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Impact of Student/Team Characteristics on Design Team Outcomes
Abstract

The ability to effectively work in teams is one of the desired outcomes of engineering and
engineering technology programs. Unfortunately, working in teams is still challenging for many
students. Social loafing, a tendency to work less when part of a team than when working
individually, tends to destroy both teamwork performance and individual learning, especially in
solving ill-structured problems, such as design. Furthermore, a bad experience on a past team is a
significant concern as it could generate negative feelings about future team projects. The
formation of collaborative teams is a critical first step in team-project-based design courses as
team composition directly affects not only teamwork processes and outcomes, but also teamwork
skills and experience.

This NSF sponsored project aims to enhance students’ teamwork experiences and teamwork
learning through 1) understanding how to form better student design teams and 2) identifying
exercises that will effectively improve team member collaboration. We do this by comparing
student team characteristics and design task characteristics with the quality of the design team
outcome and examining the resulting correlations. Student characteristics cover six categories: 1)
background information, 2) work structure preferences, 3) personality, 4) ability, 5) motivation,
and 6) attitude. Task characteristics and design team outcomes are characterized using the
Creative Product Semantic Scale (CPSS) and the Design Quality Rubric (DQR).

In this article, we present correlations between a subset of student team characteristics and task
characteristics with design team outcomes for 2020-2021 senior design teams at Northern Illinois
University and the Rochester Institute of Technology.

Introduction and Motivation

Teams are ubiquitous in today’s work environment. Acting through the interdependent actions of
individuals, teams embody the phrase “the whole is greater than the sum of its parts.” The
development of most contemporary products and services requires collaboration between
individuals from various disciplines. Teams enable leveraging economies of scale and
specialization, which can improve efficiency and performance of work output. Academicians
from various disciplines including engineering and social sciences have continually improved
their understanding of teams [1]-[6]. The recent leaps made in agile development highlight that
even industry has realized the importance of effective teams and is striving to improve team
processes [7].



Recognizing the importance of being able to work effectively in teams, the Accreditation Board
for Engineering and Technology (ABET) requires engineering programs to provide students with
exposure to teamwork as part of the undergraduate engineering curriculum [8]. As a result,
almost all engineering programs in the US implement team based design project capstone
courses [9], which provide over 100,000 engineering students with the opportunity to practice
teamwork skills.

However, student experiences of working in teams are a mixed bag. A survey of students from
various disciplines, including engineering, has indicated that 27% of students were unsatisfied
with their teams and the division of tasks among the team members, and 32% of students
experienced poor or very poor group work [10]. Especially common in design problems that are
inherently ill-structured, social loafing tends to negatively affect team performance as well as
individual learning [11]. To make matters worse, a bad experience on a past team project
increases chances of negative feelings toward future team projects [12], [13].

In an effort to improve understanding of student design teams, team effectiveness models and
instruments to measure inputs, processes, and outputs have been comprehensively reviewed,
leading to a generalized design team effectiveness model [14]. This research work
operationalizes a subset of the proposed general model in the context of undergraduate
engineering capstone design courses, in order to better understand the correlations between
project inputs (team characteristics, task characteristics) and outputs (design team outcome). In
particular, this paper investigates the following research questions:

RQI - Which project task characteristics correlate with the design team outcome characteristics?
RQ2 - Which student team characteristics correlate with design team outcome characteristics?

Subjects

Student and design team characteristic data were collected in Fall 2020, when Northern Illinois
University (NIU) was operating remotely and the Rochester Institute of Technology (RIT) was
offering partial in-person classes on campus. Table 1 summarizes the students’ disciplines and

Table 2 summarizes the types of design teams in the senior design courses at NIU and RIT.

Table 1: Student participant distribution by engineering discipline

NIU RIT
Overall 187 331
Mechanical 113 124
Electrical 65 71
Biomedical 9 44
Industrial - 45
Computer - 47




Table 2: Summary of Team Demographics by University

Team Type NIU RIT

Overall 61 teams 64 teams

Multi-disciplinary 30 63

Single-disciplinary 31 1
Instruments

Task Characteristics - The CPSS was used to evaluate the initial problem statement provided to
each team at the start of the course. CPSS measures artifacts representing the product, such as
ideas, proposals, processes, prototypes, or tangible product itself, along three dimensions:
novelty, resolution, and elaboration & synthesis. For this study, we used only the novelty
dimension (3 sub-scales, 15 items) and complexity sub-scale of the elaboration & synthesis
dimension (5 items). These 15 Novelty items consist of five items in each of the Original,
Surprising and Germinal sub-scales. Similarly, the complexity subscale consists of five items. In
all cases, items are scored on a 7-point Likert scale.

Personality - The five-factor model (the ‘Big Five’) is one of the contemporarily dominant
personality taxonomies which consists of five factors: extraversion, agreeableness,
conscientiousness, neuroticism, and intellect [ 15]. The mini-International Personality Item Pool
(mini-IPIP) is a survey instrument with four items to measure each of the five traits and has been
shown to be reliable and robust with a relatively short questionnaire [16].

Motivation - Motivation (component of conscientiousness) of team members has been shown to
be a determinant in team success [17], [18]. In the context of education, the academic motivation
scale is an English adaptation of the original measure of motivation developed in the French
language [19]. In this survey instrument, motivation is further classified into intrinsic
motivation, extrinsic motivation and amotivation. Intrinsic motivation may be driven by a need
to know, a need to accomplish, or a need for experience. Extrinsic motivation may be externally
regulated (i.e., do something because you’re told), introjected (i.e., do something to avoid feeling
guilt), or identified (i.e., internalizing the extrinsic forces). Each of these factors is considered
separately in the scale.

Social Loafing Tendency - In a group setting, when pressures to work come from outside the
group and individual work is hard to identify, then the division of external pressure amongst
group members leads to each member working less than if working alone. This drop in
individual performance is referred to as social loafing [20]. In the academic context, a four item
instrument has been developed to measure social loafing tendency [21].



Sucker Effect — The sucker effect is the reduction of individual efforts while working in a team
context owing to a perception that others are free-riding [22]. While social loafing is an outcome
focused phenomenon, the sucker effect focuses on the above mechanism. Hence, it is measured
using an instrumental factor, an ethical factor and an equity factor. These factors were
constructed based on the Australian Work Ethic Scale [23] and the Protestant Work Ethic Scale
[24].

Social Compensation - Social compensation can be described as the tendency of individuals,
especially those with low interpersonal trust, to work harder in a team environment in order to
compensate for the lower performing teammates [25]. In turn, interpersonal trust, the expectancy
that the spoken statements of others can be relied upon, has been shown to be a useful parameter
in the context of student-teams [26] and has been refined into a well-researched and validated
survey instrument [27].

Tolerance to Uncertainty and Ambiguity - In technical problem solving research, uncertainty and
ambiguity are often treated as the same [28]. However, uncertainty is characterized by lack of
information about value of known relevant parameters while ambiguity is characterized by lack
of clarity about the relevant parameters and their relationship [28]. With the above
differentiation, it can be said that all development projects are an exercise in uncertainty
reduction and that one may expect engineers to be at least somewhat tolerant to uncertain
situations. To characterize the degree of tolerance, a 20 item survey instrument was developed
[29]. Tolerance to ambiguity has a been a widely studied area over the last 50 years [30], [31].
Budner conceives tolerance to ambiguity as a personality trait [32] and defines it as the tendency
to perceive situations which cannot be adequately structured or categorized by the individual,
because of the lack of sufficient cues, as sources of threat as intolerance to ambiguity [32]. From
this perspective, phenomenological denial (repression and denial), phenomenological submission
(anxiety and discomfort), operative denial (destructive or reconstructive behavior), or operative
submission (avoidance behavior) as a response to novelty, complexity or insolvability of a
situation is interpreted as intolerance to ambiguity [32]. These latent phenomena have been
captured in a 16-item scale to measure tolerance to ambiguity [32].

Design Team Outcome - Both universities in this study require student teams to create a poster
describing the prototype (final project outcome). This poster (design artifact) was the subject of
rater evaluation using the CPSS and DQR. The CPSS was used to assess the novelty and
complexity of the design outcome [33]. The novelty dimension of the scale consists of 15 items
that are rated on a 7-point Likert scale. These 15 items consist of five items each of Original,
Surprising and Germinal sub-scales. Similarly, the complexity subscale consists of five items,
and it measures the complexity of the developed solution on a 7-point Likert scale. The DQR
was created by Sobek [34] for design assessment in engineering education by consolidating 23
evaluation rubrics collected from various universities and design competitions. The DQR



measures five dimensions of the project outcome: meeting the technical criteria and the customer
requirements; being feasible in its application and fabrication / assembly; incorporating original
and novel ideas, non-intuitive approaches, or innovative solutions; being simple, avoiding any
unnecessary sophistication and complexity; and the overall impression. In 2005, Meyer et al.
[35] conducted a thorough review of instruments for quantitative evaluation of capstone design
outcomes. Among the various instruments reviewed, the DQR was found to be suitable for
evaluating student projects for its ability to evaluate a diverse range of design projects in a
project-independent and process-independent manner. Other researchers in the field of
engineering education have relied upon this instrument as well [36], [37].

Team Characteristics - Since the late 1990s, there has been research on operationalizing
individual measures into team measures. The relation between individual team member
characteristics - characterized by their mean, min, max and variance - and team effectiveness
has been studied [3]. Depending upon the task type - additive, compensatory, conjunctive, or
disjunctive [38], different member characteristic aggregation mechanisms may be suitable.
Figure 1 summarizes the inputs and outputs that were measured for each student team. Table 3
summarized what a larger value of each measure indicates.
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Figure 1: Summary of input and output measures



Table 3: Interpretation of rating scale of various measures

Category Measure Meaning of a larger value
Personality (Big 5) Extraversion Higher extraversion
Agreeableness Higher agreeableness
Conscientiousness Higher conscientiousness
Neuroticism Higher neuroticism
Intellect Higher intellect
Motivation Intrinsic Motivation - To Higher motivation from participation and
Know doing the activity
Intrinsic Motivation - Higher motivation from desire to be competent
Towards Accomplishment | and create
Intrinsic Motivation - To Higher motivation from stimulation that the
Experience Stimulation activity provides
Extrinsic Motivation - Higher motivation from internalized (for
Identified individual good), external means
Extrinsic Motivation - Higher motivation from internalized (for
Introjected general good), external means
Extrinsic Motivation - Higher motivation from external means such as
External Regulation rewards and constraints
Amotivation More extreme lack of motivation
Social Loafing Social Loafing Tendency Higher tendency to work less when in a group
than when alone
Sucker Effect Ethical Factor Higher belief in moral righteousness of hard
work
Instrumental Factor Higher belief that work should be rewarded
Equity Factor Higher belief in effort-proportionate rewards
Social Compensation | Interpersonal Trust Scale Higher belief in reliability of behavior,
promises, or statements of other individuals
Tolerance to Tolerance to Uncertainty More comfort and better thriving in uncertainty
Uncertainty
Tolerance to Tolerance to Ambiguity More comfort and better thriving in ambiguity
Ambiguity

Data collection

The survey instruments discussed in the literature review section were compiled into a web-

based survey platform. This included the mini-international personality item survey [16],
academic motivation scale survey [19], social loafing survey [21], sucker effect survey [39], and
interpersonal trust scale [27]; as well as CPSS for both task characteristics and design team
outcome, and DQR for design team outcome. Task characteristics and design team outcomes
were evaluated by three raters, two from RIT and one from NIU, in order to reduce the potential
for individual bias. Some items were flipped in accordance with the original instruments to
reduce likelihood of order bias and skewing. Institutional Review Board (IRB) approval was
sought upon NSF grant approval and upon IRB approval the surveys were sent out to students in

October 2020.




At NIU, student characteristics were collected in a single survey. At RIT, student characteristics
were split across three surveys to keep the length of the reasonable and to prevent rater fatigue.
Each of these three surveys was expected to take around 10 minutes to complete. Reminders,
sent to students for the following three weeks, urged students to participate in the survey and
notified them that the participation was voluntary. The surveys were closed after three weeks.
Table 4 summarizes survey response rate. Out of the 61 teams at NIU and 64 teams at RIT, three
teams and NIU and 20 teams at RIT had two or more student respondents per team for all survey
instruments.

Table 4: Summary of data collection at the two universities

NIU RIT
(Single online survey) | (Splitinto 3 online
surveys)

Response rate Survey 36/187 (19%) -

Survey 1 - 116/331 (35%)

Survey 2 - 94/331 (28%)

Survey 3 - 78/331 (24%)
Response by team | One response 28 50

More than one response 3 20

Analysis and Results

Teams with two or more student respondents were retained for further analysis to stay aligned
with the purpose of studying ‘team characteristics’ as opposed to ‘individual student’
characteristics. Based on the small number of NIU teams with at least one response per team, we
only present the analysis of RIT teams in this paper.

Python, distributed through Anaconda, was used to perform the data analysis. Raw data from the
various survey instruments were collected in .csv file format. Several of the instruments included
questions with reversed scales, and after correcting the flipped survey items using Microsoft
Excel, the data was imported into Spyder IDE. The Pandas library was used for data preparation.
The actual correlation coefficient and p-values were calculated using the ‘stats’ module of the
SciPy library. In this calculation, the p-value is calculated with the null hypothesis that the
distributions underlying the samples are uncorrelated and normally distributed, and the
alternative hypothesis is two-sided [40].

Table 5 summarizes Cronbach’s alpha of the survey given at RIT which includes all student
responses and those students on teams with >1 respondents. Almost all survey instruments had
Cronbach’s alpha higher than the acceptable value of 0.7, indicating that the scales used are
internally consistent.



Table 5: Cronbach alpha of all survey instruments measuring individual characteristic

Category Measure Cronbach’s | Cronbach’s
alpha (all) alpha (n>1)
Personality (Big 5) Extraversion 0.87 0.89
Agreeableness 0.77 0.80
Conscientiousness 0.62 0.59
Neuroticism 0.73 0.61
Intellect 0.68 0.79
Motivation Intrinsic Motivation - To Know 0.84 0.81
Intrinsic Motivation - Towards Accomplishment 0.87 0.87
Intrinsic Motivation - To Experience Stimulation 0.74 0.73
Extrinsic Motivation - Identified 0.82 0.87
Extrinsic Motivation - Introjected 0.87 0.88
Extrinsic Motivation - External Regulation 0.87 0.82
Amotivation 0.84 0.86
Social Loafing Social Loafing Tendency 0.71 0.70
Sucker Effect Ethical Factor 0.65 0.75
Instrumental Factor 0.78 0.80
Equity Factor 0.78 0.80
Social Compensation Interpersonal Trust Scale 0.73 0.74
Tolerance to Uncertainty | Tolerance to Uncertainty 0.90 0.89
Tolerance to Ambiguity | Tolerance to Ambiguity 0.41 0.46

Inter-rater reliability, calculated using the method described by James et al. [41], is summarized
in Table 6. Inter-rater reliability for each outcome measure for each team was calculated based
on ratings of each of the three raters. Then, using a threshold rw,; of 0.8 as a signifier of
agreement, the percentage of teams for which raters agree with each other was reported.

Similarly, the average rw.g for each outcome measure was reported.

Table 6: Inter rater reliability summarized by teams, for both task characteristics and design team
outcome (rwg >0.8 was interpreted as ‘agree’)

> >

> 3 > 3

— Q. — -

g £ g £

[©] o [e) o

ZI UI pd (&) o

2 o £ & = Z 2 z _

g 8 3z 5 £ 3 § £ 3

o o) % b4 ]

a:I al i-%I i-%I L:;| ljﬂl g| gl 5I

2 2 2 2 & & & & &

(@) (@] (@) (@] [a)] () () () ()
Average r,, 0.98 0.96 0.99 0.97 0.82 0.90 0.89 0.91 0.86
Percentage of lwg > 0.8 100% 100% 100% 100% 65% 85% 90% 95% 80%




Tables 7-9 summarize the correlation analysis. Several team characteristics were found to have
statistically significant correlations with design team outcome measures. Tables 7-9 summarize
correlations between the team characteristics (aggregated from individual member characteristics
using various statistical measures) and design team outcome measures. In all figures, a green cell
represents a positive correlation with significance level p<0.1, and a red cell represents a
negative correlation with p<0.1.With n=20 and p=0.1, the corresponding absolute value of r for
statistically significant correlation is 0.378. The actual correlation values are summarized in
Appendix A.

Table 7: The Big Five Personality Traits correlated with design team outcome measures
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Extraversion Mean +
Extraversion Max + +  +
Extraversion Min
Extraversion Range
Extraversion StDev
Agreeableness Mean + + + +  +
Agreeableness Max +  +  +
Agreeableness Min +
Agreeableness Range
Agreeableness StDev
Conscientiousness Mean -_
Conscientiousness Max
Conscientiousness Min - -
Conscientiousness Range + + +
Conscientiousness StDev + + +
Neuroticism Mean +
Neuroticism Max + + + +  +
Neuroticism Min
Neuroticism Range + + + +  +
Neuroticism StDev + + + + +
Intellect Mean + + + +  +
Intellect Max + + +  +
Intellect Min + +
Intellect Range
Intellect StDev




Table 8: Motivation correlated with design team outcome measures
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Intrinsic Motivation - To Know Mean

Intrinsic Motivation - To Know Max

Intrinsic Motivation - To Know Min

Intrinsic Motivation - To Know Range

Intrinsic Motivation - To Know StDev

Intrinsic Motivation - Towards Accomplishment Mean

Intrinsic Motivation - Towards Accomplishment Max

Intrinsic Motivation - Towards Accomplishment Min

Intrinsic Motivation - Towards Accomplishment Range

Intrinsic Motivation - Towards Accomplishment StDev

Intrinsic Motivation - To Experience Stimulation Mean

Intrinsic Motivation - To Experience Stimulation Max

Intrinsic Motivation - To Experience Stimulation Min

Intrinsic Motivation - To Experience Stimulation Range
Intrinsic Motivation - To Experience Stimulation StDev

Extrinsic Motivation - Identified Mean
Extrinsic Motivation - Identified Max
Extrinsic Motivation - Identified Min
Extrinsic Motivation - Identified Range +
Extrinsic Motivation - Identified StDev +
Extrinsic Motivation - Introjected Mean
Extrinsic Motivation - Introjected Max
Extrinsic Motivation - Introjected Min
Extrinsic Motivation - Introjected Range
Extrinsic Motivation - Introjected StDev
Extrinsic Motivation - External Regulation Mean
Extrinsic Motivation - External Regulation Max
Extrinsic Motivation - External Regulation Min
Extrinsic Motivation - External Regulation Range
Extrinsic Motivation - External Regulation StDev
Amotivation Mean
Amotivation Max
Amotivation Min
Amotivation Range
Amotivation StDev
Average Academic Motivation Mean
Average Academic Motivation Max
Average Academic Motivation Min
Average Academic Motivation Range
Average Academic Motivation StDev
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Table 9: Social loafing tendency, sucker effect, social compensation, tolerance to uncertainty,
and tolerance to ambiguity correlated with design team outcome measures
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Social Loafing Mean - -
Social Loafing Max -
Social Loafing Min -
Social Loafing Range
Social Loafing StDev
Ethical Mean
Ethical Max
Ethical Min
Ethical Range
Ethical StDev
Instrumental Mean
Instrumental Max
Instrumental Min
Instrumental Range
Instrumental StDev
Equity Mean -_
Equity Max -
Equity Min
Equity Range -
Equity StDev
Social Compensation (Interpersonal Trust) Mean +
Social Compensation (Interpersonal Trust) Max
Social Compensation (Interpersonal Trust) Min +
Social Compensation (Interpersonal Trust) Range
Social Compensation (Interpersonal Trust) StDev
Tolerance To Uncertainty Mean
Tolerance To Uncertainty Max
Tolerance To Uncertainty Min
Tolerance To Uncertainty Range
Tolerance To Uncertainty StDev
Tolerance To Ambiguity Mean + + + + +
Tolerance To Ambiguity Max + + + +
Tolerance To Ambiguity Min + +
Tolerance To Ambiguity Range
Tolerance To Ambiguity StDev
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Discussion

The Big 5 measures were found to have the most statistically significant correlations with design
team outcomes, as shown in Table 7. The distribution (both standard deviation and range) of
conscientiousness had positive correlation while the min conscientiousness had negative
correlation with both novelty and complexity measures of the CPSS evaluation. Agreeableness
and neuroticism had a positive correlation with DQR measures. A plausible causal mechanism is
that agreeableness would improve team collaboration and thereby design team outcome.
Interestingly, neuroticism showed a positive correlation with the DQR framework in both the
team maximum and the interval/standard deviation. This implies that having a team member with
high neuroticism is a positive factor, but it is also beneficial to balance that with team member(s)
with lower neuroticism scores. Intellect was found to have statistically significant positive
correlation with all measures of the DQR framework - this finding is in-line with the commonly
accepted notion that intelligent people lead to better outcomes.

Correlations of various motivation measures with design team outcome measures are presented
in Table 8. Extrinsic motivation had a correlation with the “meeting technical requirements”
measure of the DQR framework but not with other DQR measures like innovativeness,
feasibility, and simplicity. This finding aligns with the commonly observed student behavior of
checking all boxes towards an acceptable deliverable but not going beyond with grading based
(extrinsic) reinforcement. Similarly, amotivation (lack of motivation) was found to have a
negative correlation with the feasibility measure of the DQR framework.

Social loafing tendency, the sucker effect, social compensation, tolerance to uncertainty, and
tolerance to ambiguity correlations with design team outcomes are presented in Table 9. As
expected, lower social loafing, lower sucker effect and higher social compensation would lead to
better project outcomes. The mean equity factor (sucker effect) for teams had a negative
correlation with the simplicity measure of DQR. If the team, on average, says they are less likely
to want to reward everyone equally regardless of effort, then the solution has less unwanted or
unnecessary complexity. Further, the max equity score negatively correlates to high novelty. The
lower the maximum score (the less likely you are to have a team member who believes reward
should be proportional to effort) the more likely the design team outcome will have high novelty.
A possible explanation is that the team members are more willing to entertain wild ideas without
fear when they would be discounted as not being valuable contributions. The interval for equity
also negatively correlates to high novelty. In other words, if team members have similar views
toward how rewards will be distributed, the output novelty is higher.

Also shown in Table 9, tolerance to ambiguity has a positive correlation with all DQR measures

of design team outcome. This suggests that teams comfortable with ambiguous situations tend to
deliver better design project outcomes. This in turn justifies the conventional wisdom of helping
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students to deal with the ambiguity present in open-ended design projects. However, the
reliability of the tolerance to ambiguity survey yielded a low Cronbach Alpha value of 0.41
which hints at the need to revisit the survey instrument.

Social loafing has a negative correlation with the simplicity measure of DQR. A plausible causal
mechanism could be that, to meet minimally acceptable customer requirements, the students
develop independent subsystem-level solutions to design challenges, but with reduced person-
hours (due to social loafing) not enough effort can be put on integration of the subsystems. This
can lead to a needlessly complex solution with poorly defined interfaces. Such solutions would
then get rated poorly for DQR simplicity measure.

Outcome measures of the CPSS evaluation framework (novelty, complexity) did not correlate
with the outcome measures of the DQR evaluation framework. CPSS is an extensively validated
survey instrument while DQR has received relatively less academic attention. In fact, seemingly
corresponding items in the two instruments yielded contrasting correlations. This could indicate
that these evaluation frameworks are measuring different latent outcome attributes. Post-hoc
discussion among the raters (authors of this paper) revealed that rating DQR items was easier
(raters were more confident with their rating) compared to CPSS items.

Interestingly, except for the Big 5 and equity factor of sucker effect, no other team characteristic
had a statistically significant correlation with CPSS evaluation. For an exhaustive list of
statistically significant correlations, refer to Tables 7-9 in the analysis section.

As seen in Tables 7-9, range and standard deviation of inputs tend to show correlations (or not)
together. In previous academic works, standard deviation has been used as the measure of
variability among team member characteristics. However, in the case of small team sizes with 5
or less members (as is typical of most engineering capstone design teams [9]), it is useful to use
range as the measure of variability in order to save a degree of freedom. An argument can be
made that a range statistic is sensitive to outliers, but in the case of small student teams, a single
student with an individual characteristic outside the usual value is often seen to heavily influence
team dynamics. So, in fact, such outlier values of individual characteristic and their influence on
the team level characteristic would be useful to retain.

There was some challenge among raters to confidently rate project descriptions (task
characteristics) using the CPSS instrument. Consistently reliable and holistic evaluation of
student project outcomes continues to be challenging, but the DQR holds promise as it is tailored
to academic context.

From a holistic perspective, engineering education needs to improve the understanding of the
‘nature’ (individual characteristics) of a diverse set of students and provide appropriate ‘nurture’
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(team processes) for each set of students. More diversity in the way students approach problems
is encouraged but there may be limits. For example, a high range of equity factor among team
members produced worse design team outcomes. A team process, by definition, applies to all
team members and a high diversity of individual characteristics within a team may render an
optimal team process to be sub-optimal for each individual member. Personalized team processes
(different activities for each individual team member) may help foster synergy among diverse
team members. Research into such aspects of effective teams would produce better design team
outcomes as well as nurture each individual student to become a better future engineer.

Conclusion

Following the team effectiveness model discussed by Takai et. al [14], the correlations between
task characteristics and student team characteristics with design team outcomes were explored.
The effectiveness of various survey instruments in linking inputs to design team outcomes was
found to be widely distributed. In line with previous research, the five-factor model (Big 5),
operationalized using the mini-IPIP survey, yielded the most statistically significant correlations
with design team outcomes. A full list of other statistically significant correlations has been
established and many measures of team characteristics and project characteristics appear to have
no statistically significant correlation with the quality of the design outcome. Lastly, further
research is warranted to establish normative metrics to evaluate aspects of engineering capstone
design projects.

Limitation and Future Work

In this study, the response rate was relatively low (about 20% at NIU and 24% at RIT). This also
resulted in a small number of teams with more than one response (4 teams at NIU and 20 teams
at RIT). Furthermore, 13 of these 20 teams at RIT had just two student respondents per team
(modal team size = 4). While not included in this paper, the student surveys were administered
again in Fall 2021 on paper at NIU, which increased response rates to 85%. At RIT, surveys
were still administered electronically during Fall 2021, but the last author paid a brief visit to
each team to explain the study and encourage participation, increasing the response rate to 38%.

With the larger number of students’ and teams’ data, we will conduct comprehensive analysis
including studying correlation between cognitive ability, psychological safety, or decision
making and design team performance. The comprehensive study of both individual students’ and
teams’ data should enable us to find team formation methodologies that lead to better design
team performance. This comprehensive study is left for future work.
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Appendix A — Coefficients of statistically significant correlations.

With n=20 and p-values of p=0.1 and p=0.05, the corresponding absolute values of statistically
significant correlation are 0.378 and 0.444. Regular fonts are used for p<0.1 and bold fonts for
p<0.05. Positive correlations are shown in green fonts and negative correlations in red fonts.
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Measure Statistic 2 8 g g g g g
Extraversion Mean 0.40
Extraversion Max 0.44 0.49 0.47
Extraversion Min
Extraversion Range
Extraversion StDev
Agreeableness Mean 0.43 0.42 0.46 0.39 0.43
Agreeableness Max 0.45 0.53 0.53
Agreeableness Min 0.44
Agreeableness Range
Agreeableness StDev
Conscientiousness Mean -0.45
Conscientiousness Max
Conscientiousness Min -0.54 -0.39
Conscientiousness Range 0.57 0.48 0.50
Conscientiousness StDev 0.59 0.48 0.46
Neuroticism Mean 0.54
Neuroticism Max 0.50 0.44 0.52 0.48 0.54
Neuroticism Min
Neuroticism Range 0.50 0.43 0.42 0.48 0.52
Neuroticism StDev 0.49 0.44 0.42 0.48 0.52
Intellect Mean 0.63 0.50 0.46 0.51 0.51
Intellect Max 0.61 0.56 0.45 0.44
Intellect Min 0.39 0.44
Intellect Range
Intellect StDev
Social Loafing Mean -0.61  -0.42
Social Loafing Max -0.46
Social Loafing Min -0.50
Social Loafing Range
Social Loafing StDev
Ethical Mean
Ethical Max
Ethical Min
Ethical Range
Ethical StDev
Instrumental Mean
Instrumental Max
Instrumental Min
Instrumental Range
Instrumental StDev
Equity Mean -0.42
Equity Max -0.44
Equity Min
Equity Range -0.43
Equity StDev
Social Compensation (Interpersonal Trust) Mean 0.41
Social Compensation (Interpersonal Trust) Max
Social Compensation (Interpersonal Trust) Min 0.40
Social Compensation (Interpersonal Trust) Range
Social Compensation (Interpersonal Trust) StDev
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Appendix A (Continued)
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Measure Statistic 2 S g 8 g 8 g

Intrinsic Motivation - To Know Mean

Intrinsic Motivation - To Know Max

Intrinsic Motivation - To Know Min

Intrinsic Motivation - To Know Range

Intrinsic Motivation - To Know StDev

Intrinsic Motivation - Towards Accomplishment Mean

Intrinsic Motivation - Towards Accomplishment Max

Intrinsic Motivation - Towards Accomplishment Min

Intrinsic Motivation - Towards Accomplishment Range

Intrinsic Motivation - Towards Accomplishment StDev

Intrinsic Motivation - To Experience Stimulation Mean

Intrinsic Motivation - To Experience Stimulation Max

Intrinsic Motivation - To Experience Stimulation Min -0.41

Intrinsic Motivation - To Experience Stimulation Range

Intrinsic Motivation - To Experience Stimulation StDev

Extrinsic Motivation - Identified Mean

Extrinsic Motivation - Identified Max

Extrinsic Motivation - Identified Min -0.43

Extrinsic Motivation - Identified Range 0.60 0.45

Extrinsic Motivation - Identified StDev 0.62 0.45

Extrinsic Motivation - Introjected Mean -0.38

Extrinsic Motivation - Introjected Max

Extrinsic Motivation - Introjected Min -0.56 -0.45

Extrinsic Motivation - Introjected Range 0.46

Extrinsic Motivation - Introjected StDev 0.46 0.38

Extrinsic Motivation - External Regulation Mean

Extrinsic Motivation - External Regulation Max

Extrinsic Motivation - External Regulation Min

Extrinsic Motivation - External Regulation Range

Extrinsic Motivation - External Regulation StDev

Amotivation Mean

Amotivation Max

Amotivation Min -0.47

Amotivation Range

Amotivation StDev

Average Academic Motivation Mean

Average Academic Motivation Max

Average Academic Motivation Min

Average Academic Motivation Range

Average Academic Motivation StDev 0.38

Tolerance To Uncertainty Mean

Tolerance To Uncertainty Max

Tolerance To Uncertainty Min

Tolerance To Uncertainty Range

Tolerance To Uncertainty StDev

Tolerance To Ambiguity Mean 0.60 0.56 0.44 0.66 0.72

Tolerance To Ambiguity Max 0.62 0.55 0.57 0.68

Tolerance To Ambiguity Min 0.48 0.49

Tolerance To Ambiguity Range

Tolerance To Ambiguity StDev
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