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How Do Biomedical Engineering Graduates Differ from Other
Engineers? Bridging the Gap between Biomedical Engineering
and Industry: A Case Study

Introduction

Biomedical Engineering (BME) is a relatively young discipline in which individuals are trained
to solve problems at the interface of engineering and biology. Many students pursuing this field
aim for careers in developing new medical technologies. Unfortunately, the BME-to-industry
pipeline faces hurdles that appear to be keeping students from pursuing their medical industry
career goals. Herein is a brief discussion of the history of BME and the influences that may have
created challenges faced by students seeking industry careers. We then present a case study at
The Ohio State University (OSU), a large research | university, which evaluates and compares
the industry employment potential of students progressing through and graduating from BME.
Through this case study, we aim to identify measures that contribute to a gap between BME and
other majors, as graduates pursue the industry workforce.

History of Biomedical Engineering

The Biomedical Engineering Society (BMES) defines biomedical engineering (BME) as “the
bridge between medical and engineering disciplines that provides an overall enhancement of
healthcare,” [1]. BME first emerged as a training program in the 1950s, considerably more recent
than other engineering disciplines [2-4]. Its rise was initially driven by the National Institutes of
Health (NIH) via the awarding of grants to universities to develop BME doctoral programs [2].
Throughout the 1960s and 1970s, a handful of universities began offering BME degrees, but the
late 1990s saw the largest surge in new programs, especially at the undergraduate level [2-3]. This
surge was in large part credited to the Whitaker Foundation [2, 5], which increased funding for
the development of new BME programs infrastructure ($252M), as well as a combined $327M in
fellowships and grants to support student and faculty biomedical research (Figure 1) [6].

Simultaneously, the United States experienced a national engineering curricula transformation in
the early 1990s [7], which was in response to a government funding shift from engineering
industry research to engineering science research. This change in engineering education, along
with the funding
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Challenges within BME

Subsequent to the rising number of BME programs, the Bureau of Labor Statistics reported in
2016 that BME employment is estimated to grow 23% between 2014 and 2024. Despite this
predicted trajectory, the identity of the BME field among industry has been of concern to its
stakeholders. In particular, the BME curriculum is often rooted in the research expertise of each
respective program’s faculty. This creates a breadth and diversity in core coursework across
different BME programs [9], and likely contributes to the uncertainty industry experiences when
attempting to understand the role of BMEs [4]. Additionally, those involved in employment
decisions within industry are more familiar with traditional disciplines like chemical engineering
(ChE) or mechanical engineering (ME) because their respective core coursework is consistent
between universities [4].

There have been indications at The Ohio State University (OSU) that these challenges are
affecting BME students in multiple ways. Post-baccalaureate OSU College of Engineering
(CoE) alumni surveys have documented that BME graduates believe current undergraduate
curricula meets the needs of individuals pursuing graduate or professional school, but lacks
sufficient support for those seeking careers in industry. Additionally, many high-achieving
students have transferred from BME to other engineering majors, citing difficulty in obtaining
BME internships or other support to pursue their industry career goals. Further, BME students
express frustration in targeted recruitment and hiring of students from other engineering
disciplines, even for positions in which BME skill sets would be more advantageous.

Workshops hosted at recent BMES meetings have identified the leap from university to a career
in industry as a continuing national challenge for BME students and alumni. While strides are
being made to better utilize industry feedback in the formation of engineering program curricula
[10], a more holistic understanding of the factors influencing BME career outcomes is first
necessary. This study therefore seeks to identify differences between BME and three other OSU
engineering majors (Mechanical (ME), Chemical (ChE) and Materials Science (MSE)
Engineering), via analyses of metrics representative of student progression through the
university-to-industry pipeline.

Methods

Through quantitative analyses, this paper explores reported outcome metrics for each of four
selected majors, Biomedical (BME), Mechanical (ME), Chemical (ChE), and Materials Science
(MSE) Engineering. These undergraduate majors were first ABET accredited at The Ohio State
University (OSU) during either 1936 (ME, ChE), 1992 (MSE) or 2010 (BME). The selected
outcome metrics include 1) retention and mobility, 2) pre-graduation work, 3) career outcomes,
and 4) reported job salaries. These metrics were chosen from our university’s college of
engineering annual report because they each represent a facet of a student’s progression in the
university-to-industry pipeline. Data was extracted from the academic terms of autumn 2012
through summer 2016.

Retention and Mobility
This metrics refers to student transfers out of the initial declared engineering major. There are
three student scenarios, in which the student either 1) remains in the same engineering major



(Same ENG), 2) transfers to a different engineering major (Different ENG), or 3) no is longer in
the college of engineering (Not in CoE). Values presented in this dataset reflect the average
percentage of students in each scenario at the end of summer terms 2013, 2014, 2015, and 2016.

Pre-graduation Work

This metric is defined as any internship, co-op, or engineering related part-time job completed
before graduation. Percentages are reported as the number of work offers, normalized by the
enrollment size of each major per academic year. Enrollment sizes for 2013, 2014, 2015 and
2016 for each major were, BME = 207, 214, 226, 235; ChE = 470, 544, 620, 642; MSE = 110,
128, 129, 120; and ME = 645, 656, 595, 549.

Career Outcomes

The career outcomes metric is defined as student post-graduation placement in either an industry
position or further education. Discussion will focus on industry-related outcomes, rather than
graduate or professional school outcomes. Two other graduation outcomes not included were:
seeking employment, and other plans. Seeking employment was omitted because its prevalence
was consistent across all four majors. The other plans category amounted to < 1% of students,
and was therefore deemed irrelevant for this analysis.

Reported Job Salaries
This metric is defined as the student-reported starting salary offered. Analyses include the
average starting salaries for post-graduation industry employment for all four majors.

Statistical Analyses

One-way analysis of variance (ANOVA) and a post-hoc Tukey’s Honest Significance Difference
were used to identify differences across and between observed means for each of the four metrics
(oo = 0.05). Additionally, a regression analysis was performed with the intention of detecting
significant correlation between each individual metric and the other three metrics. The regression
analysis was either linear (one factor vs. one response) or multilinear (multiple factors vs. one
response). All statistical analyses were performed using Minitab 17 Statistical Software (State
College, PA: Minitab, Inc.). Results are plotted as averages with standard error bars.

Results and Discussion

Mobility and Retention

Figure 3 shows the percentage of student in each major that were retained (Same ENG),
transferred to a different engineering major (Different ENG) or left the college of engineering
(Not in CoE). This data is university-documented, and therefore a complete representation of
mobility and retention within the four presented majors. For those in the Same ENG category,
statistical analysis indicates significantly lower retention rates in BME when compared to ChE or
MSE. Further, BME has statistically higher percentages of students who transfer into a different
engineering major compared to both ChE and MSE. This metric is particularly interesting, as it
points to potential student dissatisfaction with the biomedical engineering major, but not with
engineering disciplines as a whole. There is no statistical difference in student transfers outside
the college of engineering between any of the four majors.
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Figure 3: Percentage of student transfer percentages averaged across 2012- 2016.
Asterisk indicates significance (p-value < 0.05).

Pre-graduation Work
The number of pre-graduation industry offers made (including internships, co-ops and
engineering related part-time jobs), normalized for the number of students enrolled per each
respective major, are presented in Figure 4. Pre-graduation work obtained without the
assistance of OSU’s Engineering Career Services is not documented, and therefore may be a
limitation in this analysis. ANOVA
results indicate a difference in means
across the majors (p < 0.001), and further = | * ,
post-hoc analyses reveal BME to be * — '
considerably different compared to the 60
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Career Outcomes

Average student outcomes for career and further education (i.e. industry and graduate school,
respectively) are presented in Figure 5. Career outcomes are self-reported by students, and
therefore may not be a complete representation of data for this analysis. Statistical analyses
revealed a significant difference in the industry outcome means between all four majors (p <
0.001). Post-hoc analysis revealed a significant difference in the industry outcomes of BME
majors compared with each of the other three majors, as well as between ME and MSE (p <
0.05). There was no difference in career outcomes between ME and ChE, or between ChE and
MSE. These results indicate a difference among industry outcomes in all majors, but highlight a
radically lower industry outcome reported for BME majors compared to the other three majors.



Career Outcomes: Industry vs. Graduate School
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major. Asterisk indicates significance (p < 0.05).

Reported job salaries

The final metric analyzed was the reported salaries of those students that pursued industry after
graduation (Figure 6). Salaries are self-reported by students, and therefore could be incomplete
or askew in this analysis. It was found that BME had significantly lower entry salaries compared
to ChE (p < 0.05). ME and MSE were not able to be differentiated from BME or ChE. These
salary trends are comparable to the National Association of Colleges and Employers (NACE)
salary reports. Averaged over the same timeframe as our study (2012-2016), BME bachelor’s
degree recipients’ starting salaries were $51,003 + $7,625 compared to ChE at $67,714 + $1,401
and ME at $63,464 * $1,320 [ll], indicating a fwerage Salary upon Graduation
national discrepancy between BME and the ]
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students are still experiencing a significant Figure 6 (right): Reported average starting salary
salary gap compared to their peers in ChE and for graduating students pursuing industry jobs.

ME. MSE salaries are not reported by NACE. Asterisk indicates significance (p < 0.05).

Relationships between the Four Metrics

Following individual analyses of each metric, a regression analysis was performed to relate all
four measures. Significant relationships were identified between career outcomes and pre-
graduation work (p < 0.001, R? = 0.85), as well as between career outcomes and reported job
salaries (p = 0.005, R? = 0.43). Additionally, a significant model (albeit with lower correlation)
was identified when comparing pre-graduation work and job salaries (p = 0.042, R* = 0.26).
Perhaps the most interesting finding was a correlation between average reported job salaries and
percentage of students who transferred into a different engineering major (p = 0.035, R* = 0.28).
This may provide insight for why many students leave BME in favor of other engineering
majors.



Conclusions and Future Directions

This case study seeks to identify potential measures contributing to a gap between BME and
industry, relative to three other engineering majors (ME, ChE and MSE), at a large research |
university. Analyses of metrics representative of student progression through the university-to-
industry pipeline were used to identify differences unique to BME majors. We have found at
OSU that BME majors have the highest rate of transfer to a different engineering major, the
lowest rate of co-op/internship and career employment offers through Engineering Career
Services, and the lowest average self-reported industry starting salary compared to the other
majors. Further work is aimed to determine whether these results are generalizable across
multiple institutions and/or a potential factor of program youth. Additionally, future directions
include why BME majors differ from the other engineering disciplines, and how that
understanding may be used to improve BME industry career outcomes.
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