long-term
career success,” and yet many are finding the current graduates do not have them [1]. Therefore, if we
want to prepare our graduates to work in an increasingly diverse society, we need to leverage these
benefits of CL and leverage them well.

From an institutional perspective, colleges and universities also benefit when instructors emphasize
both the process and product of group work. In internal and in public facing documents, institutions
are communicating to their stakeholders (students, community, industry partners) that graduates
from their institutions will have the skills and knowledge necessary for the 21st Century realities and
demands. The benefits of collaborative learning help universities fulfil promises, such as that which is
articulated in the University of Minnesota’s Board of Regents Policy Mission Statement which is the
institution at which this study was conducted [52]:

Teaching and Learning—To share that knowledge, understanding, and creativity by providing a broad
range of educational programs in a strong and diverse community of learners and teachers, and prepare
[students], for active roles in a multiracial and multicultural world.

Given all the immense benefits, it is important to facilitate collaborative learning, and to do it
right, or the potential is not achieved. If student interactions are not supported there can be negative
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effects, such as students preferring to work alone because they have had negative previous group
work experiences [53–55]. The consequences of this can vary. Not only do they not want to participate
in a process that promotes their learning, this attitude can also reinforce stereotypes and cause
marginalized students to be further marginalized. In high stakes situations it also causes increased
stress, and reduced performance. Skillfully facilitating CL and student interactions can both leverage
the potential of this pedagogical method and avoid the negative consequences that can arise if students
are not supported. This is an existing and ongoing challenge for educators. However, louder calls for
inclusive and equitable practices that support learning of all students in STEM and increasing diverse
student populations (in all forms), intensifies the need and urgency to adopt effective collaborative
learning practices.

1.2. Barriers to Implementing Collaborative Learning

Even with decades of scholarship on the positive outcomes of CL it is still being underused and
underleveraged in higher education [2,16,30]. When referring to the benefits of CL, we used qualifying
language such as “potential” and “when done right”, very deliberately. In order for these benefits to
accrue, interactions among students needs to be intentionally and skillfully facilitated by an instructor.
This condition must be met and emphasizes the critical role that instructors play in the effectiveness of
CL. Thus, if there are so many benefits of collaborative learning and instructors have a critical role
in achieving these benefits, why is it not being done? Here we will take a close look at the real and
perceived barriers to fostering effective collaborative learning.

The first barrier is the assumption that students will inherently learn the skills associated with
collaborative learning just by being placed in a group. Chang et al. calls this “magical thinking” [56].
Student interaction and the skills and attitudes associated with collaboration do not come naturally to
us [57,58]. This is especially true when we are interacting with diverse others which we know is the
reality of our classrooms. Intercultural communication and teamwork skills are something that needs
to be taught, practiced, and modeled [7,10,58]. Therefore, simply putting students into groups is not
enough. This magical thinking is just one of the barriers that keeps instructors from providing the
scaffolding and support that CL requires.

Another barrier is a culture in HE that is content-centered versus student-centered. When
departments or institutions have a content-heavy emphasis, instructors feel pressured to get through
content which does not motivate them to take on the complex task of designing and facilitating
student interactions. In our work, we have heard from STEM instructors that this focus on disciplinary
knowledge is valid and that it is not their job to teach such skills. For instance, supporting the
development of the bigger university goals such as the competency associated with “being active in a
multiracial and multicultural world” is the responsibility of liberal education [52]. On the contrary,
all instructors in the US across all disciplines are called upon to support the development of the
Essential Learning Outcomes [51]. There is no one class that teaches these competencies but rather
students develop these competencies only when they are given frequent and quality opportunities
to interact with others, to practice and reflect on them, and very importantly, when they see them
modeled [7,25,59]. Lee et al. contend that no course, including STEM courses, are excused from this
responsibility, and in every course there is a responsibility and an opportunity [7].

For instructors that do recognize the need to support groups, we often hear that they do not know
what activities to implement or how to facilitate them, and that they are worried about doing it wrong.
This lack of knowledge and confidence is not unfounded, because instructors in higher education are
often hired on the basis of expertise in their disciplinary field. As a result, faculties do not always
have formal training in how to teach, and they may simply replicate techniques from how they were
taught [60,61]. Establishing inclusive environments and promoting, facilitating, and supporting student
interactions is a separate area of expertise that needs to be developed by the instructor through practice
and reflection [7,14]. As in many disciplines, STEM instructors are often not given the opportunity to
hone these group facilitation skills because they are restricted by their disciplinary curriculum and lack
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of time. Recently published articles are evidence that these skills remain an area in which instructors
need and are seeking institutional support [7,8,16,22,62].

Teaching in higher education is known to be a very solitary activity. It is rare for instructors to
come together to discuss the challenges they are facing, areas they are stuck, successes they have
experienced, concerns about students, and, overall, simply building community and support [63]. This
presents another roadblock. Faculty Learning Communities (FLC) offer further rationale, guidance,
models, and outcomes of such groups [64]. In 2017–2018, the authors along with the director of the
genchem program, and three other faculty from different disciplines came together as a form of FLC,
meeting every few weeks [65]. It was through these conversations that a strong community was
established, friends were made, and the model described here was initiated.

These barriers are outlined to raise awareness of the real roadblocks that are either built into the
very structure or are part of the culture of higher education, and to acknowledge these and encourage
instructors to own what might be keeping them from further honing their skill as it relates to their role
as facilitators of student interactions. We encourage instructors to reflect on their teaching practice,
identify strengths, and where they can further develop their craft, seek out a community of practitioners,
and take advantage of institutional resources for teaching and learning. To have sticking points or
questions about different aspects of teaching should not be internalized as a deficit. Owning this,
and continually reflecting on, revising, trying new techniques, and starting the cycle over in order to
get “unstuck” is the restlessness that good teaching requires [7].

The way in which the genchem team (Michelle Driessen, director, and Hannah Leopold, assistant
director) approaches their practice is indeed restless and iterative. Collaborative learning is just one of
the current areas of focus for the genchem program as a whole, and this follows a pattern of restlessness
that has been characteristic of the team’s approach from the beginning. On that note, we will move on
to describe the course environment in which we integrated the evidence-based practices that emphasize
the process (as well as the product) and allowed us to leverage the learning that can come of it.

1.3. Our Contribution to the Conversation

The case we examine here is a general chemistry, problem-based lab course that enrolls approximately
3500 students each academic year. Roughly one third of the student body take the lab before graduation
making it a very large course with many complexities. In the lab, students who are primarily first
or second year university students are assigned to groups of 3–4. Since the lab is problem-based,
these student groups must rely on each other to write experimental plans and summaries, conduct
experiments, and give presentations on their results. Students work in the same group all semester
and are expected to come to lab prepared, and ready to apply and learn scientific concepts and skills
through a collaborative experimentation process. About 70% of the students’ grade depends on the
quality of their group work, as opposed to individual work. Therefore, for many, how they perform as
a group will affect their success in the class. Students’ success in the genchem lab and course have
broader, significant implications for their futures, including the degree they end up with and ultimately
their career options.

Like many lab courses, the learning objectives in our syllabus explicitly state that students will
“learn to work effectively in a group” and “reflect on the learning process . . . ”. However, like much
of the research suggests, we initially assumed that students would learn the skills necessary to work
together effectively just by putting them into groups. We also assumed that students had already
developed these skills in high school. However, time and time again, we found ourselves having
conversations with students about group dynamic concerns including feeling marginalized, left out,
and stressed. These conversations also extended to our 19 different teaching assistants who were
unsure of how to manage these issues. At times, these conversations consumed the same amount of
time as conversations regarding content and academic performance. This signaled to us that students
were having negative group experiences that were impacting their learning and that they did not feel a
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sense of agency over their group dynamics. As restless practitioners, this sparked the conversation of
“so what are we going to do about it?”.

Based on these experiences, we started to recognize the importance and need to facilitate and
support student groups. With the help of a faculty cohort, we gathered information through observing
each other’s classrooms, reviewing research, and discussing how we could establish an environment
for positive interactions [65]. Next, we identified evidence-based steps to improve the group outcomes
and experiences. We also ensured that stated course learning outcomes, activities, and assessment
aligned. We had to be realistic in our approach, making sure that that the new activities/elements could
feasibly be integrated into the unique lab curriculum and learning environment. In this article, we
will only be focusing on two of the reflective group activities, Group Check-in #1 and #2, however
we want to position them within the broader context of all the course revisions that contributed to
their implementation and effect. The activities were selected because they fit within the existing
lab course structure and, more importantly, because they facilitate conditions that must be met for
CL benefits to be realized. Johnson and Johnson have identified these as positive interdependence,
promotive interaction, individual accountability and responsibility to achieve group goals, frequent
use of interpersonal and team work skills, reflection on the current functioning of the group to improve
the group’s effectiveness [14].

Activities and conditions for effective collaboration:

• Provided explicit written and verbal language on the importance and relevance of group work for
personal growth as well as success in the course, other courses, and their futures.

• On the first day of class, activities were facilitated to promote rapport among group members.
Newly assigned/established groups were given time to (1) do an ice breaker where they were
asked to introduce themselves, then identify five things they have in common and one thing that
is unique about each individual member (2) discuss their experiences with both positive and
negative group work experiences, and what they attributed the nature of those experiences to (3)
set expectations they have for one another and establish (in writing) their group’s policies.

• Group Check-in #1: After the first three-week experiment and subsequent group presentations,
groups were given time to address and submit responses to the following prompts:

# What is the one change your group will make to improve your performance?
# It is easy to identify what you need to change but harder to identify how to fix it. Therefore,

what is your group going to DO to solve the problem or improve?

• Group Check-in #2: After the second two-week experiment and presentations, groups were given
time to address and submit responses to the following prompts:

# What did you do to implement your plan of improvement?
# IF you implemented the plan: What specific effect did this have? Give examples. Are there

any additional changes you think your group needs to make?

• After each experiment, students submitted graded self and peer evaluations where they were
asked to reflect on their own contributions and the contributions of their group members.

• On the last day of class, student completed an individual reflection on what they learned about
themselves and about group work. We also asked them to reflect on what skills they learned that
are transferable to other settings.

In this article we explore various aspects of Group Check-ins 1 and 2. The research questions we
investigate are: (1) Is implementing support for positive student interaction feasible in a large STEM
course? (2) Whether or not students engage and see value in the activities, in a STEM context? (3) If so,
in what ways do the activities enhance learning and development around chemistry and collaboration
as articulated by the students? (4) What can we learn as instructors about our students’ struggles
and strengths?
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2. Materials and Methods

2.1. Participants

The study participants were drawn from students who were enrolled in the general chemistry I
lab course during the spring 2019 semester. There were a total of 795 students enrolled. All students
were exposed to the activities and assigned to groups of 3–4. We applied a stratified random sampling
scheme in order to account for variations across lab sections such as implementation fidelity and
instructor approach so as to gain as representative a sample as possible. We stratified by individual
instructors teaching the course which included undergraduate teaching assistants (TAs), graduate
TAs, and teaching specialists. One student group from each instructor’s lab sections was randomly
selected. During spring 2019, we had 19 unique instructors teaching the course therefore we selected
19 groups, for a total of 76 students. We anticipated that 19 groups would meet the criteria for data
saturation [66,67].

2.2. Material

In this case, the genchem team (Michelle Driessen, director, and Hannah Leopold, assistant
director) introduced a sequence of new activities in order to establish/facilitate the conditions noted
above. Dedicated time and space was provided for student groups to reflect on how their group was
functioning. These reflections asked students to identify what their group was struggling with, what
they can and will do to address this struggle. The complete prompts students were given can be found
in Appendix A. Check-in #1 was completed after the first three-week experiment and Check-in #2
after the second two-week experiment. The materials studied were the qualitative responses to these
reflection activities that each group submitted. Although dedicated time was set aside for these group
check-ins, students were made aware that they would not be graded on the check-ins. Students were
also given an end-of-semester evaluation that included two Likert scale questions asking them to rate
aspects of their experience with the two check-in activities.

2.3. Data Analysis

With Institutional Review Board (IRB) approval (STUDY00007096), under the category of
educational research, we examined existing documents which include the individual group responses
to the prompts for Check-ins 1 and 2 (see Appendix A) and the end-of-year evaluation. This IRB did
not allow publication of students written responses to the check-ins.

Qualitative data was the primary source for analysis, as we wanted to capture the students’
experiences with and responses to the activities that cannot be gleaned from quantitative data alone.
The authors initially established a data analysis plan. Our approach to data analysis aligned with
grounded theory, and followed the steps outlined by Strauss and Corbin [68] whereby we approached
the data openly in order to see what patterns/themes emerged. Data was coded, categorized,
and organized into themes, as they developed through this iterative process. Inter-rater reliability was
attained, as the researchers established the coding process jointly, then independently reviewed, coded,
and thematized the data. Any disagreements were resolved by discussion and consensus. Quantitative
data was gathered via the end-of-semester evaluations and quantifying aspects of the qualitative data,
and was used to provide answers to research questions 1 and 2 as well as for the purpose of data
triangulation [69].

2.4. Limitations

The main limitation to this study is its generalizability. With a focus on one course, in one
institution, the findings are only representative of this course. There are also limitations to the
responses we coded from students. For Check-in #1 students were asked to identify one change they
planned to make. From these changes, we had to infer when coding what the students or groups were
struggling with. Additionally, the two check-ins asked students to reflect on the questions and then
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discuss what they wrote. Therefore, we had to assume that the responses students submitted for these
activities was the same as what they discussed as a group. Finally, we were unable to determine if and
who the activities supported most because we were unable to obtain data through formal institutional
channels regarding our students’ information such as gender, race, socioeconomic, visa status.

3. Results

3.1. Students’ Participation in the Group Activities

Although the group check-ins were not mandatory nor graded activities, 18 out of 19 groups (95%)
willingly participated and responded to the questions that were asked. Only one group contributed
minimally to the activity. We defined participation as the submission of one or more responses from
the members of the group. Due to the way in which the instructions were phrased, we found that
some groups submitted one response that represented the group’s reflection while others submitted
individual responses that were then discussed within the group.

3.2. Self-Identified Group Challenges and Struggles

Table 1 below represents the five themes that emerged when groups were asked about what changes
they would make to improve for the next experiment. Based on students’ responses, we inferred what
the group was struggling with. Many groups identified more than one struggle which is captured in
Table 1. Unsurprisingly, being unprepared and communication difficulties were the most common
barriers with over half of the groups identifying these struggles.

Table 1. Themes that emerged when groups were asked about what they were struggling with and the
number of groups that identified the respective theme of the 18 groups that participated.

Themes Examples Number of Groups

Unprepared
• Less procrastinating
• Prepare ahead of time

10

Communication

• Better communication
• More communication
• Respectful communication
• Talk about problems

10

Unequal workload/unclear roles
• Need to divide and conquer
• Split work evenly

7

Lack of coordination
• Unorganized
• Do not understand or agree with what is being done

6

Poor time management
• Be more efficient
• Multitask

5

One thing we would like to acknowledge is how interrelated the themes are to one another.
For example, a lack of communication may cause unclear roles and being unprepared will likely cause
poor time management. However, we found it important to distinguish these themes and capture
students’ responses authentically. Hence, to distinguish between unprepared and time management,
we considered one to be group work outside of lab and the other within, respectively.

3.3. Group Identified Strategies to Overcome Challenges

As identifying a struggle does not mean it will be fixed, we asked groups to identify a specific
strategy that they will use for the next experiment that will help them overcome their challenge(s)
(Table 2). Again, we found that groups identified multiple strategies. Seven themes emerged with
group preparation being the most common. Since labs meet once a week, many groups expressed the
need to meet outside and establish a plan so that they could come into lab prepared. We distinguished
this group preparation from individual preparation where students mentioned they needed to review
the experiment and material so that they could personally contribute more to the group. The other
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commonly identified strategies were establishing a communication plan and explicitly assigning roles.
Of the groups that identified a challenge, all of them were able to decide on a strategy or set of strategies
to help them be more successful as a group during the next experiment.

Table 2. Strategies students identified to overcome group challenges and the number of groups that
identified the respective theme of the 18 groups that participated.

Themes Examples Number of Groups

Group preparation
• Meet outside of lab
• Come in with a plan

11

Establish a communication plan
• Create a shared document
• Create a group chat/text
• Ask questions

9

Establish roles and accountability
• Assign roles and jobs
• Divide responsibilities

9

Individual preparation
• Study material beforehand
• Review experiments before lab

5

Inclusion
• Listen to others
• Give everyone a chance to speak

3

Time Management
• Use time better
• Pay attention to time

3

Proofread
• Double-check data
• Peer evaluate assignment

2

3.4. Effects of Identified Strategies

After students completed their first group check-in, they performed another experiment over
the course of two weeks where they had a chance to employ their new strategies. They then gave
a 5–10 min group presentation on their results and conclusions of their experiment. Once students
completed their experiment and presentation, we provided another opportunity for the groups to
reflect on whether their strategies had an effect(s) and in what way(s). The themes of these effects are
summarized in Table 3.

Table 3. The effects strategies had on their group’s dynamic and performance and the number of
groups that identified the respective theme of the 18 groups that participated.

Themes Examples Number of Groups

Project management
• Better coordination and communication
• Divided tasks evenly

12

Time management
• More efficient
• Faster
• Completed everything

10

More prepared
• Knew what needed to be done
• Clear understanding of what we had to do

7

Improved collective
understanding of content

• Completely understood
• Time to think about results

7

Improved experience
• Less stressed
• Went smoother

6

Increased academic performance
• Received credit on our work
• Work improved a lot

5

Better cohesion and inclusion

• Leave no one behind
• Increased confidence of all group members
• Make sure everyone’s ideas are heard
• Pride in work submitted

4

While coding the responses for all the check-ins of the 19 groups selected, data saturation was
reached. No new themes emerged, therefore, we concluded that no further data collection and analysis
was needed.
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3.5. Responses to End of the Semester Evaluations

On the end of semester evaluations that were administered once the course had concluded, we
asked students to provide feedback on the value of group work and the activities. In Figure 1 below,
74% of the students that were selected for this study agreed or strongly agreed that they learned
valuable skills by working in a group that could be applied outside of chemistry.
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4. Discussion

4.1. Are These Activities Feasible in A Large General Chemistry Lab?

We explained much of the genchem course context earlier, which includes many moving parts
and complexities, so we believe it is worthwhile to reflect on the feasibility of this type of intervention
for a course like this. We found that the activities are feasible and not as add-ons but integrated
seamlessly into the existing course structure and design. These two points are critical. So how did we
make it feasible without overhauling a large complex course? First, the genchem team identified a gap
between an already articulated learning outcome (learn to work effectively in a group) and instructional
activities to achieve the outcome. Next, the team intentionally designed activities to facilitate and
assess this outcome. As we were planning the intervention, the genchem team reviewed the lab
calendar and identified two blocks of 20 min that were observed as underutilized in previous semesters.
There are three days each semester when groups present on their experiments. These presentations
do not take the full class time, so the remaining time was selected for the group reflection activities,
as they did not take time away from experiments and they immediately followed the completion of
a big collective effort. To answer our first research question, we demonstrated that integrating an
additional course element to facilitate improved group functioning, group experience, and learning
is feasible for busy instructors in large complex course. We also showed that the activities can be
integrated into the existing course structure. This integration is important because when they are seen
as add-ons, the instructors and students will be less invested in the activities making them less effective
and sustainable.

4.2. Did the Students Participate in the Activities?

This brings us to the discussion of our second research question, did the students participate in
the activities? This was an important question for us to ask, as it is a new element of the course and
for many, is not expected in STEM. Additionally, the activities were not required or graded so groups
could have opted out, packed up, and left the lab without any negative consequence to their grade.
However, 18 of the 19 groups we studied utilized the time they were given to complete the activity and
submit their responses. They also followed through with their strategies. Check-in #1 asked them
to identify one way they can improve their group functioning and what they will do to make that
improvement. The second activity, 4 weeks later, prompted students to reflect on if they carried out
their strategy and if so, to what effect. Again, all but one group identified a strategy and implemented
it, and submitted their second group reflection assignments online.

We attribute this level of participation to a number of intentional implementation decisions. First,
the instructors allocated class time for students to complete the activities. How instructors use their
limited class time signals to students what they value and what is important for success in the class.
Second, the rationale on the importance of the activities was made explicit in written and verbal
communication. These messages made it clear why the activities were relevant to their success in the
course, their personal growth, and to their career readiness. On the first day of lab, the following was
communicated to students “Employers are looking for graduates who have skills necessary to work
effectively in diverse groups. Since you will be working in your group for 14 weeks this semester, this is
a great opportunity to learn, practice, and reflect on how to work with others who may think differently
than you.” Explicit statements such as this are considered effective practice for good teaching [70].
Third, from the genchem team, they received a message of genuine care and interest in their success
not only as chemistry students, but as humans.

How the activities were worded was also intentional and may have had an effect on students’
motivation to complete them. We wanted to normalize the idea that group work takes effort, and that
they have agency in the success/failure as well as the nature of their group experience (positive or
negative). Therefore, we did not ask if they had a challenge or improvement to make, rather, we built
that assumption into the prompt by asking students what change they will make. This emphasized
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that all groups have challenges and that working with others requires reflection and skill and that
those skills need to be practiced. Another reason this activity was taken seriously by students may
have had to do with the timing of it. They were asked to do them immediately following their group
presentations, so it was an ideal time to come together as a group to debrief and move into a proactive
mode of reflection and improvement.

Finally, implementation fidelity on the part of the instructor is an important aspect of the activities’
success. When investigating why one group did not complete the activities, we found that the majority
of this group’s section did not participate in them. In general, when we looked across all 30 sections,
the completion or lack of, was dependent on the instructor. This suggests that some lab instructors
either did not ask the students to do these activities, did not give them class time to do them, or did not
convey the value and rationale for them, as they were instructed to do. This offers valuable insight and
a need for further conversation, training for and “buy-in” from instructors. These findings support
the literature that facilitating student interactions requires instructors’ attention and is a skill-set that
instructors need to be taught. For the authors, we have made note of this for the next iteration of the
intervention and the next TA orientation and training.

4.3. Is There Evidence That This Process Enhanced Learning and Development Around Chemistry, Group Work
Skills, and Did It Improve the Group Experience?

As practitioners, we ultimately wanted to know if the group check-ins enhanced the learning and
development of the students. This question can largely be answered by considering the strategies and
their effects that students reported in Tables 2 and 3. Every group that responded to the check-ins
established a specific strategy(s) to address what their group was struggling with. Of the top three
strategies, all relate in particular to group work skills including preparing as a group, establishing a
plan for communication, and assigning roles/accountability. These indeed align with effective practices
for successful group work as articulated in the literature, and synthesized by centers for teaching and
learning for instructors and students [71–73]. While these practices are not novel, we found it insightful
that they were organically surfaced by students as the strategies to pursue. Further, all groups who
identified these strategies also actively and intentionally carried them out, and had something positive
to say about their effect on the group experience and learning. This supports the literature that when
group members are given space and agency to make their own decisions and action plans they are
more likely to follow through. When groups have autonomy, as these groups did, they also take
ownership of their work. As an example, students reported that they were proud of the work they
turned in. Group autonomy contributes to effective collaboration in the context of higher education,
and is a factor that contributes to positive interdependence [30,74].

The qualitative data allowed for nuance around student thinking which provided greater insight
and understanding of the challenges that groups faced and the rationale behind groups’ strategies.
For example, one of the main strategies identified by student groups was assigning roles. One might
assume this strategy was borne of frustration of some students and would primarily be about reducing
the number of “free-riders”, the group members who did little or nothing and still received the credit.
What we found was that the motivations for this strategy were numerous and reflected genuine interest
in establishing a team orientation. It is true, for a few, the goal was to address a dynamic in which
one or more group members were not (or perceived not to be) “pulling their weight”, doing their fair
share of the work. However, groups identified other challenges that were addressed by assigning roles
including relieving confusion as to who is/will do what. Group members learned that sometimes peers
did not contribute not because they did not feel like it or were lazy but because they were not sure in
what ways they could be the most useful and/or what was already being done by group members and
what was left to be done.

Additional reasons for assigning roles included using limited time better; drawing on individual
strengths, and as a way to invite and support the participation of all members. This rationale reflects
positive interdependence, where group members recognize that each member has something to
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contribute and that contribution is essential to the success of the group. It is also indicative of
another important condition for CL success, promotive interaction. In this rationale, students were
encouraging and facilitating one another’s efforts. Evidence of other forms of positive interdependence
and promotive interaction surfaced in the data analysis [14]. Group members noted the importance of
effective communication (developing their own plans for this) for making sure everyone was heard,
knew what was happening, listening to everyone’s ideas before making a plan, and helping others by
explaining concepts when someone did not understand.

Other strategies identified included individual preparation, time management, and proofreading,
focused more on overarching career readiness skills. That said, we observed links between what
we consider to be more individualized skills and the group aspect of the assignments. In multiple
responses, students articulated a need to prepare individually ahead of time in order to be able to
contribute to the group during the labs. Other students identified their (and sought to discover others’)
academic and personal strengths as areas in which they could/did contribute to the larger group.
For instance, one student identified editing as a strength, and offered to take on that role for the group.
These reports provide further evidence that conditions necessary for effective CL were in place as
outlined by Johnson and Johnson: positive interdependence, individual accountability, and personal
responsibility for contributing to the group’s success [14].

Students’ reported effects of these activities were another indicator of if and how the intervention
improved the learning of chemistry, the development of cross-cutting competencies, and the improvement
of the group work experience. Of the groups that implemented their strategies, all of them reported
positive effect(s). Most notably, students reported that project and time management improved.
Groups also reported that they were more prepared for the lab and recognized that their collective
understanding of the content increased as did their academic performance. There are many students
that do not like group work because they have had a negative experience so having students go through
the process of identifying a problem, establishing a solution and observing its effects, and seeing
success in this process is critical for recognition of their own self efficacy and agency in affecting the
nature and success of the group experience.

A theme on the effects of groups’ strategies (Table 3) that we would like to highlight is that of
inclusion. Multiple groups implemented strategies that lead to explicit and intentional efforts to be
more inclusive of all group members. This theme included codes such as ensuring that everyone was
able to share their ideas, that all voices were invited and heard, that no one was left behind, and increased
confidence of all group members. Additionally, we observed that the use of terms in the effects table are
indicative of inclusion, such as “we”, “our”, “all”, “everyone”, “collective”. This is not surprising because
when the conditions of CL are established (e.g., positive interdependence, promotive interactions),
it is an inherently inclusive teaching practice. These results provide additional evidence that the
newly implemented activities promoted these conditions. The authors became acutely aware of how
CL is a method that facilitates the students’ own awareness of inclusive behaviors, and the value
and impact they have on creating effective group work experiences. Many of the groups’ responses
illustrate how students themselves actively promoted practices that brought every group member
into the process as a valued contributor to the outcome. Overall, groups reported that the strategies
they implemented lead to a more positive group experience: reduced stress, better communication,
and things running smoother.

4.4. Did Students Find Value in the Activities?

To answer this question, we took into account the students’ participation rate, their submitted
responses, and the end of semester evaluations. In doing so, we were able to triangulate the data
which ultimately affirmed our interpretations above. Combined, these multiple indicators suggest
that students found value in these activities. First, 95% (18 of the 19 groups we studied) participated
in the activities, when it was not a course requirement. Second, the responses did not come across
as flippant or insincere. On the contrary, they were meaningful to the groups which is supported by
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the completion of the activities, the tone of the writing, and the articulated effects. Finally, in the end of
semester evaluation, the students were asked two questions relating to their experience with the check-ins.
To the first question, “I believe I learned valuable skills by working in a group this semester that can
be applied outside of chemistry”, 74% of respondents either agreed or strongly agreed. The second
question was, “Overall, I think the group activities are worthwhile and I would recommend continuing
them for future semesters”, and to that 58% of respondents agreed or strongly agreed. These responses
are overall positive and affirm the interpretations thus far, but they do leave room for improvement,
and offer another area for the genchem team to reflect upon the implementation of future activities.

Finally, we were able to glean additional insight to this question by looking through some
additional students’ responses to the individual reflection activity that was not part of this study
(described above). Students were asked to individually think and write a response to the following
prompts, among others: Did you learn something about critical skills or building blocks for effective
communication in groups or for project management? How are these skills transferable to other
settings? We had a lower response rate to this particular activity, but of the responses, again, they
were thoughtful, articulate, and insightful. Participants identified specific skills and insights gained,
and acknowledged their transferability and relevance to other aspects of their lives—other classes,
social settings, and future employment. With these different data sources, we are able to say that most
students found value in these activities and recognize that they are learning/practicing foundational
competencies that are essential for their present and future success.

4.5. What Insight Does This Offer Instructors, Lab Coordinators, and Program Directors?

First, the facilitated opportunities and space for students to discuss their group dynamics had
a positive impact on students’ learning of chemistry and the development of skills associated with
teamwork. It also had a positive effect on the group work experience, and contributed to an inclusive
environment. Hence, there is too much at stake to not attend to student interactions and dynamics,
in collaborative learning. Second, implementation fidelity on the part of the instructor is critical as
we have seen by a difference in the participation rate when we look across all sections. If one group
did not do them, all groups did not do them, suggesting that instructors implemented (or failed to
implement) the activities with varying degrees of buy-in and facilitation skills. For program directors
and coordinators, these results highlight the importance of providing rationale and training for the
implementation of these activities, otherwise the benefits of CL are not leveraged for all students.

A third source of insight for instructors, especially new instructors, is the list of challenges that the
groups experienced. Knowing what students struggle with is valuable information for instructors so they
know what to look for and monitor. General chemistry lab is a difficult course for students with multiple
aspects to keep track of—the course itself, the complex experiments, associated assignments, quizzes,
lab reports, and presentations. Therefore, offering guidance and support from the very beginning is
important, especially in a complex course such as genchem. Instructors can share this information
from the beginning letting students know that these are the strategies previous groups identified,
used, and had positive affect. This will not, however, negate the need for or value of group reflection
activities, as there are always ways groups can improve and grow, and the process of reflection on
group functioning is an important condition for group success [14].

5. Conclusions

There are many barriers to promoting and implementing skilled facilitation of student
interactions—from magical thinking to content-heavy curriculum, to a lack of experience. Our findings
add to the mountain of evidence that supports the need for quality and frequent student interactions and
calls for instructors to move beyond these barriers. In general chemistry’s inquiry-based labs, students
are required to work through a process whereby they develop an experimental plan, implement it,
reflect on their data, revise as needed, etc. This same expectation was also extended to the collaborative
process to improve and expand on the learning outcomes of collaboration. We demonstrated that



Educ. Sci. 2020, 10, 7 15 of 19

implementing reflective group work activities is feasible in a large general chemistry course that has
many complexities. The genchem team was able to identify effective group work practices, clearly
articulate their rationale, and integrate them into the existing course structure. These activities were not
add-ons, but rather critical to meeting articulated learning outcomes of the course. Reassuringly, while
this work requires a commitment on the part of instructors, it does not require an overhaul of the whole
course. Most importantly, we found that students learned valuable strategies to overcome their group
challenges and that these strategies had positive effects on their content learning, skill development
associated with effective collaboration, the group work experience, and created an inclusive learning
environment. These findings are especially significant given the need to support underrepresented
students in our increasingly diverse classrooms.

This work cannot be done by the genchem team alone because it is but one piece of a larger whole.
If every instructor, from chemistry to physics to Spanish to history to math seizes the opportunities of
CL and identifies the ways they can model and promote effective interactions, then over the course
of a college career, students will have many opportunities to reflect on, practice, and hone these
competencies that are essential for a successful future. Our work is also not done. The genchem team
will continue its restless practice by using this research to inform the next iteration and implementation
of the activities outlined and discussed. The foci will be on improving instructor fidelity with new
revisions to our teaching assistant training. The team will also reflect on how to increase the value
students see and experience with the activities.

We recognize that every course is unique with its own set of challenges and opportunities, so the
model presented here cannot be directly applied to every course. There is never a one size fits all.
However, we hope we have provided one pathway and/or motivation to find space to integrate this
kind of work into your own classrooms, in whatever form it may take. By actively and intentionally
supporting the process of collaboration, you are supporting enhanced content learning, among many
other essential outcomes, and promoting and establishing an inclusive learning environment. For the
genchem team, identifying and integrating reflective activities was a journey and continues to be so.
We invite you to join in our restlessness.
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Appendix A

Group Check-in #1

Since this lab depends so heavily on group work, we want to encourage and make sure that you’re
discussing as a group how things are going throughout the semester.

Take 2–3 min to reflect on the questions below individually. Once everyone has finished reflecting
individually, take turns sharing your answers with other group members. As a group, come to an
agreement about something you will change and how you’re going to do it for the next project. Edit the
entry below and submit as a group when finished.

1. What is the one change your group will make to improve your performance?
2. It’s easy to identify what you need to change but harder to identify how to fix it. So what is your

group going to DO to solve the problem or improve?
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Group Check-in #2

Review your responses from the first check-in.

1. What did you do to implement your plan of improvement?
2. IF you implemented the plan:

• What specific effect did this have? Give examples. Are there any additional changes you
think your group needs to make?

• If you did not follow through with your plan or changes: Why not? What happened? How
will you change that for the next project? Include actionable steps.
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