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Abstract
This paper will describe the impact of cohering two first year courses, Introduction to
Engineering and Small Group Communication on team dynamics. One of the important skills for
successful engineering students is their ability to work effectively in a team environment. There
are many opportunities for students to participate in team-based work in various courses and
capstone projects to help them practice teamwork skills. However, in many cases, students are on
their own to make their teams work and these team-based activities do not necessarily allow
students to develop effective teamwork abilities. At Arizona State University, two cohorts of first
year engineering students took Introduction to Engineering and Small Group Communication
together during Fall 2018 semester with cohered schedule, content, and assignments, around a
small design challenge and a large design project.
The impact of this model on team dynamics in the design projects was assessed using the CARE
model and assessment tool developed by the Individual and Team Performance Lab at University
of Calgary. This assessment tool contains 81 Likert Scale questions about Team Dynamics
covering the following areas: strategy formulation & planning; role clarity; cooperative conflict
management; team monitoring & backup; goal progression; coordination; contribution equity;
healthy, fact-driven conflict; lack of personal conflict; trust; constructive controversy;
exploitative learning; and exploratory learning. The experimental group consisted of two sections
of the cohered courses whereas the control group involved students enrolled in four sections of
the traditional Introduction to Engineering course during the same semester. This assessment tool
was given to both groups three times during the semester. Overall the experimental group
outperformed the control group for the majority of the questions in all three evaluations. Less
personal conflict was found in the control group from the first evaluation where differences in
results between the two groups were of statistical significance. Other statistically significant
differences with better performance from the experimental group were found in results from
areas of healthy, fact-driven conflict (first evaluation); coordination (final evaluation); and
contribution equity (final evaluation).
Introduction
Teamwork has long been recognized as an essential skill for engineering graduates to be
successful in today’s workplace [1, 2]. It is very common for engineering programs to use
experiential learning in the form of team projects in various courses ranging from the
introductory engineering courses to capstone courses to help students develop this important skill
[3-10]. Though these team based projects do provide students with opportunities to gain

teamwork experiences, it does not necessarily mean that students will develop effective
teamwork skills from these team project experiences. In many cases, students are left on their
own to make their teams work, as little formal training is provided to students due to various
restrictions/constraints. Some examples may include: limited time is available in the course
schedule for in-depth discussions about teamwork skills, and engineering instructors may not be
aware of the fundamental research and theories behind developing teamwork skills, etc. [11, 12].
To address this problem, at Arizona State University, two cohorts of first year engineering
students took Introduction to Engineering and Small Group Communication together during the
Fall 2018 semester with the courses having cohered schedules, content, and assignments, all
centered around two team-based projects. The Introduction to Engineering course focuses on the
engineering design process; opportunity identification; problem definition; design criteria;
imagining possible solutions; decision making; descriptive and predictive modeling; project
management; technical communication; and various tools, skills, and technical concepts that are
relevant for the projects. The Small Group Communication course focuses on developing skills
towards working in task-oriented groups; engaging in effective role performance; decreasing
communication apprehension in small group settings; problem-solving and decision-making in
small group settings; developing conflict management skills; managing and planning tasks; etc.
Students apply these skills in their Introduction to Engineering team projects.
Students’ teamwork skills are often measured by the effectiveness of their teams, which focuses
on various factors that affect team outcomes [13]. Various team effectiveness models exist [1422] that depict characteristics of team effectiveness. One such pedagogical team effectiveness
model was developed by the Individual and Team Performance Lab at the University of Calgary
[11] called the team CARE model. According to this model, there are four key teamwork skills:
communicate, adapt, relate, and educate. Out of these four dimensions, ‘communicate’ involves
formulation of the team’s strategy of achieving their goals based on the team’s strengths and
weaknesses; clear expectations and roles of each member; and team’s ability to manage and
resolve conflicts. ‘Adapt’ encompasses the team’s ability to coordinate each other’s efforts in
order to optimize time and efficiency; monitor team’s progress; and adjust and support each
other when problems occur. The third dimension ‘relate’ refers to team members’ relationships
and interactions, and important characteristics include trust, interdependence, equal and fair
share of teamwork, and lack of personal conflict. Finally, ‘educate’ in the model means team’s
motivation and willingness to acquire new knowledge in order to improve the team’s outcomes
[11]. This developmental tool can be used to assess team dynamics and provide specific
information about the team’s effectiveness [23].
This work aims to measure whether the intervention of cohering the first year engineering course
with the Small Group Communication course has led to better team dynamics in the team
projects, using the team CARE model. Teams in sections that received this intervention
(experimental group) and sections that did not (control group) were assessed three times

throughout the semester using the team CARE assessment tool [23], which contains 81 Likertscale questions that focus on the four dimensions of teamwork skills discussed above, as well as
team potency and satisfaction. This team effectiveness model and assessment tool was chosen for
this study due to its ease of integration into the course and the quality feedback reports generated
for students to gauge their performance. In this paper, quantitative results from both groups will
be compared and discussed.
Context
At Arizona State University, the first year Introduction to Engineering course has seen major
transformations over the past few years and one important element that is incorporated in all
sections is team based hands-on design projects done in a makerspace. In this course, teams are
usually formed at the beginning of the semester and students stay in the same team for the entire
semester. Team contracts and peer evaluations are often used to help prevent common team
issues and evaluate individual performance in the team. However, the level of team performance
often varies in each section. Students’ motivation and their feelings about teamwork can also
vary based on their team experiences. During the fall 2018 semester, two sections of the
Introduction to Engineering course taught by the authors were cohered with the Small Group
Communication course, which means the same students were enrolled in both courses and these
two courses were connected to each other in multiple ways. For example, both courses utilized
the same team-based projects throughout the semester and students developed skills from both
courses which were then applied in the projects; both courses had cohered schedules around
these projects; and there were cohered assignments between the two courses that each required
only one submission but students received credit in both courses.
The Introduction to Engineering course is a 2-credit course that meets twice each week for a 50minute lecture and a 3-hour lab, and the Small Group Communication is a hybrid course with
one class meeting each week. During the Fall 2018 semester, students worked in teams on a
small design challenge at the beginning of the semester and then a large design project for the
rest of the semester. Students self-formed teams of 3 or 4, with students choosing their initial
team based on who they sat with on the first day of class. Self-formed teams were found to be
preferential in the course as previous attempts to use instructor formed teams resulted in negative
feedback from the students. The majority of students taking the course are freshmen and
members of the self-formed teams rarely have pre-existing relationships outside of the course.
Students remained in this initial team for the duration of the small design challenge. Following
the completion of the small design challenge, students were given the option to switch
membership to a different team. Team memberships were held constant for the duration of the
large design project. Of the 53 teams in both groups, only 3 teams had membership changes
between the small and large design projects. Experience with the course has suggested that
giving students more agency in their team selection has resulted in more ownership in the team’s

success/failure as reflected in student evaluations. Since teams were formed in the same way in
both groups, team formation does not play a role in the differences found in the results between
the groups that will be discussed in later sections.
Research Method
The goal of this research is to understand if the intervention of cohering Introduction to
Engineering and Small Group Communication has resulted in better team dynamics. The
experimental group involved in this study includes two sections of the cohered courses with 37
and 20 students each. The control group consists of four sections of traditional Introduction to
Engineering course taught by the authors in the same semester with approximately 40 students
each. Out of these four control group sections, one had the same projects as the experimental
group while the other three had a different small design challenge and large design project with
similar objectives, lengths, and deliverables. The same team structure was implemented in both
groups. The team CARE assessment tool was administered to individuals in both groups three
times throughout the semester, once after the mini team design challenge, once during the middle
of the large design project, and once at the end of the course [23]. Categories for the questions
are listed in Table 1 below. A Likert scale of 1-5 is used for these questions, with 1 being
strongly disagree and 5 being strongly agree. Besides these questions, there are also questions
about team potency and team satisfaction. The complete list of questions in this assessment tool
can be found in Appendix A [23].

Table 1. Team CARE assessment tool questions categories [23]
Team CARE
model dimension

Subcategories

Communicate

Strategy
Formulation

Role Clarity

Cooperative Conflict
Management

Adapt

Team Monitoring
and Backup

Emphasizing Goal
Progression

Coordination

Relate

Trust

Healthy, Fact-Driven
Conflict

Lack of Personal
Conflict

Educate

Exploratory
Learning

Exploitative Learning

Constructive
Controversy

Contribution
Equity

Findings
The experimental group consisted of 15 teams and there were a total of 38 teams in the control
group. Quantitative results displayed in Figure 1 show that the experimental group had a higher
overall mean value for each of the three evaluations, though the differences were not found to be
statistically significant (p>0.05).

Figure 1. A comparison of overall mean values between the two groups. A Likert scale of 1-5
was used, with 1 being strongly disagree and 5 being strongly agree.

The overall mean values for the four dimensions of the team CARE model can be found in
Figure 2 for all the three evaluations. The experimental group was found to have higher mean
values for ‘Communicate’, ‘Adapt’, and ‘Educate’ in all three evaluations. Out of these three
dimensions, the greatest difference was found in the final evaluation for ‘Adapt’. The control
group had slightly higher mean values in the first two evaluations for the dimension ‘Relate’.
None of these results was of statistical significance (p>0.05), however, the following results had
p values which were smaller than 0.10: ‘Adapt’ and ‘Educate’ in the first evaluation, and ‘Adapt’
and ‘Relate’ in the final evaluation.

Figure 2. Overall mean values for the four dimensions of team care model (C- Care, A - Adapt,
R - Relate, E - Educate). A Likert scale of 1-5 was used, with 1 being strongly disagree and 5
being strongly agree.
A comparison of the results between the two groups for the subcategories of each of the four
dimensions of the team CARE model can be found in Table 2. The mean values for the
experimental group were higher in almost all subcategories for all the three evaluations, except
for only one or two subcategories in each evaluation. Statistically significant differences were
found in subcategories healthy, fact-driven conflict and lack of personal conflict in the first
evaluation, and in subcategories coordination and contribution equity in the final evaluation. The
other subcategories for which the results are worth noting include exploitative learning in the
first evaluation, goal progression in the first and final evaluations, as well as trust in the final
evaluation (p<0.10).

Table 2. Mean values for subcategories of team CARE model (*p<0.10, **p<0.05)
First evaluation

Second evaluation

Final evaluation

Experimental

Control

Mean
Difference

Experimental

Control

Mean
Difference

Experimental

Control

Mean
Difference

Conflict
management

4.42

4.29

0.13

4.37

4.33

0.04

4.46

4.38

0.08

Role clarity

4.22

4.08

0.14

4.36

4.19

0.17

4.37

4.24

0.13

Strategy &
planning

4.23

4.09

0.14

4.28

4.25

0.03

4.37

4.28

0.09

Monitoring &
backup

4.21

4.04

0.17

4.31

4.15

0.16

4.41

4.21

0.20

Goal
progression

4.17

3.93

0.24*

4.22

4.14

0.08

4.41

4.12

0.29*

Coordination

4.39

4.22

0.17

4.43

4.20

0.23

4.53

4.24

0.29**

Contribution
equity

4.30

4.53

-0.23

4.19

4.36

-0.17

4.55

4.06

0.49**

Healthy factdriven
conflict

3.81

3.50

0.31**

3.53

3.38

0.15

3.31

3.41

-0.10

Lack of
personal
conflict

4.42

4.67

-0.25**

4.39

4.58

-0.19

4.65

4.51

0.14

Trust

4.45

4.32

0.13

4.40

4.23

0.17

4.48

4.19

0.29*

Constructive
controversy

4.37

4.25

0.12

4.36

4.30

0.03

4.39

4.26

0.13

Exploitative
learning

4.19

4.04

0.15*

4.14

4.12

0.02

4.29

4.21

0.08

Explorative
learning

4.19

3.98

0.21

4.20

4.12

0.08

4.33

4.15

0.18

Figure 3 shows the mean differences between the two groups for questions related to team
potency and team satisfaction in all three evaluations. The greatest differences were found in
both categories in the final evaluation and the results for team potency had p=0.055.

Figure 3. Mean values for team potency and satisfaction
Conclusions and Future Work
To summarize, the work presented in this paper aims to evaluate whether the intervention of
cohering the first year engineering course with the Small Group Communication course has led
to better team dynamics in the team projects, using the team CARE model. The team CARE
model assessment tool which contains 81 Likert scale questions covering different aspects of the
four dimensions of team skills: Communicate, Adapt, Relate, Educate, as well as team potency
and team satisfaction was administered to the experimental and control groups three times
throughout the semester. Through quantitative analysis of the data, it was found that overall the
experimental group had higher mean values for the majority of the questions in all three
evaluations. Statistically significant differences were found in results for questions related to
healthy, fact-driven conflict (first evaluation), coordination, and contribution equity (both in final
evaluation) between the two groups. This means that experimental group teams engaged in
discussions about the pros and cons of different opinions or debated about different viewpoints
more often than the teams in the control group did in the small design challenge. In the large
design project, they communicated better with each other within the teams, integrated their
individual work efforts into final team products more smoothly, and coordinated their activities
with each other in a better way; and there was less tension in the experimental group teams due
to lack of contributions from team members and less disagreement about task distribution, as
well as other team logistic issues. The results also suggest that control group teams had less
personal conflict in the small project. For the majority of the other questions, though the

experimental group outperformed the control group, the differences were not found to be of
statistical significance.
Areas of future work include removing anomalies in the data, e.g., when only one or two out of
four members completed the assessment, and incorporating qualitative research methods such as
focus groups, interviews, and observations for a more thorough analysis.
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Appendix A. Team CARE Model Assessment Tool Questions
Please report your agreement on each of the following statements regarding your team.
(Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree)
Category I: Communicate
Strategy Formulation:
1. We develop an overall strategy to guide our team activities.
2. We prepare contingency ('if-then') plans to deal with uncertain situations.
3. We know when to stick with a given working plan, and when to adopt a different one.
4. We periodically re-evaluate the quality of our working plans.
5. We specify the sequence in which work products should be accomplished.
Role Clarity:
1. We feel certain about how much authority we each have.
2. There are clear, planned goals and objectives for each of our roles.
3. We divide our time and efforts properly.
4. We know what our responsibilities are.
5. We know exactly what is expected of each other.

Cooperative Conflict Management:
1. Team members encourage a 'we are in it together' attitude as they negotiate their differences.
2. Team members seek a solution that will be good for all of us.
3. Team members treat conflict as a mutual problem to solve.
4. We work so that to the extent possible we all get what we really want.
5. Team members combine the best of positions to make an effective decision.
Category II: Adapt
Team Monitoring and Backup:
1. We inform team members if their work does not meet standards.
2. We seek to understand each other's strengths and weaknesses.
3. We support each other when needed.
4. We help a team member who is overwhelmed with tasks.
Emphasizing Goal Progression:
1. Regularly monitor how well we are meeting our team goals.
2. Use clearly defined metrics to assess our progress.
3. Seek feedback about how well we are meeting our goals.
4. Know whether we are on pace for meeting our goals.
5. Let team members know when we have accomplished our goals.
Coordination:
1. Our team communicates well with each other.
2. Our team smoothly integrates our work efforts.
3. Our team members coordinate our activities with one another.
4. Our team re-establish coordination when things go wrong.
Category III: Relate
Trust:
1. My team members show a great deal of integrity.
2. I can rely on those with whom I work in this group.
3. Overall, my team members are very trustworthy.
Healthy, Fact-Driven Conflict:
1. To what extent do your team members argue the pros and cons of different opinions?
2. How often do your team members discuss evidence for alternative viewpoints?
3. How frequently do your team members engage in debate about different opinions or ideas?
Lack of Personal Conflict:

1. How much emotional conflict is there among your team members?
2. How much anger is there among your team members?
3. How much personal friction is there in the group during decisions?
4. How much are personality clashes between team members evident?
5. How much tension is there in the group during decisions?
Contribution Equity:
1. How often is there tension in your team caused by member(s) not performing as well as
expected?
2. To what extent is there tension in your team caused by member(s) not completing their
assignment(s) on time?
3. How much tension is there in your team caused by member(s) arriving late to team meetings?
4. How frequently do your team members disagree about the optimal amount of time to spend on
different parts of teamwork?
5. How frequently do your team members disagree about the optimal amount of time to spend in
meetings?
6. How often do your team members disagree about who should do what?
Category IV: Educate
Exploratory Learning:
1. Team members systematically search for new possibilities.
2. Team members offer new ideas and solutions to complicated problems (are inventive).
3. Team members experiment with new and creative ways for accomplishing work.
4. Team members evaluate diverse options.
5. Team members develop many new skills.
Exploitative Learning:
1. Team members recombine existing knowledge for accomplishing work.
2. In our team, we primarily perform routine activities.
3. Our team implements standardized methodologies and regular work practices.
4. Team members improve and refine their existing knowledge and expertise.
5. Team members mainly use their current knowledge and skills for performing their tasks.
Constructive Controversy:
1. Team members express their own views directly to each other.
2. Team members listen carefully to each other's opinions.
3. Team members try to understand each other's concerns.
4. Team members try to use each other's ideas.
5. Even when we disagree, we communicate respect for each other.
6. We work for decisions we can all accept.

7. All views are listened to, even if they are in the minority.
8. We use our opposing views to understand the problem.
Team Potency and Satisfaction
Team Potency:
1. Our team has confidence in itself.
2. No task is too tough for our team.
3. Our team believes it can solve any problem it encounters.
4. Our team believes it can be very productive.
Team Satisfaction:
1. I like working with my team members.
2. Compared with other teams I have worked on, this team works well together.
3. I prefer working with this team rather than by myself.
4. I would not pursue an opportunity to leave this team and work on another.
5. I look forward to working with my team members in the future.

