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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 studentsmay provide a tool that can bolster student effort and overall team

effectiveness. Recent literature suggests that sharing leadershipmay bemore 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 anda limited sharingof select team leadership behaviors relate to a team’s effectiveness through groupprocess 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
positiveways. Stagl et al. [6, p. 172] summarizework

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,

leadership has shown topredict teamoutcomes 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
testedmodel 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 tomore

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, recentmeta-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 leadershipwithin 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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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 themodel. 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 formof 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).

Brian J. Novoselich and David B. Knight1890
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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, teammembers 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 variousMLQderived 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
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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 teammembers 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)

[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].

Usingbothmeasures 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 theME
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.
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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.

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
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often; 5: Frequently if not always. The mean of the

three component items comprises the extra effort

scale (� = 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 themost 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

satisfactionwith the teaming experience canprovide
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 researchweremeasured using a two-item

scale variable (� = 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-

toryways 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 secondmeasure
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, therewas a concern that the

teams’ grades were measuring different things and

would not be comparable across the three research

sites. Tomitigate 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

C), 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-à-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 (� = 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 R2), 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 favoringmore complexmodels.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
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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 consideredwhen 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 tomemory 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

decisionwasmade tomaximize 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 (� ) and the amount of
variance within level two (�2). The intra-class coeffi-
cient (�) is the ratio of level two variance to the total
variance (� + �2) [69]. Intra-class correlations were
calculated using theMIXEDprocedure 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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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 (� ). 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 regressionmodels for the extra effort

measure of group process showed that the interac-

tion of TCR density and TCR decentralization had
the strongest relationshipwith extra effort (Table 8).

The statistically significant change in adjusted R2

between models 1 and 2 showed that the interaction

effects of TCR decentralization and TCR density

were significant and should be retained in themodel,

as explained byKeith [62]. The parsimoniousmodel

(model 2) minimized BIC while explaining a similar

level of variance in extra effort as model 9. The

parsimonious model included both the main and

interaction effects of bothTCR 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 R2 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
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Table 7. Intra-class Correlations of Satisfaction and Extra Effort Scales

Table 8. Extra Effort Scale Regression Model Summary

{All independent variables are grand mean centered (Standardized Coefficients).
{{Bias and significance of coefficient based on 10,000 sample bootstrap analysis.
{{{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.



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 R2 between models 1–2, 3–4,

and 5–6 suggested that the interaction effects of each

form of shared leadership were not significant [62]

andwere not included inmore complexmodels. 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 thanPA density, the statistical

significance ofPAdensity shows that teammembers

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

{All independent variables are grand mean centered (Standardized Coefficients).
{{Bias and significance of coefficient based on 10,000 sample bootstrap analysis.
{{{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

{All independent variables are grand mean centered (Standardized Coefficients).
{{{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.1

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,

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 11. Final Presentation Grade Regression Model Summary

{All independent variables are grand mean centered (Standardized Coefficients).
{{{Control Variables: team size, team engineering GPA, engineering GPA diversity, team sex, team leadership skills.
+ Parsimonious Model.
* = p�0.05.

1 For these analyses, one teamwasdeleted 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.



in which the leadership is distributed across the

team matters as well. As leadership is more distrib-

uted across team members (i.e., 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 teammembers 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

froma select few central leaderswithin 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

thatmay bemore 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

becomesmoredistributed across the teams, satisfac-

tion tends to decrease. This negative relationship

may provide indications that students become less

satisfiedwith 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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Table 12. Hypothesis Summary

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



satisfying. This finding is an area worthy of further

investigation.

Although preliminary regression models suggest

sharedMEA leadershipmay also positively relate to

extra effort and satisfaction, these relationships did

not remain significant while controlling for other
variables. This result is also consistent withWang et

al. [28] who found stronger relationships between

shared ‘new-genre leadership’ (such as TCR leader-

ship behaviors) compared tomore traditional forms

of leadership (whichmay includeMEA). The lackof

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 bemore

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 twomeasures, are important considera-

tions for undergraduate engineering student design

teams. This study highlights the utility ofmeasuring

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

shownpositive 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

copingwith divergent influence from teammembers
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 strategymay be to clearly specify

teammember 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 ofMuethal andHoegl

[75] and Schaeffner 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 educatorsmay 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 withMEA 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.
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