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Abstract – In the 21st century, graduating engineering 

students are required to have many skills beyond 

traditional technical skills. Leadership education in 

engineering has had an increased development over the 

past few decades, however there is still a lack of 

understanding of the effectiveness of these programs. This 

paper summarizes the results from a pilot study conducted 

with a group of undergraduate students. Engineering 

student leaders were given a leadership self-assessment at 

the beginning and end of their semester. Overall, a slight 

improvement was observed in the majority of the 

leadership competencies including character, teamwork, 

and technical. Male students had a decrease in their 

teamwork skills. Both genders ranked themselves lowest 

in technical abilities, however male students rated 

themselves significantly higher relative to female 

students. The findings from this study could be useful to 

develop and improve engineering leadership education 

programs based on the gaps of student competencies. 
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1. INTRODUCTION 
 

The graduate attributes mandated by Canadian 

Engineering Accreditation Board outline the technical and 

nontechnical skillset that engineers graduating from 

Canadian universities should possess. The sixth graduate 

attribute specifically states that engineers should be able 

to work in the capacity of a leader within a team setting. 

The importance of leadership in the engineering 

workplace has been observed for many years including 

decades ago when Bernard Gordon [9] made a keynote 

speech on how leadership is an essential aspect of an 

engineer’s skills. More recently, there has been a growth 

of interest in the field including the updated CDIO 

Syllabus [6], and a statement by the National Academy of 

Engineering [12]. 

Involvement in student associations has been shown to 

have a substantial impact on students’ leadership 

development, improving interpersonal abilities, 

management skills, and self-confidence [2]. As such, in 

2007 the Schulich School of Engineering launched the 

Maier Student Leadership Program. The goal of the 

program is to accelerate the careers of engineering 

graduates by providing those who have demonstrated an 

interest in leadership with guidance and coaching [5]. The 

program is target to students who have already 

demonstrated an interested in being involved in student 

clubs, teams and associations (see [5] for more details). 

The question then follows, does participation in leadership 

activities along with program support improve the 

leadership skills of engineering students? 

Answering this question is an ongoing research project 

and the data presented in this paper is based on a small 

pilot study sample size. Surveys were distributed to 

undergraduate engineering students attending the two 

annual Maier Student Leadership conferences (at the 

beginning of the year and at the end of the year). The 

surveys asked the students to rate themselves on a variety 

of engineering leadership skills.  

Results showed both improvements and declines across 

the different skill areas. The areas of skill improvement 

show increased student confidence in those skills. The of 

skill decline could be interpreted as a gained awareness of 

the complexity of the skill, a reduced confidence in the 

skill based on negative experience, or other factors as will 

be discussed in this paper. 

 

2. ENGINEERING LEADERSHIP 
 

2.1 Engineering Leadership Education 
 

With the growing interest of producing engineering 

graduates with skills in leadership, engineering leadership 

education programs have increased over the last few 

decades. Two summaries, one from 2009 [10] and another 

in 2012 [11], provide insight into the engineering 

leadership education practices in North America, Europe 

and Australia. 
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These summaries were able to identify many of the 

main components of engineering leadership education. 

However, the three challenges that engineering leadership 

programs continue to face are (1) a clear definition of 

engineering leadership; (2) reliable assessment tools; and 

(3) training programs for faculty members [1]. These 

challenges are not unreasonable, as leadership itself is has 

been studied by thousands for hundreds of years, yet it 

still one of the least understood concepts [8]. This paper 

looks specifically at the second challenge, using an 

assessment instrument to measure engineering leadership 

skill development in undergraduate students. 

 

3. METHOD 
 

3.1 Context: Student Leadership Conferences 
 

Surveys were distribute at two annual Maier Student 

Leadership Program conferences at the Schulich School of 

Engineering. The first conference occurred near the 

beginning of the school year and will be referred to as the 

“Fall 2014 Conference” (F14). The second conference 

occurred near the end of the school year during the second 

semester and will be referred to as “Winter 2015 

Conference” (W15). There was approximately seven 

months between the two conferences. 

The objective of the F14 conference was to set the 

students up for success. The audience was mostly students 

who were interested in leadership, or had some leadership 

experience. The conference provided an opportunity for 

these students to learn how to be an effective leader in 

engineering.  

The objective of the W15 conference was to reflect on 

the activities from the past year, to plan for the upcoming 

year, and to provide guidance on succession procedures 

for the new incoming leaders. During the W15 

conference, the audience was mostly students who had 

been in leadership positions throughout that school year. 

 

3.2 Participants 
 

Participation in the survey was optional, and the 

details of the participants can be seen below in Table 1. 

For the F14 survey, the response rate was approximately 

56% (28 of 50 attendees) and for the W15 survey, the 

response rate was approximately 74% (26 of 35 

attendees). 

 

3.2 Survey Content 
 

The survey given to the students included a self-

assessment of their own leadership abilities. This involved 

a skills questionnaire developed based on the survey 

instrument created by Ahn et al. [1]. Ahn et al.’s survey 

contained 45 items specifically designed to measure 

outcomes in engineering undergraduate students related to 

leadership, adaptability to change, and synthesis abilities. 

Twenty of these items, principally the ones directly related 

to leadership, were chosen for the skills questionnaire 

(e.g. I independently initiate new individual or team 

projects). The participants were asked to rank the extent 

to which they embody each statement on a 4-point Likert 

scale. 

 
Table 1: Summary of participant demographics. 

  Fall 2014 

(n=37) 

Winter 2015 

(n=26) 

  n % n % 

Year of 

Study 

1st 4 11% 0 0% 

2nd 7 19% 10 39% 

3rd 15 41% 8 31% 

4th + 10 27% 8 31% 

Gender 
F 23 62% 14 54% 

M 14 38% 12 46% 

Previous 

attendee? 

Yes 13 35% 17 65% 

No 24 65% 9 35% 

 

3.3 Data Analysis 

 

The data from the self-assessment was analyzed by 

determining the average rating and standard deviation for 

each of the twenty question. It is worthwhile to note that 

two questions included were phrased in the negative (e.g. 

I hesitate to make crucial decisions on project-related 

issues). The complement was thus determined for the 

analysis of these two questions. 

Each of the questions were grouped into three 

categories in order to compare the data across similar 

types of skills. These three categories of skills were 

character, teamwork, and technical abilities. 

 

4. RESULTS AND DISCUSSION 
 

4.1 Overall Results 
 

The question with the lowest average rating of 2.57 

was I hesitate to make crucial decisions on project-

related issues. The highest rated question had a rating of 

3.67 and was I listen to my peers’ concerns and opinions 

even if they are different from my own. The standard 

deviations across all questions ranged from 0.48 to 0.92. 

The questions were grouped into the three categories 

and the result was seven “Character” questions, eight 

“Teamwork” questions, and five “Technical” questions. A 

comparison of these three categories can be seen in Fig. 1.  

It is notable that both in F14 and W15 the technical 

skills were rated the lowest and the teamwork skills were 

rated the highest. Research of engineering leadership 

programs has indicated that the majority of the programs 
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are taught outside the context of engineering [10]. As the 

Maier Student Leadership Program is an extracurricular 

program for students, it is no different. The lack of 

integration within the technical curriculum could be an 

explanation for the weaker technical skills. One of the 

standards within the CDIO Syllabus emphasizes the 

importance of integrating interpersonal skills into the 

engineering curriculum so that students are able to apply 

the knowledge to their future technical career [6]. 
 

 
 

Fig. 1. Results from the F14 and W15 surveys within 
the three categories of questions. 

 

4.2 Female and Male Individual Analysis 
 

Analysis of the responses from the female participants 

is shown in Fig. 2. Very little difference was observed 

from the beginning of term (F14) to the end of term 

(W15), however there was a slight increase for each of the 

three categories. 
 

 
 

Fig. 2. Female results compared from F14 to W15 
within the three categories of questions. 

 
The same data is shown for the male participants in 

Fig. 3. The male students had a slight increase in the 

categories of “Character” and “Technical,” similar to the 

female students. However the “Teamwork” category had a 

relatively large decrease.  

 
 

Fig. 3. Male results compared from F14 to W15    
within the three categories of questions. 

 

Male students have been shown to rate their team 

dynamic abilities more positively than female students 

[13]. Prior to significant leadership experience the male 

students may have rated themselves more generously in 

their teamwork abilities. However, after experience and 

realization of the difficulty of teamwork, they rated 

themselves lower at the end of the term. 

Another explanation for the decrease in teamwork 

skills could be due to challenging team experiences that 

reduced the confidence of the male students’ abilities. 

Lastly, due to the small sample size for this pilot study, 

the variation could be explained by the standard deviation. 

 

4.3 Female and Male Comparison 
 

Next, the results for female and male students were 

compared to each other. Figure 4 shows the comparison 

from the F14 data, and Fig. 5 for the W15 data.  

In F14, the male students rated themselves higher in all 

three of the categories. The largest difference was seen in 

the technical skills. Research shows that male students 

tend to have higher confidence in their technical abilities, 

[14]. Female students are often not only less confident in 

their technical abilities, but they also have less confidence 

in their ability to apply their knowledge to a career in the 

industry [15]. The issue of female confidence is important 

to address as it is believed to be one of the contributing 

factors to the gender gap in engineering, a gap that is even 

more prominent when looking at engineering leaders [7]. 

In W15, the categories “Character” and “Technical” 

were similar to the F14 results, however the male students 

rated themselves lower than the female students in 

“Teamwork.” The male’s reduced teamwork confidence 

was discussed previously based on Fig. 3. Since the 

female students did not reduce their self-assessment of 

teamwork skills, it is likely the male students over-

estimated their rating at the beginning of term prior to 

having significant leadership and teamwork experience. 
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Fig. 4. Fall 2014 Conference, comparing gender results 
within the three categories of questions. 

 

 
 

Fig. 5. Winter 2015 Conference, comparing gender 
results within the three categories of questions. 

 

Overall, the observations form this pilot students and 

the differences discussed above are relatively small based 

on the standard deviations observed. 

When analyzing the results from the individual 

questions, the one question that had the most significant 

results with the highest difference was I perceive myself to 

be technically competent. In F14, males rated themselves 

0.75 higher than females, and in W15 they rates 

themselves 0.85 higher than females. Again, this 

emphasizes the need to encourage female students to view 

themselves as technically competent individuals.  

Although male students often do rate themselves higher 

in areas such as assertiveness and intelligence, female 

students rate themselves higher on being open to new 

experiences, helpful and hardworking [3]. These areas of 

confidence in female students could be used to increase 

their technical confidence. Service-learning has been 

shown to be a useful learning tool for learning technical 

skills, particularly for female students [4]. 

 

However, the findings from this could be useful to 

develop and improve engineering leadership education 

programs based on the gaps of student competencies. 

 
5. CONCLUSIONS 

 

After a year of leadership experience and mentorship 

from the Maier Student Leadership Program, a slight 

increase in students’ leadership skills was observed, 

however further data is required to validate these results. 

The study’s findings can be used to improve engineering 

leadership programs in order to address the gaps being 

observed in students’ skills.  

From the survey, it is evident that engineering student 

have the lowest confidence in their technical abilities as 

leaders. Female student leaders had a particularly low 

confidence in their technical abilities. Integration of 

engineering leadership education within the content of the 

curriculum would be an important step to improve 

students’ technical confidence. 

Future studies will collect further data, comparing the 

results from students who participated in leadership 

activities to those who did not. An increased number of 

participations will also allow for the data to be broken 

down for analysis of different demographic groups, 

including year of study and ethnic background. 
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