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Abstract

Female students are vastly underrepresented in university engineering programs. According to the National
Science Foundation, only 5.8% of the incoming freshmen female students intended to become engineers. The
field of healthcare is rapidly growing, and there is a great need for industrial engineers to provide efficiency in
the delivery of healthcare services. These two issues were the motivation for efforts of industrial engineering
professors to inspire their students, particularly female students, to enter the healthcare sector of industrial
engineering. Two of these efforts included creating a new course in health-care related industrial engineering
and modifying two existing courses that incorporated health care engineering case studies. The Model for
Collaborative Evaluations (MCE) was successfully used to help guide the implementation of the interventions
(the formative evaluative component) as it ensured the objectives of the grant were kept on track. The MCE also
allowed judgment of the value and worth of the project at its conclusion (the summative evaluative component).
Quantitative and qualitative data provided support that the curriculum of the new Healthcare Systems
Engineering course increased interest in healthcare engineering and the likelihood of female engineering
students to pursue a job or internship in the field. Positive results were seen for male students as well. The
professors’ goals to promote interest in healthcare systems engineering, to inspire female engineering students to
consider this field, and to motivate all students to finish their programs of study were aptly met. The success of
the project as identified via the MCE can serve as an example for other engineering education programs to
emulate.
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INTRODUCTION When prejudices are well known, like in the
Many prospective secondary and budding post- engineering fields, these perceptions can preclude
secondary engineering students are unsure of what female students from pursuing a career where real
specific career they should pursue. Additionally, and perceived barriers exist. Barriers have been
there is a great need for industrial engineers to create documented using the Career Barriers Inventory
systems efficiency in the rapidly growing healthcare (CBI) and CBI-R instruments (Swanson, Daniels, &
field. Furthermore, there is an underrepresentation of Tokar, 1996; Swanson & Tokar, 1991). These
female engineering students, including industrial instruments identified barriers like lack of self-
engineers.  According to the National Science confidence, gender and race discrimination, and
Foundation, only 5.8% of the incoming freshmen multiple role-conflict, to name a few.

female students intended to become engineers

("Women, Minorities, and Persons with Disabilities Using a modified CBI-R scale, a study identified
in Science and Engineering,” 2017). In one action- perceived gender-based barriers to careers in
research study there were 24% women engineers at a academic surgery Cochran et al. (2013), where
semiconductor company and of those, only 5% held women perceived that they would be treated
leadership positions (Muro, 2012). differently than male counterparts. This perception
Multiple theories have been constructed proposing inhibited career aspirations in academic surgery and
reasons for the low participation of females in various may be extended to other high-skill fields like
careers like Gottfredson’s Circumscriptions and industrial engineering. Surprisingly, however, there
Compromise Theory that accounts for perceived were no differences in the perceptions between
barriers of accessibility (Gottfredson, 1981) and  females and male prospective surgeons regarding
Socio cognitive Career Theory (Lent, Brown, &  career preparation or structural barriers in this study.
Hackett, 1994) that highlights how internal factors Female engineers can have a tremendous impact on
like self-concept (agency) and external factors are industry. Sinjini Das, a recent graduate in industrial
perceived as motivating factors for career selection. engineering, pointed out that three of the top five
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spots in Fortune’s 2014 most powerful women were
engineers (Das, 2016). Although there are more
women in industrial engineering programs than other
engineering disciplines (Brawner, Camacho, Lord,
Long, & Ohland, 2012), as of 2015, they still
represent only about one-quarter of the total
engineering population (Yoder, 2015).

Armed with this knowledge and the fact that there are
still perceived and actual barriers facing female
engineering students, an effort to promote interest in
healthcare-related  industrial ~ engineering  was
developed. The strategies implemented were based
on the premise that if students see female industrial
engineers in the field of healthcare, it will attract
more women into the field and inspire them to
complete their degrees. The project was funded
through a National Science Foundation grant to boost
interest in these types of careers, particularly among
female undergraduate engineering students. The
project aimed to develop innovative pedagogical
interventions focused on healthcare applications to
engage and motivate engineering students.

The Model for Collaborative Evaluations

The Model for Collaborative Evaluations (MCE)
takes a systems engineering approach for evaluating
programs or personnel and is composed of six
components and numerous subcomponents (Figure
1). These components are methodically and
interactively applied, which culminate in useful
results that are of sound service to clients (Rodriguez-
Campos & Rincones-Gomez, 2013; Rodriguez
Campos, 2005). The MCE allows for a holistic
understanding of the project because the approach
transforms the evaluation activities into a joint
responsibility process.

What makes the MCE so versatile is that the
framework provides a systematic yet flexible means
of conducting an evaluation by involving all the
critical stakeholders. The framework proactively
guides the evaluator to accomplish the evaluation in
an honest, fair, and comprehensive process by
bringing into focus all the key perspectives from the
different stakeholder groups. The evaluator is more
than a manager, she or he is a leader who
systematically ensures all six components of the
MCE are followed.

METHODS

A) Overall Approach

Several activities were used to promote the goals of
the project. First, a new industrial engineering
course, Healthcare Systems Engineering, was
developed that specifically focused wupon the
healthcare field. Additionally, modifications were
made to two other existing engineering courses
(Facilities Design & Cost Analysis and Production
Control). Case studies in healthcare were added to

276

these existing courses. The value of the project was
determined by implementing a formal evaluation
using the MCE. Specifically, the merit (intrinsic
value based on pragmatic considerations) and worth
(e.g., how grant monies created enough valuable
outcomes for the NSF granting agency) (Scriven,
1991) were determined using two conceptually-
linked phases. The first phase was a formative
strategy to determine the project’s ongoing progress
in meeting predefined goals. This part of the
evaluation focused on determining whether the
project objectives had been met and adjustments
could be made to ensure the best possible summative
outcome. The second evaluation phase, a summative
strategy, was implemented to determine the overall
effectiveness of the project.

These activities were analyzed using a predominantly
quantitative approach and adding qualitative data
from open-ended portions of the survey instrument.
Qualitative data were inspected and exemplary quotes
supporting the various perspectives were highlighted
that showed positive responses, as well as suggested
improvements to the project interventions. The
surveys were designed utilizing a five-point Likert
scale where one (1) through five (5) represented:
“Strongly  Disagree”,  “Disagree”,  “Neither
Agree/Disagree”, “Agree”, and “Strongly Agree”,
respectively. Because data were ordinal and sample
sizes were small, non-parametric statistics were used
for the quantitative analyses. One-tailed Wilcoxon’s
signed rank tests were used to determine a positive
response (whether the median responses to each
question were significantly greater than or equal to 4,
i.e., “Agree” or “Strongly Agree”). To determine
whether there were differences in responses by
gender, Mann-Whitney U tests were conducted.

B) Healthcare Systems Engineering — New Course
Offering

The new course, Healthcare Systems Engineering,
introduced students to how industrial engineering is
used in healthcare. It was developed to include active
learning through case studies, projects, and guest
speakers from the healthcare engineering community.
The following eight questions and prompts were
included in a post-survey to evaluate the
effectiveness of the efforts. 1) “This course has
increased my interest in healthcare systems
engineering.”, 2) “The seminars | have attended for
this course have been useful in expanding my
knowledge in healthcare systems engineering.”, 3)
“This course has made me more aware of the
opportunities in the healthcare-engineering field.”, 4)
“I am more likely to pursue an engineering job or
internship in the healthcare field because of this
course.”, 5) “I am more likely to complete my
engineering degree(s) because of this course.”, 6)
“This course has increased my interest in pursuing
engineering as a career.”, 7) “The technical skills I
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have learned in this course helped prepare me to
work in the healthcare industry.”, and 8) “Compared
to other courses | have taken in engineering, the
format of this course (e.g, seminars, project, and
discussions) has facilitated my learning experience.”
The open-ended items of the instrument were as
follows: 1) “What did you like about the case
studies?”, 2) “What would improve the case
studies?”, and 3) “Other general comments about the
case studies.”

C) Existing Courses Curricula Modifications

The modifications to the existing courses included
incorporating active learning through case studies.
The first course was Facilities Design & Cost
Analysis, and the second was Production Control. In
addition to open-ended prompts, the following five
questions were asked in the end-of-course surveys: 1)
“The case study helped me engage with the course
material.”, 2) “The case study increased my interest
in health-care related engineering opportunities.”, 3)
“The case study encouraged me to remain in the field
of engineering.”, 4) “The case study helped my
learning and understanding of health-care related
engineering concepts.”, and 5) “As a result of the
case study, | am more likely to pursue an engineering
job or internship in the healthcare field.” Open-ended
items of the survey included: 1) “What did you like
about the case studies?”, 2) “What would improve the
case study?”, and 3) “Other general comments about
the case study.”

RESULTS

A) Healthcare Systems Engineering — New Course
Offering

The feedback based on quantitative data for the new
course, Healthcare Systems Engineering, indicated
the great majority of students had increased their
interest in the healthcare field (Q1; Table 1).
Interestingly, all the male respondents indicated they
were more likely to pursue a job or internship in the
healthcare field because of the course (Q4). However
,the percent of their positive responses was lower for
the likelihood of completing their engineering
degrees because of this course (Q5), which could
indicate they already had made the commitment to
complete their degrees anyway.

Based on the student’s written comments for the
Healthcare Systems Engineering course, students
appeared to appreciate the class' real world projects
and problems. One student remarked: "The class
project in the hospital really opened my eyes to the
world of healthcare. | honestly can say that I've
learned more from this hands-on project than | have
in many sit-down classes." Another stated "Also, |
enjoyed the hospital project giving students real life
work experience and application of what we learned
in class.”
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B) Facilities Design & Cost Analysis Course —
Existing Course Offering

Case studies were infused into the existing Facilities
Design & Cost Analysis course. Seventeen students
participated in the survey and included six females
and eleven males. Table 2 shows the percent of
positive responses (medians >4) for the post-course
survey. Half or more of the students thought the case
studies helped them engage with the course material
(Q1). The highest endorsements came from those
responding positively to the question of whether they
were encouraged to pursue a career in the engineering
field because of the case study (Q3), and students felt
it helped their understanding of the healthcare field.
Students did not feel their interest in healthcare
increased (Q2), nor were they more likely to pursue a
career or internship in the healthcare field (Q5)
because of the case study. There were no differences
in the responses between genders.

Written feedback regarding the case studies
incorporated into the Facilities Design & Cost
Analysis course was positive and comprised
constructive suggestions. Comments included:
“Took what we had learned in facilities and applied
towards a real-world example, something | would
always welcome more of.”, “The case study was very
interesting since it merges both medical and
engineering fields jointly.”, “I used those case
studies in interviews. Having that experience is more
valuable in job interviews than getting an A on a
test.”, “The hands-on experience of working the case
study was helpful to understanding the concepts.”,
and “It was nice to have a real-world example of
healthcare applications in facilities design. It was
especially interesting that it was a local hospital.”
The constructive suggestions included: “More
specifics on the study”, “Maybe have members from
the hospital who were assigned to the facility location
project to come and speak of their experience as well
as answer questions.”

C) Production Control Course — Existing
Course Offering

Case studies were also added to the Production
Control course. There were 55 students who
participated in this course and survey and included 16
females and 39 males. The survey design was the
same as that administered to the students from the
Facilities Design & Cost Analysis course.

Table 3 shows the percent of positive responses
(medians >4) for the post-course survey, and students
appeared to endorse the modified curriculum more
strongly than that seen in the Facilities Design &
Cost Analysis course. The percent of favorable
responses ranged from 67% to 97%. Consistently
higher percent values of positive responses were seen
from the male students for questions Q1-Q3.
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The open-ended survey questions were the same as
those asked at the end of the Facilities Design & Cost
Analysis course. Highlighted comments about what
students liked were as follows: “What [ liked the
most about this case study is that it makes think
deeply as there are so many crazy numbers and with
using excel things could get mixed up sometimes. I
also loved the article supply chain and inventory
management where it talks about the medical field
and some of them used not in hand inventory and they
tried to save cost by not having inventory but that’s
really risky because if a machine goes down then that
can put the patient in a dangerous case.” Another
student commented “Really interesting and detailed
description of an existing situation. It really helped
take what we are learning and apply to something
that actually exists. | knew how supply chains worked
theoretically, but this really drove that in and
expanded points | didn't know about Health care
fields and supply chains in general. Awesome
Stuff.” “The case study was useful in understanding
the process completely and motivated me to pursue
my career in healthcare organizations.” was another
example of a positive response. The length of these
responses and other feedback indicated an excitement
about the curricular changes. Constructive
suggestions of the students included: “7 would like to
do a hands-on project along with a case study” and
“Provide more details or sources about mechanism
within the specific industry that the case study is
related to.”

CONCLUSIONS

The efforts to increase students’ awareness of
industrial engineering opportunities in the healthcare
field were successful. Considering the project as a
whole, interest to complete their degrees or continue
in some type of engineering career was promoted.
The additional goal of nurturing female’s interest in
healthcare industrial engineering was met. These
efforts also had positive effects on male students as
well.

A) Quantitative Data

Results from the survey responses of the new course
and the two existing courses revealed the efforts were
successful by most accounts. The new course in
Healthcare Systems Engineering resulted in positive
outcomes. Students had increased their interest in
this field, increased the likelihood of them pursuing
healthcare careers, and in general, further engaged
students to persevere in completing their engineering
degrees. Based on the consistently positive responses
to how well the course was crafted, this new offering
should attract increasing numbers of students each
semester if it is offered.

While it would be expected that those taking the
Healthcare Systems Engineering course would
favorably consider pursuing internships and jobs in
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this field, because they already have an interest in the
field, that was not the case for the other two courses.
The interventions did not increase the likelihood of
the students entering the healthcare field, however,
the efforts did increase their interest in healthcare for
both courses — just not to the level of pursuing
internships or jobs. Interestingly, males in the
Production Control course had rated their increase in
interest in healthcare more strongly than female
students.  This could be because they were
particularly inspired by the case study scenarios, or
alternatively, they had little interest at the beginning
of the course compared to the female students.

B) Qualitative Data

Qualitative data allowed excellent insight into the
value of a program, creating a more complete picture
than using quantitative data alone, particularly when
evaluating novel efforts, like the present project.
Students in the Healthcare Systems Engineering
course really appreciated the class project and the
guest speakers. Students suggested these hands-on
activities were a more effective way to learn
compared to a sit-down class. They experienced
immersive learning through the real-world projects.
The predominantly female speakers brought to life
how they make a difference in peoples’ lives, which
touched the students in special ways. These speakers
inspired female and male students equally.

Infusing case studies using healthcare examples into
the two established courses also garnered positive
feedback. Perhaps the most salient example
supporting the great value of the efforts was one
student’s comment on how she or he used the case
study in an interview. This person stated the
experience of the case study was more valuable in
interviews than getting an A on a test. Students
really appreciated the “real-world” example that was
relatable because the case study was about a local
hospital. Students were motivated by the
interventions and how the curricula were delivered.

The students remarked on how they got insight into
the complexities of healthcare like supply chain,
inventory management, and product production.
Their knowledge went from theoretical to practical.
They appreciated applying knowledge in hands-on
ways. Students relayed that they really got a feel for
the healthcare field, and some were eager to pursue a
career in this field. Students desired even more
exposure; they suggested getting guest speakers who
were involved in the case study to present to their
classes.

Limitations

Smaller class sizes inherent in engineering courses
can make the statistical analysis challenging when
attempting to compare feedback from different
genders and different courses’ end-of-course surveys.
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However, the direct comparison between courses was
beyond the scope of this project and not specifically
addressed. One would expect those who elected to
take the Healthcare Systems Engineering course
would have initial positive attitudes toward this field
which may explain the consistently higher positive
scores compared to the other two courses.
Background demographics of the students, like
whether they had already taken the Healthcare
Systems Engineering course, or whether they already
had an interest in this field, were not collected which
may help explain the differences in the responses of
the various courses.

Final Comments

The efforts of the engineering professors to increase
the interest of female students to remain in the
engineering field in general, and the industrial
engineering healthcare field in particular, were
successful. The efforts were also successful for male
students.Results showed how student interest was
reinforced by offering a course specifically focused
upon healthcare and by infusing healthcare case study
projects, guest speakers, and other healthcare-related
activities into the curricula of two extant courses.
The evaluation judged these efforts to have great
value in improving students’ attitudes about
engineering and increased the chance that they would
continue in the engineering program. These positive
outcomes were applicable to students of both
genders.

The MCE’s guidance during the formative phase of
the project ensured the objectives of the grant were
on track. Also, the MCE’s interactive approach
employing its six components allowed the completion
of the grant’s requirements, including reporting, in a
timely and satisfactory manner. In addition, this
model provided an increased shared ownership that
also led to an increased quality of information for
decision making and receptivity of findings. This
resulted in judging the project worthy of possible
future funding. The evaluation provided clear
evidence that the implementation of the MCE is an
efficient and effective strategy for evaluating
programs to determine their value.
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Source: “Collaborative Evaluations: Step-by-Step” Second Edition © 2013 by Liliana Rodriguez-Campos &
Rigoberto Rincones-Gémez. Published by Stanford University Press
Figure 1. Model for Collaborative Evaluations (MCE)

Table 1. Median ranks (MD), percent (%) of positive responses (median > 4), and probabilities (p) of the
median rank being > 4 (based on Wilcoxon Sign Rank tests for both genders combined) for the Healthcare
Systems Engineering course survey questions Q1-Qs; Niota=17, Nremale=8; Nimae=9

Q1 Q2 Q3 Q4
Gender MD %  (p){p} ™MD % (@{p} ™MD % (@E{p} MD % (p){p}
Female 5 88 5 88 5 100 5 88

Male 5 100 {19} 5 100 {33} 5 100 {53} 5 100 {56}
All 5 94 (<.00)* 94  (<.01)* 100 (<.01)* 94 (<.01)*

Q5 Q6 Q7 Q8

Gender MD % (@{p} MD % (m{p} MD % ({p} MD % (p){p}
Female 5 88 45 88 45 88 5 88

Male 5 78 {56} 5 100 {18} 5 89 {42} 5 100 {57}
All 5 82 (<.09)* 94  (<.01)* 88 (<.09)* 84  (<.03)*

Note: * indicates the median score (males and females combined) was significant at the .10 level; {p} represents
the probability from the Mann-Whitney U gender comparison.

Table 2. Median ranks (MD), percent (%) of positive responses (median > 4), and probabilities (p) of the
median rank being >4 (based on Wilcoxon Sign Rank tests for both genders combined) for the Facilities Design
& Cost  Analysis course survey  questions Q1-Q5; Niota=17, Nremale=6; Nimae=11

Q1 Q2 Q3 Q4 Q5
() 0w () % (© () % ©
Gender MD % {0} MD % {0} MD % {0} MD % {0} MD % {0}
Female 3.5 50 3.5 50 4 67 35 50 3 33
Male 4 55 {49} 3 36 {42} 4 64 {66} 4 64 {31} 3 18 {21}
All 4 53 (.03)* 3 41 (.17) 4 65 (<.01)* 4 59 (.02)* 3 24 (.86)

Note:* indicates the median score (males and females combined) was significant at the .10 level; {p}represents
the probability from the Mann-Whitney U gender comparison.
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Table 3. Median ranks (MD), percent (%) of positive responses (median > 4), and probabilities (p) of the
median rank being > 4 (based on Wilcoxon Sign Rank tests for both genders combined) for the Production
Control course survey questions Q1-Q5; Niota=55, Nfemale=16; Niaie=39.

Q1 Q2 Q3 Q4 Q5
(p) (p) (p) (p) (p)
Gender MD % o MD % o} MD % o MD % Y MD % o
Female 4 75 4 67 4 67 5 04 4 67
Male 5 97 (<01} 5 92 {04}F 5 85 {03}f 5 95 {31} 4 74 {35}
All 5 91 (<.01)* 5 85 (<0L)* 5 80 (0L)* 5 95 (<0L)* 4 72 (.28)

Note: * indicates the median score (males and females combined) were significant at the .10 level; T indicates
the median score for that gender was significantly greater than the other based on Mann-Whitney U tests;
{p}represents the probability from the Mann-Whitney U gender comparison. Missing values were replaced with
a neutral value.
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