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CONFLICT BEHAVIOR AND ITS INFLUENCE ON
ENGINEERING DESIGN TEAMS

Abstract

Our work is investigating the nature and perceptions of team conflict from the student as
well as the faculty perspective through the use of team observations, student and faculty
surveys, as well as faculty interviews. In particular, we are interested in determining the
most common types of conflicts among students as well as the conflict-management
strategies they utilize. Questions asked in the surveys and interviews ranged from general
evaluation of teamwork to student and faculty perceptions of productive conflict. The
main conflicts that were reported in our study included conflicts of commitment, different
ideas about the project direction as well as different working styles.

Results from this research will enable us to rethink common models of team conflict and
develop direct and indirect intervention strategies that can help students to better integrate
emotion and intellect in engineering design and innovation.

Introduction

Although design projects and course structures may vary, there has been a consistent
attempt to integrate team experiences into the engineering design curriculum . While
there has been significant work that describes instructional approaches for integrating and
assessing teamwork, very few studies have explored the role that team conflict has on
students’ team performance in the context of engineering design education 36,

The current work addresses student and faculty perspectives on team conflict as well as
conflict-management strategies. Understanding the mechanics and potential beneficial
effects of team conflict offers new insights for engineering educators who emphasize
teamwork in their courses or design projects.

Past and current models of team interaction and conflict

The predominant model of group development synthesized by Tuckman describes
different stages of group development: forming, storming, norming, performing as well
as adjourning ’. However, the issue of team conflict has not been specifically addressed
in this model although Maples et al. emphasized that the highest amount of conflict,
concern, confrontation and criticism arises in the storming stage®.

To better integrate conflict into the group development process Gemmill and Wynkoop
proposed a psychometric model consisting of the following phases and transitions: (1)
'hanging on' which involves intellect only (2) 'working through' which involves emotions
only (3) 'letting go', which comes with an agglomeration of intellect and emotions and (4)
‘moving beyond' where intellect and emotions are integrated. At any of these points, the
group may fail to make the transition, which can consequently lead to regressive
solutions such as defensive routines, refusal to deal with emotions or “scapegoating” °.
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Taken together, these research findings indicate that team conflict is an important
mechanism influencing the integration of emotion and intellect. Therefore, it needs more
attention in the context of teaching engineering design and innovation. Therefore, this
research will show common conflict patterns and conflict-management strategies,
including productive forms of conflict that are present in student engineering design and
innovation.

Methodology

To explore the nature of team conflict and its impact on team performance our current
work is investigating the following research questions:

e What is the nature of team conflict in student design teams?
e How do students and their instructors manage these team conflicts?
e What do students and instructors learn from team conflict?

In order to capture these questions, the study was split into three parts: (1) faculty
interviews (2) team observations and (3) student and faculty surveys. However, due to
time and space restrictions, we will only focus on the results from the interviews and
surveys.

Study participants

The participants of this study - both students and faculty - were recruited from three
classes: (1) Engineering Design and Communication (EDC), (2) Interdisciplinary Design
Projects (IDP), and (3) Medical Innovation (MI). EDC is a first year undergraduate
design class spanning two quarters. It is a requirement for all incoming engineering
students (approximately 400). EDC consists of several sections with each having about
16 students and two instructors (engineering and writing). In the first quarter, all four
teams in a section work on the same project. The projects focus on universal design and
can range from designing assistive technologies for stroke survivors to newly designed
field-hockey sticks for the disabled.

The IDP course is a two quarter sequence and is intended for undergraduate students at
the junior or senior level. The format is similar to EDC and focuses on team-based
design. Typically, enrollment is around 25 students per quarter. Furthermore, two
instructors (engineering and writing) and a variety of advisors help oversee the student
teams.

Ml is a two-quarter sequence targeted at graduate students from the engineering, medical,
law and business school programs. Medical Innovation is based on experiential learning
and team-based processes. Student teams consist of about 8-9 members and two
instructors. Teams go through the phases of ideation, prototyping, legal protection,
market sizing and business plan development. In contrast to EDC and IDP where a client
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has pre-defined project, the MI students have to find their own project through
observation and shadowing. Typical enrollment is about 65 students.

The student surveys were sent to 147 EDC students, 65 MI students, and 25 IDP students,
totaling 237 students in all three courses. Response rates were as follows: (a) 45% (N=
67) for EDC, (b) 36% (N=10) for IDP, and (c) 38% (N=25) for MI. We also interviewed
20 faculty members from all three classes with each interview lasting from 30 minutes to
about two hours. Furthermore, did we recruit 30 more faculty members for surveys. The
response rate for the faculty surveys was 45% (N=14).

Faculty interviews

Interviewed faculty consisted of former instructors that were chosen based on their
experience with team-based design or innovation classes as current or former instructors.
The interviews were constructed to conduct exploratory research on faculty observations
of conflict as well as on conflict-management strategies. Faculty, were first asked general
questions about the course and teamwork, followed by more conflict-oriented questions.
The questions we developed were formulated so as to explore factors for (a) sources of
conflict, (b) conflict-management strategies of students, (c) own experiences with
conflict, (d) the productive side of conflict, and (e) others (see Table 1). We followed a
semi-structured interview protocol such that we identified several questions to ask a
priori. However, the interview was conducted in a conversational in order to give the
interviewer or interviewee the possibility to ask follow-up or clarifying questions as
necessary.

Although we were aware of existing team conflict and conflict management categories'"
" we developed our own classifications that were based on faculty responses.

Interview question Purpose
1. Please name two positive and negative | Gives us a picture of the instructor’s
aspects of EDC/M1/IDP? perspective of team-based classes

2. What are the most common sources of | Establishes a description of team conflict
team conflict that you have observed among | from the instructor perspective.
student design teams over the years?

3. Please describe the strategies that students | Explores the instructor’s observations on
use to manage conflicts in their teams conflict management strategies.

4. What types of conflict as well as conflict | Provides more personal information
management strategies have you encountered | about conflict.
in your professional career?

5. How would you define productive | Aims at faculty perception of productive
conflict? conflict.

Table 1.Faculty interview questions

For example, when faculty responded to question 2 that “some students just didn’t pull
their weight (Instructor A in EDC)” we categorized that as different levels of
commitment. Other conflict categories were different skill-sets, different ideas about the
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project direction, different personalities, and different working styles. These conflict
categories would then be implemented into a forced-choice question that was
implemented into the student and faculty surveys. Among the categories for question 3
were: division of labor, absorbing extra work as well as assigning low-level tasks for
low-achievers. Categories for question 4 and 5 are still under investigation. However, we
included statements that we considered relevant for the discussion.

Faculty surveys

Faculty that could not be covered through interviews was surveyed using questions
similar to Table 2. Question 2 was the only exception because it was converted into a
forced-choice question.

Student surveys

The items in the student surveys were developed based on the research questions, the
focus of the courses, and faculty responses in the preliminary interviews. The survey
included both forced-choice and open-ended questions. The open-ended questions aimed
to capture students’ perspectives on teamwork in general, experiences of team conflict, in
addition to questions about how students managed conflict, and if any of the conflicts
they experienced were productive (see Table 2). Responses to question 2 were rated on a
3-point scale and subdivided into 1- rarely an issue, 2- sometimes an issue and 3- often an

issue. The authors chose three-point scales because they are less cumbersome for
respondents, thereby increasing response rates.

Survey question

Purpose of the question

1. Please describe your two most positive
and negative experiences with teamwork in
EDC/MI/IDP?

Establishes a base line of how teamwork is
perceived among students.

2. What were the main sources of conflict
you experienced in your team?

Indentifies the sources of conflict perceived
by the students as well as their frequency.

3. Pick one or two conflict(s) that you
experienced from the list above and explain
how they affected your team

Establishes a more detailed description of
students’ perception of conflict as well as
its impact on their team performance.

4. How did the team manage those
conflicts?

Investigates the strategies that students
used to deal with team conflicts.

5. Did you think that any of the conflicts
you experienced were productive and help
your team perform better? Please explain

Evaluates students’ understanding of
productive conflict.

Table 2.Student survey questions

Question 3 is an addition to the forced-choice of question 2, thus was not categorized.
Categories for question 4 were coded similar to question 4 of the faculty interviews. For
example, when students stated that “We gave him assignments we thought he could
handle, such as the less technical writing, and put him in charge of "advertising" such as
the presentation at the poster fair. We also just absorbed the extra work to an extent.
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(Student C)” we would code that as assigning non-critical tasks to the low-achiever(s).
Responses for question 5 will be included in form of selected statements.

Findings
Extracting the positive and negative aspects of teamwork was the first part of the

interviews and surveys, providing us with trends as to which circumstances of teamwork
lead to conflict among students (see Tab. 3).

Positive
Shared goals Even division of labor Variety of ideas
Trust Establishing of relationships Learn how to manage
team members
Socializing Motivation
Negative
Uneven work-loads [ll-conceived team meetings Lack Of. dedication to a
final goal
Lack of self-motivation Lack of trust Burden of responsibility
Lack of commitment Lack of perseverance
Uneven contribution levels Scheduling conflicts Lack of commitment

Table 3.Positive and negative factors associated with teamwork

The majority of students balanced positive and negative associations with teamwork.
However, some students expressed their frustration about teamwork ( “Because half of the
team did little or no significant work, the entire project was essentially left to me and one
other person which made it extremely stressful and difficult to get the project done”)
(Student D in EDC). Others conveyed more enthusiasm about their team interactions
(“Everyone on the team did an absolutely fantastic job, and really pulled their weight! It
was a pleasure working with everyone, and I learned so much from everyone”) (Student
B in MI).

In general, some faculty members expressed their skepticism about the students’
understanding of teamwork (“Some students do not understand the real value of a team,
they think it is something similar to a study group”) (Instructor in MI). Others explained
that high-achievers immediately establish a performance hierarchy based on each team
members’ skill and ambition that can often lead to team conflict.

Figure 2 shows the most frequently experienced team conflicts among student teams,
corresponding to a frequency level of 3 (— often an issue), for all three courses. The data
suggests that students of all levels reported those of commitment as the most frequently
experienced team conflicts. Furthermore, MI and IDP students reported a high portion of
project direction conflicts. This might be rooted in the IDP and MI students’ higher level
of expertise, thus creating more conflicts that are related to project direction and skill-
sets.
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Personality conflicts on the other hand seem to have been more of an issue with EDC
students than with students of the other two classes.

Different levels of
commitrment

Different ideas
about the project
direction

Different skill-
sets

Different working
styles

Different
Personalities

Figure 1.Most frequently perceived team conflicts among students from all three courses

It was surprising to see that IDP students reported the highest share of working style
conflicts. Nevertheless, due to the low response rate (N=10) of the IDP sample we could
not draw any convincing conclusions. Furthermore, is the distribution of different conflict
categories very consistent with faculty responses in the surveys and interviews.

Conflict-management strategies

The second objective of this study was to evaluate the conflict-management strategies of
student design teams. Therefore, both faculty and student surveys were analyzed in
addition to faculty interviews. Figure 2 demonstrates that students utilize a variety of
conflict-management strategies ranging from division of labor to voting. The data also
suggests that EDC students reported a significant percentage, about 26%, of regressive
strategies such as scapegoating or assigning non-critical tasks to the low-achiever. In
contrast to EDC students, IDP and MI students reported a higher percentage of
progressive strategies such as discussion (21 and 27%).
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28%
Division of labor Yo
30%
Assigning non-critical tasks to the low- — 16%
achiever(s) 5% °
17%
Discussion 21%
27%
7%
Others 5%
8%

0O EDC
m IDP
oM

Figure 2.Conflict-management strategies reported by students form all three courses

In summary, we extracted a variety of regressive and progressive conflict-management
strategies from faculty from the survey and interview data. The definition of “regressive”
and “progressive” was based on past research’ as well as faculty comments.

Sources of conflict

Regressive:
Different levels of .S e Avoding’
commitment « “Scapegoating * “Avoiding Tea.m.
» “Isolating low-achievers” creativity
. . degrades
Diff tid bout * “Defensive routines”
thle erﬁ)r.'e(':t Zla;'se(?ilc?: » “Using division of labor Individual
Prel _forgeatvetasks creativity
) Progressive:
lefirent tvl « “Deferring  + “Brainstorming” Future Team
working styles i ” . .
gsy Judgment interactions

. * “On-the-spot group completion
Lack of conflict of undesirable tasks” :
Final

. « “Cost/benefit analysis”
Interpersonal conflict product

 Systematic argumentation that uses
sketches, scenarios, and quickly
improvised mockups”

Figure 3.Summary of conflict sources and conflict management strategies
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Productive conflict

The final part of the study targeted both instructors’ and students’ views on productive
conflicts. 65% (N=154) of all students reported that their experience with team conflicts
was productive while 35% (N= 83) could not extract any value from them. Figure 3
shows the variety of student statements about the results of their team conflicts, ranging
from denying the value of team conflict to openly embracing adversity and
argumentation. It should also be noted, that students are often faced with two options: (1)
risking “group frustration”, thus slowing the team down or (2) spurring a productive
discussion that could lead to a design improvement.

Not really no, most of them were just an inconvenience and slowed our team down
(Student A)

Dealing with this group member caused a lot of frustration in the group and after we

decided to stop giving responsibility to him the group performed more efficiently.
(Student C)

The conflicts concerning team dedication and commitment at the beginning were

ultimately resolved but put us behind a bit. As a result, we had to learn to work more

efficiently toward the end of the quarter to make up for lost time. (Student E)

“Some of the conflict of ideas about project direction caused us to rethink each idea
and hone the idea until a consensus could be reached. This usually resulted in a
higher quality idea.” (Student [)

“I think every bit of adversity and argumentation leads to a better final product. If
nobody cared then we would have very few arguments. But since every team member
cared enough to try to have their ideas and input be useful in the making of our
product, our final product became a combination of all the best ideas we could think
of.” (Student F)

Was team conflict productive?

&
<

Figure 4.Student statements about productive team conflict

As for the faculty, some stated that “conflict is productive when it leads to increased
understanding of different options/viewpoints, and a stronger rationale for decisions
made” (Instructor C in EDC). Others define productive conflict as “conflict that leads to
some type of action (including decision as an action) that is more productive than the
action that would have been taken had the conflict not existed” (Instructor D in MI).

It should be noted that a large number of faculty relate the definition of productive
conflict to their conflict-management style. For example, faculty members that tend to be
confrontational in conflicts, emphasize argumentation as a main criterion of productive
conflict, whereas faculty or instructors that tend to avoid conflicts see compromise as the
means to productively deal with team conflicts.
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Discussion and Future Work

The goal of this paper was to extract the main categories of team conflicts and conflict-
management strategies that students experience and their instructors observe. The main
sources of conflicts we found were: conflicts of commitment, project direction, and
different working styles. Although the data suggests that students in MI and IDP reported
fewer commitment conflicts and more conflicts about ideas and working styles, it is still
unclear if this is mainly attributed to structural characteristics of the class or their higher
seniority. Furthermore, do the results indicate that students of all seniority levels display
a variety of complex conflict-management strategies ranging from assigning non-critical
tasks to low-achievers to actively engaging in confrontational discussions about their
design.

The question of how students deal with “perceived” low-achievers in their teams is very
interesting. Instructors would often consider it a pedagogical dilemma:

“Trying to bring the whole group [referring to the student team] back to the same level,
would cause the deliverables and the design to get stuck. We certainly don’t encourage
that [assigning non-critical tasks to the perceived low-achiever(s)], but sometimes I just
know that bringing everyone back to the same level will not work, although its
pedagogically not desirable” (Instructor B from EDC).

This issue goes back to the question of how instructors can enhance performance as well
as learning in teams'”. Therefore, we will dedicate more attention to this phenomenon in
the future.

While we were analyzing student survey responses we discovered that a large number of
EDC students mentioned the pronounced effect that design review, prototyping as well as
brainstorming had on their team conflicts. For example, some students mentioned how
the design review helped readjusting some of their team’s agendas:

“At first it seemed to the team members with less building experience that the other team
members were being closed-minded about their ideas. After the design review we were
more capable of dealing with these conflicts by addressing them openly and discussing
how the less-experienced team members felt. It was soon clear that the other team
members were not just throwing out ideas, but identifying their flaws and evaluating their
feasibility.”(Student G in IDP)

Therefore, we need to incorporate questions about the influence of design process steps
such as brainstorming, design reviews and prototyping into our future surveys.
Furthermore, are we investigating the use of existing techniques such as Latent semantic
analysis (LSA) or verbal content analysis'> '* to analyze the team observations we
collected and are currently reviewing.

There are several future research directions that could be of interest to this study. A
number of researchers already pointed out, that different personalities can have a
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- 15, 16 . . .
pronounced impact on team performance ~ . Therefore, including psychometric

measurements such as the Myers-Briggs Temperament Indicator (MBTTI) into our
investigation could help us find any correlations between conflict patterns and
personalities in student design and innovation teams. Several researchers such as
Robbins, Dyer and Schulz-Hardt have already pointed out that team conflict can have
pronounced effects on team outcomes' .

Having instructors comment on issues such as perceived conflicts and conflict-
management strategies provided an important perspective, and helped us identifying team
conflicts that were rendered either regressive or progressive by various strategies (see
Figure 4). Although, we did not include faculty statements about their personal
experience with team conflict, most of them reported that increasing self-awareness and
life experience helped manage conflicts in their professional career.

Integrating all the above-mentioned perspectives, could provide us with a deeper
understanding of how we might redesign exercises in order to help students transition
from individual ownership to collective ownership of ideas and skills.
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