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Interpersonal Interactions in Engineering Teams: Findings from a
Multi-Year Mixed Methods Study at Three Institutions

Introduction

A key learning outcome in engineering is the ability to work in collaborative and inclusive
teams. As engineering becomes a global endeavor, this outcome gains increasing importance to
undergraduate engineering education. When it comes to working in teams in this global
environment, research shows positive and negative findings for students working in diverse
teams (i.e., race/ethnicity, gender, sexual orientation, disability status). Positive findings include
increased divergent thinking, idea generation, higher quality products, and increased productivity
[1]-[3]. Negative findings highlight sustained conflict in teams, decreased affect, and increased
frustration [4], [5]. To understand these mixed findings, research has examined the role faculty
have in shaping students' attitudes about diversity and teaming [6]. However, there have been
few systematic studies of how student team formation and students' experiences in diverse teams
influence students' attitudes and beliefs about diversity and teaming as well as outcomes of those
teaming experiences to promote inclusion in the engineering classroom.

Research on teaming experiences in engineering has often focused on the ways in which teams
can generate high-quality solutions to complex problems [7]-[11]. In engineering, the
Comprehensive Assessment of Team-Member Effectiveness (CATME) tool has emerged as the
leading mechanism for assessing student effectiveness during each phase of student development
[8], [10]. While these models reflect best practices in team development and consider ways to
create diverse teams that support underrepresented students, they have not adjusted their
practices to measure the ways students are or are not making engineering environments more
inclusive. This focus is especially vital as ABET has made explicit changes to its criteria that
make creating an inclusive teaming environment an essential skill for engineers [12]. In response
to these calls for change, research has begun to understand how engineering teaming experiences
can be more inclusive [13]-[22].

Adding to this literature, our research examines how students interact in diverse teams to provide
better support for building students’ inclusive and collaborative teaming competencies. This
multiphase mixed-methods study was conducted in three different university contexts: a large
Midwestern land-grant research-intensive university (CentralU), a large Western land-grant
institution (WestU), and an East Coast small private religiously affiliated school that has been
recognized for its efforts in working to create an inclusive environment (EastU). In this project,
we are working to answer the following research questions:

Research Question 1) What changes occur in students’ diversity sensitivity,
multicultural effectiveness, and engineering practices as a result of working in
diverse teams?

Research Question 2) How do students’ perceptions of diversity, attitudes, and
engineering practices change when they work on diverse teams? This paper will



focus on emergent findings regarding how students create team norms for
inclusion.

Theoretical Framing

In our research, we found Tuckman’s [23] revised theory of the five stages of teaming useful in
determining how students interacted in a team. The five stages are Forming, Storming, Norming,
Performing, and Adjourning, and these stages provide a simple way to understand the process in
which teams come together and function. The Forming stage consists of team members creating
ground rules, testing one another’s boundaries, and the beginning of norms being established
[24]. In this stage, team member’s past experiences in teams also influence their formation [25].
Storming is characterized by a lack of unity around interpersonal issues and resistance to
interpersonal relationships to maintain psychological security, rather than focusing on the task at
hand. During the Norming stage, the team becomes more cohesive. In this stage, team member
roles have been established. The team is focused on finding efficient ways of working together
using their shared mental models [24]. The Performing stage is characterized by functioning like
a well-oiled machine; the team is task-focused, with fluid roles naturally switching between team
members. Group relationships are maintained to reach a shared goal. Conflicts, if they occur, are
healthy, and interactions can be jovial and humorous. The last stage is Adjourning. This stage is
comprised of end-of-project task completion with a potential for feelings of loss at the
conclusion of the project [25].

While each of these stages is important in teaming function and development, the Norming phase
was most important in our work to understand how students interacted within the team in
subsequent stages and also affected how students operationalized inclusion in their teams. Prior
research indicates that highly cohesive teams develop strong norms to which group members
adhere [26]. In a review of teaming literature, psychologists Johnson and Johnson [27] identified
three clusters of teaming dynamics: cognitive process variables (i.e., quality of learning), social
variables (i.e., mutual support among group members), and instructional variables (i.e., type of
task). While each of these aspects is important in teaming, social variables shaped by student
socialization and norming are linked to inclusive or exclusive environments.

Methods

Study Sites

The three sites at which we conducted our research are geographically different and vary in terms
of the student body, international and domestic students, as well as the type and amount of
diversity-related instruction in their first-year engineering classes. The form and type of
messaging the universities use to communicate regarding diversity, equity, and inclusion varies.
CentralU is a large research-intensive university. This university has many international students
and offers first-year students one class period dedicated to discussing issues of diversity and
inclusion. At the time of the study, WestU had recently updated course materials to reflect best
practices for inclusive engineering teams.



Additionally, students received approximately three hours of direct instruction on evidence-based
teaming practices. EastU in this study is a small religiously-affiliated institution on the East
Coast, whose engineering program is developed on a core value of inclusivity. The new
engineering program communicates messages of diversity through posters in the halls and
inclusive policies. For example, we observed purposefully placed posters of women and people
of color in STEM throughout hallways and faculty offices frequented by students.

Data Streams and Analysis

For this mixed-methods study, we utilized electronic surveys, interviews, and focus groups to
collect information on engineering students’ attitudes, beliefs, and perceptions of diversity, sense
of belonging, and reported and observed interactions in teams. Simultaneously we collected
information on students' social networks as a proxy for the inclusiveness of the social structures
occurring in first-year engineering design courses. We conducted ANOVA and Kruskal-Wallis
testing to determine if students’ demographic identifiers significantly affected their first-year
engineering experiences (e.g., sense of belonging, social activity, engineering identity
development) [19], [28], [29].

We chose to interview students in teams with varying levels of diversity by a matrix of factors
(i.e., gender identity, race/ethnicity, international student status, and disability status). We also
interviewed students who had large shifts in their attitudes about teaming and diversity or
belonging during the semester. We interviewed a total of 36 students. Interviews and survey
collection transpired from 2016-2019 across three different sites. At the first two sites, we
conducted two 60-90 minute semi-structured interviews with each participant. The first interview
protocol delved into students’ backgrounds, beliefs, and approaches to teaming. The second
interview protocol focused on particular teaming experiences and interpersonal interactions
occurring in their first-year engineering course. All students chose or were given pseudonyms.
Interviews were examined using both Interpretative Phenomenological Analysis (IPA) [30], [31]
and Directed Content Analysis (DCA) [32], [33]. At the third site, interviews were 30 to 60
minutes and focused on social networks, teaming experiences, perceptions of diversity while
working on teams, and inclusionary actions while working on teams.

Finally, we conducted ethnographic observations of specific student teams at the first two
institutions (i.e., CentralU, WestU). These observations recorded students’ interactions in the
classroom while working on engineering design tasks. Through these observations, we were able
to see how students interacted with one another and discussed engineering design. We used
student observations to triangulate findings from the quantitative results and in-depth qualitative
interviews.

Overview of Findings

Overall, our results indicate that over their first-semester, first-year engineering course students
norm to the cultural practices modeled by others and by instructors, and engineering students
come into engineering degree programs with high levels of belonging. At CentralU, we observed
that students needed guidance during the team norming phase for them to enact more inclusive
teaming practices. For example, getting to know each other beyond visible differences,



facilitating deeper socialization in and out of classroom time, increasing team trust, and allowing
greater role selection in teaming tasks. At the WestU, we found that belonging is high for
first-year engineering students and is associated with finishing engineering projects. While
belonging is high for all students, in general, we found instances of exclusionary practices in
teams. Our findings indicate that inclusion must be studied beyond simple self-report or
surface-level interview protocols.

Results at EastU show even with systematic and overt messages about inclusion in engineering,
students still need support to develop inclusive practices within teams. Across the three sites,
institutional efforts do not always translate into students enacting inclusive teaming practices.
For example, classroom-level and university-level belonging were high and correlated with each
other but did not translate to specific actions in teaming environments. We discuss our findings
from this larger study in detail below and provide suggestions for creating inclusive teaming
environments across institutional contexts.

Differences in Institutional Contexts

Across all three institutions, participants discussed the necessity and utility of teamwork in
engineering. In our previous work, we described how teams with low socialization [19] focus on
the completion of tasks and prioritize technical aspects of engineering over social aspects of
engineering problem solving, leading to a lack of more profound norming practices. Across the
institutions, participants discussed that diversity was important to produce better solutions and
complete complex engineering tasks more efficiently. Participants also discussed how the
methods by which they completed the task were not important. Their focus was on completing
the task successfully.

Participant’s enactments of the storming and norming stages differed. For example, one all-male
team at CentralU normed around getting a good grade in the class and producing high-quality
work, less about getting to know their teammates. This team did not spend much time testing
each other’s boundaries or grappling with interpersonal differences. They leaned on their shared
interests such as sports and music as well as their all-male gender to feel like they knew one
another. They felt their same gender made working together “laid back,” and more
straightforward as Stanley shared: “just because I feel like we knew better what each member
wanted to do and also it was very easy to tell the work habits I guess of each group or each team
member.” Given their similarities, this team felt they had socialized sufficiently to get work
done.

However, Ezekiel, one member of the team, felt antsy because his team lacked diversity and did
not socialize. While the result for his team was that a good grade was acquired in the class, his
teaming experience was lacking in that he did not get to interact with diverse people and
postponed learning class material. Ezekiel was also more concerned with seeming like a
well-performing teammate: meeting the team’s objectives rather than learning the material with
his team. He stated: “I'm going to figure out how to do this on my own at some later point so I'm
doing well with the practical. For now, we need to get the good grade, so let’s figure out how
we're going to get that.” While team roles were established in the forming and storming stages of
teaming, the established roles did not rotate as often in this team.



Another team did not have a salient identity (such as gender) over which to bond easily. This
team valued getting to know team members at a deeper level. The lack of a clearly evident
shared identity along with an appreciation for getting to know team members more holistically
helped this team collaborate more intimately, helped them understand their fellow teammates
better, and fostered a more inclusive teaming environment. Mari shared:

“We'd be like, ‘Let's start working at 6:00.” Everyone would get hungry 20 minutes
in. We’d go eat, we’d come back. Being forced to have conversation. It’s not like
we were, “Oh, we have to sit together.” Well, we went to dinner at the same place,
we all know each other [...] We would sit together, and when you sit with someone
you talk to them. It just happened.”

Their increased intimacy overall made their diverse teaming experience better, albeit with added
frustration at times. Sarah shared: “I think we were a well-rounded team. We agreed and
disagreed, but we always found a way to agree eventually.” This team had less of an
individualistic, divide-and-conquer workstyle, and collaborated more closely and harmoniously
with one another. The depth of interaction translated to more inclusive behaviors by some
members, such as learning work strategies from one another and arguing less about approaches
to solving problems.

In other teams, the added intimacy led to less professionalism. Mallory (from WestU) described
this interaction:

People started getting lazy [...] towards the end. I think that's why we weren't
working as well together because we'd just gotten so used to, it was like working
with people that you already know so you know how they're going to react, so
you just don't care as much.

Still, other students like Bay (EastU) described bonding with her teammates on a deeper level,
likening this familiarity and reliability to that of close friends:

I really think I've made some new friends that are easily able to help. Everyone in
my team, doesn't matter what time I text them, they’re able to text me back and
try to be responsive as they can. So I think that's very helpful and beneficial to
succeeding in engineering.

At EastU, students hesitated to discuss what they perceived as controversial topics around
diversity or politics. Individuals believed that diversity was important. Students felt
conversations around diversity needed to happen. However, they should not just “happen” in all
engineering spaces because of the negative way in which people react. Johannes, a student and
teaching assistant at EastU, felt the “smaller community” of EastU was almost like a “bubble.”
He was “further pushed away from my [political] thoughts since I got here because being in
engineering school, I'm constantly busy, so I don't watch TV anymore.” While Johannes saw the
importance of discussing topics of diversity and politics in engineering, he also noted his



engineering peers at EastU often reacted negatively to these conversations or felt they did not
belong in engineering. He believed they reacted negatively because they had limited viewpoints
and vocabulary. The norms of socialization at EastU, as well as scarcity of time, channeled
students to focus on tasks, jumping to the fourth teaming phase: performing, rather than spending
time developing interpersonal teammate knowledge (part of the second and third phases:
storming and norming). Johannes felt it was important to know teammates “so you can
understand, and you can pull in all these different experiences that will go in towards that
[product] that you're working on that's going to make it so great.”

In summary, teaming in engineering is a complex topic. Our research shows that merely placing
students in diverse teams does not automatically translate into inclusive teams. Students pull
from their previous teaming experiences, institutional context, and their understanding of the
purpose of engineering teams as they form, storm, norm, and perform. While getting to know
each other better can lead to increased frustration between team members, a place in which to
have difficult interpersonal conversations can lead to a more intimate understanding of one
another, leading to more welcoming, collaborative, and understanding engineering teams. For
example, in our study, teams that more intimately knew one another manifested increased
role-switching behaviors, leading to increased skill sharing and learning from one another. The
increased intimacy led to a more collaborative working environment where “everyone feels
welcome, everyone is listened to, everyone does something that they enjoy doing, not just what
they’re good at.” [Mari]

Discussion and Conclusions

Engineering shapes and is shaped by students’ attitudes and beliefs about the importance and role
of diversity and inclusion. Historically, the field has been characterized by a lack of
representation and is predominantly White, male, and able-bodied [34], [35]. Engineering has
also often ignored non-technical foci in courses and downplayed the importance of social context
[36], [37]. Together, these norms create contexts in which students do not see engineering as
related to issues of diversity and inclusion. Therefore, they may not be motivated to discuss or
enact these topics in their classrooms or teams [38], [39]. We found similar trends in our
work—students who valued and were motivated to act inclusively deeply socialized with their
teammates. These students asked questions and learned about teammates beyond visible
differences and engineering task-related skills. These socialization practices led to team norms
that valued differences and supported inclusive practices during team interactions. Some of this
behavior can be shaped by the institutional structures and norms and can provide leverage points
for supporting more inclusive practices in engineering teams.

The results of this multi-year project indicate the need to continue to develop curricula to support
students’ understanding of diversity and inclusion within engineering classrooms as well as
provide structured instruction on how to engage inclusive behaviors in teams. Often, students are
placed into teams (sometimes intentionally based on evidence-based practices and other times
randomly) with less effort spent on scaffolding challenging conversations about diversity with
students in these teams. However, the process of forming teams is not the only consideration in



promoting teams that are effective. Effectiveness must move beyond “getting the good grade”
and focus on providing experiences that support all students within teaming contexts.

Future Work

The results of our work have indicated that socialization processes are vital in helping students
create more inclusive first-year engineering teams. However, our work has also shown that
navigating the storming and norming processes of team formation is highly variable. Future work
should examine how engineering educators and students can better direct or guide teaming
experiences to create inclusion. Further, the socialization processes described by students that led
to inclusion reflects a level of privilege. Students had the time and money to be able to meet
outside of course hours in informal environments such as dining halls. Many students do not
have the privilege to meet in these ways due to their current socioeconomic status or due to
commitments outside school such as work and family. Given these realities of students, we must
examine ways that we can make positive socialization processes for inclusion equitable to all
students in engineering.
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