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Sharing the Full Range of Leadership in Student Teams:  

Developing an Instrument 
 

Introduction 

 

The federal government and industry have called for engineers to play a more prominent leadership 

role in business and public service.1-3  Increasing the technical literacy in high levels of leadership 

may help shape decisions which support well-informed, economically sustainable innovation and 

solutions to problems facing our planet.1; 3  Because formative experiences during undergraduate 

years help engineers shape their professional identities,4; 5 purposefully helping students cultivate 

their leadership skills is an important step toward meeting those calls.  Leadership scholars suggest 

that shared leadership may be a more effective leadership model for knowledge work that is 

creative, complex and interdependent6 compared to the historical norm of hierarchical, individual 

leadership.7  Newstetter’s8 description of student engineering design team work closely resembles 

this creative, complex, and interdependent knowledge work where shared leadership can be 

effective.  Because shared leadership departs from historical norms of leadership 9, novel methods 

are required to study leadership in this shared paradigm, including the use of social network 

analysis and round-robin data collection.10  Historically individualistic leadership theory must also 

be examined in light of this shifting paradigm.11  These developments require novel instruments 

for leadership study in this new paradigm.  

 

This paper begins to address the measurement of shared leadership within the undergraduate 

mechanical engineering student design team context by examining the Full Range of Leadership 

model12 as measured by the Multifactor Leadership Questionnaire (MLQ) Form 5X.13  Through 

exploratory factor analysis (EFA) of round-robin data collected from mechanical engineering 

design team students, factor scales are examined for reliability and adequacy for use in follow-on 

statistical analysis.   

 

Research Purpose 

 

The purpose of this study was to examine the variables of the MLQ Form 5X in the undergraduate 

engineering student design team context to determine its utility for round-robin data collection and 

subsequent social network analysis.  Specifically, we address the following research questions: 

 

RQ1: What constructs emerge from the application of the Full Range of Leadership 

Model to the undergraduate engineering student design team context?  

 

RQ2: How can the variables of the MLQ Form 5X be reduced to maintain 

reliability of the factors but reduce the length of the survey? 
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Review of Literature 

  

Leadership and Team Effectiveness 

 

Leadership scholars consistently assert leadership’s impact on team effectiveness.  Yukl14, in his 

discussion of processes affecting team performance, states that “leaders can improve team 

performance by influencing these processes in a positive way” (p. 324). Stagl et al. 15 summarize 

current 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” (p. 172).  Hill 16, supports this position in her team leadership chapter.  In the 

development of their integrative team effectiveness framework, Salas et al.17 assert that leadership 

plays a central role over the lifespan of the team, claiming that despite the complexities of team 

leadership, “most would agree that team leaders and the leadership processes that they enact are 

essential to promoting team performance, adaptation, and effectiveness.”17  Additionally, Salas et 

al.17 assert that team leaders play an essential role due to their synchronization of task and 

development cycles and for their ability to set conditions for task cycles.   

 

The most common entry point for leadership development within the engineering curriculum has 

been the student design team.18; 19  In recent years, design has increasingly been taught in project 

based, senior-level capstone design courses.20 In addition to meeting ABET’s culminating design 

experience requirements,21 these courses often provide the context through which to bolster 

students’ professional skills22 in preparation for professional practice.23   

 

Within the context of engineering education, recent studies of leadership development for 

undergraduate engineers show that faculty and programs are aware of the need for leadership 

development, but, due to the technical curriculum requirements for students, disagree on the best 

method for implementation24-26 or ignore its development.18  A small number of colleges and 

universities have developed programs that include leadership in their curriculum e.g.27; Bayless, 

Mitchell, & Robe28 found seven, which is only a small fraction of the over 300 ABET accredited 

engineering colleges and universities across the United States.  More often, faculty perceive 

leadership development as a by-product of student in-class teaming experiences or co-curricular 

activities.24; 25 This disagreement in leadership development strategy for undergraduate engineers 

is particularly concerning due to the wide body of research that has linked leadership to team 

effectiveness mentioned previously. 

 

Even though this link between leadership and team performance is described repeatedly in 

industrial organizational psychology literature, Borrego, Karlin, McNair, and Beddoes29 contend 

that engineering faculty are not informed enough by industrial and organizational psychology 

literature to draw lessons from this body of knowledge. In their comprehensive review of 104 

engineering education publications on team effectiveness, only seven articles showed leadership 

as a positive outcome of the teaming experience and did not advocate leadership as a strong method 

for increasing team performance.29  This is particularly concerning in light of the scholarly 

literature linking leadership to team effectiveness mentioned previously.  Paretti et al. 30 

corroborate this gap, indicating that capstone design faculty may lack the skills necessary to 

contend with teaming issues overall.  Based on the sharp contrast between the academy’s call for 

increased leadership from engineers and an apparent lack of faculty emphasis on the critical role 
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leadership can play in positive team outcomes, design education faculty may need additional tools 

to better understand, visualize, and mentor leadership for undergraduate engineering students. 

 

The Shared Leadership Paradigm 

 

Because leadership has historically been viewed as an individual, hierarchical phenomenon,7 the 

current conceptualization of leadership within the engineering community and student design 

courses specifically may be in need of updating to a shared leadership paradigm. In this modern 

age of increased technology and rapid industrial pace, the shared leadership paradigm’s 

development takes into account that it is nearly impossible for one person to have the knowledge, 

skills, and abilities for all aspects of highly intellectual work6 or necessary to make well-informed 

leadership decisions independently.  This concept of knowledge distribution across multiple 

people is an accurate description of a situated learning environment.  Similarly, Wageman and 

Gardner 31 call for a re-examination of team leadership in light of the new landscape of modern 

collaboration.  In their description of situated learning, Greeno et al. 32 describe knowledge as, 

“distributed among people and their environments, including the objects, artifacts, tools, books, 

and the communities for which they are apart.”32  This is nearly identical to Newstetter’s 8 

paradigm shift description of student learning in engineering design teams.  This environment is 

also consistent with Salas et al.’s 17 integrative model of team effectiveness.  In describing the 

theory, Salas et al. reference team leaders (plural) not team leader (singular) and describe how 

shared cognition affects leadership and vice-versa.  Within the context of engineering education, 

this situated learning environment has been described by Johri & Olds 33 as a promising construct 

from the learning sciences that shows great potential for the transformation of learning within 

engineering education.  To date, however, a review of design team literature shows only one study 

that examined shared leadership in a student design team context34 but the researchers for this 

study admit that the degree of shared leadership was not measured. 

 

Measuring Leadership Sharing 

 

Gockel and Werth 35 advise two different methods for measuring shared leadership in teams: rating 

the team or rating the members.  By interpreting shared leadership as an aggregated team attribute, 

researchers rate the team through a survey using direct-consensus (agreement among the 

members) or referent-shift consensus where the referent becomes the team or the individual 

members rather than the single external leader.35-38  By interpreting shared leadership as an 

emerging, dyadic phenomenon, researchers rate the members through social network analysis of 

individual team member data.35-38  Within the social network analysis, three approaches to 

measuring leadership sharedness have been used: 1) network centralization (variability of 

individual indices, 2) network density (number of influence relationships within the team) , and 3) 

coefficient of variation (variation of team member influence scores).35  Meta-analyses have not 

addressed the use of coefficient of variance measures (see 36; 37; 38).  Gockel and Werth 35 provide 

only one study example using coefficient variation and that study did not actually measure shared 

leadership.  Results of meta-analyses indicate that the interpretation of shared leadership may have 

an effect on the relationship between shared leadership and team performance. D'Innocenzo et al. 
36 found a statistically significant difference among the two study techniques, with rating the 

members providing a stronger overall relationship.  Density and centralization measures showed 

P
age 26.1370.4



no significant differences in terms of effect size.36  Wang et al. 37 and Nicolaides et al. 38 found 

non-significant differences, but again saw rating the members as providing stronger relationships. 

 

Studying leadership in a rating the members approach using social network analysis creates unique 

challenges in data collection.  Typical surveys of leadership ask participants to rate the leadership 

abilities of themselves or a person they recognize as holding a leadership position.  For social 

network analysis, however, a team leadership network can only be established when data are 

available regarding each member’s ratings of all other team members10; 39; 40 collected in some type 

of round-robin fashion.41   Due to the round-robin nature of the data, participants must respond to 

multiple instances of each survey question.  Surveys consisting of a large number of leadership 

variables may be susceptible to error from survey fatigue.42  For instance, for a five person team, 

one team member would be required to respond to 144 individual items as a part of a leadership 

survey consisting of 36 questions.  As a result, survey instruments may need to be adapted to meet 

the demands of round-robin data collection.   

 

A Theoretical Framework  
  

The Full Range of Leadership model provided the leadership framework for this study.   This 

model, which helps explain the interplay between transactional, transformational, and laissez-

faire leadership (further described below), was first developed by Burns43 and expanded by Bass44 

as an individual, vertical leadership model in the transformational leadership paradigm.  More 

recent work by Avolio et al.45; 46 has validated the study of this leadership theory within groups, 

which enhances its potential for utility in a shared paradigm.  Recent theoretical work by Pearce 

and Conger11 and refined by Pearce6 contends that transactional and transformational leadership 

can and should be shared by members of a team to achieve the highest outcomes, especially in 

knowledge work that is interdependent, complex, and creative.  This work environment is 

conceptually similar to Newstetter’s8 description of student work in a senior level engineering 

design course.   

Figure 1 depicts the theoretical constructs of the Full Range of Leadership model.  Transactional 

leadership is the baseline for adequate performance in meeting expected outcomes.  This aspect of 

leadership focuses on the exchange of valued outcomes between leaders and followers (i.e., special 

recognition for adequately completing a complex task).47  The model divides transactional 

leadership into three components: 1) Management By Exception-Active (MEA) (leaders actively 

seeking to correct mistakes through negative reinforcement and corrective criticism, i.e. “putting 

out fires”), 2) Management By Exception-Passive (MEP) (leaders passively seeking to correct 

mistakes through negative reinforcement and corrective criticism; i.e., ‘if it ain’t broke, don’t fix 

it’), and 3) Contingent Reward (efforts of followers are rewarded).12; 46  These actions enable a 

group to perform at expectations.47; 48  
 

P
age 26.1370.5



 
Figure 1: Full Range of Leadership; adapted from 48 

 

Transformational leadership, alternatively, is a set of behaviors that unites followers and changes 

their goals and beliefs.47  In the Full Range of Leadership model, transformational leadership 

behaviors are broken down into four categories: 1) Idealized Influence (i.e., charisma, or providing 

a strong role model), 2) Individualized Consideration (attending to follower needs), 3) 

Inspirational Motivation (high performance expectations), and 4) Intellectual Stimulation 

(innovative thinking and challenging the status quo).12; 46 The model contends that when 

transformational leadership behaviors augment transactional behaviors, group outcomes can 

exceed expectations.47; 48  The Full Range of Leadership model also supports the notion of non-

leadership, or laissez-faire.  Non-leadership within a team directly relates to poor team outcomes.48  

The non-leadership dimension has logical correlations to the phenomenon of social loafing or 

students that do not adequately contribute within student design teams.29  

 

In summary, the Full Range of Leadership model provides an empirically tested framework that 

will be applied to analyze leadership processes within student design teams.  It has a long history 

of use in a variety of contexts and allows for analyses at both the individual and team levels.  It 

has also been shown to be effective in mitigating common challenges often associated with student 

design team effectiveness.  Finally, recent theoretical literature supports its use in a shared 

leadership paradigm for knowledge work conditions that are consistent with the engineering 

student design team environment.  

  

This model has been routinely measured for more than a decade using the Multifactor Leadership 

Questionnaire (MLQ),12 the most prolific measure of transformational leadership currently in 

use.48; 49  The MLQ has demonstrated adequate construct validity in both individual and group 

transformational leadership research45 and has both individual and team based formats.13  The 

MLQ has been validated across a wide range of contexts to include US and international graduate 

students, the US military, research facilities,12; 45 business settings,50 and project based professional 
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environments.51  Although studies have not specifically addressed applications to undergraduate 

engineering design teams, its construct validity is well established and the breadth of contexts in 

which the instrument has been validated indicate high probability of discriminant validity for 

leadership within undergraduate student engineering design teams.  The challenge, however, is 

that the MLQ involves 36 descriptive leadership statements, which when multiplied by the 

multiple team members in a round-robin fashion, creates a taxing survey, especially for the study 

of large teams.  Such a daunting survey instrument may decrease student motivation to complete 

the survey, leading to lower survey participation and decreased research effectiveness.  To use the 

survey for a rating the members approach, the instrument must be adapted to a round-robin format 

which is discussed below.    
 

Data and Methods 

 

Sample and Data Collection 

 

Data for this study were drawn from a total of 435 mechanical engineering capstone design 

students at a large, mid-Atlantic engineering research institution (n=203) as well as a smaller 

northeastern military focused engineering college (n=22).  These responses represent 56.7% and 

25.5% of the course enrollments, respectively.   The data were collected in a combination of paper 

with online follow-up and online only survey formats at the midpoint of their year-long teaming 

experience.  Questions stemmed from the MLQ Form 5X,12 adapted for round-robin data collection 

where each team member rated each of their teammates and faculty advisor on each leadership 

question.  Figure 2 provides an example survey item. 
 

 
Figure 2: Sample round-robin MLQ survey item (text blacked out due to MLQ copyright 

agreement). 
   

The students were spread across a total of 71 teams.  Of these 71, only seven had 100% 

participation from all team members.  Because this analysis analyzed the individual dyadic rating 

between team members, all complete surveys could be included in the analyses.  A comparison of 

site sample demographics and program level mechanical engineering degrees awarded 

demographics52 is shown in Table 1.  Table 1 indicates that the site 1 sample is slightly more 

representative of the larger program than the site 2 sample.  In particular, the site 2 sample failed 

to represent women and Asian students proportionally to the population. 
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Table 1: Study Demographics 

Male Female Unreported
African 

American
Asian Hispanic

Pacific 

Islander
White Other Unreported

Site 1 Program 90% 10.0% 0.0% 1.7% 7.3% 4.5% 0.0% 78.2% 8.3% 0.0%

Site 1 Sample 

(n=203)
88.2% 10.8% 1.0% 3.0% 10.8% 4.4% 0.5% 75.4% 3.4% 2.5%

Site 2 Program 97.0% 3.0% 0.0% 4.5% 6.0% 3.4% 0.0% 73.1% 3.0% 0.0%

Site 2 Sample 

(n=22)
100.0% 0.0% 0.0% 4.5% 0.0% 4.5% 0.0% 86.4% 4.5% 0.0%

Sample Overall
201 

(89.3%)

22   

(9.8%)

2          

(0.89%)

7     

(3.1%)

22 

(9.78%)

10   

(4.4%)

1    

(0.4%)

172 

(76.4%)

8    

(3.9%)

0            

(0%)

RaceGender

 

A factor analysis of pilot data responses to the 36 individual MLQ Form 5X leadership descriptive 

statements was conducted to investigate the scale creation of the Full Range of Leadership model 

(transactional, transformational, and laissez-faire).  Reducing the multiple independent variables 

into larger factors will simplify the ability to understand latent constructs of student leadership 

actions within the teams and produce variables less susceptible to individual item variance.  By 

examining factor loadings and subsequent measures of reliability using Cronbach’s alpha, the 

factor analysis also provided justification for reduction of survey items for full data collection.   

 

To conduct the analysis of the pilot data, all individual team member ratings were treated as 

separate cases.  Within the context of EFA, this process is justified under the assumption that each 

dyadic team member relationship can be considered a specific case.  Forming the data into dyads, 

a total of 1165 cases resulted.  This was deemed sufficiently large based on Pedhazur and 

Schmelkin 53 discussion, and is consistent with the guidance of Cliff 54, who states, “with 40 or so 

variables, a group of 150 persons is about the minimum, although 500 is preferable” (p. 339).  For 

EFA, analysis used the maximum likelihood method, consistent with Avolio et al. 12 in their 

previous examinations of the MLQ.  The maximum likelihood method employs the likelihood ratio 

theory by comparing the likelihood of observing the data at hand with and without the validity of 

a hypothesis under consideration.55  In this context, that hypothesis is the existence of the factors 

generated. EFA analysis also incorporated oblique rotation using the Oblimin with Kaiser 

normalization.  Because all factors were related to the same phenomenon (leadership), oblique 

rotation was appropriate.53; 55  Because sufficient data existed to support solution convergence, 

Oblimin rotation was chosen over the promax method.56  This factor rotation helps the researcher 

better interpret the resulting factors by obtaining an equivalent solution to the un-rotated solution, 

but one where variables tend to load highly on only one factor and small loading on the rest.55   

 

Due to the use of oblique rotation in the analysis, both pattern and structure matrices were 

considered, consistent with the recommendations of Raykov and Marcoulides 55 and Pedhazur and 

Schmelkin.53  For clarity, in the discussion below only the largest factor or component loadings 

were reported for both the pattern and structure matrices.  The pattern matrix loadings can be 

interpreted similar to a partial regression coefficient, indicating the unique relationship between 

the variable and the factor.55  The structure matrix coefficients are computed from the pattern 

matrix and the variable correlation matrix.  These coefficients represent correlations between the 

variable and the factor.55  Taken together, loadings indicate how strongly the variable contributes 

to the interpretation of the factor.    
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Tests of the correlation matrices preceding all analyses showed adequate correlation to proceed 

with EFA successfully.  Bartlett’s test for sphericity tests the null hypothesis that the population 

correlation matrix is an identity matrix, meaning the analyzed variables are unrelated to each 

other.55   For all analyses, statistically significant Bartlett’s test of sphericity allowed for the 

rejection of this null hypothesis, indicating that the population correlation matrix is diagonal and 

allowing for successful analysis through EFA.55  If the test failed to reject this null hypothesis, 

further analysis could not proceed because the items would have no relation to each other with 

which EFA could capitalize.  Without some form of relationship between the variables, trying to 

group the variables in a meaningful way would not be possible.  Analysis proceeded using three 

different factor models: an eigenvalue supported six factor model, three factors, and nine factors. 

 

Limitations 

 

This research design has multiple limitations.  First, the sample used in this study only involves 

senior level mechanical engineering students at two institutions.  As a result, the generalizability 

of these findings beyond the mechanical engineering discipline is limited, and investigating other 

engineering disciplines and class years should be an area of emphasis for future work.  Second, 

because this study inordinately represents white males relative to current national engineering 

enrollment trends, findings may not be representative of more diverse populations.  Third, 

sample items from the MLQ cannot be included in published documents due to copyright 

agreements.  This limitation prevents greater clarity regarding the actual survey items with which 

students were asked to rate their peers.  Finally, because the data analyzed in this study was a 

result of round-robin data collection, the independence assumption of EFA was potentially 

violated.  This violation will be further discussed in the results section below.   

 

Results  
 

Eigenvalue Supported Models 

 

Consistent with Raykov and Marcoulides 55, the Kaiser eigenvalue criterion for extraction of 

factors or components coinciding with eigenvalues >1 was used to extract the appropriate number 

of factors from the data.  EFA results showed six eigenvalues greater than one, resulting in the 

extraction of six factors.  The greatest pattern matrix and structure matrix (in parentheses) loadings 

are shown on Table 2 below. 
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Table 2: Eigenvalue supported six factor model pattern matrix loadings (structure matrix loadings in 

parentheses). 

   
*IC=Individualized Concern; IA= Idealized Influence (Attributed); IB=Idealized Influence (Behavior); 

IM=Inspirational Motivation; IS=Intellectual Stimulation; LF=Laissez Faire; CR=Contingent Reward; 

MEA=Management by Exception (Active); MEP=Management by Exception (Passive) 

 

Cumulative R2 values indicated that the six factor EFA model explained 50.023% of the variance 

of the 36 leadership items.  Factors 1-3 indicated the emergence of constructs fairly consistent with 

the theoretical constructs of the MLQ Form 5X itself as categorized by sub-constructs of the model.  

Specifically, laissez-faire (LF) and passive management by exception (MEP) items loaded in factor 

two and active management by exception (MEA) loaded in factor three.  The large majority of 

transformational leadership items loaded in Factor 1.  Factors 4-6 demonstrated less succinct 

aggregation of the items than those in Factors 1-3.     

 

Three Factor Model 

 

As a result of the strong aggregation of items within Factors 1-3 of the eigenvalue supported (six) 

factor model with high consistency to the transactional, transformational, and laissez-faire 

constructs of the Full Range of Leadership model, a second analysis was conducted, specifying 

  
Leadership Attribute Item* 1 2 3 4 5 6

IC 15 0.400 (0.668)

IC 19 0.504 (0.595)

IC 29 -0.335 (-0.427) 

IC 31 -0.558 (-0.756)

IIA 10 0.369 (0.644)

IIA 18 (0.599) -0.233

IIA 21 0.357 (0.582)

IIA 25 0.390 (0.673)

IIB 14 0.725 (0.800)

IIB 23 (0.534) -0.294

IIB 34 0.396 (0.702)

IIB 6 0.445 (0.547)

IM 13 0.576 (0.730)

IM 26 0.478 (0.750)

IM 36 0.503 (0.693)

IM 9 0.612 (0.657)

IS 2 0.502 (0.689)

IS 30 -0.685 (-0.819)

IS 32 -0.587 (-0.755)

IS 8 0.416 (0.571)

LF 28 0.570 (0.620)

LF 33 0.456 (0.493)

LF 5 0.611 (0.693)

LF 7 0.446 (0.565)

CR 1 0.782 (0.857)

CR 11 0.492 (0.683)

CR 16 0.634 (0.756)

CR 35 0.459 (0.657)

MEA 22 -0.750 (-0.783)

MEA 24 -0.734 (-0.753)

MEA 27 -0.645 (-0.709)

MEA 4 -0.359 (-0.460)

MEP 12 0.666 (0.689)

MEP 17 0.263 (0.219)

MEP 20 0.423 (0.439)

MEP 3 0.609 (0.616)
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three factors for extraction.   Greatest pattern matrix and structure matrix (in parentheses) loadings 

for the three factor EFA model is shown in Table 3. 
 

Table 3: Three factor model pattern matrix loadings (structure matrix loadings in parentheses).  

 
*IC=Individualized Concern; IA= Idealized Influence (Attributed); IB=Idealized Influence (Behavior); 

IM=Inspirational Motivation; IS=Intellectual Stimulation; LF=Laissez Faire; CR=Contingent Reward; 

MEA=Management by Exception (Active); MEP=Management by Exception (Passive) 

 

In Factor 1, contingent reward (CR) items loaded heavily with the transformational leadership 

items instead of the transactional leadership items.  The high loadings with the transformational 

items indicate the potential to combine the CR and transformational items into a new construct. 

Additionally, Factor 2 indicates that LF and passive management by exception (MEP) items 

loaded on the same scale.  Factor 3 showed MEA items loading on a separate factor.  These 

variable loadings indicate a departure from the original construct of the MLQ, but with the 

retention of the sub-components of the leadership model.  As a result, the factors would need 

to be re-named to better describe the content of the scale variables created.   

 

Cumulative R2 values indicated that the three factor EFA model explained 44.698% of the 

variance of the 36 leadership items, slightly lower than that of the six factor models previously 

discussed.  The results indicated that the three factor model largely mirrors the original 

 
Leadership Attribute Item* 1 2 3

IC 15 0.681 (0.701)

IC 19 0.526 (0.512)

IC 29 0.480 (0.412)

IC 31 0.840 (0.796)

IIA 10 0.695 (0.712)

IIA 18 0.573 (0.706)

IIA 21 0.653 (0.712)

IIA 25 0.631 (0.709)

IIB 14 0.714 (0.746)

IIB 23 0.455 (0.616)

IIB 34 0.658 (0.740)

IIB 6 0.359 (-0.501)

IM 13 0.587 (0.711)

IM 26 0.750 (0.783)

IM 36 0.747 (0.730)

IM 9 0.605 (0.627)

IS 2 0.484 (0.623)

IS 30 0.786 (0.761)

IS 32 0.793 (0.748)

IS 8 0.598 (0.586)

LF 28 0.513 (0.586)

LF 33 0.490 (0.504)

LF 5 0.664 (0.704)

LF 7 0.553 (0.604)

CR 1 0.491 (0.613)

CR 11 0.473 (0.620)

CR 16 0.696 (0.727)

CR 35 0.719 (0.723)

MEA 22 -0.727 (-0.709)

MEA 24 -0.788 (-0.766)

MEA 27 -0.646 (-0.711)

MEA 4 -0.342 (-0.458)

MEP 12 0.620 (0.656)

MEP 17 0.258 (0.207)

MEP 20 0.375 (0.419)

MEP 3 0.586 (0.596)
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construct of the theory.  Factor 1 shows that the transformational leadership construct remains 

largely intact.  This leadership construct remained consistent with the original MLQ 

development.12  The only outlier was Item 6 which questioned a leader’s discussion about 

values and beliefs. 

 

Nine Factor Model 

 

For completeness of the analysis, nine factors were also examined, consistent with the five sub-

constructs of transformational leadership, three sub-constructs for transactional leadership, and 

one sub-construct for laissez-faire (see Figure 1).  The pattern matrix loadings are shown in 

Table 4. 
 

Table 4: Nine factor model pattern matrix loadings (structure matrix loadings in parentheses). 

Leadership Attribute Item* 1 2 3 4 5 6 7 8 9

IC 15 (-0.612) 0.391

IC 19 0.468 (0.596)

IC 29 -0.315 (-0.435)

IC 31 -0.549 (-0.773)

IIA 10 -0.464 (-0.675)

IIA 18 (-0.561) 0.284

IIA 21 (0.577) 0.303

IIA 25 0.404 (0.664)

IIB 14 -0.535 (-0.729)

IIB 23 0.268 (0.508)

IIB 34 (0.598) 0.331 

IIB 6 -0.429 (-0.578)

IM 13 -0.27 (-0.600)

IM 26 0.711 (0.859)

IM 36 0.520 (0.727)

IM 9 -0.481 (0.650)

IS 2 0.684 (0.780)

IS 30 -0.835 (-0.886)

IS 32 -0.465 (-0.724)

IS 8 (0.476) (-0.476) -0.195

LF 28 0.533 (0.601)

LF 33 0.428 (0.482)

LF 5 0.572 (0.685)

LF 7 0.384 (0.536)

CR 1 0.749 (0.821)

CR 11 (0.517) -0.278

CR 16 -0.424 (-0.653)

CR 35 0.633 (0.773)

MEA 22 0.750 (0.760)

MEA 24 0.698 (0.753)

MEA 27 0.600 (0.689)

MEA 4 0.279 (0.432)

MEP 12 0.648 (0.682)

MEP 17 0.247 (0.231)

MEP 20 0.389 (0.427)

MEP 3 0.633 (0.638)
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*IC=Individualized Concern; IA= Idealized Influence (Attributed); IB=Idealized Influence (Behavior); 

IM=Inspirational Motivation; IS=Intellectual Stimulation; LF=Laissez Faire; CR=Contingent Reward; 

MEA=Management by Exception (Active); MEP=Management by Exception (Passive) 

 

These models showed the highest explanation of variance of the three models at 53.491%.  

Although this model had the highest explanation of variance, this values was still less than 

desirable.    The nine factor model showed less consistency with the theory than the three or six 
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factor models.  Although factors two and three show aggregation of items similar to those of the 

three and six factor models, the transformational leadership items are well distributed across the 

other seven factors.  From a dimension reduction standpoint, this model proved much less useful 

than the three or six factor models previously discussed.  Due to the scattering of variables across 

factors, interpretation of the factors to identify the higher order constructs they represent were 

challenging to identify.  For completeness, in interpretation of the factors, statistical results were 

also compared across the three models.  

 

Model Comparison 

 

Inconclusive statistical findings added greater weight to the subjective judgment of model utility. 

Table 5 summarizes statistical findings for the three models analyzed.  As mentioned previously, 

R2 values showed that the factoring of the data resulted in generally low explanation of the total 

variance of the 36 leadership variables and provided little influence on model utility.  In all cases 

analyzed using EFA, and consistent with use of the maximum likelihood method previously 

discussed, chi-square goodness of fit tests of the null hypothesis that the factor model was 

sufficient for explaining the interrelationships of the items were significant at the α=0.05 level.  

These results indicated that the number of factors were insufficient for all models examined.  

Although this test indicated that more factors were appropriate, analysis of the communalities of 

the nine factor model showed this model was a, “Heywood Case”.55  In other words, regression of 

one or more variables on the factors resulted in a communality estimate (R2 coefficient) greater 

than one and was not valid for interpretation.  The Heywood Case is an indication of an improperly 

specified model, potentially with too few or too many factors.55  The nine-factor model was the 

only model that resulted in this condition.  This Heywood Case indicated that further factor 

analysis using additional factors to reach a non-significant chi-square goodness of fit test was 

inappropriate.  Subjective interpretation of the three and six factor models with respect to 

consistency with the original Full Range of Leadership model as discussed previously in this 

section, ultimately indicated that that three-factor model was more suitable for use due to its 

consistency with the theory.  Although the variables did not load consistently with the original 

constructs of the MLQ, the three factors extracted from the 36 variables were readily interpretable, 

and somewhat consistent with previous analyses of the Full Range of Leadership model, which 

will be further discussed below. 
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Table 5:  Model Comparison 

 
 

Due to substantive differences between the theory’s original leadership constructs and those that 

resulted from data analysis, the three scales were renamed.  Factor 1, which was comprised of the 

theory’s transformational items as well as contingent reward items was named developing.  This 

name articulates the notion that all items relate to leadership in a positive and constructive sense.  

Factor 2, comprised of both laissez faire and passive management by exception was named 

passive-avoidant/laissez faire, consistent with previous analyses of the MLQ (e.g.12).  All of the 

items of management by exception-active (MEA) loaded on Factor 3.  Correspondingly, the factor 

was renamed active management by exception (MEA) to reflect the fact that this factor maintained 

the same dimensions as the original MLQ sub-component.  Table 6 shows the reliabilities of the 

resulting scales.   The resulting three scales showed adequate reliability for use.  Cronbach’s Alpha 

scales greater than 0.70 are often referred to as adequate reliability.57; 58 Because the end goal of 

the analysis is dimension reduction from the original 36 variables to their larger latent leadership 

constructs, in order to proceed with team level analyses, the three factor model was deemed 

appropriate for further analysis 
 

Table 6: Scale reliability 

Scale Items Cronbach’s Alpha 

Developing 15, 19, 29, 31, 10, 18, 21, 25, 14, 

34, 6, 13, 26, 36, 9, 20, 30, 32, 8, 1, 

11, 16, 35, 23 

0.950 

Passive-Avoidant/  

Laissez-Faire 

28, 33, 5, 7, 12, 17, 20, 3 0.764 

Active Management by 

Exception 

22, 24, 27, 4 0.757 

 

Final Factor Assessment 

 

The factor analyses conducted provide justification for studying shared leadership in three 

leadership factors.  Both pattern and structure matrix loadings indicated that a three-factor model 

provided similar explanation of variance as the eigenvalue supported six-factor model.  In general, 

the three factor model remained consistent with constructs of the original MLQ Form 5X with two 

 R
2 50.00%

χ
2 1848.715

df 42

Sig. 0

R
2 44.70%

χ
2 3171.982

df 525

Sig. 0

R
2 53.50%

χ
2 1197.536

df 342

Sig. 0

Six Factor

Three 

Factor

Nine Factor
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notable exceptions.  Although inconsistent with the current interpretation of the MLQ, previous 

studies corroborate these findings and give insight into the construct validity of the scales 

developed in this study.      

 

First, the developing scale that emerged is largely comprised of transformational leadership 

behaviors, but with the inclusion of contingent reward behaviors.  Considering the fact that 

contingent reward behaviors are often considered the quintessential components of transactional 

leadership44; 48; 59 these loadings may appear problematic.  These loadings are, however, consistent 

with very early examinations of transformational leadership (see 60).  This loading could be 

potentially explained by the fact that students typically have very little at their disposal to reward 

other team members other than praise, positive reinforcement, and additional help on project tasks, 

which may be construed as transformational in nature.  When compared to more tangible reward 

offerings in a professional setting such as promotions, bonuses, and additional vacation time, the 

fact that contingent reward behaviors load quite strongly with the MLQ’s transformational 

behaviors is not surprising.  This conceptual understanding of the leadership phenomenon, 

corroborated by early works in the theory indicate that this scale may be measuring leadership 

behaviors consistent with the experiences of student mechanical engineers in a capstone setting.   

 

Next, the passive-avoidant/laissez-faire scale developed departs from the current construct of the 

MLQ Form 5X but is consistent with previous analyses of the Full Range of Leadership.  Bass’s 

original six factor leadership model consisted of transformational, transactional, and a passive- 

avoidant/laissez-faire constructs.  His subsequent five factor model separated the management by 

exception and laissez-faire factors.44  Further studies in the 1990’s, as described by Avolio et al. 12 

and more recent studies e.g. 61; 62 recommend the return to the passive-avoidant/laissez-faire 

construct.  In this scale, leadership, if it is demonstrated at all, is not exerted at the time and place 

where it is either most effective or most needed.  The conceptual similarity of delayed and non-

existent leadership provide and overarching understanding that either can be ineffective for the 

team.  Due to its recurrence in the Full Range of Leadership literature, there is ample reason to 

believe this scale variable can effectively measure delayed or non-existent leadership within the 

engineering student design team context. 

 

Decreasing Survey Questions        

 

Due to overall low response rate of online surveys, a reduction of survey items from the original 

36 items was desired for future administrations of the survey. Initial survey review by the research 

team indicated that the survey was taxing for participants in teams comprised of over 8-9 students 

because of the high number of responses involved with the round-robin survey items.  Our data 

collection also demonstrated that the length of the survey may have decreased the overall response 

rate. Students spent from 11-27 minutes to complete the full survey.  Anecdotal comments from 

students who completed the survey identified survey fatigue as a concern, especially for larger 

teams.  In addition, and consistent with research on survey-based data collection (e.g. 63), online 

response rates were significantly lower than the paper format.  At one institution, 49% of responses 

were incomplete despite indications that the students opened the survey and viewed the round-

robin questions.  These observations all point to the need for a reduced survey length with the hope 

of generating a higher response rate.  
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Small and Rentsch 64 provided a benchmark of 12 items for a methodologically similar leadership 

study.  To reduce the survey length, strength of factor loadings, resulting Cronbach’s alpha values, 

face validity, and preserving the structure of the Full Range of Leadership Model were considered 

in that order.  The survey items were rank ordered based on factor loadings to conduct the analysis.  

Table 7 shows a rank ordering of all items from the MLQ along with associated overall scale 

Cronbach’s alpha and alpha-if-item-deleted values for each variable.   
 

Table 7: MLQ survey items with factor loadings and alpha values. 

    
 

A review of each factor indicated that consideration of factor loadings and Cronbach’s alpha values 

was sufficient for survey item reduction.  The research team reviewed all survey items for face 

validity and did not identify any items for exclusion or inapplicable to a student design team 

context.  Analysis of the first scale indicated that maintaining the highest loading item from each 

of the six Full Range of Leadership model sub-components present in the scale would ensure 

strong factor loadings (over 0.695), decrease the scale to six items, and maintain at least one 

measurement of each sub-component.  Because pattern and structure matrix loadings showed 

overall agreement in Table 3 above, only pattern matrix loadings are reported in Table 6.  For 

Factor 2, the four highest loaded items provided equal representation of both the laissez-faire and 

passive management by exception sub-components within the scale and a reasonable expectation 

of keeping an alpha value greater than 0.70.  Finally, for Factor 3, the presence of only four items 

and an indication of coefficient alpha values below 0.70 if any variable other than Variable MEA 
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4 were deleted, all four variables were maintained.  Overall, these reductions would bring the 

original 36-item survey down to 14 items, much closer to the benchmark of 12 items. 

 

A follow-up analysis showed that retaining only 14 items maintained the three factor leadership 

construct of the original data while maintaining sufficient reliability.  EFA was performed on the 

14 items.  In this case the eigenvalues supported a three factor model.  The results are shown in 

Table 8.  Additionally, all scales showed adequate reliability as measured by Cronbach’s Alpha,58 

with alpha values greater than 0.70.  As a result, the full study survey included the 14 retained 

items from the original 36 item survey.  Because violation of case independence was a concern 

due to the round-robin data collection process, EFA was also conducted on a random sample of 

the data incorporating only one dyadic pairing for each team member (N=103).  In this analysis 

the three factor model remained consistent with alpha values greater than 0.70.  These findings 

indicated that any violation of the independence assumption was not detrimental to study results.  
 

Table 8: Reduced item EFA results. 

Leadership Attribute Item 1 2 3 Alpha

Transformational IC 31 .803 -.004 .007

Transformational IS 32 .771 -.064 -.008

Transformational IM 26 .736 .051 -.030

Transactional CR 35 .707 .028 -.009

Transformational IIB 14 .640 .081 -.029

Transformational IIA 10 .673 -.008 -.058

Transactional MEA 22 -.110 .795 -.085

Transactional MEA 27 .126 .648 .038

Transactional MEA 4 .162 .371 .056

Transactional MEA 24 -.042 .775 -.026

Laissez-Faire LF 5 -.076 -.014 .643

Transactional MEP 12 -.010 .034 .707

Transactional MEP 3 .062 -.010 .681

Laissez-Faire LF 7 -.069 -.033 .557

Passive-Avoidant /Laissez-Faire 0.757

Factor

Developing 0.875

Active Management by Exception 0.757

 
 

 

The results also indicate that instrument reliability can be maintained with a reduction in variables.  

Through the analysis, the number of variables was reduced by 61% from 36 items to 14 items.  

Within this reduction, each sub-factor of the Full Range of Leadership Model was represented.  

These reductions maintained scale variable reliability as measured by Cronbach’s Alpha at greater 

than 0.70 which can be considered strong scale reliability.   These factors will facilitate the study 

of the latent constructs of the shared Full Range of Leadership within the capstone design context 

using variables that are less susceptible to individual item variance. 

 

Conclusions and Future Work 

 

This analysis indicates that a three-factor leadership model may be adequate for exploring shared 

leadership using a social network approach in the undergraduate, mechanical engineering capstone 

design team context.  The factors developed in this study incorporate all aspects of the Full Range 

of Leadership model, using a reduced set of variables from the original MLQ Form 5X.  The factors 

extracted from the pilot data are consistent with previous interpretations of the Full Range of 

Leadership and subsequent studies using this model.  Although the context explored in this study 

is a novel application of the Full Range of Leadership, consistency with previous work is 

encouraging.   
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The results of this study have informed on-going shared leadership research within the mechanical 

engineering capstone design team context, and data using the reduced factors derived in this study 

are currently being collected.  When available, these data will be further examined using 

confirmatory factor analysis to verify that the latent constructs of the Full Range of Leadership 

model elucidated in this study hold across the sample.  In addition, concurrent validity of the 

constructs developed will be verified by exploring significant differences across race, gender, self-

report leadership ability, and engineering-GPA variables.  In addition, the three factors that 

emerged from this research will be used to conduct social network analyses of the participant teams 

to determine how shared team leadership relates to overall team performance and effectiveness.     
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