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Waning student engagement over the course of year-long capstone design projects may decrease team effectiveness and
create challenges for capstone faculty advisors and student team leaders. Because leadership is an influence process,
reframing how leadership is conceptualized for students may provide a tool that can bolster student effort and overall team
effectiveness. Recent literature suggests that sharing leadership may be more effective than vertical leadership for complex
design work, but little is known regarding shared leadership within the undergraduate engineering context. This study
examined the relationship between shared leadership and team effectiveness for undergraduate mechanical engineering
capstone design teams using an adaptation of the Full Range of Leadership model. Results indicated that the overall
strength and a limited sharing of select team leadership behaviors relate to a team’s effectiveness through group process and
individual satisfaction, but not task performance. This study provides capstone faculty with insights into effective

leadership behaviors that may be encouraged within the capstone design experience.
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1. Introduction

Capstone design courses can be challenging for
students because of their project-based, open-
ended and collaborative nature, leading to waning
student effort. When faced with such challenging
academic work, students may attempt to negotiate
less demanding requirements [1]. Over the course of
a semester or quarter, this degradation in effort may
decrease team effectiveness.

The applied nature of capstone projects, where a
prototype design must perform for a customer,
separates capstone courses from conventional class-
room environments and requires increased self-
directed learning from students. As a result, both
faculty and students undergo a learning process in
real-time. Faculty do not necessarily know how to
address the design problem [2] or have the knowl-
edge to navigate various team issues [3]; thus,
students may be forced to navigate some of these
challenges on their own. Sustaining self-directed
learning may require additional support from
faculty or team advisors [4].

Helping shape leadership behaviors may be one
way to mitigate this potential decline in team effec-
tiveness. Yukl [5] asserts that leaders may improve
team performance by influencing team processes in
positive ways. Staglet al. [6, p. 172] summarize work
in team leadership research and find that, ‘“the
totality of research supports this assertion; team
leadership is critical to achieving both affective and
behaviorally based team outcomes.” Empirically,
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leadership has shown to predict team outcomes such
as team effectiveness and team performance (e.g.,
[7]) in a wide variety of contexts outside of engineer-
ing design.

One potential barrier to shaping leadership beha-
viors for engineering students may be the view that
leadership within engineering programs is best left
to extra-curricular settings [8-10]. Currently, lea-
dership is not widely perceived as an integral skill in
the development of students for the engineering
field. Recent literature suggests that an empirically
tested model for effective leadership in a team-based
engineering context does not exist [9, 11, 12].
Although conceptualizations of engineering leader-
ship are departing from traditional, vertical views of
leadership, there is no literature that describes how
leadership relates to design team effectiveness, par-
ticularly for undergraduate engineering teams.

This study addresses this literature gap by inves-
tigating leadership from the perspective of the
collaborative, team-based environment that engi-
neers routinely experience [13]. Leadership scholars
indicate that shared leadership, characterized by the
serial emergence of official as well as unofficial
leaders, may be a more effective model than a
vertical, individualistic approach [14—17], especially
for the creative, complex, and interdependent
knowledge work like that of an engineering design
team. Although studies suggest that shared leader-
ship is pervasive in undergraduate engineering
design teams (e.g., [14, 18]), little is known regarding
the effectiveness of shared leadership for design
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teams. Building upon the prior shared leadership
research of Novoselich and Knight [18], this study
deepens our understanding of shared leadership in
design teams by examining how sharing various
forms of leadership relates to team effectiveness,
measured as a combination of group process, indi-
vidual satisfaction, and task performance. Specifi-
cally, the study addressed the following research
question:

How does the degree of shared leadership across
the Full Range of Leadership relate to undergrad-
uate mechanical engineering capstone design team
effectiveness?

2. Review of the literature

Team leadership is a complex influence process that
continues to evolve with the changing landscape of
collaborative work. Traditional, hierarchical con-
ceptualizations of leadership are giving way to more
collaborative (i.e., shared) frameworks that may
lead to greater team effectiveness. There is a vast
literature on effective leadership behaviors, so this
literature review is scoped to address the justifica-
tion for considering a shared leadership framework
for capstone design teams.

2.1 Effectiveness of shared leadership

Leadership literature has traditionally focused on
vertical conceptualizations of leadership where one
leader influences followers [16, 19, 20]. The possibi-
lity of multiple team members influencing each
other has been a relatively recent development in
the long history of leadership research [16]. In the
shared leadership paradigm, leaders emerge from
the group based on their knowledge, skills, or ability
to lead the team through tasks or challenges and
then pass the mantle of leadership to others as the
team’s situation evolves.

Shared leadership’s rise accounts for the situated
nature of knowledge; in this modern age of
increased technology and rapid industrial pace, it
is nearly impossible for one person to have the
necessary knowledge, skills, and abilities for all
aspects of highly intellectual work [15]. This sce-
nario aligns with Newstetter’s [21] description of
student learning environments in engineering
design teams as well as Salas et al.’s [6] integrative
model of team effectiveness, which references team
leaders (plural) as opposed to team leader (singular)
and describes how shared cognition affects leader-
ship and vice-versa. Considering this evolving
knowledge distribution, Wageman and Gardner
[22] call for a re-examination of team leadership in
light of the new landscape of modern collaboration.
Dorst [23] similarly calls for an examination of the

context by which design is practiced, which are aims
of this study.

Capstone design teams provide a suitable context
for exploring how engineers lead. Capstone design
projects are often a culminating, team-based event
for undergraduate engineers as they prepare for
professional engineering practice [24]. On the cusp
of professional engineering practice, these experi-
ences are also a final opportunity to address and
develop engineering professional skills, to include
leadership [25, 26]. Pearce [15] hypothesizes the
positive role shared leadership can play in knowl-
edge work that is creative, complex and interdepen-
dent, such as that of a design project. Cox, Pearce, &
Perry [17] discuss the potential for shared leadership
to benefit new product development team perfor-
mance, a work atmosphere very similar to what is
asked of capstone design students.

Limited empirical work has focused on the effec-
tiveness of shared leadership for the design team
context. For student design teams specifically, Zafft,
Adams, & Matkin [27] established that increased
dispersion of different leadership profiles across
team members related positively to team success in
terms of course grades using the Competing Values
Framework. The authors of this study admit, how-
ever, that they were unable to relate a specific
measure of shared leadership to team success,
which is a goal of this study. More recently, Novo-
selich and Knight [18] showed that leadership in
capstone design teams is most often shared rather
than vertical. In other contexts, shared leadership
has been shown to relate significantly to team out-
comes. For example, recent meta-analyses of shared
leadership indicate that both the distribution and
quantity of leadership in teams positively relates to
team effectiveness [28] and team performance [29,
30]. Considering this literature, the following
hypothesis is proposed:

Hypothesis: Shared leadership positively relates to
team effectiveness for mechanical engineering cap-
stone design teams.

2.2 Effective forms of leadership

The Full Range of Leadership model informs this
study’s investigation of shared leadership. Whereas
shared leadership examines how many and to what
extent individuals enact leadership within the teams,
the Full Range of Leadership model explains the
behaviors that comprise different forms of leader-
ship. The Full Range of Leadership model has been
in existence for over two decades with wide accep-
tance for validity and reliability (see [31]) and is
routinely measured using the Multifactor Leader-
ship Questionnaire (MLQ) (see [32]). Previous lit-
erature has demonstrated the applicability of the
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Fig. 1. ME Capstone Full Range of Leadership Model [18].

Table 1. ME Capstone version of the Full Range of Leadership Descriptions

Form of Leadership Description
Transformational/ Contingent Developing team member strengths, maintaining a compelling vision,
Reward showing strong sense of purpose, and instilling pride in team members for
(TCR) being associated with those enacting leadership [38]

Active Management by Exception | Primarily utilizes negative reinforcement, having a consistent focus on
maintaining standards in addition to identifying and tracking mistakes
(MEA) among team members [38]-[40]

Passive Avoidant

(PA)

A delay in action until serious issues arise or a total absence of involvement,
especially when needed [36], [38]

Full Range of Leadership model for engineering
contexts (e.g., [18, 33, 34]), and links between the
theory and leadership orientations within engineer-
ing professional practice have been proposed by
Rottman et al. [9].

Novoselich and Knight [34] took a comprehen-
sive look at the MLQ to construct for the capstone
design context three leadership scales conceptually
similar to the original model: Transformational/
Contingent Reward (TCR), Active Management
by Exception (MEA) and Passive-Avoidant (PA),
determined using a 14-item subset of the MLQ.
Fig. 1 shows the ME Capstone version of the Full
Range of Leadership model, which describes the
progression of both leader activity and leadership
effectiveness across the three leadership scales con-
tained in the model. These scales are similar to those
that Avolio et al. [35] concluded may constitute a
parsimonious model of leadership in teams. Other
research has also addressed similar scales (e.g., [36,
37]) outside the engineering design team context.
Table 1 describes each.

The wide body of literature regarding the Full
Range of Leadership model indicates the effective-
ness of each form of leadership, but this research has
not yet focused on the engineering design team
context. TCR leadership behaviors are the most
active and are shown to be the most effective in a
variety of contexts [7, 39, 41]. MEA has been shown
to exhibit both positive and negative relationships
with organizational and team effectiveness [7, 39];

for engineering design teams, these behaviors posi-
tively correlated with TCR leadership [38], indicat-
ing the potential for MEA leadership to relate
positively with effectiveness in the engineering
design team context. Passive-avoidant behaviors
are consistently negative predictors of effectiveness
[39]. Thus, the first hypothesis is refined as follows:

Hypothesis A: The degree of shared TCR and
MEA leadership will positively relate to team
effectiveness.

Hypothesis B: The degree of shared PA leadership
will negatively relate to team effectiveness.

3. Data and methods

This quantitative study related shared leadership to
team effectiveness using ordinary least squares
regression. The shared leadership independent vari-
ables were team-level leadership network density
and decentralization measures (and their interac-
tions) developed from student-level leadership net-
work data collected using a round-robin (360-
degree) leadership survey of capstone design team
students. The team effectiveness dependent vari-
ables were team-level measures derived from stu-
dent survey data (groups process and satisfaction
self-report measures) or capstone course deliver-
ables (task performance, i.e., grades).
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3.1 Data collection

Student surveys administered during the spring
semester of the 2014-2015 academic year comprise
this study’s data. Participants were enrolled in year-
long, team-based, mechanical engineering, senior
level capstone design courses at three institutions: a
large, mid-Atlantic research university (site A) and
two smaller engineering-focused military institu-
tions (sites B and C). These study sites were purpo-
sefully chosen because of their historic leadership
focus, ABET accredited engineering programs,
comparable capstone design experiences, and
access to participants. Qualitative comparison of
course syllabi and team charter requirements across
the three institutions indicated similarity in the
capstone design experience regarding course objec-
tives, course content, project requirements, and
team-based pedagogy. The mixture of civilian and
military institutions provided a combination of a
more traditional civilian undergraduate engineering
experience at site A and mandatory, 4-year leader-
ship programs at sites B and C. Leadership training
for students at site A may include voluntary affilia-
tion with the Corps of Cadets, which includes
purposeful leadership development, or various
other voluntary leadership training programs; the
Corps of Cadets represented less than 5% of the
participating ME students at site A. Mechanical
engineering was chosen because of the discipline’s
professional interest in engineering leadership (see
[42]) and access to student participants. The study
had IRB approval at all three institutions.

In taking the survey, team members assessed each
of their teammates’ leadership behaviors based on
the same 14 MLQ-derived leadership descriptive
statements used by [34]. These survey items were
presented in a round-robin (360-degree) format,
which asked all team members to rate each of their
team members as well as their faculty advisor
(Fig. 2). A series of additional round-robin ques-
tions asked team members to rate their teammates

and advisor regarding various MLQ derived leader-
ship outcomes that related to team effectiveness.
Finally, several individual questions regarding
demographic information were also asked. The
survey was administered by the authors online
using Qualtrics survey development software at
sites A and B; the office of institutional research at
site C administered the online survey through a
different web host.

This study examined the responses from 209
students (Table 2) who comprised 45 complete
design teams, selected based on a team-level 100%
response rate which was required for social network
analysis. These 209 cases represent 46.5% of the
total responses from the research sites. Site A had
118 participants (21 teams), site B had 58 partici-
pants (16 teams) and site C had 33 participants (8
teams). 10 of the 45 teams were student-identified
sub-teams of larger capstone projects. Although all
participants were participating in mechanical engi-
neering (ME) capstone design projects, 15 (7%) of
the participants were non-ME majors; 8 students
(4%) were electrical engineering/computer science
majors (EE/CS), 3 were general engineering majors
(GEN) (1%), and 4 were from other engineering
disciplines (2%) (chemical engineering, civil/envir-
onmental engineering, and industrial/systems engi-
neering). At Site A, 8 of the 118 students (7%) were
members of the Corps of Cadets, and all students at
sites B and C were military officers in training.

Although all team members in this sample com-
pleted surveys, 22 students (10.5% of the sample)
submitted surveys with some incomplete items that
were treated to maintain the team-level data. In
total, these incomplete surveys only were missing
0.47% of all possible survey response items (164
total missing item responses). Of the 164, data were
imputed for the five missing responses to non-
dyadic survey items (e.g., sex identification or inter-
national status), conforming to the recommenda-
tions of [43], using multiple imputation algorithms

Not at all— Once in a while—5Sometimes—Fairly Often—Frequently, if not
1 2 3 4

1. Provide

S

N, r <fiors

always

Member Member Member Member Member Faculty Faculty
1 2 3 4 ] 1 2

Fig. 2. Sample Round-Robin Survey Item. (Ite

Table 2. Sample Demographics

m redacted because of copyright agreements)

Native Pacific Multi- Inter-
Students’  Asian Black  Hispanic American  Islander  White Race national Male  Female
209 2.4% 7.2% 0.0%

| 6.7%

0.0% | 78.9%

4.8% | 3.3% |90.9%

9.1% |

T Members of 45 complete design teams.
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in SPSS. The remaining 159 missing dyadic
responses to leadership ratings (i.e., team member
rating of another team member) were imputed
through a form of mean substitution. Other meth-
ods of imputation were not applicable because the
participant response referenced an external indivi-
dual rather than being generated internally [44].
Missing dyadic ratings were replaced by the mean
rating of the rest of the team members regarding the
rated individual.

3.2 Methods

To address the research question, this study used
ordinary least squares regression to compare the
team-level leadership network density and decen-
tralization (and their interactions) with dependent
variables of team effectiveness. The leadership net-
work densities and decentralizations were derived
from social network analyses of scale variables
representing the leadership relationships between
team members gathered from the student surveys.
The team effectiveness dependent variables were
team-level measures derived from student survey
data (groups process and satisfaction self-report
measures) or capstone course deliverables (task
performance, i.e., grades).

3.2.1 Operationalizing shared leadership

Social network analysis methods are commonly
employed to measure the shared leadership phe-
nomenon in teams [28, 45]. Within these analyses,
two measures of shared leadership are commonly
calculated: 1) network centralization (i.e., varia-
bility of individual indices) and 2) network density
(i.e., proportion of influence relationships within
the team compared to the total number possible)

«— > A
ngl
A A
Maximum of
’ m

Network Decentralization
(Leadership Distribution)
Range: 0 >1

(Distributed)

Minimum

(Individual)

[45, 46]. Gockel and Werth [45] recommend
subtracting network centralization values from
one, resulting in a measure of network decentra-
lization so that more positive values denote more
shared leadership, and less positive values denote
more vertical leadership. Graphical depictions of
these shared leadership measures are shown in
Fig. 3.

Historically, researchers have focused on either
decentralization or density independently [29]—this
research investigates both measures simulta-
neously, however, following the recommendation
of Gockel and Werth [45] and Mayo et al. [46].
Using both measures differentiates the very different
leadership distributions that may result from full
decentralization of leadership as depicted in the
maximum decentralization graphic in Fig. 3.
Mayo et al. [46] assert that teams with both high
decentralization and density in their leadership net-
works exhibit shared leadership.

The team member round-robin ratings provided
by the student surveys were aggregated into the ME
Capstone Full Range of Leadership scales identified
by Novoselich and Knight [18] (TCR, MEA, and
PA). The scales were analyzed at the team level to
determine the network decentralization and net-
work density using social network analyses. Net-
work analyses were completed using the SNA
package in the statistical analysis software “R”.
These network analyses resulted in a total of six
shared leadership measures: TCR decentralization,
TCR density, MEA decentralization, MEA density,
PA decentralization, and PA density. Table 3 pro-
vides the descriptive statistics for these six shared
leadership measures along with the scale-level inter-
actions.

A A
A
A A
(No Leadership) (Full Leadership)
Minimum Maximum
0) (¢Y)
Network Density
(Total Leadership)
Range: 021

Fig. 3. Shared Leadership Measure Examples.
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Table 3. Shared Leadership (Independent) Variable Descriptive Statistics

Skewness Kurtosis
Std. Std. Std.
N Min. Max. Mean Dev. Statistic Error Statistic Error
TCR 45| 0.25 1.00 0.68 0.19 -0.49 0.35 -0.51 0.69
Decentralization
TCR Density 451 0.25 0.80 0.63 0.14 -0.69 0.35 -0.16 0.69
Interaction TCR | 45 | 0.09 0.80 0.44 0.18 -0.17 0.35 -0.67 0.69
Decentralization
-Density
MEA 451 0.22 0.94 0.73 0.17 -1.02 0.35 0.67 0.69
Decentralization
MEA Density 45| 0.05 0.67 0.35 0.14 0.07 0.35 -0.64 0.69
Interaction MEA | 45 | 0.04 0.49 0.25 0.11 0.17 0.35 -0.67 0.69
Decentralization
-Density
PA 451 0.25 1.00 0.84 0.19 -1.26 0.35 1.31 0.69
Decentralization
PA Density 451 0.00 0.36 0.05 0.07 2.30 0.35 7.42 0.69
Interaction PA 451 0.00 0.23 0.03 0.04 2.37 0.35 8.10 0.69
Decentralization
-Density

3.2.2 Operationalizing team effectiveness

A combination of measures was used to operatio-
nalize team effectiveness. Team effectiveness is often
categorized as a team’s success in the accomplish-
ment of assigned tasks in addition to a positive
collaborative experience that leaves team members
satisfied with the experience [47-49]. Wageman [48]
cites Hackman [49] in her definition of three com-
ponents of team effectiveness which are summarized
in Table 4.

This combination of team effectiveness measures
has parallels to common outcomes assessment of
capstone design teams. Capstone faculty members
often discuss product (i.e., successfully completing
a large-scale project) and process (i.e., learning
various teaming skills) as competing tasks in
their discussion of undergraduate engineering
design teams [3]. These components are similar to
the solution development (product) and learner
development (process) constructs articulated by
[50] for assessment outcomes of capstone design
courses. Table 5 provides descriptive statistics for
the team effectiveness measures (dependent vari-
ables) which will be further discussed in the follow-
ing sections.

Table 4. Team Effectiveness Components from [48]

3.2.2.1 Group process

The group process component of team effectiveness
was operationalized as the team’s ability to garner
extra effort from its members. Blumenfeld et al. [1]
and Jones et al. [51] highlight the challenges
involved with maintaining student motivation and
thoughtfulness over the duration of a prolonged
project-based learning experience. Finding ways to
help teams garner extra effort from their members
may be one way of alleviating this burden from
faculty, and leadership may be one way to help
foster that effort. In an early exploration of shared
leadership, Avolio et al. [52] found extra effort to
relate positively to transformational and transac-
tional leadership and negatively to passive-avoidant
leadership for student teams in non-engineering
contexts. Consistent with their methods, extra
effort ratings were measured using a three-item
scale variable that is included as a leadership out-
come in the MLQ form 5X. The three items of this
scale required team members to rate the frequency
by which the rated member helped the rater exceed
their expected level of work and willingness to
succeed using a five-point Likert-type scale: 1: Not
at all; 2: Once in a while; 3: Sometimes; 4: Fairly

Effectiveness Definition

Component
Group The degree to which members interact in ways that allow the team to work increasingly well
Process together over time.
Individual The degree to which the group experience, on balance, is more satisfying than frustrating to
Satisfaction team members.
Task The degree to which the team’s product or service meets the needs of those that use it.
Performance
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Table 5. Team Effectiveness Measure Descriptive Statistics

Team Skewness Kurtosis
Effectiveness Std. Std. Std.
Component Measure N Min. Max. Mean Dev. Statistic Error Statistic Error
Group Process Extra Effort 45 2.18 5.00 0.67 -0.22 0.35 -0.44 0.69
Scale
Individual Satisfaction 45 2.63 5.00 0.56 -0.43 0.35 -0.15 0.69
Satisfaction Scale
Final 45 85.00 99.00 92.51 3.86 -0.29 0.35 -0.88 0.69
Task Presentation
Performance - il
Final Report | 45 60.00 100.00 88.96 7.23 -1.82 0.35 5.41 0.69
Grade

often; 5: Frequently if not always. The mean of the
three component items comprises the extra effort
scale (a = 0.90). Team member scale scores for all
other team members and the faculty advisor were
then averaged to create a team-level extra effort
score. This score measured the frequency with
which the team elicited extra effort from its team
members. Because of copyright restrictions, the
actual items of this scale cannot be published.

3.2.2.2 Individual satisfaction
The individual satisfaction component of team
effectiveness was operationalized as the team’s over-
all satisfaction with the leadership and teamwork of
its members. Satisfaction with the learning environ-
ment has been shown to strongly correlate with
students’ effort and achievement. At the university
level, Pace found that, “students who were the most
satisfied with college put the most into it and got the
most out of it.” [53, p. 33]. Studies have also shown
that students’ satisfaction with collaborative learn-
ing experiences positively effect subjective measures
of their learning (e.g., [54]). Examining student
satisfaction with the teaming experience can provide
indications as to whether the teaming experience is
conducive to a positive learning environment.
Avolio et al. [52] also found that team member
satisfaction relates positively to levels of transfor-
mational and transactional leadership and nega-
tively to passive-avoidant leadership for student
teams in non-engineering contexts. Consistent
with their methods, team member satisfaction rat-
ings in this research were measured using a two-item
scale variable (o« = 0.87) that is part of the MLQ
form 5X. The two items of this scale required team
members to rate the frequency by which the rated
member worked with and led the rater in satisfac-
tory ways using a five-point Likert-type scale: 1: Not
at all; 2: Once in a while; 3: Sometimes; 4: Fairly
often; 5: Frequently if not always. Team member
scale scores for all other team members and the
faculty advisor were averaged to create a team-level
satisfaction score. This score measured the fre-
quency by which the team members were satisfied

with the leadership and teamwork enacted by its
members. Actual items cannot be published because
of copyright reasons.

3.2.2.3 Task performance

The task performance component of team effective-
ness was operationalized as the team’s performance
on their final design presentation and design report
as measured by course grades. The use of final
project grades as a measure of task performance is
consistent with Zafft et al. [27], who used final
grades to measure team performance in their study
of leadership in student design teams. Including
final design presentation grades as a second measure
of task performance follows Brackin and Gibson
[55], who assert the inadequacy of the design report
to evaluate both teaming skills and technical skills.
The design presentation was chosen as a second
measure because of the incorporation of industry
professionals into the evaluation process at all three
research sites, which provides a different perspective
on the team’s performance.

Several steps were taken to verify that using team
grades as a measure of course performance across
the three institutions was appropriate. Because the
teams were nested in separate institutions with a
separate grading rubric, there was a concern that the
teams’ grades were measuring different things and
would not be comparable across the three research
sites. To mitigate this potential, we used a combina-
tion of rubric theme comparison and grade trans-
formation to z scores, consistent with Stump et al.
[56], to ensure comparability.

3.2.3 Control variables

To account for potential relationships that may
provide alternate explanations of team effective-
ness, we controlled for team size, team engineering
GPA, engineering GPA diversity, team sex, and team
leadership skills. Although not an exhaustive list of
alternate potential explanations of team effective-
ness, the sample size of design teams limited the
number of variables that could be included in
regression analyses.
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Team size refers to the number of students
assigned to each design team. This variable was
based on the student team rosters established in
the course at the beginning of the fall semester and
verified through a tally of survey responses. For
large teams greater than ten students, students were
asked to identify any sub-team structures that were
being used by the team.

Measurement of a student’s engineering GPA
took the form of student self-reported grades in
their engineering specific courses. Previous studies
have indicated that self-reported GPA provides a
reasonable proxy for students’ engineering disci-
pline performance (e.g., [57, 58]). A categorical
item on the survey gathered this information, as
follows: 1.49 or below (Below C-), 1.50-1.99 (C- to
), 2.00-2.49 (C to B-), 2.50-2.99 (B- to B), 3.00—
3.49 (B to A-), and 3.50-4.00 (A- to A). The team
engineering GPA variable is the team-wide average
of student responses and provides an overall level of
engineering course performance for the team. The
engineering GPA diversity variable determined the
heterogeneity of engineering GPAs across the team
as calculated using Blau’s index of diversity (see
[59]).

Students’ self-identified sex was recorded as a
dichotomous variable at the student-level. A team
sex variable accounted for the proportion of men
and women on each team (mean of zero would
denote all men, and a mean of one would denote
all women).

A 6-item leadership skills scale measured stu-
dents’ self-reported leadership skills (Table 6).
These items comprise a scale that was drawn from
the National Science Foundation funded project
entitled the Prototype to Production: Conditions
and Processes for Educating the Engineer of 2020
(EEC-0550608) (P2P) that sought to benchmark
undergraduate engineering vis-a-vis its progress
toward developing the National Academy of Engi-
neering’s vision for the engineers of 2020 (see [60]).
For the current sample, the mean of these six items
comprised a single scale variable (o = 0.89) at the
individual level. The mean team member scores
characterized the average level of leadership skills
within the team (team leadership skills).

3.3 Relating shared leadership to team effectiveness

Ordinary least squares (OLS) regression addressed
the research question. Consistent with the recom-
mendations of Keith [62], the main effects and
interaction effects of the density and decentraliza-
tion measures were investigated across the TCR,
MEA, and PA forms of leadership for each team
effectiveness dependent variable. Models with sta-
tistically significant main or interaction effects were
then aggregated into more complex models. The
parsimonious models were then evaluated with the
inclusion of control variables to determine if the
relationships held while controlling for other poten-
tial explanations of team effectiveness.

A follow-up bootstrapping analysis evaluated the
statistical significance of the relationships deter-
mined through OLS analysis. Bootstrapping is a
resampling technique applied for data sets with
small sample sizes that creates random sets from
the original data using sampling with replacement
[61, 62]. To evaluate the robustness of the relation-
ships, a 10,000-dataset bootstrapping analysis of the
best-fitting OLS regression model was conducted
for each of the four team effectiveness measures.
These analyses provided both a regression coeffi-
cient bias (i.e., difference in the regression coefficient
determined with the original data set and the mean
of those determined with the bootstrapping sam-
ples) and the statistical significance of the regression
coefficient across the 10,000 datasets. Evaluating
these parameters added to the confidence that the
identified relationship would hold for a larger
population of capstone design teams.

Evaluating model fit took into consideration the
variance explained by the models adjusted for the
degrees of freedom (adjusted R?), Akaike’s Infor-
mation Criterion (AIC) [63], and the Bayesian
Information Criterion (BIC) [64]. Including these
multiple criteria allowed for better assessment of the
complexity of the regression models [61, 65]. The
variance explained by the regression model tends to
increase as additional variables are considered [61]
thus favoring more complex models. However, both
AIC and BIC penalize models with higher complex-
ity, with BIC being a more conservative criterion
(i.e., it corrects more harshly for additional model

Table 6. Items Comprising the Leadership Skills Scale (« = 0.89)

Rate your ability to:'

Identify team members’ strengths/weaknesses and distribute tasks and workload accordingly.

Monitor the design process to ensure goals are being met.

Help your group or organization work through periods when ideas are too many or too few.

Develop a plan to accomplish a group or organization’s goals.

Take responsibility for group’s or organization’s performance.

Motivate people to do the work that needs to be done.

! Likert scale: 1: Weak/none; 2: Fair; 3: Good; 4: Very good; 5: Excellent.
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parameters) [61]. For both AIC and BIC, smaller
values indicate a better model fit [61, 65]. Incorpor-
ating all these criteria allowed for assessment of the
most parsimonious model.

3.4 Limitations

Several limitations should be considered when inter-
preting the results. First, the 45-team sample repre-
sents a relatively small sample size with which to
investigate relationships among the independent
and dependent variables [65]. This limited sample
can be attributed to the challenges inherent to
collecting full-team network data from students
[66]. Ideally, the significant relationships deter-
mined through exploratory analysis in this paper
should be tested on another set of data [65]. The
study uses bootstrapping to strengthen the robust-
ness of regression findings to help mitigate the low
sample size. Despite this limitation, this relatively
small number of teams still exceeds the sample size
of other benchmark studies of shared leadership for
engineering design teams; Zafft et al. [27], for
example, analyzed only seven teams in their quanti-
tative study.

Second, this study focuses mainly in the mechan-
ical engineering discipline and with senior-level
engineering students at only three research sites.
As a result, generality claims to the wider field of
engineering across multiple disciplines, class years,
institutions and to professional practice contexts
may be unwarranted. The capstone design context
does not fully replicate professional practice
because capstone design team students are peers
with relatively similar engineering experience and
little difference in seniority or position in a hier-
archical structure. These dynamics may alternate
the relationships found here in a professional engi-
neering context.

Third, this study administered a reduced format
of the MLQ survey. Although a full examination of
all 36 MLQ leadership descriptive statements was
desired, low student response rates in pilot data
collection efforts prompted a decrease in survey
length to help bolster survey response rates, as
discussed in Novoselich and Knight [34]. It is there-
fore inappropriate to compare the specific findings
of this study to those of other studies that incorpo-
rated all 36 MLQ leadership descriptive statements
without acknowledging differences in data collec-
tion.

Fourth, there are limitations inherent to the use of
survey data. Survey responses require recollection
of events which is subject to memory distortion over
prolonged periods [67]. As raters of other team
members’ leadership behaviors, students may feel
threatened by the survey process [27]. Although
confidentiality of the survey data was ensured and

explicitly stated in the recruiting and informed
consent processes, students may not have fully
trusted the process [68], especially since the names
of all team members were included on the team-
specific surveys to ensure rating accuracy. Conse-
quently, student ratings may have been inflated to
be more socially acceptable [67].

Finally, the study did not require faculty advisors
to reciprocally rate team members’ leadership. This
decision was made to maximize full-team responses;
interactions with various course coordinators and
faculty advisors indicated the potential for low
faculty member response rates. Full team responses
were required to generate team level ratings of each
team member and for follow-on social network
analysis to measure leadership sharing. The exclu-
sion of the advisor’s rating of the team members is
inconsistent with the norms of social network
analyses, creating potential gaps in the leadership
networks. This facet of the study design does,
however, reflect the reality that students may not
possess the expert or legitimate social power with
which to influence their faculty advisors through
leadership actions.

4. Results

This study resulted in four parsimonious regression
models that illuminate relationships between shared
leadership within the team and measures of team
effectiveness. The results indicate partial support for
the hypotheses; TCR, MEA, and PA leadership
relates to the team effectiveness measures of group
process and satisfaction, but not task performance.

4.1 Relating shared leadership to team effectiveness

To determine the appropriate analysis method for
relating measures of shared leadership to team
effectiveness, the level of variance explained by
level 2 (research site) groupings was examined.
This examination considered the intra-class correla-
tions of satisfaction and extra effort scale variables
for the 45 teams (level 1) across the three research
sites (level 2) (Table 7). The intra-class correlation
is determined from a one-way random effects
ANOVA, which determines the amount of variance
between level two groupings (7) and the amount of
variance within level two (¢2). The intra-class coeffi-
cient (p) is the ratio of level two variance to the total
variance (1 + o°) [69]. Intra-class correlations were
calculated using the MIXED procedure in SPSS v23
as explained by Peugh and Enders [70]. Because of
the small number of level 2 groupings, the residual
maximum likelihood method (REML) was used
following the recommendations of Snijders and
Bosker [69] for models with less than 50 level 2
groupings. The final presentation and final report z
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Table 7. Intra-class Correlations of Satisfaction and Extra Effort Scales

Levelln Level2n T Wald Z P o? p
Satisfaction Scale 45 3 0.00 N/A N/A | 031 | N/A
Extra Effort Scale 45 3 0.00 0.01 0.99 | 045 | 0.00

scores were not examined as the site level variation
in these two variables was mitigated by conversion
to z scores.

Intra-class correlations indicated that both team
effectiveness measures showed little level 2 between-
group variance (Table 8). Results for the satisfac-
tion scale, indicated that the co-variance parameter
identified (site) was redundant, leading to no var-
iance explained by level two groupings (7). Because
the research site explained no variance in the team
effectiveness measures, ordinary least square (OLS)
regression was appropriate [61, 71, 72].

4.2 Group process results

Evaluating the regression models for the extra effort
measure of group process showed that the interac-
tion of TCR density and TCR decentralization had
the strongest relationship with extra effort (Table 8).
The statistically significant change in adjusted R?
between models 1 and 2 showed that the interaction
effects of TCR decentralization and TCR density
were significant and should be retained in the model,
as explained by Keith [62]. The parsimonious model
(model 2) minimized BIC while explaining a similar

Table 8. Extra Effort Scale Regression Model Summary

level of variance in extra effort as model 9. The
parsimonious model included both the main and
interaction effects of both TCR decentralization and
TCR density. The interaction between TCR decen-
tralization and TCR density maintained a negative
relationship with extra effort across the breadth of
models. This relationship held while controlling for
shared MEA leadership, team size, team eng. GPA,
eng. GPA diversity, team leadership skills, and team
sex (models 7 and 9). Follow-on bootstrapping
analysis also showed that the interaction remained
statistically significant across the 10,000 unique
datasets of 45 teams.

Shared MEA leadership interaction effects also
showed statistically significant relationships when
evaluated individually. The statistically significant
change in adjusted R* between models 3 and 4
demonstrated the significance of the interaction
between MEA decentralization and MEA density.
The MEA interaction had a negative relationship
with extra effort. When accounting for shared TCR
leadership (model 7), however, these relationships
were no longer significant. Shared PA leadership
exhibited no significant relationships with extra

Extra Effort Scale* Bootstrap
N=45 Model 1 Model 2* Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Bias/Sig.™
Constant 3.86%%* 3I05EEE 3.86%%* 3.81%%* 3.86%%* 3.84% %% 3.92%%* 3.86%%* 3.91 %= -0.00 (p=0.00)
TCR % et e J * =
Deceiitralization -0.27 -0.40 0.35 0.26 0.01 (p=0.00)
TCR Density 0.92%** 0.94% % 0.87%%* 0.72%%* 0.04 (p=0.00)
INT'TCR Decen -0.27%* -0.23* -0.18* -0.29 (p=0.01)
Dens
MEA s sese
Decentralization 0.29 0.39 011 0.10
MEA Density 0.38* 0.33* 0.05 0.06
IR A Decen 0.37% 0.1 0.12
Dens
PA
Decentralization 0.18 0-19
PA Density -0.27 -0.29
INT PA Decen 0.04
Dens
Control
Variables'’ Yes Yes
Slodee nsted 0.66 0.72% 0.14 0.25% 0.14 0.12 0.72 0.44 0.78
AIC -81.57 -88.65 -39.93 -45.13 -39.79 -37.85 -86.51 -56.28 -93.70
BIC -76.15 -81.42 -34.51 -37.90 -34.37 -30.62 -73.87 -45.44 -72.02

*IAll independent variables are grand mean centered (Standardized Coefficients).
Ti Bias and significance of coefficient based on 10,000 sample bootstrap analysis.
T Control Variables: team size, team engineering GPA, engineering GPA diversity, team sex, team leadership skills.

* Parsimonious Model.
*=p <0.05** =p <0.01; *** =p <0.001.
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Fig. 4. Interaction Effects of TCR Leadership Relationship with Extra Effort.

effort (models 5 and 6). Among the control vari-
ables, only team leadership skills showed a signifi-
cant relationship with extra effort.

These analyses show that shared TCR leadership
relates to extra effort. Examining the bootstrapping
results, the statistically significant interaction effect
between TCR density and TCR decentralization
shows the moderating effect that TCR decentraliza-
tion has on TCR density (Fig. 4). Teams with low
TCR decentralization show a stronger relationship
between the density of TCR leadership within the
team and extra effort. As the level of TCR decen-
tralization increases, however, that relationship
tends to get weaker. From this perspective, the
amount of TCR leadership enacted by the team
matters and positively relates to team members’
engagement in the project, but this relationship is
strongest for more vertical than shared leadership
teams.

4.3 Individual satisfaction results

Examining regression models for the satisfaction
scale showed that TCR and PA leadership signifi-
cantly related to satisfaction (Table 9). Evaluating
each form of leadership separately, TCR density
exhibited a significant, positive relationship, but
the relationship for TCR decentralization was nega-
tive (models 1 and 2). MEA decentralization and
MEA density both showed significant, positive
relationships with satisfaction (models 3 and 4).
Only PA density showed a significant negative
relationship with satisfaction. The non-significant
changes in adjusted R? between models 1-2, 3-4,
and 5-6 suggested that the interaction effects of each
form of shared leadership were not significant [62]

and were not included in more complex models. The
parsimonious model (model 7) minimized AIC and
maximized the level of variance explained by the
model. Model 7 accounted for the main effects for
all three forms of leadership and showed that only
TCR decentralization and TCR density remained
significant. Model 8 showed that among the team
attribute control variables, team leadership skills
had the only statistically significant relationship
with satisfaction. Model 9 showed that when
accounting for the various team attribute control
variables, TCR density remained statistically sig-
nificant. Finally, bootstrapping analysis of model 7
showed that across the 10,000 unique datasets of 45
teams, TCR decentralization, TCR density, and PA
density all had significant relationships.

The satisfaction results again indicate that shared
leadership relates to team effectiveness. Examining
the final bootstrapping results, the positive coeffi-
cient for TCR density and negative coefficient for
PA density show that team members are more
satisfied with the team when more team members
are engaged in influencing the team toward accom-
plishing its goals. Although TCR density had a
stronger relationship than PA density, the statistical
significance of PA density shows that team members
are less satisfied with the experience when greater
social loafing occurs within the team’s leadership
structure; students like being a part of engaged
teams. These results are mathematically consistent
with Avolio et al.’s [52] results.

4.4 Task performance results

Regression model results for both final report grade
and final presentation grade z scores exhibited no
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Table 9. Satisfaction Scale Regression Model Summary
Satisfaction Scale’ Bootstrap
N=45 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7% Model 8 Model 9 Bias/Sig."
Constant 4.09%%* 4.11%%* 4.09%%%* 4.06%%* 4.09% %= 4.06%** 4.09%%* 4.09%%* 4.09%%* -0.00 (p=0.00)
TCR -0.17 -0.21* -0.24%* -0.17 -0.01 (p=0.01)
Decentralization
TCR Density 0.94%%* 0.95%%* 0.86%** 0.75%%* -0.06 (p=0.00)
INT TCR Decen -0.07
Dens
MEA 0.42%* 0.48%%* 0.12 0.12 -0.00 (p=0.11)
Decentralization
MEA Density 0.39%* 0.35+ 0.01 -0.00 0.018 (p=0.92)
INT MEA Decen -0.24
Dens
PA Decentralization 0.05 0.07 -0.03 0.03 -0.00 (p=0.82)
PA Density -0.45% -0.48% -0.24 0.14 -0.27 (p=0.04)
INT PA Decen Dens -0.07
Control Variables'" Yes Yes
Model Adjusted R? 0.74 0.74 0.21 0.25 0.20 0.184 0.78 0.39 0.81
AIC -110.68 -109.37 -60.19 -61.46 -59.42 -57.553 -114.01 -68.68 -116.89
BIC -105.26 -102.14 -54.77 -54.23 -54.00 -50.32 -101.36 -57.84 -95.21
TIAll independent variables are grand mean centered (Standardized Coefficients).
” Bias and significance of coefficient based on 10,000 sample bootstrap analysis.
1T Control Variables: team size, team engineering GPA, engineering GPA diversity, team sex, team leadership skills.
* Parsimonious Model.
*=p <0.05;** =p <0.01; *** =p <0.001.
Table 10. Final Report Grade Regression Model Summary
Final Report Grade'
N=44 Mode Mode Mode Mode Model Mode Model Model Model
11 12 13 14 S 16 7 8" 9
Constant -0.01 0.06 -0.02 -0.08 -0.02 -0.11 -0.02 -0.02 -0.02
TCR -0.11 -0.19 -0.15 -0.17
Decentralization
TCR Density 0.31 0.32 0.36 0.40
INT TCR Decen -0.15
Dens
MEA 0.12 0.19 0.05 0.06
Decentralization
MEA Density -0.02 -0.06 -0.14 0.02
INT MEA Decen -0.28
Dens
PA Decentralization -0.22 -0.19
PA Density -0.18 -0.25
INT PA Decen Dens -0.14
Control Yes Yes
Variables'
Model Adjusted R’ 0.03 0.03 -0.03 0.01%* -0.03 -0.04 0.01 0.08 0.08
AlC -0.21 0.99 2.65 1.53 2.36 3.93 2.73 0.39 3.30
BIC 5.15 8.12 8.00 8.67 7.71 11.07 11.65 11.10 21.14

 All independent variables are grand mean centered (Standardized Coefficients).

* Parsimonious Model.
*=p < 0.05.
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Table 11. Final Presentation Grade Regression Model Summary

Final Presentation Grade'

N=44 Model Model Mode Model Mode Model Mode Model Model
1 2 13 4 15 6 17 8* 9
Constant 0.02 0.04 0.01 -0.01 0.02 0.06 0.02 0.01 0.01
TCR
Decentralization -0.00 -0.02 -0.01 -0.05
TCR Density 0.27 0.27 0.37 0.37
INT TCR Decen 20.04
Dens
MEA
Decentralization 0.06 0.09 -0.08 -0.18
MEA Density -0.10 -0.12 -0.24 -0.12
INT MEA Decen -0.10
Dens
PA
Decentralization =0:06 007
PA Density -0.17 -0.13
INT PA Decen 0.07
Dens
Control
Variables e Vs
Model ﬁzdj““ed 003 | 0000 | -0.03 | 005 | 003 | -006 | 003 | 005 0.05
P 0.76 0.56 0.76
AIC 0.34 2.30 2.77 4.40 2.81 4.70 2.11 1.55 5.10
BIC 5.70 9.43 8.12 11.53 8.16 11.84 11.03 12.25 22.95

¥ All independent variables are grand mean centered (Standardized Coefficients).
T Control Variables: team size, team engineering GPA, engineering GPA diversity, team sex, team leadership skills.

* Parsimonious Model.
* = p<0.05.

significant relationships between shared leadership
and measures of task performance. Table 10 shows
that only team eng. GPA had a statistically signifi-
cant, positive relationship with final report grade
(model 8). In Table 11, no statistically significant
relationships were identified for final presentation
grade.'

The lack of significant relationships may be
attributed to the variables used. This study capita-
lized on existing course-specific task performance
evaluation methods rather than developing addi-
tional data collection measures of students’ compe-
tencies or skills. A more refined measure of task
performance with greater variability may provide
additional insight into how shared leadership may
relate to various aspects of capstone design tasks,

! For these analyses, one team was deleted casewise. As sub-teams
of a larger capstone design project, two of the 45 teams con-
tributed to the same final design report and presentation. Only
one team was retained to maximize the amount of data available
for analysis.

such as solution innovation, overall team learning,
or ability to meet customer needs.

4.5 Analysis

Results partially support the overall hypothesis,
which anticipated a positive relationship between
shared leadership and team effectiveness (Table 12).
Leadership, when distributed across a limited
number of team members, positively related to
team effectiveness measures of group process
(extra effort) and individual satisfaction (satisfac-
tion) but not task performance (course grades).
These findings are consistent with Wang et al. [28]
whose meta-analytic study found weaker relation-
ships between shared leadership and task perfor-
mance than the attitudinal and behavioral process
aspects of team effectiveness. Across the group
process and individual satisfaction measures of
team effectiveness, the amount (density) of leader-
ship demonstrated positive relationships, indicating
‘more is better’ with regards to leadership. The way
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Table 12. Hypothesis Summary

Hypothesized -
Relationship Direction Results
TCR | MEA | PA TCR | MEA | pA
Group Process (Extra Effort)

Hypothesis A: The degree of shared TCR and
MEA leadership will positively relate to team
effectiveness.

Hypothesis B: The degree of shared PA
leadership will negatively relate to team
effectiveness.

Hypothesis A: The degree of shared TCR and
MEA leadership will positively relate to team
effectiveness.

Hypothesis B: The degree of shared PA
leadership will negatively relate to team
effectiveness.

Task Performance (Course Grades)

Fully
Supported

Hypothesis A: The degree of shared TCR and

MEA leadership will positively relate to team +
effectiveness.

Hypothesis B: The degree of shared PA

leadership will negatively relate to team

effectiveness.

* Partial = hypothesis supported by one of two measures; Dens. = Density; Decen. = Decentralization; Int. = Interaction;

gray = unsupported.

in which the leadership is distributed across the
team matters as well. As leadership is more distrib-
uted across team members (i.c., decentralization),
extra effort and satisfaction tended to decrease. The
descriptive statistics of the shared leadership net-
work measures shown in Table 4, however, show
that no teams were characterized with decentraliza-
tion scores of zero; thus, “vertical leadership”
should not be synonymous with “individual leader-
ship” for design teams. Leadership still emanated
from multiple team members, albeit a limited
number. Correspondingly, these results suggest
there may be an optimal model that is characterized
by leadership being distributed across a limited
number of team members as a scenario that garners
greater team effectiveness in terms of extra effort
and satisfaction. Because of problematic measure-
ments, additional investigation of task performance
is warranted before adequate claims can be made
regarding this facet of team effectiveness.
Hypotheses A and B were also partially sup-
ported. For hypothesis A, the amount (i.e., density)
of TCR leadership showed robust, positive relation-
ships for extra effort, moderated by distribution
(i.e., decentralization). The moderating effect may
indicate that an optimal leadership formula for
garnering extra effort from a team may combine
aspects of both vertical and shared leadership. In his
article addressing the role shared leadership plays in
creative, complex, and interdependent knowledge
work, Pearce [15] acknowledges the role of a central
leader in developing an enabling structure for the

team and communicating a uniting vision from
which shared leadership may develop. In their
description of vertical leadership, however, Mayo
et al. [46] acknowledge that influence may emanate
from a select few central leaders within a team rather
than a single leader. Further study of how leader-
ship is distributed across the design teams may
provide additional information to better under-
stand if there is an optimal number of central leaders
that may be more effective. Although this individual
evaluation of leadership centrality is beyond the
scope of the current study, the round-robin (360-
degree) nature of the data collected for this study
facilitates this deeper examination and is an area of
on-going research for the authors.

For satisfaction, there was a robust, positive
relationship with the amount of TCR leadership
(i.e., density), but a negative relationship with TCR
leadership distribution (i.e., decentralization). The
negative relationship between TCR decentralization
and satisfaction shows that as TCR leadership
becomes more distributed across the teams, satisfac-
tion tends to decrease. This negative relationship
may provide indications that students become less
satisfied with the teaming experience when influence
comes from multiple team members; that finding
coincides with the extra effort results discussed
previously. Pearce [15] articulates the importance
of shared vision for the success of shared leadership.
Within student teams, if the teams do not share a
common vision, the distribution of leadership
across team members may be problematic and less
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satisfying. This finding is an area worthy of further
investigation.

Although preliminary regression models suggest
shared MEA leadership may also positively relate to
extra effort and satisfaction, these relationships did
not remain significant while controlling for other
variables. This result is also consistent with Wang et
al. [28] who found stronger relationships between
shared ‘new-genre leadership’ (such as TCR leader-
ship behaviors) compared to more traditional forms
ofleadership (which may include MEA). The lack of
significant relationships in more complex models
does not mean MEA leadership should be ignored.
Engineering is a profession grounded in fundamen-
tal laws and professional standards for which engi-
neers must remain accountable with their technical
work. Correspondingly, MEA leadership is a neces-
sary part of how engineers lead as demonstrated by
the fact that it was present in all teams analyzed.

For hypothesis B, the amount of PA leadership
negatively related with satisfaction and exhibited no
significant relationship with either extra effort or
course grades. Considering PA leadership as a form
of social loafing, these results are not surprising.
Social loafing is a recurring issue in team-based
engineering student projects [73], and workload
distribution is a common source of student engi-
neering team conflict [74]. Students seem to be more
satisfied when the teams’ leaders are responsive to
the needs of the team.

5. Discussion

For engineering educators, two main points of
discussion emerge from this study of shared leader-
ship within undergraduate student design teams.

1. Leadership for undergraduate capstone design
teams is a complex phenomenon, encompassing
different distributions and amounts across three
different leadership forms, which differentially
relate to team effectiveness.

Across the three forms of leadership, this study
identified different relationships between decentra-
lization and density with team effectiveness. For
engineering education and engineering leadership
researchers, results show that both the amount and
distribution of leadership, or the interaction
between the two measures, are important considera-
tions for undergraduate engineering student design
teams. This study highlights the utility of measuring
shared leadership using both network decentraliza-
tion and density in a rate the members approach.
Previous studies have used an aggregated rate the
team approach or considered network density and
network decentralization separately in measuring
shared leadership. These previous studies have

shown positive relationships between shared leader-
ship and team effectiveness or team performance
[28, 29]. The current study has investigated both
density and decentralization to better render the
complexity of effectively sharing leadership. This
dynamic should be accounted for in future research
designs, especially because this study demonstrates
that specific forms of leadership do not consist of a
singular set of behaviors. Thus, researchers should
be purposeful in how they operationalize leadership
within their studies.

2. Regarding team effectiveness, although shared
leadership may be more pervasive than vertical
leadership within mechanical-engineering cap-
stone design teams:

a. Sharing leadership across the full breadth of a
team may not be an effective strategy.

The results show that distributed, vertical leader-
ship may be an optimal strategy for mechanical
engineering centric capstone design teams. This
classification of leadership that maximizes the
amount of leadership happening within the team
while limiting the distribution of leadership to a
select few team members was most consistent with
increased team effectiveness regarding a team’s
extra effort and satisfaction. As students and faculty
structure design teams, this study provides evidence
that teams could be encouraged to adopt an
approach to leadership that increases the amount
of leadership enacted while also accounting for and
coping with divergent influence from team members
to maintain a focus on team goals, consistent with
previous research indicating the shared nature of
leadership in undergraduate engineering teams [14,
27]. An immediate strategy may be to clearly specify
team member roles to ensure clear areas of influence
for all team members. More importantly, faculty
may need to help teams develop strategies to eval-
uate conflicting influence from within the team and
stay focused towards their common goals, which is
consistent with the assertions of Muethal and Hoegl
[75] and Schaeftner et al. [76] regarding professional
teams. As interventions are developed that help
students understand and incorporate shared leader-
ship into their teamwork processes, the moderating
or negative effects of leadership distribution may
diminish. The result may be more engaged teams as
they exert extra effort and are more satisfied based
on this study’s results.

b. Encouraging one central leader within the team
may create a leadership structure that is
inconsistent with how leadership occurs within
design teams.

Although a less decentralized leadership strategy
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may be more effective for student design teams,
“vertical leadership” may not be synonymous with
“individual leadership.” Faculty that attempt to
specify or encourage a single leader within the
design team may unintentionally establish a lea-
dership structure that is inconsistent with the
collaborative nature of design work. The results
of this study suggest that more leadership within
the design teams may create more engaged team
members. Identifying one central leader may arti-
ficially truncate the amount of leadership that
could occur within the team. Because faculty
advisors were included in leadership networks,
their leadership may have augmented the leader-
ship of the students. Although distributing leader-
ship had a moderating or negative relationship
with measures of team effectiveness, no teams in
the study exhibited purely individual leadership,
consistent with previous descriptions of the shared,
fluid nature of undergraduate engineering team
leadership (e.g., [14, 27]). Leadership structures
encouraged through team charters of course spe-
cific guidance could acknowledge this reality of
design team leadership. Parsing leadership
between the faculty advisor and the students was
beyond the scope of this study. Leadership from a
“hands on” faculty advisor and a strong student
team leader may be a plausible manifestation of
shared leadership within the teams. Further
research examining the network centralities of
each team member may differentiate faculty and
student leadership contributions.

c. The type of leadership enacted by the team is
important.

Engineering educators may also encourage students
to enact leadership behaviors consistent with TCR
leadership. The results indicate that leadership is
not a spectator sport, as evidenced by the negative
relationship between PA density and team member
satisfaction which is indicative of PA leadership
behaviors [39]. Rather, TCR leadership, which is
based on positive reinforcement and is the most
active form within the ME Capstone Full Range of
Leadership model, had the most robust relation-
ships with team effectiveness measures, consistent
with other meta-analyses [28, 29]. TCR-type leaders
develop their fellow team members’ strengths,
maintain a compelling vision, show a strong sense
of purpose, and instill pride in team members while
challenging methodologies [34]. These leadership
behaviors may create a more engaged team overall
by shaping the way team members interact as Chi
and Huang [77] assert. Although the accountability
associated with MEA leadership showed significant
relationships when considered separately, consis-
tent with previous transactional leadership findings

[7, 39], TCR leadership dominated the parsimo-
nious models for team effectiveness among the
leadership behaviors in more complex leadership
models.

6. Conclusions

This study suggests that the structure of leadership
networks within a capstone design team relates to
team effectiveness. The type and amount of leader-
ship that undergraduate mechanical engineering
capstone design teams generate and distribute
relate to the team members’ satisfaction and extra
effort. Engineering educators should consider
implementing a leadership model for capstone
design teams that extends beyond a single team
leader approach; however, encompassing every
team member equally may not be appropriate.
Some vertical structure to the leadership network
of the team should be considered. Within the team’s
leadership network, behaviors consistent with TCR
leadership (i.e., positive, inspiring, and showing
both compelling vision and purpose) may be most
effective. As faculty play a critical role in structuring
newly formed capstone design teams, they should
consider setting leadership expectations consistent
with these findings as they develop course practices
and associated content.

7. Future work

This study has raised a series of questions that are
worthy of further inquiry. First, the moderating or
negative relationships between leadership distribu-
tion and team effectiveness highlights the need for a
better understanding of effective leadership distri-
bution strategies for design teams. Further investi-
gation at the individual team member level is
ongoing with the current dataset but is beyond the
scope of this article. Additional qualitative research
may also provide insights into the complexity of this
phenomenon beyond what the available quantita-
tive data provide. Second, along this same research
stream, investigating additional sources of leader-
ship within design teams is warranted. This study
specifically considered only faculty advisors and
student team members. As a result, other sources
of influence or leadership, such as teaching assis-
tants, customers/clients, and subject matter experts
outside the team, were not investigated. Future
studies may include these potential sources of
influence to see how they are situated in the leader-
ship networks. Third, the lack of significant rela-
tionships between shared leadership and course
grade were contrary to previous research findings
of shared leadership and task performance in other
contexts. Further inquiry is warranted to determine
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how leadership relates to engineering design team
task performance using more purposefully devel-
oped measures than grades. Nevertheless, the
exploratory nature of this study raises many new
questions regarding leadership in design teams, all
of which may help build and refine models for how
engineers lead.

Acknowledgments—This research was conducted under the fol-
lowing IRB approvals: USNA.2015.0007-CRO1-EP7-A, 15-10
Barry-Knight-Novoselich, and VT-IRB-1489.

References

1.

P. C. Blumenfeld, E. Soloway, R. W. Marx, J. S. Krajcik, M.
Guzdial and A. Palincsar, Motivating project-based learn-
ing: sustaining the doing, supporting the learning, Education
Psychology, 26(3-4), pp. 369-398, 1991.

. L. M. Powers and J. D. Summers, Integrating graduate

design coaches in undergraduate design project teams, Inter-
national Journal of Mechanical Engineering Education, 37(1),
pp. 3-20, 2009.

. M. Paretti,R. Layton, S. Laguette and G. Speegle, Managing

and Mentoring Capstone Design Teams: Considerations and
Practices for Faculty, International Journal of Engineering
Education, 27(6), p. 1192, 2011.

. J. Pembridge and M. Paretti, The Current State of Capstone

Design Pedagogy, ASEE Annual Conference and Exposition,
Conference Proceedings, Louisville, KY, pp. 413-496, 2010.

. G. A. Yukl, Leadership in Organizations, Pearson/Prentice

Hall, Upper Saddle River, NJ, 2006.

. K. C. Stagl, E. Salas, and C. S. Burke, Best Practice in Team

Leadership: What Team Leaders Do to Facilitate Team
Effectiveness, in J. A. Conger and R. E. Riggio, (eds), The
practice of leadership: developing the next generation of
leaders, Jossey-Bass, San Francisco, CA., pp. 172-197, 2007.

. K. B. Lowe, K. G. Kroeck and N. Sivasubramaniam,

Effectiveness correlates of transformational and transac-
tional leadership: A meta-analytic review of the MLQ
literature, Leadership Quarterly, 7(3), pp. 385-425, 1996.

. B. J. Novoselich and D. Knight, Developing engineers who

lead: Are student, faculty and administrator perspectives
aligned?, in ASEE Annual Conference and Exposition, Con-
ference Proceedings, Indianapolis, IN., 2014.

. C. Rottmann, R. Sacks and D. Reeve, Engineering Leader-

ship: Grounding leadership theory in engineers’ professional
identities, Leadership, 11(3), pp. 351-373, 2014.

. D. B. Knight and B. J. Novoselich, Curricular and Co-

curricular Influences on Undergraduate Engineering Student
Leadership, Journal of Engineering Education, 106(1), pp.
44-70, 2017.

. R. Paul and L. Cowe Falls, Student Perspectives in Defining

Engineering Leadership, in ASEE Annual Conference and
Exposition, Conference Proceedings, Seattle, WA., 2015.

. D. Reeve, C. Rottmann and R. Sacks, The Ebb and Flow of

Engineering Leadership Orientations, in ASEE Annual Con-
ference and Exposition, Conference Proceedings, Seattle,
WA, 2015.

. R. Stevens, A. Johri and K. O’Connor, Professional Engi-

neering Work, in A. Johri and B. M. Olds, (eds.) Cambridge
Handbook of Engineering Education Research, Cambridge,
New York, NY., pp. 119-137, 2014.

. M. K. Feister, C. B. Zoltowski, P. M. Buzzanell, W. C. Oakes

and Q. Zhu, Leadership in Multidisciplinary Project Teams:
Investigating the emergent nature of leadership in an engi-
neering education context, in ASEE Annual Conference &
Exposition, Conference Proceedings, Indianapolis, IN, 2014.

. C. L. Pearce, The future of leadership: Combining vertical

and shared leadership to transform knowledge work, Acad-
emy of Management Perspectives, 18(1), 2004, pp. 47-57.

. C.L.Pearce and J. A. Conger, Shared leadership: Reframing

the hows and whys of leadership, Thousand Oaks, CA, Sage,
2003.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

J. F. Cox, C. L. Pearce and M. L. Perry, Toward a Model of
Shared Leadership and Distributed Influence in the Innova-
tion Process, in C. L. Pearce and J. A. Conger, (eds) Shared
Leadership: Reframing the Hows and Whys of Leadership,
Sage, Thousand Oaks, CA., pp. 48-76, 2003.

. B. J. Novoselich and D. B. Knight, Shared Leadership in

Capstone Design Teams: Social Network Analysis, Journal
of Professional Issues in Engineering Education and Practice,
144(4), 2018.

. B.Jacksonand K. Parry, A Very Short, Fairly Interesting and

Reasonably Cheap Book About Studying Leadership, 2nd ed.
Sage, Thousand Oaks, CA., 2011.

S. E. Markham, The evolution of organizations and leader-
ship from the ancient world to modernity: A multilevel
approach to organizational science and leadership, Leader-
ship Quarterly, 23(6), pp. 11341151, 2012.

W. C. Newstetter, Of Green Monkeys and Failed Affor-
dances: A Case Study of a Mechanical Engineering Design
Course, Research in Engineering Design, 10(2), pp. 118-128,
1998.

R. Wageman and H. Gardner, The Changing Ecology of
Teams: New directions for teams research; editorial, Journal
of Organizational Behavior, 33(3), pp. 301-315, 2012.

K. Dorst, Design research: a revolution-waiting-to-happen,
Design Studies, 29(1), pp. 4-11, 2008.

S. Howe and J. Wilbarger, 2005 National survey of engineer-
ing capstone design courses, in ASEE Annual Conference and
Exposition, Conference Proceedings, Honolulu, HI., pp. 5—
10, 2006.

J. V Farr and D. M. Brazil, Leadership Skills Development
for Engineers, Engineering Management Journal, 21(1), pp.
3-8, 2009.

L. J. Shuman, M. Besterfield-Sacre, and J. McGourty, The
ABET ‘Professional Skills’— Can They Be Taught? Can They
Be Assessed?, Journal of Engineering Education, 94(1), pp.
41-55, 2005.

C. R. Zafft, S. G. Adams and G. S. Matkin, Measuring
Leadership in Self Managed Teams using the Competing
Values Framework, Journal of Engineering Education, 98(3),
pp- 273-282, 2009.

D. Wang, D. A. Waldman and Z. Zhang, A meta-analysis of
shared leadership and team effectiveness, Journal of Applied
Psychology, 99(2), pp. 181-198, 2014.

L. D’Innocenzo, J. E. Mathieu and M. R. Kukenberger, A
Meta-Analysis of Different Forms of Shared Leadership—-
Team Performance Relations, Journal of Management, 42(7),
pp- 1964-1991, 2014.

V. C. Nicolaides, K. A. LaPort, T. R. Chen, A. J. Tomassetti,
E. J. Weis, S. J. Zaccaro and J. M. Cortina, The Shared
Leadership of Teams: A meta-analysis of proximal, distal,
and moderating relationships, Leadership Quarterly, 25(5),
pp. 923-942, 2014.

B. M. Bass and B. J. Avolio, Improving Organizational
Effectiveness Through Transformational Leadership, Sage,
Thousand Oaks, CA., 1994.

B. M. Bass and B. J. Avolio, Multifactor Leadership Ques-
tionnaire: The benchmark measure of transformational lea-
dership,  http://www.mindgarden.com/products/mlq.htm,
Accessed 15 March 2015.

P. J. Breaux, An effective leadership approach for today’s
engineer, in Engineering Management Conference, IEEE/UT,
pp. 61-65, 2006.

B. J. Novoselich and D. B. Knight, Sharing the full range of
leadership in student teams: Developing an instrument, in
ASEE Annual Conference and Exposition, Conference Pro-
ceedings, Seattle, WA., 2015.

B. J. Avolio, N. Sivasubramaniam, W. D. Murry, D. I. Jung
and J. W. Garger, Assessing Shared Leadership, in C. L.
Pearce and J. A. Conger, (eds) Shared Leadership: Reframing
the Hows and Whys of Leadership, Sage, Thousand Oaks,
CA., pp. 143-172, 2003.

B. J. Avolio, B. M. Bass and D. I. Jung, Re-examining the
components of transformational and transactional leader-
ship using the Multifactor Leadership Questionnaire, Jour-
nal of Occupational and Organizational Psychology,72(4), pp.
441-462, 1999.



Relating Shared Leadership to Capstone Team Effectiveness

1905

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

. K. Boies, E. Lvina and M. L. Martens, Shared Leadership
and Team Performance in a Business Strategy Simulation,
Journal of Personal Psychology, 9(4), pp. 195-202, 2010.
B.J. Novoselich, Investigating Shared Leadership in Under-
graduate Capstone Design Teams, PhD Diss., Virginia Tech,
2016.

J. Antonakis and R. J. House, The Full-Range Leadership
Theory: The Way Forward, in B. J. Avolio and F. J.
Yammarino, (eds) Transformational and Charismatic Lea-
dership: The Road Ahead, vol. 2, Emerald Group, New York,
NY., pp. 3-34, 2013.

B. J. Avolio, Full Range Leadership Development, 2nd ed.,
Sage, Washington D.C., 2011.

G. Wang, 1. S. Oh, S. H. Courtright and A. E. Colbert,
Transformational Leadership and Performance Across Cri-
teria and Levels: A Meta-Analytic Review of 25 Years of
Research, Group and Organizational Management, 36(2), pp.
223-270, 2011.

S. Danielson, A. Kirkpatrick and E. Ervin, ASME vision
2030: Helping to inform mechanical engineering education,
in ASEE IEEE Frontiers in Education Conference Proceed-
ings, Rapid City, SD, 2011.

B. E. Cox, K. Mclntosh, R. D. Reason and P. T. Terenzini,
Working with missing data in higher education: A primer
and real-world example, The Review of Higher Education,
37(3), pp. 377-402, 2014.

M. Huisman, Imputation of missing network data: some
simple procedures, Journal of Social Structure, 10(1), pp. 1-
29, 2009.

C. Gockel and L. Werth, Measuring and Modeling Shared
Leadership Traditional Approaches and New Ideas, Journal
of Personal Psychology, 9(4), pp. 172-180, 2010.

M. Mayo, J. R. Meindl and J.-C. Pastor, Shared Leadership
in Work Teams, in C. L. Pearce and J. A. Conger (eds) Shared
Leadership.: Reframing the hows and whys of leadership, Sage,
Thousand Oaks, CA., pp. 193-214, 2003.

M. Borrego, J. Karlin, L. D. Mcnair and K. Beddoes, Team
effectiveness theory from industrial and organizational psy-
chology applied to engineering student project teams: A
research review, Journal of Engineering Education, 102(4),
pp. 472-512, 2013.

R. Wageman, How Leaders Foster Self-Managing Team
Effectiveness: Design Choices versus Hands-on Coaching,
Organizational Science, 12(5), pp. 559-577, 2001.

J. R. Hackman, Groups that work (and those that don’t):
creating conditions for effective teamwork, Jossey Bass, San
Francisco CA., 1990.

R. Gerlick, D. Davis, S. Beyerlein, J. McCormack, P.
Thompson, O. Harrison and M. Trevisan, Assessment
structure and methodology for design processes and pro-
ducts in engineering capstone courses, in ASEE Annual
Conference and Exposition, Conference Proceedings, Pitts-
burgh, PA., 2008.

B. D. Jones, C. M. Epler, P. Mokri, L. H. Bryant and M. C.
Paretti, The effects of a collaborative problem-based learning
experience on students’ motivation in engineering capstone
courses, Interdisciplinary Journal of Problem-based Learning,
7(2), p. 2, 2013.

B. J. Avolio, J. Dong 1., W. Murray and N. Sivasubrama-
nian, Building Highly Developed Teams: Focusing on shared
leadership process, efficacy, trust, and performance, in M. M.
Beyerlein, D. A. Johnson, and S. T. Beyerlein, (eds) Advances
in Interdisciplinary Studies of Work Teams: Team Leadership,
3, AJI Press, Greenwich, CT, pp. 173-209, 1996.

C. R. Pace, Achievement and the Quality of Student Effort,
Department of Education, Washington, DC, 1983.

C. C. Lo, Student Learning and Student Satisfaction in an
Interactive Classroom, The Journal of General Education,
59(4), pp. 238-263, 2010.

P. Brackin and D. Gibson, Methods of Assessing Student
Learning in Capstone Design Projects with Industry: A Five
Year Review, in ASEE Annual Conference and Exposition,
Conference Proceedings, Montreal, 2002.

G. S. Stump, J. Husman and M. Corby, Engineering Stu-
dents’ Intelligence Beliefs and Learning, Journal of Engineer-
ing Education, 103(3), pp. 369-387, 2014.

58.

59.

60.

61.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

. L. Schlemer and D. Waldorf, Testing the Test: Validity and
Reliability of Senior Exit Exam, in ASEE Annual Conference
and Exposition, Conference Proceedings, Louisville, KY.,
2010.

J. L. Watson, An analysis of the value of the FE examination
for the assessment of student learning in engineering and
science topics, Journal of Engineering Education, 87(3), p.
305, 1998.

P. M. Blau, Inequality and heterogeneity: a primitive theory of
social structure, Free Press, New York, 1977.

L. R. Lattuca, P. T. Terenzini and J. F. Volkwein, Engineer-
ing change: A study of the impact of EC2000, ABET,
Baltimore, MD, 2006.

A.Field,J. Milesand Z. Field, Discovering Statistics Using R,
Sage, Thousand Oaks, CA., 2012.

. T. Keith, Multiple Regression and Beyond, Pearson, New
York, 2006.

H. Akaike, A new look at the statistical model identification,
IEEE Transactions on Automatic Control,19(6), pp. 716-723,
1974.

B. J. Barron, D. L. Schwartz, N. J. Vye, A. Moore, A.
Petrosino, L. Zech and J. D. Bransford, Doing with Under-
standing: Lessons from Research on Problem- and Project-
Based Learning, The Journal of Learning Science, 7(3/4), pp.
271-311, 1998.

A. Miller, Subset Selection in Regression, 95, Chapman &
Hall/CRC, Washington, DC, 2002.

D. Z. Grunspan, B. L. Wiggins and S. Goodreau, Under-
standing Classrooms through Social Network Analysis: A
Primer for Social Network Analysis in Education Research,
CBE-LIFE Science Education, 13(2), pp. 167-178, 2014.

R. A. Singleton and B. C. Straits, Survey Research, in
Approaches to Social Research, Oxford University Press,
New York, NY., pp. 263-307, 2010.

S. Hurley, Application of team-based 360° feedback systems,
Team Performance Management: An International Journal,
4(5), pp. 202-210, 1998.

T. A. B. Snijders and R. J. Bosker, Multilevel Analysis: An
introduction to basic and advanced multilevel modeling, Sage,
Washington, DC, 2012.

J. L. Peugh and C. K. Enders, Using the SPSS Mixed
Procedure to Fit Cross-Sectional and Longitudinal Multi-
level Models, Educational and Psychological Measurement,
65(5), pp. 717-741, 2005.

L. Paterson and H. Goldstein, New Statistical Methods for
Analysing Social Structures: An Introduction to Multilevel
Models, British Educational Research. Journal, 17(4), pp.
387-393, 1991.

S. W. Raudenbush, A. S. Bryk, Y. F. Cheong, J. Richard T.
Congdon and M. du Toit, HLM 7 Hierarchical Linear &
Non-Linear Modeling, Scientific Software International,
Inc., Lincolnwood, IL., 2011.

M. Borrego, J. E. Froyd, C. Henderson, S. Cutler and M.
Prince, Influence of Engineering Instructors’ Teaching and
Learning Beliefs on Pedagogies in Engineering Science
Courses, International Journal of Engineering Education,
29(6), pp. 14561471, 2013.

M. Paretti, J. J. Pembridge, S. C. Brozina, B. D. Lutz and
J. N. Phanthanousy, Mentoring Team Conflicts in Cap-
stone Design: Problems and Solutions, ASEE Annual
Convention & Exposition, Conference Proceedings, Atlanta,
GA., 2013.

M. Muethal and M. Hoegl, Shared leadership effectiveness in
independent professional teams, European Management,
Journal, 31(4), pp. 423-432,2013.

M. Schaeffner, H. Huettermann, D. Gebert, S. Boener, E.
Kearney and L. J. Song, Swim or Sink Together: The
Potential of Collective Team Identification and Team
Member Alignment for Separating Task and Relationship
Conflicts, Group and Organizational Management, 40(4), pp.
467-499, 2015.

N.-W. Chi and J.-C. Huang, Mechanisms Linking Transfor-
mational Leadership and Team Performance: The Mediating
Role of Team Goal Orientation and Group Affective Tone,
Group and Organizational Management, 39(3), pp. 300-325,
2014.



1906 Brian J. Novoselich and David B. Knight

Brian J. Novoselich is an active duty Army Lieutenant Colonel currently serving as an Assistant Professor in the
Department of Civil and Mechanical Engineering at the United States Military Academy (West Point) and Director of the
Center for Innovation and Engineering. He earned his PhD in Engineering Education at Virginia Tech in 2016. He holds
master’s and bachelor’s degrees in mechanical engineering from The University of Texas at Austin and West Point
respectively. His research interests include capstone design teaching and assessment, undergraduate engineering student
leadership development, and social network analysis. He is also a licensed professional engineer in the Commonwealth of
Virginia.

David B. Knight is an Associate Professor and Assistant Department Head of Graduate Programs in the Department of
Engineering Education at Virginia Tech. He is also Director of International Engagement in Engineering Education,
directs the Rising Sophomore Abroad Program, and is affiliate faculty with the Higher Education Program. His research
tends to be at the macro-scale, focused on a systems-level perspective of how engineering education can become more
effective, efficient, and inclusive, tends to be data-driven by leveraging large-scale institutional, state, or national data sets,
and considers the intersection between policy and organizational contexts. He has BS, MS, and MUEP degrees from the
University of Virginia and a PhD in Higher Education from Pennsylvania State University.



