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Engineers are increasingly required to work in teams that span time zones and cultures. Engineering education has begun to
attempt to prepare students for this environment. An important topic is how to best form teams of students for distributed
design projects. The goals of this research were to validate a method for organizing teams to maximize team performance
and identify and validate metrics for individuals that would help in the organization of distributed teams of student
engineers. A review of previous, related research is provided. A description of the proposed method of team organization is
given, along with methods of data collection and a comparison of the proposed method to common methods. How
students were divided into teams and each team’s method of organizing sub-teams are described. Use of online surveys,
tests, statistical methods, and other data gathering and analysis methods are explained. Statistical analysis of survey results
and qualitative results of interviews and observations suggest that a profile-based method for organizing teams results in
significantly higher team satisfaction. Some methods for measuring and/or predicting individual attributes related to
teamwork, such as the significance of participation in team sports, were validated. No correlation was found between
which university a student attended and a student’s level of satisfaction with his or her team. Team success in distributed,
multi-disciplinary student design teams can be improved by gathering information about team members and using a

profile-based method to organize team members into sub-teams and leadership positions.
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1. Introduction

The Boeing Company sponsors an annual multi-
university design capstone course named ‘“Aero-
space Partners for the Advancement of Collabora-
tive Engineering”’, or AerosPACE[1, 2]. This course
involves several universities throughout the United
States working together for two semesters to design,
build, and fly an Unmanned Aerial Vehicle (UAV)
with a specific mission. During the 2013-2014 aca-
demic year, three teams each sought to help farmers
increase crop yields by designing a UAV that farm-
ers could use to monitor the health of their fields.
The universities involved were Brigham Young
University (BYU), Purdue University, the Georgia
Institute of Technology (GT), and Embry Riddle
Aeronautical University, Prescott, Arizona campus
(ERAU). All 36 undergraduate and graduate stu-
dents participating in the two-semester long course
were studying either mechanical or aeronautical
engineering. Students applied to participate in the
course, which was counted as their senior design, or
capstone credit in most cases.

Engineering teams in industry are challenged by
the fact that workers are increasingly asked to
collaborate with remotely located teammates [3].
For example, in the automotive industry, one group
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of experts estimated that 70 percent of their time is
spent on activities related to collaborating with
remotely located suppliers [4]. Boeing has experi-
enced this challenge recently with the development
of the 787 Dreamliner. About 65 percent of the new
aircraft is built by non-Boeing suppliers, requiring
significant inter-site collaboration [5].

Students participating in AerosPACE program
were faced with a similar situation when they were
placed on one of three teams with members spread
across various universities. A generic diagram of
how students were distributed is shown in Fig. 1.
As can be seen on hypothetical “Team 1" in the
diagram, half of the students on each team were
located at one university (University “B”, for
Team 1) and the rest of the team-members worked
from at least two other universities. These two
groups became known to the researchers as the
“core” team members, and the ‘“non-core” team
members, referring to whether or not the person was
a student from the university with the most students
on the team. The reason program organizers chose
to have cores was to facilitate the manufacturing
portion of the project by having a larger number of
people physically present in one location to work
together on assembling the design. Each team then
subdivided itself into Integrated Product Teams, or

* Accepted 3 November 2017.
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Fig. 1. Students from various universities were distributed to each team. Each team then created
sub-teams, or IPTs to work on specific portions of the project.

IPTs. These IPTs focused on specific portions of the
work, such as aerodynamics, manufacturing, or
computer aided design (CAD).

This research focuses on the question organizers
of the program faced when attempting to decide
what the best method for organizing students into
teams and sub-teams would be: with each student’s
individual skills, interests, and logistical considera-
tions, what method can a geographically dispersed
group use to optimally allocate its resources and
maximize performance?

2. Background

Multiple methods for organizing teams exist. Ad-
hocmethods, such as allowing students to self-select
their teams, or administrators randomly assigning
teams have been common, even in military settings
[6]. However, as pointed out by Layton et al., these
methods often lead to sub-optimal results [7].
Especially in the context of a geographically
distributed, virtual team, these mostly ad-hoc meth-
ods suffer from various shortcomings. As Hackman
points out, the composition of a group, such as an
IPT, is the most important condition affecting the
amount of knowledge and skill the group can apply
to the task [8]. As well, various authors have
promoted the importance of teams developing a
“Shared Mental Model” of the project they are
working on together [9-11]. Moreland et al., explain
further that it is not only important for a team to
have a shared mental model of the project they are

working on, but also to have a shared mental model
of the team itself and the teammates who make up
the team [10]. Citing extensive evidence, they state
that despite the difficulties of gathering the data
needed, when a group knows who knows what and
who is good at what, the organization can more
optimally allocate its most important resources: its
people. It is easy to see how in a virtual team, whose
members are geographically far apart, building
these sorts of mental models is at least as important
and even more difficult.

A thought experiment, along the lines of that
suggested by Moreland et al., elucidates this point
further. Imagine a new team whose leader knows
very little about the members of the team, or at least
about certain members of the team, such as would
likely be the case of a virtual design team. The
potential shortcomings of organizing this team
using traditional, ad-hoc sub-team organization
methods could include the following, broken
down by whether the shortcoming originates with
those volunteering for positions or with the team
leader (see Tables 1 and 2).

As can be seen by examining the ad-hoc team
organization method, many potential problems
have to do with a lack of knowledge regarding
members of the team and low levels of trust
among team members, demonstrating how the ad-
hoc method can make forming a shared mental
model of the team more difficult. Kramer and
Tyler substantiate this idea in their work on trust
in organizations [12]. They discuss how groups
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Table 1. Lists some potential problems that may occur with ad-hoc team formation due to volunteers

Volunteers

Problems

Possible Causes

Not volunteering for a position they are truly motivated
to pursue.

Nervous or uncomfortable about volunteering for position in front of peers.

Not given sufficient time to understand position, consider opportunity, or
weigh options (as in a group meeting when a leader asks for volunteers
before listing and describing all positions).

Not volunteering for a position they are truly qualified to

Not being sufficiently aware of the responsibilities of the position — the ad-

hold. hoc description offered may be insufficient or unclear.

Volunteering for a position they are NOT truly
motivated to pursue.

Desire to fit in with group, be seen favorably by others, be seen as a
contributor.

Misunderstanding the responsibilities and requirements of the position.

Volunteering for a position they are NOT truly qualified
to hold.

Desire to fit in with group, be seen favorably by others.

Misunderstanding the responsibilities and requirements of the position.

Attempting to gain prominence by taking advantage of the fact that others
do not realize they lack certain qualifications.

Difficulty accepting each other’s roles (ex: “Why is /e in
that position?”” or “How is she qualified to do that?”’ or
“How is e more qualified than me?”’).

Lack of knowledge of qualifications of other individuals.

Table 2. Lists some potential problems that may occur with ad-hoc team formation due to team leaders

Team Leader

Problems

Possible Causes

Not assigning a position or task to a team member who is truly
motivated to pursue it.

Assigning a position or task to a team member with no interest in
or motivation for that position or task.

Lack of awareness of the interests, goals, or desires of the team
member(s).

Assigning unqualified team members to a task.

Lack of awareness of team member skills or abilities, perhaps from
not taking sufficient time to or inability to measure and consider
options (as in a group meeting when a leader asks for volunteers).

“Lopsided Trust’: assigning tasks only to those whom the leader
already knows and trusts.

Being much more aware of the skill levels, interests, and desires of
certain team members than of others (such as when they are from
the leader’s home organization or department).

Only those who communicate most frequently or emphatically get
their information heard and acknowledged by the leader.

whose members don’t have time or resources pro-
vided to help teams get to know each other’s
qualifications and interests tend to rely on import-
ing expectations about broad groups of people
based on past experience or stereotypes. Depending
on this type of information does not provide the
quality of data needed to build a reliable shared
mental model of a team. Woolley et al., have shown
that teams with members whose skills are comple-
mentary perform better than teams with incongru-
ent or homogenous skill-sets [13].

2.1 Measuring success

Team organization methods that are effective will
help teams to be more successful. In order to
measure how successful teams of students were in
the 2013-2014 AerosPACE program, ““success’ had

to be defined and a measurement method had to be
identified. MacMillan et al., measured the success of
teams in their experiments by examining if teams
completed assigned tasks and by assigning subject-
matter experts to observe and evaluate team beha-
vior [9]. Brannick et al., describe measuring a team’s
success by one or two measures: ‘“‘process’ or “out-
come” [14]. Process, according to the authors, is
concerned more with interpersonal elements of
teamwork while outcome has more to do with
whether or not the team actually accomplished the
goal or goals they set out to accomplish. Levi and
Hackman argue that there are three ways to mea-
sure team success: completion of the task, the
satisfaction of team members, and the learning or
improvement of individuals on the team [8, 15].

To explain why the team’s satisfaction is impor-
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tant as a measure of team success, Levi gives the
following example with firefighters:

“Obviously, completing the task or putting out the fire
is an important criterion of success. However, it is also
important that the crews maintain a good working
relationship and the crew members do not get injured
in the process. Extinguishing the fire is important, but
so is preserving the ability of the team to fight future
fires.”

Lin et al., found that team performance (‘‘putting
out the fire”) is positively correlated with team
satisfaction [16]. Hertel et al., in his work on
methods of characterizing virtual teams and indivi-
duals, suggests studying satisfaction ratings of team
members [17]. With these sources as guiding pre-
cedents, we selected team satisfaction as the primary
measure of success for this study. We recognize that
there are other important ways of measuring team
success and will briefly mention aspects of teams’
performance related to the research.

Since teams are composed of individuals, we
needed a uniform method of measuring the char-
acteristics of individuals. Research into what areas
to measure and how to measure them led to work by
Dyer et al., In their respected work on team build-
ing, they propose that individual team-member
motivation, or commitment to the team’s goals,
and having the right social and technical skills, lay
the foundation for a team’s success. Leadership is
also cited as a crucial component of a successful
team [18]. We add what perhaps Dyer et al., had
taken as given—that logistical considerations, such
as location should also be included when deciding
who to put on a team. These areas are what we will
refer to as the “fundamental areas”. We attempted
to measure each individual’s:

Motivation

Technical Skill

Social Skill

Leadership Ability
Logistical Considerations

These broad categories effectively encompass many
important sub-areas. For example, how skilled a
given candidate for a team is in Finite Element
Analysis (FEA) would fall under the fundamental
area of Technical Skill. How good a candidate’s
interpersonal communication skills are would fall
under the fundamental area of Social Skill. Whether
a person lives in Delaware or India and what his/her
security clearance is would be Logistical Considera-
tions. While there may be some slight overlap
among these areas, in general they have proved
very effective in delineating personnel.

There are many ways these areas could be mea-
sured, such as by Naikar et al.’s suggestions [19]:

e Asking an individual how s/he would rate or
describe him/herself in a given area.

e Asking an individual’s peer, manager, or subor-
dinate to rate him/her in a given area.

e Testing an individual using some form of pre-
validated test.

e Recording an individual’s use of some sort of
tool, such as a Computer Aided Design (CAD)
program.

e Registering information from outside sources,
such as university degrees, training certifications.

Certain of these methods of measurement are only
available or useful at certain points in time for an
organization. In the case of the AerosPACE pro-
gram, when the three teams were initially being
formed, asking individuals to rate their peers
would not have been very helpful since most of
them did not know each other, even if they were
from the same university. Thus, in this research,
gathering information about individuals for the
purpose of forming teams and IPTs was limited to
methods such as self-reporting, use of pre-validated
tests, and registering information from outside
sources. Peer evaluation did take place during the
project, but this data was not used to help form
teams.

One method of testing individuals which we
employed was a shortened version of the Purdue
Visualization of Rotations Test, originally devel-
oped by Guay [20]. The test, which has a strong
reputation as a reliable instrument, has been shown
to be an effective gauge for predicting student
abilities in areas such as learning and using CAD
software [21-23]. To reduce the survey load on
students, we created a modified, shorter version of
the test to administer to AerosPACE course parti-
cipants called the Modified Purdue Visualization of
Rotations (MPVR) test.

2.2 Related work

Another project called the “Hyperion UAV: An
International Collaboration” involved students
from universities around the world in designing
and building a UAYV [24]. Their project attempted
to use a “follow the sun” work-flow to design, build,
and fly a UAV. The Follow the Sun work-flow
involves three different work locations, approxi-
mately evenly geographically spaced around the
globe such that each can work an eight-hour shift,
and at the end of the shift, pass the work off to the
next location. As one location leaves work to go
home for the night, the sun s rising and the workday
just beginning in the next zone, allowing, ideally,
work to continue uninterrupted.

Their research highlighted the importance of
communication and common tools among the dif-
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ferent students and universities involved and
demonstrated the need for more information
regarding skills and attributes of individual team
members to be available to those forming design
teams than simply knowing the year in university
and major of each student. They explained that the
need for more information when organizing teams is
even greater for virtual teams of students.

Work by Kaufman et al., validated two of the
primary methods used to measure individuals in
this research—self and peer ratings. The research-
ers compared self and peer-ratings of university
students in chemical engineering courses to each
other and to the grades students received in the
course. Their research shows that, despite faculty
concerns that students would inflate their self-
ratings, students tended to under-rate themselves
compared to their peers. Significant positive corre-
lation was also found between peer-ratings and
course grades [25].

While many researchers have investigated meth-
ods for designing more effective, complementary
teams [19, 26, 27], few have investigated how to
best design geographically dispersed student engi-
neering design teams. Researchers such as Suchan
and Hayzak, state that the process of selecting team
members for virtual teams is critical to team
success [28]. They also state that being able to
successfully identify whether or not candidates
for virtual teams have traits such as sufficient
levels of social skill, personal motivation, and
leadership for such teams is a particular challenge
for management.

3. Research objectives

Given the importance of team composition in
influencing team performance, we wished to inves-
tigate its effects on virtual teams of engineering
design students using the AerosPACE program.
During the organization of the course, the question
was posed, “How should individual students be
allocated to each team, and how should each team
organize its sub-teams, or IPTs?”” We decided to in-
vestigate several items related to virtual team
organization. The major hypothesis of this study
was:

1. Teams organized using profile-based team for-
mation methods will be more successful in at
least one method of measuring success than
teams utilizing more traditional organization
methods, such as ad-hoc or hierarchical meth-
ods.

Several research questions were also investigated
that were related to this main hypothesis. These
included:

1. Will students from different universities rate
their levels of satisfaction with their team dif-
ferently?

2. Howwill “core” students differ in their satisfac-
tion with their teams compared to non-core
students?

3. What correlation between involvement in pre-
vious activities and the average peer ratings
students receive from each other in the “funda-
mental areas”?

4.  Will students who score higher on the MPVR
also be ranked higher by their peers in the
Technical Skill fundamental areca?

4. Methods

For the quantitative portion of the data analysis, it
was necessary to perform comparisons of multiple
means. Since many statisticians disagree regarding
exactly which test to use when comparing multiple
(more than two) means, two methods of statistical
analysis were used: Fisher’s Protected Least Signifi-
cant Difference (LSD) method, and Tukey’s Hon-
estly Significant Difference (HSD) method [29, 30].
By using both these methods, it is believed that a
more complete view of the results can be obtained.
When comparing only two means, unprotected
Fisher’s LSD t-tests were used. Simple linear regres-
sions were also used to fit data.

Results of t-tests are reported in a format similar
to Center [31]. A generalized example of how
statistical results are presented is:

“A Fisher’s LSD t-test was performed with a 95 percent
confidence interval. Group One’s mean was X, Group
Two’s mean was Y, and Group Three’s mean was Z.
The difference between Group One and Group Two
was shown to be significant, with a p-value of 0.04.”

Each student participating in the course agreed via
Institutional Review Board (IRB) consent form to
be a research subject and complete various surveys
and interviews. The primary method of this research
was via online survey. In person, or web-conference
personal interviews and in-person observation were
used in addition to the online surveys.

Students completed various surveys at different
times during the two-semester long project as part of
the research.

Table 3 gives the basic timeline and descriptions
of the surveys used.

The surveys used many scale based questions
such as, “Think of the team that you are part of.
How satisfied are you with your team? Very Dis-
satisfied, Dissatisfied, Neutral, Satisfied, Very Satis-
fied”” or the example shown in Fig. 2, which asks
students to rate their CAD skills.

Other questions required multiple choice/single
response, multiple choice / multiple response, or text
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Table 3. Outline of surveys used for this research

Survey # Survey Name When Administered Description / Notes
1 Initial Survey Beginning of Fall Recorded demographic information, self-reported interests and skill
Semester levels in the fundamental areas.
2 Modified Purdue Beginning of Fall A shortened, slightly modified version of the Purdue Visualization of
Visualization of ~ Semester Rotations test [20] was given to students as part of the assessment of
Rotations Test Technical Skill.
(MPVR)
3 IPT Survey Early Fall Semester Team 2 only—used to organize Team 2’s IPTs with profile-based
methods (see “Team 2 IPT Organization Method” subsection below).
4 Team Evaluation Middle of Fall Asked students to rate satisfaction with team.
1 Semester
5 Peer Evaluation 1 Middle of Fall Asked students to rate teammates in fundamental areas.
Semester
6 Team and Peer End of Fall Semester  Asked students to rate satisfaction with team and to rate teammates in
Evaluation 2 fundamental areas.
7 Team and Peer Middle of Winter Asked students to rate satisfaction with team and to rate teammates in
Evaluation 3 Semester fundamental areas.
8 Exit Survey/Team End of Winter Asked students to rate satisfaction with team and to rate teammates in
and Peer Semester fundamental areas and for feedback on course.

Evaluation 4

Please rate your abilities in the following CAD Skills

General Solid-Body
Modeling

Surface Modeling

Parametric Modeling

Fully Constraining
Sketches

Assembly Modeling

Creating Drafting
Documents

Geometric
Dimensioning and
Tolerancing (in
Drafting

Motion Simulation

No Very Little Some Strong
Experience Experience Experience Abilities Expert
1 2 3 4 5 6 7 8 9 10

Fig. 2. An example of one question from the Initial Survey, which used a Likert-
like scale to ask respondents to describe their own CAD skill level (part of the

“Technical Skill” fundamental area).

response. The surveys accomplished multiple pur-
poses. First, the Initial Survey and the MPVR
allowed us to create a preliminary profile of each
student according to the fundamental areas: moti-
vation, technical skill, social skill, and leadership

ability. Technical skill was, necessarily, sub-divided
into various categories such as CAD, CFD, FEA,
manufacturing, as well as a “general” category.
Survey items that contributed to student scores in
each area included items such as:
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Motivation:

— Self-rated interest in various topics related to
the course, such as aircraft design, structural
design and analysis, manufacturing, materials.

— Self-rated interest in improving skills in topics
related to the course.

— Selection of items that influenced student to
apply to participate in course. (If a student
selected an item such as “required for gradua-
tion” no addition was made to the student’s
motivation score, while selecting, “It sounded
challenging” added to their score).

— Self-rated motivation to do well in course.

Technical Skill—CAD:

— Score on MPVR test.

— Self-rated CAD skill in areas such as para-
metric modeling, assembly modeling, Geo-
metric dimensioning and tolerancing.

Technical Skill—Computational Fluid Dyna-

mics (CFD):

— Self-rated skill in:

o Meshing and grid generation.
o External Flow.
o Post-processing/Visualization.

— Self-rated overall familiarity.

Technical Skill—Manufacturing:

— Self-rated experience levels in areas such as
metals manufacturing, plastics manufactur-
ing, woods manufacturing, computer aided
machining.

Social Skill:

— Preference for working in teams.

— Self-rating of skills such as listening, resolving
conflict, tact, trustworthiness, general com-
munication.

e Leadership:
— Preference for acting in leadership positions in
groups.
— Self-declared rating of how respondent felt
others would rate his/her leadership abilities.
— Self-reported experience in leadership posi-
tions on clubs, teams, or other groups.

Each item that added to a student’s score in a given
area was totaled, giving a score for each area,
including a “general” technical score that included
all sub-areas, and can be seen in Fig. 3. Using this
information, we organized the three teams so that
each team had similar levels of total skill in each
fundamental area and could thus be reasonably
compared later. Some factors turned out to be
more constraining than others. In particular, stu-
dents with significant skill in using CFD tools were
rare. Thus, it was necessary to make a concerted
effort to equally distribute students with this skill.
Fig. 3 shows the results of our efforts to evenly
distribute these different attributes across the teams.
Each team also had similar access to resources such
as computer labs, manufacturing equipment, and
coaching from experienced professors and Boeing
personnel.

After completing this distribution, each team was
formed and had to decide how to organize its
members into sub-teams, or IPTs to work on
specific portions of the project. While each team
had slightly different IPTs, most shared a similar set,
including aerodynamics, manufacturing, control
systems, weight and balance and others.

One team, Team 2, used the profile method
described in this paper to organize its IPTs. The

70.0%
60.0%
50.0%
o 40.0% E Motivation
8 -
I ESocial
Technical
20.0%
BCFD
10.0%
0.0%

Fig. 3. Teams were organized so that each had similar levels of skill in the fundamental areas. As well,
Computational Fluid Dynamics (CFD) was found to be a particularly rare, important technical skill, so we
attempted to ensure that all teams had a sufficient level of that expertise.
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other two teams used more traditional methods to
organize their IPTs. Professors and students on
Team 1 chose to use a mostly hierarchical structure,
with graduate students at the top of the hierarchy
selecting how to organize the team based on their
judgement. Students and professors on Team 3
chose to use an extemporized method to organize
its IPTs, usually by simply taking volunteers to work
on each IPT as the work came up during the project.

4.1 IPT organization method

To attempt to avoid the potential pit-falls of ad-hoc
teams and validate the hypothesis, we worked with
Team 2’s coach and student team leader to organize
the team’s sub-teams or IPTs by creating a profile of
each team member using the following process,
which is similar to Sauer and Arce’s suggested
method [26]:

l. Gather data from student team leaders and
team coach about the tasks the team will per-
form, what IPTs would be created, and what
each IPT would be assigned to do.

2. Gather information about each team member’s
interest level and skill level in each of the IPTs
via an online survey (the IPT Survey), enabling
a more detailed view of each team member’s
motivation and technical skills in specific areas.
The IPT survey included a section for each IPT
which contained the following descriptions and
questions:

(a) A brief description of the type of work
performed by the IPT. For example, “The
Aerodynamics IPT will work on the aero-
dynamic design of the aircraft including the
wing profiles and surfaces, culminating
with high fidelity Computational Fluid
Dynamics (CFD) analysis of the design.”

(b) Self-rating of interest in belonging to the
IPT to determine motivation for the given
IPT. Clarification was made that previous
experience or skill in the area was irrelevant
for this question.

(¢) Self-report of previous experience with the
topic (classes taken, grades received, pro-
jects, internships) to determine technical
skill in the topic.

(d) Self-rating of interest in being the IPT lead.

3. Process and present the information gathered
through the survey to advise the student team
lead of Team 2 (under the direction of the faculty
coach) how to assign team members to each IPT
by considering, in order, each of the following:
(a) Motivation: To be considered for a position

on an IPT, a student first had to express
interest in being part of a given IPT (for
example, structures or manufacturing).

(b) Technical Skill: Students who were inter-
ested in being part of an IPT were next
compared based on relevant skills and
training (experience on similar projects,
related courses and grades).

— Educational Clause: Given that the pro-
ject was part of an educational course,
students who expressed strong levels of
interest in a given IPT but may not have
had extensive experience were consid-
ered for a position on the IPT.

(¢) Leadership Identification: Students who
expressed interest in being the lead for
each IPT were identified.

(d) Logistical Balancing: After identifying stu-
dents who were qualified for the different
IPTs and leadership positions, considera-
tion had to be given to having the right
number of students on each IPT and ensur-
ing that each student was involved in
neither too few nor too many IPTs. It was
also necessary to spread the responsibilities
of leading each IPT among the students for
both logistical and educational purposes.
Aswell, the geographic location of physical
items had to be considered. For example, it
was necessary to ensure that at least some
students on the Manufacturing IPT were at
a university with the required equipment
and capability.

4. Recommendations were made to the student

team lead and faculty coach of Team 2.

To measure success according to how satisfied team
members were with their teams, each participant
was invited to complete four surveys (surveys 4, 6, 7,
and 8 in Table 3) to rate their satisfaction with their
team on a 1-5 Likert scale where 1 = Very Dis-
satisfied, 2 = Dissatisfied, 3 = Neutral, 4 = Satisfied,
and 5 = Very Satisfied. Similarly, peer evaluations of
teammates in the fundamental areas were per-
formed in surveys 5, 6, 7, and 8. A web-based,
Likert-scale method was also used by Ohland et
al., in their related research on using peer evalua-
tions in student teams [32]. It could be asked why we
did not simply use the CATME team formation and
peer evaluation tools. One reason is that at the time
we were not fully aware of the system. As well, the
types of questions available in the peer evaluation
portion of the CATME tool are limited and did not
directly match the items we wished to consider.

5. Results

Results are presented here in order of the hypoth-
eses and research questions, starting with the main
hypothesis.
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1.00

Round 2
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Fig. 4. Throughout the course, Team 2’s average satisfaction rating was higher than the other teams.

Table 4. p-values when each team is compared to each other team
using Fisher Protected LSD each pair t-tests

Team Team p-Value
2 3 <0.01
2 1 0.01
1 3 0.49

5.1 Hypothesis 1

The first and main hypothesis was that teams orga-
nized using a profile-based team formation method
would be more successful in at least one method of
measuring success than other teams. Initial results
seemed toindicate that Team 2, which was organized
using a profile-based team formation method, had a
higher satisfaction rating than Teams 1 or 3 (see
Fig. 4 and Table 4). Fig. 4 shows the average level of
satisfaction of each team throughout the course. As
can be seen, Team 2’s average satisfaction was
consistently higher than the other two teams. When
averaging all ratings from all surveys, the average
satisfaction rating (out of 5) for each team was:
Team 1 =3.96, Team 2 = 4.63, Team 3 = 3.86.

Observing Fig. 4, it also can be seen that, gen-
erally, students’ satisfaction with their teams
increased over time. Each team did, however, have
some period in the year during which their satisfac-
tion decreased. For Team 3, the period between the
first and second rounds (surveys four and six from
Table 3) seems to have been particularly difficult,
while for the other two teams, their ratings
decreased a little later, in the third round. This
may represent the teams’ progression through
Tuckman’s classic “forming, storming, norming,
performing” process [33]. Future research would
be necessary to confirm this possibility. In any case,
Team 2’s levels of satisfactions were consistently
higher than the other two teams.

Statistical analysis confirms that Team 2’s higher
average ratings were significant. To perform a Fish-
er’s Protected LSD multiple comparison test, first,
two outliers, which negatively affected the normal-
ity of the sample distribution and can be seen in
Fig. 5, were removed. This allowed equal variance
to be assumed. The new mean values for each team
were: Team 1 =4.14, Team 2 =4.63, Team 3 =4.01.

Then, an analysis of variance (ANOVA) with an
alpha level of 0.05 rejected the null hypothesis that
all teams had the same mean value (p = 0.03) and
established the multiple comparison as “protected”’
[29]. Next, an Each Pair Student’s t-test with an
alpha level of 0.05 indicated that Team 2’s advan-
tages over Team 1 and Team 3 were statistically
significant. The p-values for the comparisons
between each pair (alpha = 0.05) can be seen in
Table 4.

As can be seen in Table 4, the p-value related to
the difference between Team 2 and Team 3’s average
team satisfaction ratings as well as Team 2 and
Team 1 is much less than 0.05, indicating that the
difference is statistically significant. A similar result
can be seen with the difference between Team 2 and
Team 1. However, the p-value for the difference
between Team 1 and Team 3 is much greater than
0.05, indicating that the difference between those
two teams’ ratings is very possibly due to random
chance. The more stringent All Pairs Tukey-Kramer
HSD test (alpha = 0.05) also confirms the signifi-
cance of the difference between Team 2 and the
other teams (see Table 5).

Removal of the two outlier points merits further
explanation. Besides its negative effect on normal-
ity, the point on Team 1 also represents a student
who was the only student on that team from that
student’s university. In an interview, this student
explained that being the only student from his
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Average Team Satisfaction

2 3
Team =

Fig. 5. Average team satisfaction for each team show with bars, and individual average team
satisfaction shown with points. Two outliers which were removed are shown in dashed circles.

Table 5. p-values when each team is compared to each other using
the more stringent Tukey-Kramer HSD t-test

Table 6. Showing the p-values for each school compared to each
other school from the Fisher LSD each pairs t-test for illustration

Team Team p-Value University A University B p-Value

2 3 0.01 BYU Purdue 0.61

2 1 0.02 BYU Embry-Riddle 0.40

1 3 0.77 Georgia Tech Purdue 0.59
Georgia Tech Embry-Riddle 0.38
Georgia Tech BYU 0.96
Purdue Embry-Riddle 0.69

school was the reason for giving consistently low
ratings. Having one team member who works alone
from a remote location may or may not represent a
common situation in virtual teams, but it was the
only such situation in AerosPACE, and thus could
be considered an anomaly.

The point on Team 3 was removed solely because
of its effect on the normality of the data, but it
should be noted that including either of these points
in a statistical analysis only increases the signifi-
cance of the differences between Team 2 and the
other teams. These data points were excluded from
analysis of data regarding research questions one
and two as well for similar reasons.

5.2 Research question 1: satisfaction by university

Other ways of categorizing students and their
potential correlation with varying levels of satisfac-
tion were also investigated, including by what
school the students were from. Research question
one asked if students from one university would give
different ratings than students from other univer-
sities. An ANOVA test with an alpha level of 0.05

returned a p-value of 0.79. This suggests that no
significant difference exists in satisfaction levels
among students from the various universities.
Means for each group were: BYU = 4.35, Embry
Riddle = 4.12, Georgia Tech = 4.36, Purdue = 4.23.
To further demonstrate the fact that no significant
difference could be identified between how any two
universities rated their team satisfaction, a Fisher
LSD multiple comparison was performed. Each
pair of schools’ p-values can be seen in Table 6.
No p-value reached below 0.38, indicating again
that which university students participated seemed
to have very little to do with how they rated their
level of satisfaction with their team.

5.3 Research question 2: core vs non-core
satisfaction

Research question two asked if students who were
core members of their team would have higher levels
of team satisfaction than students who were not core
members of their team. According to the survey



424

Brett Stone et al.

responses, a positive correlation exists between
being a core team member and higher levels of
team satisfaction. The mean satisfaction score for
core students was 4.43, while the mean score for
non-core students was 4.11. The difference was
statistically significant (p < 0.05). If the points
marked as outliers earlier are included, the variance
between the groups becomes unequal, necessitating
a slightly different t-test, but still results in a sig-
nificant difference in the means (Mean Core = 4.43,
Mean Non-core = 3.88, p = 0.03).

5.4 Research question 3: peer ratings and
involvement in other activities

This question asked if there would be some sort of
correlation between activities students had pre-
viously been involved in and the ratings they
received from their peers in the fundamental areas.
While most comparisons yielded no significant
correlation, one set of notable correlations came
from investigating student’s participation in team
sports during high school and college, and the
average ratings they received from their peers in
the areas of Social Skill and Motivation.

For the purposes of this study, a “team sport”
was defined as a sport in which the team has at least
moderate interdependence, as explained by Feltz
et al. (2008). For example, sports like baseball and
football have moderate levels of interdependence,
while basketball or soccer would be considered to
have high levels of interdependence. Meanwhile,
track teams and swimming teams, although argu-
ably “team” sports have lower levels of interdepen-
dence. To further explain: if a hurdler loses a race, it
normally doesn’t affect her teammate who throws
shot-put the same way a setter missing the ball
affects the outside hitter on a volleyball team.

A t-test with a 95 percent confidence interval
shows that a significant difference exists between
the Social Skill ratings received by students who
reported having participated during high school or
college in at least one team sport (15 students) and
those who had not (12 students). The mean for those
who had NOT participated in at least one team
sport was 3.87, while the mean for those who HAD
participated in at least one team sport was 4.17, and
the p-value was 0.03.

If participation in one team sport is positively
correlated with how one’s peers rated one’s Social
Skill, the natural next question to ask would seem to
be, “Does participating in more than one team sport
increase the effect?” A t-test with a 95 percent
confidence interval was performed to compare
those who had participated in more than one team
sport to those who had participated in one or none.
Although a positive difference in average peer Social
Skill rating does exist for those who had partici-

pated in more than one team sport (Mean for More
Than One Team Sport “Yes” = 4.12, Mean for
More Than One Team Sport “No” = 4.00), the
difference was not statistically significant, with a p-
value of 0.40.

How participation in team sports affected stu-
dents’ ratings in other fundamental areas was inves-
tigated. A t-test with a 95 percent confidence
interval shows that although on average, students
who had played at least one team sport were rated
higher by their peers in the fundamental area of
Motivation (Mean for those who Had NOT Parti-
cipated in at least one team sport = 4.19, Mean for
those who HAD participated in at least one team
sport = 4.35), the difference was not statistically
significant, with a p-value = 0.32. No correlation
could be identified between team sport participation
and the other fundamental areas.

Another interesting correlation was found
between the total number of activities students
had participated in and the average Social Skill
ranking they received from their peers. ““Activities”
included team sports, non-team sports, and partici-
pation in organizations such as band, clubs, or other
organized groups students had participated in
during either high school or college. A linear fit of
Social Skill Ratings and the total number of activ-
ities a student had been involved in resulted in a
positive correlation,

Average Peer Social Rating = 3.946 +
0.017 x Total Number of Activities (1)

with an R?=0.03 and a p-value of 0.41. The variable
coefficient (0.017), R? value, and p-value cast ser-
ious doubt on the significance of the correlation.
However, after removing the only outlier from the
data set, the fit became

Average Peer Social Rating = 3.860 +
0.043 x Total Number of Activities (2)

with an R =0.23 and a p-value of 0.01. Fig.6 shows
the relative improvement in the curve fit after
removing the outlier. Although an R? value of
0.23 may seem low, as explained by [35], when

studying human interaction, it is relatively rare to
find R? values above 0.25 or 0.30.

5.5 Research question 4: MPVR score and peer
ratings

Research question four asked if students who scored
higher on the MPVR would be rated more highly by
their peers in the Technical Skill fundamental area.
Students did tend to rate peers who scored higher on
the MPVR higher in Technical Skill. A linear fit of
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Fig. 7. A significant positive relationship was found between student scores on
the Modified Purdue Visualization of Rotations Test (MPVR) and their
average Peer Rated Technical Skill. Note that no students scored lower than

6/10.

scores from the MPVR to Technical Skill ratings
gave a positive correlation,
Average Peer Technical Rating = 2.84 +

0.19 «x MPVR score (3)

with an R? = 0.24 and a p-value of 0.02. Fig.7 shows
the graph of the linear fit.

6. Discussion

A discussion of the results of the study is presented
here in order of the hypotheses and research ques-
tions.

6.1 Hypothesis 1

These results support the idea that the profile-based
team formation method helped Team 2 achieve
higher levels of success than teams that organized
their IPTs using more common methods. Students
who were part of the team that used a profile-based
team formation method to organize their IPTs
ranked their satisfaction with their team higher
than students on teams who used either hierarchical
orad-hoc IPT organization methods. The difference
between Team 2 and the other teams was statisti-
cally significant according to both a Protected Fish-
er’s LSD and Tukey-Kramer HSD.
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Another method of measuring success, besides
the satisfaction of team members with their team, is
technical. In this case, technical success could be
defined by whether the UAYV designed and built by
the team flew and met qualifications in the time
allotted. We do not attempt a detailed analysis of
this measure of success in this research, but it is
worth noting that of the three teams, Team 2 was the
first team to fly their final UAV. These results
support the idea that the time and effort needed to
gather the data and go through the process of
organizing a team with a profile-based method are
worth it.

Examining Fig. 4, it is worth noting that while
Team 2 maintained a higher average satisfaction
rating throughout the project, the differences
between Team 2 and the other teams were greatest
at the beginning, with Team 1 and 3’s last ratings
being approximately equal to Team 2’s first rating.
One could speculate that using a profile-based
method of IPT formation helped Team 2 to form a
shared mental model of the team and the work to be
done more quickly than the other teams, or in some
other way jump-start their process of improving
their team satisfaction.

6.2 Research questions

6.2.1 Research question 1: Satisfaction by
University

The results indicated that no significant difference
could be found in satisfaction ratings between
students from any given pair of universities involved
in AerosPACE course. Since what university stu-
dents were from did not influence how they rated
their satisfaction, a substantial potential confound-
ing factor has been neutralized.

Another interesting observation has to do with
the fact that the majority of students in AerosPACE
course were aeronautical engineering majors, and a
minority (all from BY U) were mechanical engineer-
ing majors. Implied in the fact that no difference
between universities could be found is also the fact
that no difference between majors could be found.
This finding should also be verified by more
research.

These results are important because they elim-
inate two potential sources of measurement var-
iance. Educators and others charged with
organizing and coaching distributed engineering
teams can more confidently predict the reason for
students’ levels of satisfaction with their team.

6.2.2 Research question 2. Core vs non-core
satisfaction

Having teams with core groups of students may
have been desirable for manufacturing purposes,

but it was suspected that it also may have hurt team
success and detracted from having a true distributed
team experience. Observations by faculty and
researchers agreed that being core or non-core
seemed to affect how “integral” to the team students
felt and contributed to team disagreements.

In an interview with one student who was a non-
core member of his team, the student talked about
how the nature of having a majority of teammates at
one location contributed to feeling less satisfied with
the team as a whole. Since the schedules of the core
students did not match well with the schedules of
many non-core students, the core students began
meeting on their own and making decisions that
affected the entire team. The result was that some of
those who were unable to attend felt estranged.

The most extreme case was the student who was
the only teammate from his university. In interviews
with this student, he indicated that, especially at the
beginning of the project, he found it very difficult to
coordinate and feel like he was a part of the team. He
also felt a lot of pressure to represent his university
well, since he was the only representative of his
school. That pressure, he explained, was not all
bad, since he felt it helped him perform at a higher
level. In his opinion, that was, however, the only
benefit to being alone on his team. While his
teammates at other universities were able to easily
do things like check each other’s work and confirm
meeting times, he had to coordinate everything via
email or other electronic means, adding to his
communication overhead. His favorite communica-
tion tools to overcome his challenge quickly became
web-conferencing tools like Skype and Web-Ex,
which allowed him and whoever he was commu-
nicating with to not only see and hear each other,
but also share each other’s screens. Even after
discovering these tools, he said being the lone
team member was still very difficult.

In conclusion, core and non-core team members
from our sample reported statistically significantly
different experiences as part of a virtual engineer-
ing design team depending on whether or not they
were part of the core group. This should be born in
mind when organizing similar programs in the
future.

6.2.3 Research question 3: Peer ratings and
involvement in other activities

The statistically significant positive correlations
between participating in at least one team sport
and the ratings students received from their peers
in Social Skill aligns with findings by other research-
ers. For example, Artinger and Barcelona, in sepa-
rate studies demonstrate the correlation between
participation in sports and effectiveness in other
activities [36, 37]. Artinger et al., surveyed more
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than 300 university students involved in recrea-
tional athletic programs. They found that on a 1
(disagree) to 5 (agree) scale, the average rating for
the statement ““Participation in recreational sports
improves my ability to work within a team” (reverse
coded to address social desirability response) was
4.14/5.00. Barcelona showed that, among the col-
lege students he studied, participation in sports
programs was a significant predictor of gains in
team functioning in areas outside of sports.

The difference in Social Skill ratings between
students who had participated in more than one
team sport compared to students who had only
participated in one or none was not statistically
significant. It seems as though the benefit, with
regards to social skill improvement, may level off
after participating in one highly interdependent
team sport. Acknowledging that the results of
this study can only be directly correlated with the
sample of this study and that correlation is not
causation, this result may indicate a “threshold”
for the effect participating in team sports has on
the Social Skill levels of engineering design team
members. Perhaps this result could imply that the
benefit to Social Skill for engineering students of
participating in a team sport is getting to know
how to play as a team member, and that playing
multiple team sports is redundant to that end.
Knowing that playing a team sport correlates
positively with Social Skill could make it possible
for team coaches or leaders to improve their team’s
performance, either by searching out team mem-
bers who have played a team sport, or by encoura-
ging current team members to participate in a team
sport.

6.2.4 Research question 4: MPVR score and peer
ratings

Students who scored higher on the MPVR were
statistically more likely to be rated higher by their
peers in Technical Skill. This implies that it may be
possible to predict, based on the results of the
MPVR or a similar test, how technically adept a
team member will be, or at least how technically
adept they will be perceived by their peers to be.
Being able to more accurately predict an indivi-
dual’s Technical Skill would be valuable for engi-
neering design teams by reducing the time and effort
needed to form teams of individuals with comple-
mentary skills.

6.3 General observations

Ross emphasizes that, whenever possible, an in-
person kick-off meeting should be held to start a
project for a virtual team [38]. We found that many
students requested a kick-off meeting when asked
what changes could improve AerosPACE course

program in the future as part of the final survey.
This could, we believe, help to improve the initial
levels of team satisfaction (see Fig. 3) by improving
teammates’ opportunities to quickly form a robust
shared mental model of the team.

While this investigation studied teams of engi-
neering students, we feel that the lessons learned can
be applied to teams of engineers working in indus-
try. The AerosPACE program was intended to
mimic many of the situations engineering teams in
industry now face, such as working with colleagues
at different locations, with different schedules, back-
grounds, and ideas, all while attempting to deliver a
functional, technically complex product (relative to
the skill of the team members).

While these findings focus on teams of students
drawn from multiple universities, they should also
be generally applicable to design teams consisting of
students from the same university. This assertion is
based on the fact that in this study, which university
astudent was from had no discernible impact on his/
her team satisfaction rating, and that many univer-
sities and engineering programs are large enough
that many students will not be familiar with each
other before participating in a capstone or similar
project. These observations would seem to suggest
that using a profile-based method of team forma-
tion in a single-university setting would produce
similar results.

7. Conclusions

By using a profile-based method of organizing a
team of engineering design students for a multi-
university design-build-fly project, team success, in
at least one method of measurement, increases in a
statistically significant manner compared to other
methods of team organization (hierarchical and ad-
hoc). Various methods for predicting some of those
team member skills, such as Technical Skill and
Social Skill were explored and validated. It was
found that students who had participated in at
least one team sport were rated higher by their
peers in Social Skill than those who had not.
Students who scored higher on the MPVR were
also shown to be rated more highly in Technical
Skill than their peers. A potential confounding
factor related to determining what influences a
team member’s level of satisfaction with his/her
team was neutralized; it was shown that what
university a student is from had no statistical rela-
tion to that student’s satisfaction with his or her
team.
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