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This study sought to examine the design of Industrial Engineering introductory courses with students’ career outcomes in

mind. Specifically, this study focuses on career efficacy, or students’ perceptions of their ability to succeed in a particular

career field. Syllabi were reviewed in order to gain knowledge of variations in introductory course content and structure.

231 undergraduate Industrial Engineering students in theUnited States completed a 41 question survey that included four

parts: student information, career efficacy, course information, and course evaluations. Survey responses indicated a

significant increase in career efficacy in discipline-specific courses when compared with general introductory courses.

Upperclassmen also reported significantly higher career efficacy than underclassmen. Students who reported enjoying the

introductory course, as demonstrated by measures of satisfaction with the course, also had higher efficacy scores. The

implications of study findings on the design of introductory courses in Industrial Engineering are discussed.
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1. Introduction

Self-efficacy is often referenced as a predictor of

student success in undergraduate engineering pro-

grams. Successful students often have high levels of

self-efficacy, whereas students with low self-efficacy

have a greater tendency to falter. There is no clear

agreement on whether self-efficacy leads to success
or vice versa, yet the relationship is nonetheless

critical. As educators we should attempt to impact

student self-efficacy positively early in the under-

graduate programs. Within engineering, students

often associate their chosen major with their in-

tended career field. The examination of career

efficacy, students’ beliefs regarding their aptitude

for success in their chosen career field, is essential
throughout a student’s academic program.

The choice of an academicmajor is often explored

through an introductory course in a student’s home

college or department. Many Industrial Engineer-

ing programs offer introductory courses that cover

discipline-specific topics as well as general student

success strategies. At the college level, introductory

courses are typically used to introduce students, in
one course, to the many different fields of engineer-

ing. Introductory courses that are well designed

should increase students’ career efficacy and rein-

force their selection of a career field.

2. Literature review

Several studies have examined the design of intro-

ductory courseswith a focus on improving retention

rates in the respective major or college, but few

studies have reported success. A successful attempt

was presented by Hoit et al., in which a lecture-

based general engineering introductory course was

converted to a laboratory-based course that en-
gaged students in ‘hands-on’ activities for each

undergraduate engineering discipline. The college

experienced significant improvements to retention

in engineering, measured as being in engineering at

the start of the third year, with the altered course

structure [1]. Courter et al. studied the effects of

implementing an interdisciplinary design project to

a traditionally lecture-based course but found no
evidence of improvements in engineering retention,

measured as being in engineering at the start of the

second sophomore semester [2]. Similarly,Hatton et

al. altered a traditional ‘Introduction to Engineer-

ing’ course to include more focus on student devel-

opment and professional skills rather than solely

providing an overview of engineering disciplines.

Again, no significant improvements in retention
within an engineering program were observed [3].

Other approaches to introductory course design

have been proposed, such as the multidisciplinary

course experimented with by Morris. This course

covered two semesters and included multiple design

projects and a wide range of engineering topics [4].

Similar to retention rates, academic outcomes

such as degree attainment and grade point average
are also commonly focused on in evaluating course

effectiveness. Literature suggests that another out-

come, students’ efficacy beliefs, may also be an

important measure of course effectiveness [5]. Ban-

dura [6] defines self-efficacy as a person’s perception

of his abilities to complete a task successfully. Self-
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efficacy can have a positive or negative influence on

a person’s behavior. Self-efficacy beliefs of under-

graduate students in STEM (i.e. Science, Technol-

ogy, Engineering and Mathematics) majors have

been linked to success and persistence within these

fields [7]. Additionally, self-efficacy beliefs have
been shown to affect interest, expectations, satisfac-

tion, and choices of engineering students [8–10].

Shull and Weiner suggest that class design could

impact student self-efficacy, particularly for under-

represented students [11].

Self-efficacy has been shown to impact not only

studentperformancebutalso student career choices.

Students who felt confident in their choice of career
werefoundtobemorepersistent [12,13]andconsider

more career opportunities [14] throughout their

academic careers. Throughout a student’s academic

career, confidence and self-efficacy related to the

attainment of academic milestones is an important

predictor of a student’s desire to be an engineer [15,

16]. The impact of self-efficacy on student success

tends to be higher for first year engineering students
and transfer students [17]. First year engineering

student self-efficacy can be influenced by mastery

experiences, student satisfaction, student motiva-

tion, and social persuasions [18].

Previous work examined self-efficacy beliefs of

students in relation to their expectations and per-

ceptions of a first-year engineering course. Results

showed that the gap between students’ expectations
and their perceptions of a course was significantly

related to academic, team, and career efficacy. The

three efficacy types addressed a student’s confidence

related to individual academic performance in a

course (academic efficacy), team performance on

group assignments (team efficacy), and success in

the chosen career field and related academic pro-

gram (career efficacy). Self-efficacy beliefs were also
found to be significantly related to student satisfac-

tion [19]. This study further examined the self-

efficacy beliefs of engineering students by focusing

on career efficacy, or student perceptions of their

ability to succeed beyond degree attainment. Effec-

tive introductory courses should foster career effi-

cacy, resulting in students who are confident in their

abilities to succeed in the Industrial Engineering
field. This study examined the aspects of introduc-

tory course design that may positively influence

students’ career efficacy beliefs. Specific hypotheses

include:

H1. Discipline-specific introductory courses are

positively correlated with career efficacy.
H2. Laboratory-based introductory courses are

positively correlated with career efficacy.

H3. Increased career efficacy from introductory

courses is confounded by demographic factors.

H4. Upperclassmen have higher levels of career

efficacy than underclassmen.

H5. Satisfaction with introductory courses is posi-

tively correlated with career efficacy.

Initial findings have been previously reported [20]
and are expanded upon in this paper.

3. Methodology

3.1 Syllabi review

Introductory course syllabi from various Industrial
Engineering programs were reviewed in order to

investigate variations in course content and struc-

ture. Among the syllabi that were reviewed, intro-

ductory courses ranged from zero to three credit

hours, which is indicative of the range of depth in

content covered in these courses. Course types

differed among strictly lecture based courses, com-

bination lecture and laboratory courses, and pri-
marily laboratory courses. Industrial Engineering

topics that were commonly covered included: basic

statistics, engineering economy, human factors and

ergonomics, queuing theory, work measurement,

quality engineering, and project management.

Other professional topics that were commonly ad-

dressed included: engineering ethics, study skills,

career opportunities, professional societies, and
résumé development. While a small number of

courses used Industrial Engineering introductory

textbooks such as Turner, Mize, Case, and Naze-

metz’s Introduction to Industrial and Systems En-

gineering [21], other courses relied on supplemental

reading with a focus on industrial engineering

principles or professional development. Examples

include Goldratt’s The Goal [22] and Covey’s Seven
Habits ofHighly Effective People [23].Grade assign-

ment typically included attendance or participation,

homework assignments, tests and quizzes, and some

courses included a course project as a large portion

of the final grade.Knowledge of variations in course

content and structure was helpful in identifying

areas that should be addressed in the student survey.

3.2 Survey development

The goal in data collection was to assess aspects of

introductory course design in relation to student

satisfaction and career efficacy beliefs. A 48-item

online survey was created using a survey hosting

website. The survey contained four sections: demo-

graphics (20 questions), course information (15

questions), career efficacy (4 questions), and course

evaluation (9 questions). The course information
section addressed the content and structure of the

introductory course taken (delivery method, credit

hours, class size, instructor, grade assignment, to-

pics covered) as well as when students took the

L. Strawderman and L. Ruff1020



course and what grade they received. The course

evaluation section addressed students’ likes, dis-

likes, and overall satisfaction with the introductory

course that they took. Career self-efficacy, as a
measure of how confident a student is with his or

her chosen career field, has been measured using the

Occupational Self-Efficacy Scale (OSES) [24] and

the Task Specific Occupational Self-Efficacy Scale

(TSOSS) [25]. However, neither of these surveys

focuses on one academic career field. Therefore,

four questions specific to students’ perceptions of

their ability to succeed in Industrial Engineering
were created. Questions addressing career efficacy

and satisfaction are shown in Tables 1 and 2,

respectively. Each question was formatted using a

5-point Likert scale, with 5 representing ‘Strongly

agree’ and 1 representing ‘Strongly disagree.’

3.3 Participants

A recruitment e-mail containing the survey link was

issued to all undergraduate Industrial Engineering

programs in the country. Upon completing the

survey, participants were given the option of enter-

ing a draw to receive compensation. Five partici-

pants were chosen at randomand a $50 gift cardwas
mailed to the winners.

A total of 273 students took the online survey.

With incomplete responses removed, 231 responses

were complete and usable for data analysis. Among

the participants, approximately 57% were male and

43%were female. Regarding classification, approxi-

mately 65% of respondents were seniors, 19% were

juniors, 13% were sophomores, and 3% were fresh-
men. Transfer students (from junior colleges or

other universities) accounted for 28% of respon-

dents. Approximately 68% of respondents had a

GPA above 3.00. Among the 68% of participants

who had prior work experience, 62% had worked as

a cooperative education student or interned in

Industrial Engineering. Regarding the type of in-

troductory course that participants had taken,

approximately 84% had completed an introductory

course in Industrial Engineering, while most of the
others (15%) had completed a general engineering

introductory course. The remaining respondents

reported having completed an introductory course

for engineering and science majors or some other

type of introductory course. Approximately 49% of

respondents reported having taken an introductory

course with both lecture and laboratory compo-

nents, while 48% of respondents reported that they
took a lecture-based introductory course. The re-

maining respondents (2%) reported having taken a

laboratory only course.

After downloading raw data from the survey

host, Likert-scale responseswere coded for analysis.

Descriptive analysis and hypothesis testing were

performed using MINITAB, using a significance

level of a = 0.05.

4. Results

An overall career efficacy score was calculated by

averaging responses for each of the four efficacy

questions. The mean overall career efficacy for all

respondents was 4.27 with a standard deviation of

0.74. The ten survey items were also tested with
regards to inter-item reliability. The Cronbach’s

alpha values for career efficacy (0.8557) and satis-

faction (0.9118) show a high reliability among the

survey items. The following sections investigate

differences in career efficacy based on course struc-

ture, demographics, and student satisfaction, with

selected results presented graphically in Fig. 1.

4.1 Course structure

The design and delivery of an introductory course is

the first aspect of the results that were investigated.

A significant difference was found in average career

efficacy when examining the type of introductory

course taken (F = 3.34, p = 0.037). Students who
took a discipline-specific (Industrial Engineering)

course had higher career efficacy when compared

with those who took a general engineering intro-

ductory course (Table 3). This supports the first

hypothesis that discipline-specific introductory

courses lead to higher career efficacy scores. There

was no statistical support for the second hypothesis

that course structure (lab versus lecture) impacted
career efficacy. No significant difference was found

between students’ scores based on the course struc-

ture (F = 0.16, p = 0.851). Additionally, no signifi-

cant relationship was found between the number of
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Table 1. Career efficacy survey questions

1. I’m certain that I can be successful in my Industrial
Engineering program.

2. I’m confident that I canmaster the skills needed for the field of
Industrial Engineering.

3. I’m confident that I can overcome challenges in my Industrial
Engineering career.

4. I’m certain that Industrial Engineering is the right career
choice for me.

Table 2. Satisfaction survey questions

1. The course increased my desire to become an industrial
engineer.

2. I learned new information about Industrial Engineering in the
course.

3. The course taught me information that will be useful in my
career.

4. The course was critical to my Industrial Engineering
education.

5. I enjoyed taking this course.
6. The course is worthwhile for Industrial Engineering students.



credit hours offered in the course and career efficacy
(F = 0.15, p = 0.964).

Two additional factors were found to impact

efficacy significantly when individual efficacy ques-

tions (Table 1) were explored. First, the faculty that

taught the class significantly impacted the scores on

the first (F = 2.70, p = 0.047) and second (F = 5.18,

p = 0.002) efficacy questions. For both efficacy

questions, scores based on courses led by IE faculty
were significantly higher than those led by non-IE

faculty. Therewas nodifference between other types

of instructors (e.g. department head, dean, industry

professor).

4.2 Demographic factors

The efficacy results were also analyzed based on

various demographic factors, as shown in Table 4.

Student classification proved to impact average

career efficacy significantly (F = 2.98, p = 0.032),

as predicted in the third and fourth hypothesis.
Higher classification levels (juniors and seniors)

had significantly higher efficacy scores than lower

classification levels. However, no other demo-

graphic factors had an individual significant impact

on average career efficacy scores. This included

gender (F = 0.68, p = 0.410), co-op experience (F =

1.29, p=0.257), transfer student status (F=0.02, p=

0.886), and GPA (F = 1.39, p = 0.227). GPA
significantly impacted the scores on the third effi-

cacy question (F = 1.97, p = 0.085). While no two

GPA groups were different from one another, a

trend was apparent. The higher the GPA category,

the higher the score on the third efficacy question.

4.3 Student satisfaction

The impact of student perceptions/satisfaction with

the introductory coursewas also examined to see if a

significant impact on career efficacy existed. As
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Fig. 1. Average efficacy based on course type, classification, and GPA.

Table 3. Impact of course structure on average career efficacy

Variable
Sample
size Mean

Standard
deviation

Type of introductory course taken (F = 3.34, p = 0.037)
Industrial Engineering 194 4.32 0.68
General Engineering 35 3.98 1.01
Engineering & Sciences 2 4.00 0.00

Introductory course structure (F = 0.16, p = 0.851)
Lecture-based 112 4.24 0.82
Lecture/Lab combination 114 4.29 0.68
Laboratory-based 5 4.20 0.54

Number of credit hours in introductory course (F = 0.15, p = 0.964)
Zero 4 4.38 0.43
One 66 4.26 0.79
Two 45 4.22 0.87
Three 99 4.30 0.70
Four 17 4.19 0.54



shown in Table 5, students with higher satisfaction

scores also had higher average efficacy scores. This

relationship was shown to be significant (F = 8.66,
p < 0.001), as predicted in the fifth hypothesis.

Additionally, satisfaction and career efficacy scores

were significantly correlated (r = 0.335, p < 0.001).

The grade that a student received in the introduc-

tory course also had a significant impact on career

efficacy (F = 2.74, p = 0.030). Students who received

an ‘A’ in the course had significantly higher efficacy

scores than those who received a ‘B.’ There were not
enough participants who reported lower letter

grades in the courses to analyze those responses

meaningfully.

The first satisfaction question related to a stu-

dent’s desire to become an industrial engineer. That

individual question was analyzed individually as it

was most closely related to career self-efficacy.

Responses on the first satisfaction question were

significantly impacted by course credit hours (F =

2.21, p = 0.069), course structure (F = 3.44, p =

0.018), and faculty (F= 2.91, p= 0.022). The highest
scores for the first satisfaction question were

achieved for courses with three credit hours, a

lecture/laboratory combination structure, and IE

faculty leading the course.

4.4 Predictive model of efficacy

A predictive regression equation was created to

explore the relationship between student demo-

graphics and average career efficacy. A stepwise

regression model, Equation (1), identified two de-

mographic factors as significant for predicting aver-

age efficacy: classification and GPA. The regression

model is significant (F = 5.85, p = 0.003) although it

accounts for a relatively low amount of variance
associated with average efficacy (R—Sq(adj) =

4.1%).
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Table 4. Impact of demographics on average career efficacy

Variable
Sample
size Mean

Standard
deviation

Gender (F = 0.68, p = 0.410)
Male 131 4.30 0.67
Female 100 4.22 0.83

Classification (F = 2.98, p = 0.032)
Freshman 7 3.68 1.22
Sophomore 43 4.08 0.97
Junior 151 4.34 0.66
Senior 30 4.28 0.53

Co-op/Intern experience in industrial engineering (F = 1.29, p = 0.257)
Yes 101 4.33 0.76
No 130 4.22 0.73

Transfer student status (F = 0.02, p = 0.886)
Transfer student 51 4.28 0.83
Non-transfer student 180 4.27 0.72

GPA (F = 1.39, p = 0.227)
4.00 8 4.38 0.46
3.50–3.99 70 4.35 0.62
3.00–3.49 88 4.25 0.87
2.50–2.99 56 4.25 0.68
2.00–2.49 8 3.75 0.81
Below 2.00 1 3.25 —

Table 5. Impact of student satisfaction on average career efficacy

Variable
Sample
size Mean

Standard
deviation

Average satisfaction with introductory course (F = 8.66, p < 0.001)
>4.00 125 4.41 0.60
3.00–3.99 74 4.16 0.81
2.00–2.99 28 4.14 0.57
<2.00 4 2.75 2.06

Grade received in introductory course (F = 2.74, p = 0.030)
A 168 4.32 0.69
B 43 3.95 0.96
C 5 4.50 0.50
No grade assigned 12 4.54 0.33
Pass 3 4.25 0.66



y ¼ 3:39þ 0:151x1 þ 0:0902x2; ð1Þ

where y = average efficacy; x1 = classification level
(1=freshman,2=sophomore,3=junior,4=senior);

x2 = GPA level (1 = below 2.00, 2 = 2.00–2.49, 3 =

2.50–2.99; 4 = 3.00–3.49, 5 = 3.50–3.99, 6 = 4.00).

Based on the regression model, it is apparent that

students’ average efficacy will increase as they pro-

gress through their program and thereby increase

their classification level. Additionally, students with

higher GPAs will also have higher efficacy levels.

4.5 Qualitative results

Student participants also answered open-ended

questions in the survey about what they liked,

disliked, and would change about the introductory

course they took. These qualitative responses pro-

vided additional insight into course factors that

promote success within undergraduate industrial

engineers beyond the results found in quantitative
responses.

One common response was the high value that

students placed on teamwork in introductory

courses. Students reported teamwork as a valuable

experience because it led to both a hands-on ap-

proach to learning as well as an opportunity to

foster relationships with other students in the

course. From one student’s perspective, team
work in their introductory course ‘helped establish

friends and colleagues in the department. Since then, I

have had a friend in almost every class that I’ve taken,

which has helped me perform better in classes.’

Another student referred to team experience as

‘invaluable, even if we lack technical proficiency in

Industrial Engineering techniques for problem sol-

ving.’
Additionally, many responses referenced the use

of guest speakers from industry who visited intro-

ductory courses. Those students who took courses

that included outside industry speakers reported an

increased understanding and appreciation of the

career field after these talks. Many of the aspects

mentioned for change within the course dealt with

bringing in more guest speakers or visiting more
workplaces in order to enlighten students from an

industry perspective.

Students overwhelmingly reported an apprecia-

tion of the broad range of Industrial Engineering

topics covered in many of the introductory courses.

According to one student, the best part of the

introductory course was that it ‘covered many areas

of Industrial Engineering and really showed what IE

is all about.’ Some students even connected these

topics to their decision to pursue Industrial Engi-

neering as a career: ‘It helped me finally come to the

solid conclusion that I wanted to become an IE.’

5. Discussion

The results presented above identify a number of

relationships that can be used to improve student

career efficacy through the design of introductory

courses. Before describing those action items, how-

ever, one must begin by noting the high average

career efficacy of all student respondents, 4.27. This
average speaks very highly of the current state of

Industrial Engineering education in preparing stu-

dents tobe confident engineers in thefield.However,

not all students reported a high career efficacy, as

evidenced by the large variance in the responses (s =

0.74). Additional improvements can be made to

introductory courses to minimize this gap and help

all students toachieveahigher levelofcareerefficacy.
With regards to student factors, it should not be

surprising that senior level students had higher

efficacy scores. As students progress through an

academic program, they are exposed to more topics

and courses related to the field, which serves to

validate their choice of profession. Students who

have decided that Industrial Engineering was not

the correct field for them would likely change
departments or programs before progressing to

upperclassmen status. This matriculation of stu-

dents also helps to explain the difference between

classification levels.

With respect to course design, discipline-specific

introductory courses within Industrial Engineering

led to significantly higher career efficacy scores

when compared with general introductory courses.
While general introductory courses may be helpful

in selecting an academic major, they are not as

effective at validating the choice of a major as a

career path for students. To best prepare our

students for careers in their chosen field, it is

essential that they be exposed to topics in the field

early in their academic career. A certain level of

detail with regards to content, typical job assign-
ments, and topics are necessary to provide students

with reassurance in their career field selection.

A closer examination of the questions used to

exploreefficacyandsatisfactionidentifiedadditional

course factors that improve student efficacy and

satisfaction. The type of instructor in a course is

essential for students to have the confidence to be

successful in their program and master necessary
skills. Based on the survey results, an Industrial

Engineering faculty member is the best option for

an introductory course instructor. An Industrial

Engineering faculty member also helps to improve

the students’ desire to pursue a career in Industrial

Engineering.

While the intention of introductory courses in

Industrial Engineering is often varied between de-
partments, one underlying purpose is the recruit-
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ment and retention of Industrial Engineering.

Therefore, it is imperative that introductory courses

inspire and motivate students to become industrial

engineers. Based on the survey results, this is best

achieved by offering a course with higher credit

hours and a lecture/laboratory structure. These
courses allow students to become more familiar

with Industrial Engineering topics and the type of

work expected in the field.

6. Conclusions

The design of introductory courses in Industrial

Engineering was shown to have a significant impact

on students’ career efficacy. While not all expected

factors played a role in student career efficacy, there
were strong indications that both the individual

student and the course structure and content im-

pacted efficacy. Therefore, it is important to design

the courses with students’ career outcomes in mind,

particularly their preparation for careers as indus-

trial engineers. In-depth student interviews would

also be useful to explore the qualitative nature of

these results, highlighting the nuances that tend to
makeup student self-efficacy. Itwould also be useful

to explore the impact of other curriculumdesigns on

career efficacy. This could include aspects such as

course loading (number of hours per semester),

perceived course difficulty, and a curriculum’s pre-

requisite structure.
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