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Does Major Matter? 

A Look at what Motivates 

 Engineering Students in Different Majors 
 
Abstract 

 

We have found that students’ engineering major does matter when looking at what motivates 
them to study engineering. This may lead to support programs that are better tailored to the 
students they serve. In addition, these findings may be important in shaping engineering 
curricula to attract and retain students of different majors. 
 
Using data from the Academic Pathways of People Learning Engineering Survey (APPLES), a 
national survey of 21 institutions aimed at identifying and characterizing undergraduate students’ 
motivations to study engineering.  Using demographic information about engineering major, year 
in school, and gender, we have determined there are statistically significant differences in the 
motivational factors between women and men and between students of different majors. The six 
engineering majors that we compared include: mechanical, electrical, chemical, industrial, 
aerospace and bioX (a compilation of biology-related majors).  
 

Using t-tests and analysis of variance tests (ANOVAs), the trends across majors and gender for 
intrinsic psychological motivation, intrinsic behavioral motivation, social good motivation, 
financial motivation, mentor influence motivation, and parental motivation to study engineering 
were explored.  
 
Our findings show that there are significant differences in the level of motivation for students of 
different engineering majors. For men, the level of intrinsic behavioral motivation to study 
engineering is significantly lower for industrial engineering students than for mechanical or 
aerospace engineering students. For women, the levels of intrinsic behavioral, intrinsic 
psychological, and financial motivation vary greatly according to engineering major. These 
findings suggest treating these groups individually when considering motivational factors of 
undergraduate engineering students.  
 

Introduction 

 

In this paper a comparative analysis of motivational factors by engineering major is presented to 
shed light on how various dimensions of the undergraduate engineering experience may be 
different for students in different majors. 
 

We are interested in looking at motivation for several reasons. The goals of the NSF-funded 
Center for the Advancement of Engineering Education (CAEE) were to “identify ways to boost 
the numbers of students who complete engineering degrees (including increasing the numbers of 
women and traditionally underrepresented groups)” and to “better support those enrolled in 
engineering programs”1,2 Identifying similarities and differences between groups of engineering 
students would provide useful information to those trying to support these students and may lead 
to a better understanding of women engineering students.  
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In addition, there has been work on reasons influencing students’ decision-making with regards 
to choice of major in the literature. Generally speaking, there is strong evidence showing that the 
choice of undergraduate major has a significant net impact on earnings.3  The framework of the 
determinants of student choice of undergraduate major field developed by Cebula and Lopes 
(1982) suggested that monetary variables (expected future earnings) are an important factor 
when selecting a major field of study.4 

 
Fisher et al. (1997) explored the reasons why students choose computer science as a major and 
why they follow through on getting the degree.5 Fisher’s findings indicate that while men are 
mostly motivated to continue with computer science due to their intrinsic interest, women have a 
broader range of motivational factors.5 In building on this literature, we are looking at what 
motivates students to study engineering in six different engineering majors.  Our results are 
similar to Fisher’s in our focus on gender differences and showing that what motivates women is 
different for women of different majors.  These trends begin to suggest that changes may be 
needed in programs and curriculum to better support the different motivation patterns of men and 
women. 
 

Background on Instrument 

 

The goal of the Center for the Advancement of Engineering Education’s Academic Pathways 
Study (APS) is to understand the engineering student learning experience.  The online Academic 
Pathways of People Learning Engineering Survey (APPLES), was deployed in the Spring of 
2008 to over 4000 undergraduate engineering students at 21 different institutions.  The survey 
and took about 10 minutes to complete and participants were paid $4.6, 7, 8  
 
The 21 APPLES institutions were selected to broadly represent American undergraduate 
engineering students.  We used multiple criteria in sampling institutions, including Carnegie 
classification; student body composition by ethnicity, gender, and enrollment status; institution 
size; geographical location; type (public or private), and number of transfer students.6, 7, 8  
 
At the core of the APPLES instrument are a set of variables that influence undergraduates’ 
persistence in the engineering major, including motivation to study engineering. The survey 
probed six factors affecting motivation: financial, parental influence, social good, mentor 
influence, intrinsic psychological, and intrinsic behavioral. Table 1 summarizes these definitions.  
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Motivational 
Factor 

Description 

Financial 
motivation to study engineering due to the belief that engineering will 
provide a financially rewarding career

9, 10
 

Parental 
Influence 

motivation to study engineering due to parental influences
9, 10

 

Social Good 
motivation to study engineering due to a belief that engineers improve the 
welfare of society

9, 10
 

Mentor 
Influence 

motivation to study engineering due to the inspiration or encouragement of 
a mentor either within the university or outside the university

11
 

Intrinsic 
Psychological 

motivation to study engineering due to intrinsic psychological reasons 
related to interest in the engineering field

11
 

Intrinsic 
Behavioral 

motivation to study engineering due to intrinsic reasons that are 
behavioral, practical, and hands-on in nature

11
 

Table 1. Motivational factors with what the construct was designed to measure.  
 

Methodology 

 

In APPLES, students reported their current or first choice of major in addition to their second 
choice or second major/minor.  For this paper we limited our scope to the current or first choice 
of major so as to allow for each student to be counted only once in the cross-major comparisons.  
 
Our analysis included only juniors and seniors.  We believe these students were more likely than 
underclassmen to graduate in the major they selected (thereby minimizing responses from 
students who may later decide to transfer out of the major).  Furthermore, we expect that juniors 
and seniors have completed more major-specific coursework resulting in responses that reflect a 
more complete picture of the specific major’s engineering curriculum. We did not include 5th 
year (or more) seniors in our analysis.  
 
In order to determine the effects of collapsing men and women students of both junior and senior 
level standing into one group representing their engineering major, we first tested for statistically 
significant differences between these groups for students studying mechanical engineering.  
Using independent t-test comparisons, we chose to take a closer look at the similarities and 
differences within a major using the mechanical engineering students since we had the most data 
for this major. Table 2 shows the number and breakdown of mechanical engineering students in 
our data set.  
 
 Juniors Seniors Total 

Women 54 52 106 

Men 194 195 389 

Total 248 247 495 

Table 2. Number of mechanical engineering students in APPLES data set by gender and 
academic standing.  
 
Using independent t-tests, we compared these students by class standing and gender.  Table 3 
depicts these results. We found no statistically significant differences in motivational factors 
between mechanical engineering juniors and seniors either overall or when looking at only 
women or only men.  We did, however, find that women and men in the major had statistically 
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significantly different responses for intrinsic behavioral motivation (p<0.001), mentor influence 
on motivation (p<0.001), and parental influence on motivation (p<0.05).   
 
 All Jr Sr 

 sig. W M sig. W M sig. W M 

Financial none 67.1 64.4 none 66.7 63.7 none 67.5 65.1 

Parental Influence * 17 10.7 * 19.4 10.8 none 14.4 10.6 

Social Good none 77 75.7 none 77 75.2 none 77.1 76.2 

Mentor Influence *** 49.4 34.9 *** 47.9 33.9 *** 51 35.9 
Intrinsic 
Psychological none 81.4 82 none 79.7 81.5 none 83.2 82.5 

Intrinsic Behavioral *** 82.5 91.7 ** 82.4 92.3 * 82.7 91 

Table 3. Comparison of motivations to study engineering for mechanical engineering men and 
women of junior and senior standing. ***p<0.001; **p<0.01; *p<0.05   
 
Table 3 presents the means of the six motivational factors for mechanical engineering majors and 
the results of the independent t-tests by gender. There were no significant differences found 
between juniors and seniors. The means for each factor are presented on a normalized scale of 0 
(low motivation) to 100 (high motivation).  
 
We performed similar analyses of the other majors, separating men and women subjects due to 
these observed differences and gender oversampling. Since the responses of the juniors and 
seniors in mechanical engineering were similar and the statistical power that would be gained 
from increasing the number of respondents for the analyses, we collapsed the juniors and seniors 
within each major.  
 
We selected six engineering majors for comparison: mechanical, electrical, chemical, industrial, 
aerospace and bioX.  BioX engineering represents all biology-related engineering majors (e.g. 
biosystems engineering, biomechanical engineering, etc.) in the sample. We selected these six 
majors because of the broader picture they represent. These majors are offered at many 
institutions, and the APPLES data set for each of these six majors contains data from at least nine 
of the 21 APPLES schools. Table 4 shows the distribution of juniors and seniors by gender for 
each major. The juniors and seniors are combined throughout the rest of this analysis. The 
women and men are kept separate.  
 
 Number of Women Number of Men  

Major Juniors Seniors Total Juniors Seniors Total TOTAL 

Aerospace 8 4 12 41 34 75 87 

Chemical 41 19 60 30 12 42 102 

Electrical 24 32 56 107 113 220 276 

Industrial 48 21 69 39 30 69 138 

Mechanical 54 52 106 194 195 389 495 

BioX 23 28 51 34 20 54 105 

Table 4. Number of student responses by major, gender, and academic standing.  
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Independent T-tests 

 

We conducted independent t-tests for each of the other majors: electrical engineering, chemical 
engineering, industrial engineering, bioX engineering, and aerospace engineering.  We compared 
the responses given by women to the responses given by men for each motivational factor. The 
results from these independent t-tests are displayed in Tables 5 thru 10 in the Results section; 
highlighted values indicate a statistically significant difference in responses between women and 
men. 
 
Paired T-tests 

 

We also conducted paired t-tests comparing the responses for each of the motivational factors.  
This allowed us to rank the motivational factors according to their means for each major and by 
gender. A different rank was given for a particular motivational factor when the paired t-tests 
indicated a statistically significant difference (p<0.001) between that motivational factor and any 
of the other similarly ranked factors. These results are also displayed in Tables 5 thru 10.  
 
Analysis of Variance 

 

We also conducted the analysis of variance test (ANOVA) to compare responses for each 
motivational factor by major. The Welch and Brown-Forsythe tests were used to determine 
which motivational factors had statistically significant differences.  We chose to use these tests 
due to the differences in the sample sizes among majors.  Table 4 shows the differences in 
sample sizes when comparing women of different majors or men of different majors. 
 
For women, highly statistical differences (p<0.001) exist among majors for Intrinsic Behavioral 
Motivation, Intrinsic Psychological Motivation, and Financial Motivation.  For men, there were 
statistical differences (p<0.001) for Intrinsic Psychological Motivation.   
 
We then conducted a Dunnett’s C multiple comparisons test to determine which majors were 
significantly different from each other.  The average value for each major’s response for each 
motivational factor is represented in Figures 1 and 2.  Curved brackets indicate the significantly 
difference pairs according to the Dunnett’s C test with significance at 0.001 or less.  
 
Results 

 

Our findings indicate there are significant differences between majors with respect to students’ 
motivations to study engineering.  These results are confounded by gender.  
 
Gender differences within a major 

 

In comparing men and women within a major, only mechanical engineers and industrial 
engineers had statistically significant differences at the p<0.001 level (highlighted in Tables 5 
and 8).  Women in industrial engineering are less intrinsically behaviorally motivated than men. 
Women in mechanical engineering are also significantly less intrinsically behaviorally motivated 
and more motivated to study engineering due to mentor influence than men.  The general 
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agreement between women and men within a major, shown without highlighting in Tables 5 thru 
10, indicates that men and women studying the same major are similarly motivated.  
 
Ranking motivations within major by gender 

 

Men in mechanical engineering, electrical engineering, and aerospace engineering had the same 
hierarchical ranking order of motivational factors: intrinsic behavioral, intrinsic psychological, 
social good, financial, and mentor influence followed by parental influence (Tables 5, 6, and 10). 
While men in chemical, industrial, and bioX engineering majors had some factors with the same 
rank, the order of the motivational factors did not change for students in these majors as some 
factors were grouped together (Tables 7, 8, and 10). 
 
Women, on the other hand, had more variability in what factors were ranked highest in addition 
to fewer significant differences between motivational factors; as a result, many of the 
motivational factors were ranked at the same level. Chemical and industrial engineering female 
students ranked intrinsic behavioral motivation fourth out of six. The same factor was ranked 
number one for the other women students and all of the male engineering students.  
 
Another notable result is that mentor influence and parental influence are ranked at or near the 
bottom for all the majors for men and women alike.   
 
 Mechanical Engineering Students 

 Mean Value Overall Rank 

Motivational 
Factor Men Women Men Women 

Intrinsic Behavioral 91.7 82.5 1 1 

Intrinsic 
Psychological 82 81.4 2 1 

Social Good 75.7 77 3 1 

Financial 64.4 67.1 4 4 

Mentor Influence 34.9 49.4 5 5 

Parental Influence 10.7 17 6 6 

Table 5. Mean values and ranking of motivational factors for upperclass men and women in 
mechanical engineering. Significant differences at the p<0.001 level are highlighted.  
 
 Electrical Engineering Students 

 Mean Value Overall Rank 
Motivational 
Factor Men Women Men Women 

Intrinsic Behavioral 86.5 86.1 1 1 

Intrinsic 
Psychological 81.4 87.3 2 1 

Social Good 76.2 83.1 3 1 

Financial 66.1 72.6 4 4 

Mentor Influence 35.5 39 5 5 

Parental Influence 15.8 19.6 6 6 

Table 6. Mean values and ranking of motivational factors for upperclass men and women in 
electrical engineering. There were no significant differences between men and women. 

P
age 14.500.7



 
 Chemical Engineering Students 

 Mean Value Overall Rank 

Motivational 
Factor Men Women Men Women 

Intrinsic Behavioral 75.4 63.9 1 4 
Intrinsic 
Psychological 81.3 75.9 1 1 

Social Good 81.2 76.9 1 1 

Financial 63.2 68.9 4 1 

Mentor Influence 30 43.3 5 5 

Parental Influence 12.7 18.1 5 6 

Table 7. Mean values and ranking of motivational factors for upperclass men and women in 
chemical engineering. There were no significant differences between men and women.  
 
 Industrial Engineering Students 

 Mean Value Overall Rank 

Motivational 
Factor Men Women Men Women 

Intrinsic Behavioral 72.6 55.3 1 4 

Intrinsic 
Psychological 73.6 65 1 1 

Social Good 72.2 68.9 1 1 

Financial 71.2 73.3 1 1 

Mentor Influence 37.2 34.5 5 5 

Parental Influence 13.9 23.8 6 5 

Table 8. Mean values and ranking of motivational factors for upperclass men and women in 
industrial engineering. Significant differences at the p<0.001level are highlighted. 
 
 BioX Engineering Students 

 Mean Value Overall Rank 
Motivational 
Factor Men Women Men Women 

Intrinsic Behavioral 81.2 72.2 1 1 
Intrinsic 
Psychological 78 76.7 1 1 

Social Good 75.3 77.1 1 1 

Financial 59.5 51.9 4 4 

Mentor Influence 30.2 36.2 5 4 

Parental Influence 18.8 17.3 5 6 

Table 9. Mean values and ranking of motivational factors for upperclass men and women in bioX 

engineering. There were no significant differences between men and women. 
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 Aerospace Engineering Students 

 Mean Value Overall Rank 

Motivational 
Factor Men Women Men Women 

Intrinsic Behavioral 90.9 86.1 1 1 
Intrinsic 
Psychological 81.4 90.7 2 1 

Social Good 72.5 83.3 3 1 

Financial 62 50 3 4 

Mentor Influence 35.3 57.6 5 4 

Parental Influence 12.2 4.1 6 6 

Table 10. Mean values and ranking of motivational factors for upperclass men and women in 
aerospace engineering. There were no significant differences between men and women. 
 
Discussion 

 
Male engineers appear to be motivated similarly across the different engineering majors except 
for intrinsic behavioral motivation as seen on Figure 1. For intrinsic behavioral motivation, there 
is significant difference (p<0.001) between mechanical engineering students and industrial 
engineering students and between aerospace engineering students and industrial engineering 
students. Further investigation into the curriculum for each major may indicate a link between 
opportunities for hands-on building within an engineering major curriculum and intrinsic 
behavioral motivation.  
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Figure 1. Men’s mean level of motivation by engineering major for each motivational factor. 
Each motivational factor is presented on a normalized scale of 0-100. Significant differences 
(p<0.001) between pairs are indicated by curved braces.  
 
Motivation to study engineering for women is different from men and different among majors. In 
Figure 2, for women, the means for each major are spread over a larger range than they are for 
men as seen in Figure 1. This range is statistically significant (p<0.001) for intrinsic behavioral, 
intrinsic psychological, and financial motivational factors. The level of intrinsic behavioral 
motivation to study engineering is significantly different (p<0.001) between students majoring in 
industrial engineering and mechanical engineering, industrial engineering and electrical 
engineering, and chemical engineering and electrical engineering. The level of intrinsic 
psychological motivation to study engineering is also significantly different between those 
majoring in industrial engineering and electrical engineering and those majoring in industrial 
engineering and mechanical engineering. Students’ level of financial motivation differs between 
industrial engineering students and bioX engineering majors.  
 

  Behavioral   Psychological   Social Good   Financial     Mentor     Parental 
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Women Motivation by Major
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Figure 2. Women’s mean level of motivation by engineering major for each motivational factor. 
Each motivational factor is presented on a normalized scale of 0-100. Significant differences 
(p<0.001) between pairs are indicated by curved braces.  
 

Most of the majors had high levels of motivation for each of the motivational factors considered, 
yet industrial engineering women had much lower levels for each of the motivational factors. We 
are not claiming that these women are less motivated to study engineering, although that may be 
one explanation.  There are also other motivational factors that we did not inquire about in the 
APPLES instrument.  Some possibilities for additional motivational factors could include: a 
“coolness” factor to the major, flexibility of the degree plan and/or post-graduation plans, 
prestige of a degree, and interactions with peers.  
 

Conclusions 

 

Using data from the Academic Pathways of People Learning Engineering Survey (APPLES), we 
sought a better understanding of undergraduate engineering students’ motivations relative to 
their majors.  
 
In terms of gender, men and women are for the most part similar in their motivations to study 
engineering in the six majors analyzed. We found no statistically significant differences 
(p<0.001) between women and men’s levels of motivation in the six motivational factors that 
were explored for electrical engineering students, chemical engineering students, aerospace 
engineering students, and bioX engineering students. In addition, behavioral motivation to study 
engineering ranks more highly than other motivational factors for men while women have a 
range of motivational factors that are ranked more equally. The level of motivation that women 
feel from intrinsic behavioral motivation, intrinsic psychological motivation, and financial 
motivation varies by major. This shows us that we cannot simply group all students together 

  Behavioral   Psychological   Social Good   Financial     Mentor     Parental 
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when describing engineering students especially women, whose motivational factors vary by 
major.  
 
The work presented here may allow for changes to be made in support programs and engineering 
curriculum so that they better meet the needs of women and men in each of the engineering 
disciplines by addressing the motivational factors that are specific to each group.  
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