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Design learning is generally done collectively, but more needs to be known about how students can
work better in teams. This paper presented the results of a study measuring student perceptions of
team functioning and the changes that occurred over the course of the semester as students
transitioned from an initial, guided project to an open-ended, industry-sponsored project. Students
generally had positive perceptions of team functioning, including relatively high levels of conflict
resolution, collective efficacy, and teamwork behaviors. As compared with the first project, team
members reported more time spent together outside of class, greater conflict resolution behaviors,
and higher individual growth for the second project.
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INTRODUCTION

AFTER A SCIENCE-CONTENT focus in the
engineering curriculum as a result of the Grinter
Report [1] in the middle to late 1960’s, engineering
educators began to react to students’ lack of
understanding in design. This concern produced
several studies that concluded with a recommenda-
tion to incorporate design throughout the four-
year curriculum. As a result, in the 1970’s and early
1980’s, first-year design courses and course
segments were common at ABET accredited insti-
tutions [2]. Since the late 1980’s, there has been a
national movement to increase the amount of
exposure that undergraduate engineering students
receive to engineering design, especially at the first-
year level. Sheppard and Jenison [3] identify four
factors behind this movement: (1) recognition of
first-year attrition and the use of design teaching to
prevent it, (2) government funding to support the
spread of design teaching at the first year through
the ‘Coalition’ program, (3) pressure from industry
regarding the mismatch between what engineering
schools were supplying and what industry needed,
and (4) a strong acquiesce from cognitive scientists
regarding the appropriateness of design problem
solving to facilitate learning.

Furthermore, strengthening the view against
engineering education focusing solely on the acqui-
sition of basic and applied science knowledge,
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Schon [4] argued that engineering practitioners
are ‘problem solvers who select technical means
best suited to particular purposes.’” He therefore
suggested that engineering educators should focus
on problems with uncertain and conflicting deci-
sion variables. This led to a renewed focus on
design, which was adopted as the key driver for
learning at the first-year level in the engineering
curriculum. Many articles discuss various applica-
tions of design at different institutions and the
general understanding for how design should be
taught (e.g., Bucciarelli [S]—ECSEL coalition,
TIDEE [6, 7]). Accordingly, there is now a set of
guidelines for pedagogically solid design tasks.
These guidelines promote the inclusion of the
following into design teaching [8]:

1. authentic hands-on tasks,

2. familiar and easy-to-work materials using
known fabrication skills,

3. clearly defined outcomes that allow multiple-
solution pathways,

4. collaborative work and higher order thinking,

5. multiple design iterations to improve the pro-

duct, and

6. clear links to a limited number of science and

engineering concepts.

The current trend for first-year engineering educa-
tion is the adoption of industry-sponsored, and/or
service learning projects. The practice of using
industry-sponsored projects for senior-level or
capstone courses is being replicated at the first-
year level, with the hope for the same level of
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success. With service learning projects, students
engage in experiential design learning during
which they apply their knowledge for design to
meet local community needs [9].

Since design was adopted in the engineering
curriculum in the 1970s, the curricula improved,
but harvesting the fruits of these efforts had
limited success. Accordingly, despite the fact that
the importance of product (process, system, etc.)
design efficiency and effectiveness has long been
recognized (e.g., [10-14]), there is room for
improvement. For example, Gupta and Wilemon
[15] suggested that products that meet their devel-
opment budget but come to market late generate
substantially less profit than those that exceed
their budget but come to market on time. Attesting
to the continuing need to improve product design
efficiency, Boujut and Laureillard [13] stated that:
‘New organizations, based on concurrent engin-
eering principles, after many years of experimenta-
tion within various companies and industrial
domains, still suffer from a lack of efficiency.’
Although design efficiency as measured by time
to market is critical to the success of new product
development efforts, efficiency does not guarantee
success. Walsh [16] stated that 90% of new product
development team efforts fail, and Flint [14]
acknowledged that “. . . products continue to fail
at alarmingly high rates,” which indicates the
continued importance of effectiveness in the
product design process.

There could be several reasons for the continued
need to emphasize design. Among them, two are
related to engineering education:

1. Design teaching: Both design faculty and design
practitioners argue that further improvements
are necessary in design teaching (Todd et al. [17]
and MacMaster [18] in [19]). Furthermore, Pahl
[20] pointed out that the knowledge of technical
systems or analysis is not sufficient to under-
stand the thought processes yielding successful
designs. He argued that thought processes
should be studied to improve design methodol-
ogies. However, research on design thinking has
not yet comprehensively answered questions
regarding how design is done, and accordingly,
there is no consensus on how it should be
taught [19].

2. Facilitation of design learning in a team setting:
In design learning, the use of cooperative set-
tings has been predominant. Cooperative learn-
ing is the instructional use of small groups so
that students work together to maximize their
own and each others’ learning [21-22]. In
cooperative  learning  settings, individual
accountability is structured to the assessment
as well as interdependent team level account-
ability [23]. Design learning facilitation in a
cooperative environment is not trivial. In addi-
tion to difficulties arising from the nature of
multifaceted design problems as well as the
complexity of designing as a task, new layers

of complexity are added in cooperative settings
due to the involvement of a set of team mem-
bers with potentially different backgrounds and
dispositions undertaking the challenge of arriv-
ing at a design.

Therefore, we argue that facilitation of design
learning is coupled with the complexities of the
cooperative environment and that studying design
learning should involve variables that reflect the
complexity and dynamism of the learning environ-
ment. Accordingly, by drawing upon the psycho-
logy literature focusing on collaborative task
situations, we present the variables pertaining to
design team functioning that we studied, and
provide the results of a conducted study. First,
below, we explain how we conceptualized our
research on design learning and performance.

CONCEPTUALIZATION OF THE DESIGN
LEARNING AND PERFORMANCE
RESEARCH AND ITS BOUNDARIES

We see the design learning environment as
dynamic with several actors providing and receiv-
ing input/feedback. For example, the design learn-
ing facilitator (professor, etc.) chooses the design
tasks/projects, designs the process on which teach-
ing will be based, sets the assessment/expectation
standards, and forms the teams. The teams that are
given the design task influence team composition
by providing feedback to the instructor, the design
process they follow, and their expectations. All
these actors and their activities in this dynamic
design learning environment are influenced by
predominantly outside parties setting the desired
outcomes for design learning (individual and team
level learning, and grades), design outcomes
(perceptions regarding teaming, communication
(design report) and artifact performance), and
long term effects (retention, increased interest in
engineering). Figure 1 depicts these relationships.
In the figure, arrows indicate input/feedback
sources and directions in the dynamic learning
environment.

Conceptualizing the essential elements of the
research to investigate various issues of the
dynamic design learning environment, and hence
its boundaries as seen in Fig. 1, a team of scholars
has been collecting and analyzing data as well as
documenting results since the Fall of 2003. As a
continuation of this effort, we present our findings
regarding team functioning in a dynamic, coopera-
tive design learning environment in this paper.

The study sample consisted of selected Intro-
duction to Engineering Design course sections at
The Pennsylvania State University. Students in
this course complete two design projects over the
course of a 15-week semester. The first project is
orchestrated in that students follow the procedural
outline of a design manual, whereas the second
project is industry-sponsored and more open-
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Fig. 1. Research conceptualization for design teaching/learning
in a team setting.

ended. The requirements of these projects include
generating feasible design ideas, narrowing down
and selecting an idea for full development, and
completing design drawings as well as a prototype
for the selected solution. Below, we present our
findings regarding design team functioning in a
dynamic environment.

DESIGN TEAM FUNCTIONING

Because students work in teams of four or five
people in order to complete the design projects, the
current analysis of data was intended to assess
student perceptions regarding team functioning.
Each variable is described briefly below.

o Intragroup conflict has been delineated into three
types: relationship, task, and process [24].
Relationship conflict reflects personality differ-
ences, tension, and annoyance among group

members, whereas task conflict reflects differ-

ences in viewpoints and opinions regarding a

group task [25-26]. Process conflict refers to dif-

ferences in how task accomplishment will be car-
ried out, including who should do what and how

much responsibility members should receive [24].

Most research has focused on relationship and

task conflict (e.g., [26-27]), although a few studies

have found that process conflict negatively affects

group morale and performance (e.g., [25, 28]).

® A three-item conflict resolution scale assessed the
degree to which team members successfully
resolved each of the three types of conflict
referenced above.

o Interdependence reflects the extent to which team
members have to work together collectively to
accomplish a task. For example, team members
who work together mostly independently and
then pool results would have a lower degree of
interdependence than team members who
worked together as a whole group.

® Defined as a group’s shared sense of competence
to organize and execute action [29], collective
efficacy has been shown to positively predict
team performance (e.g., [30]).

e Teamwork behaviors reflect the extent to which
team members engaged in positive activities such
as helping each other with tasks, maintaining a
positive attitude about the team, and respecting
one another.

e Hackman [31] proposed several dimensions of
team effectiveness, including:

o Team member growth—reflects the extent to
which individuals work better as a result of
having joined the team and better appreciate
different types of people;

o Team viability—assesses the extent to which
team members desire to continue interacting
with their team as opposed to finding a dif-
ferent team with which to work.

Table 1 summarizes Cronbach’s alpha for each scale
reported in the results. As shown, all scales had
adequate levels of internal consistency reliability.

Table 1. Internal consistency of study variables (Cronbach’s alpha)

Fall semester, 2003

Spring semester, 2004

Introductory project

Industry-sponsored

Introductory project  Industry-sponsored

(mid-semester) project (mid-semester) project
(End of semester) (End of semester)

N=137 N=112 N=130 N=141

Scale Scale Scale Scale
Variables reliabilities reliabilities reliabilities reliabilities

Task conflict 0.76 0.76 0.78 0.71
Relationship conflict 0.86 0.85 0.86 0.89
Process conflict 0.83 0.81 0.76 0.81
Conflict resolution 0.84 0.86 0.85 0.85
Collective efficacy 0.78 0.76 0.72 0.81
Teamwork behaviors 0.86 0.89 0.81 0.88
Satisfaction with the team 0.77 0.86 0.81 0.76
Individual growth of team members 0.69 0.69 0.78 0.69
Team viability 0.79 0.77 0.79 0.76
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Table 2. Design team functioning related results
Individual-level Fall semester, 2003 Spring semester, 2004
M = Mean, SD = Standard deviation M = Mean, SD = Standard deviation
3 3
& &
2 3 3 E; 3 I
g 55 i g 55 E
=5 2 5 o5 27 5
5% == <3 8 5% = <3 8
g L3 2 g Sg L3 2 g
53 25 28 2 = £ 28 2
o R = £z 33 35 3
Variables == =S =8 7 =2 =S ] 7
Average hours per week team spends M=1.90 M =4.93 -6.53  0.00 M=1.8I M=4.15 -2.54 0.0l
together outside of class SD=1.72 SD =5.05 SD=1.59 SD =9.46
Average length of meetings M=1.32 M=223 -7.40 0.00 M=1.59 M=1.87 -1.61 0.11
SD=0.85 SD=1.09 SD=1.33 SD=1.55
Working together as a whole team M =426 M=3.99 2.03 004 M=4.14 M=4.20 -0.38  0.70
SD=1.12 SD=1.26 SD=1.31 SD=1.23
Working individually and pooling work M =2.57 M=2.67 -0.76 045 M=2.67 M=2091 -1.65 0.10
SD=1.22 SD=1.08 SD=1.29 SD=1.23
Task conflict M =2.06 M=2.16 -1.33  0.19 M=2.15 M=2.18 -0.51  0.62
SD =0.66 SD =0.66 SD=0.55 SD =0.69
Relationship conflict M=1.54 M=1.64 -1.48 014 M=1.68 M =1.69 -0.03 098
SD=0.74 SD=0.75 SD=0.78 SD=0.82
Process conflict M=1.79 M=1.77 0.19 085 M=1.82 M =1.76 0.73 047
SD=0.87 SD=0.75 SD =0.68 SD =0.69
Conflict resolution M =3.80 M=4.11 —4.18 000 M=374 M=397 -2.27  0.03
SD=0.70 SD=0.75 SD=0.76 SD=0.86
Collective efficacy M=3.76 M=3.90 -149  0.14 M=4.01 M=3.284 1.79  0.08
SD=.87 SD=.89 SD=0.74 SD=0.92
Certainty that would receive desired M=86.72 M =89.47 -2.82 0.0 M=86.79 M =187.84 -0.72 047
team grade SD=9.23 SD=9.94 SD=9.28 SD=13.10
Teamwork behaviors M=3.95 M =4.09 -227 003 M=3S8I M =3.87 -0.73 047
SD= 0.64 SD =0.69 SD =0.60 SD=0.76
Satisfaction with the team M=3.96 M=4.10 -1.65 0.10 M=3.93 M=4.02 -1.00  0.32
SD=0.80 SD=0.82 SD =0.80 SD=0.79
Individual growth of team members M =3.65 M=3.85 -2.15  0.03 M=3.74 M =3.96 -2.20  0.03
SD =0.68 SD=0.77 SD=0.81 SD=0.78
Team viability M=4.14 M=4.03 1.00 032 M=4.25 M=3.98 2.56  0.01
SD=0.88 SD=0.95 SD=.78 SD=0.94
Vote to make decisions M =249 M=2.84 -240 002 M=2.61 M=2.88 -1.94  0.06
SD=1.15 SD=1.35 SD=1.19 SD=1.22
Consensus decision making M=3.82 M =392 -0.85 040 M=3.72 M =3.55 146  0.15
SD=0.91 SD=0.98 SD=1.09 SD=1.07

Note: Most variables were assessed on a 1-5 scale (1 =strongly disagree, 5 = strongly agree)

The study sample for the Fall 2003 semester
consisted of 152 students (65.8% male) across four
separate class sections. The study sample for the
Spring 2004 semester consisted of 175 students (89%
male) across five separate class sections.

RESULTS

Table 2 presents results pertaining to the vari-
ables of design team functioning. Because the team
processes develop over time, a comparison was
made between data collected during the middle
of the semester (after completion of Project 1) and
at the end of the semester (after completion of
Project 2). Moreover, data were collected across
two semesters in which two separate industry-
sponsored design projects were assigned. The
design task for the Fall semester involved a coun-
termeasure design for rocket propelled grenade

(RPQG) attacks. Design activities included generat-
ing and selecting concepts for detection of a RPG
attack and deployment of the countermeasure for
the attack. The design task for the Spring semester
was to design an air velocity controller for a
variable velocity fume hood.

Table 2 compares variable means for the first
(mid-semester time frame) and second (end of the
semester time frame) design projects for both Fall
and Spring semesters. Analyses were conducted at
the individual-level of analysis. In examining the
means, students generally report positive percep-
tions of team functioning, including low levels of
conflict and relatively high levels of conflict resolu-
tion, collective efficacy, teamwork behaviors, team
satisfaction, individual growth as team members,
and team viability. As shown in Table 2, students
significantly increased the average number of
hours they spent together outside of class from
Project 1 to Project 2 for both the Fall and Spring
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Table 3. Significant changes overtime per project
Fall 2003 Spring 2004
RGP counter- Air velocity
Variable measure design controller design Both projects

Average hours per week team spends together
outside of class

Individual growth of team members

Conflict resolution

Average length of team meetings

Working together as a whole team

Certainty that would receive desired team grade
Teamwork behaviors

Vote to make decisions

Team viability

X X X X X

X

X
X

semesters. In addition, the average length of meet-
ings also increased, although there was not a
significant difference for the spring semester.
These results are not surprising, given the
increased complexity of the industry-sponsored
design project as compared with the guided first
project. Although means for the three types of
conflict generally increased over time, these
changes were not significantly different. However,
team members did report higher levels of conflict
resolution for the second project across both the
Fall and Spring semesters. By the end of the
semester, students were better able to resolve
their conflicts successfully.

Table 3 presents a reduced version of the study
results presented in Table 2 by indicating only the
variables for which a significant change was
observed over the course of the semester. As seen
in the table, there were significant increases for the
time spent outside the class time, individual
growth, and conflict resolution. However, many
more significant differences emerged over time for
the Fall 2003 semester (average length of team
meetings, working together as a whole team,
certainty that team would receive desired team
grade, teamwork behaviors, and voting to make
decision) as compared with the Spring 2004 seme-
ster (team viability). We attribute this variability to
the selection of the industry-sponsored project.
Brief descriptions of these design projects are
given in Table 4.

One major difference between the Fall and
Spring projects was the level of open-endedness

Table 4. Industry-sponsored design projects

Semester Brief description

Spring 2004 Design and construct a prototype device to
maintain a specified fume hood face air
velocity.

Develop a concept that is effective in
defending against a rocket-propelled
grenade attack. Students will be introduced
to the basic principles of systems
engineering through both an understanding
of the sequence of design steps they
traverse, as well as the nature of the work
performed in each of those steps.

Fall 2003

and ambiguity involved in the design task. For
example, while conceptually designing a grenade
counter-measure was more difficult, a number of
design criteria effectively restricted the design solu-
tions (e.g., design teams had to use the radars that
were in sponsoring company’s product portfolio),
and this fact made it easier for students to focus on
potential designs. In addition, because of the
differences in the level of information availability
across the two projects, and the fact that it was
harder to visualize air velocity controllers and how
they work, design teams could not conceptualize
the design problem they were given quickly.

Overall, our results indicate that students did
perceive differences in team functioning over time
and across projects. As compared with the first
design project, team members reported spending
more time together outside of class, more indivi-
dual growth as a result of being a part of a team,
and an increased ability to resolve multiple types of
conflict for the industry-sponsored design project.
The variability in results across semesters was
attributed to differences in the type of the indus-
try-sponsored project. However, a more detailed
analysis of the collected data is necessary to
specifically identify the relationship between
measures of team functioning and the design
project type.

CONCLUSION

This paper presented the results of a study
measuring student perceptions of team functioning
and the changes that occurred over the course of
the semester as students transitioned from an
initial, guided project to an open-ended, industry-
sponsored project. Despite the numerous chal-
lenges involved with the process of design in a
team context at the freshman-level, students gener-
ally reported positive perceptions of team func-
tioning, including relatively high levels of conflict
resolution, collective efficacy, teamwork behaviors
as well as low levels of conflict. In addition, they
reported being satisfied with their teams, being
better able to appreciate different types of
people, and desiring to continue interacting with
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their team as opposed to finding a different team
with which to work. Given the stress of completing
a difficult industry-sponsored project in a limited
time frame, these results are quite promising for
the value of collaborative design learning.
Reflecting the increased demands as the seme-
ster unfolded, team members reported spending

more time together outside of class, more indivi-
dual growth as a result of being a part of a team,
and increased ability to resolve multiple types of
conflict for the industry-sponsored design project.
Overall, the results point to the importance of
carefully selecting design projects to develop and
maintain high levels of team functioning.
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