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Introduction

Graduate education in biomedical engineering has existed 
longer than most undergraduate programs [1]. However, 
there is a lack of publications in the graduate education 
space with a Google Scholar search showing 256 undergrad-
uate education-focused articles in biomedical engineering 
or bioengineering published between 2019-2023 and only 
7 graduate education-focused articles in biomedical engi-
neering or bioengineering in the same period. At the same 
time, national reports of graduates produced over 2019-2022 
showed a 3-year average of 2777 graduates in biomedical 
engineering at the MS level (4% of all MS engineering grad-
uates) and a 3-year average of 1062 at the Ph.D. level (8% 
of all Ph.D. engineering graduates) with an average 10% 
growth per year [2].

In response to this need for publication in the graduate 
educational space for biomedical engineering, Biomedical 
Engineering Education announced a special call for papers 
focused on graduate education in biomedical engineering. 
Graduate education was broadly defined as formal education, 
such as masters and doctoral programs, and also broader 
topics that surround graduate or postdoctoral training. The 
guest editors suggested topics of interest including graduate 

curricular elements, graduate program types, graduate pro-
fessional and psychosocial support programs, admissions 
and promotion criteria, career placements, bridge programs 
or lifelong learning programs for alumni, mentoring pro-
grams, programs that develop graduate diversity, inclusion, 
and equity culture, extracurricular activities, and research or 
professional development training programs. This Special 
Issue presents recent innovations in these topics as high-
lighted below.

Uncovering Hidden Curriculum

In recent years, graduate education in biomedical engi-
neering has seen a transformative shift, with an increas-
ing emphasis on comprehensive professional development 
and the cultivation of skills necessary for success in both 
academia and industry [3, 4]. Formalizing these aspects of 
graduate student education, as a supplement to technical 
coursework and research experiences, is motivated by the 
needs and aspirations of graduate students. “Hidden cur-
riculum”, encompassing the unspoken or implicit aspects 
of a student’s education not specifically addressed in for-
mal instruction, is evident in higher education, including 
for graduate studies in biomedical engineering. These 
students often come from diverse backgrounds and expe-
riences, and are navigating a new environment while also 
balancing other academic demands. The hidden curriculum, 
if not unmasked, has the potential to influence a student’s 
learning experience and professional identity, contributing to 
potential inequity and diminished feelings of belonging [5]. 
Several papers introduce coursework that develop graduate 
students' research, interdisciplinary, and professional devel-
opment skills [6–8] and attempt to address and overcome 
“hidden curriculum” observed in biomedical engineering 
educational environments.

Teaching experience continues to be a cornerstone of 
many graduate programs, allowing graduate students to 
gain valuable experience in instruction and mentoring while 
also enhancing their communication skills and fostering a 
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deeper understanding of the subject matter. Across higher 
education, there has also been a growing focus on updating 
teaching practices to foster a more inclusive and equitable 
learning environment. Jaimes et al. [9] discusses the inte-
gration of graduate students alongside faculty in creating 
and implementing inclusive teaching concepts across the 
biomedical engineering curricula. It is possible that these 
types of teaching experiences may have the added benefit 
of enabling and empowering graduate students to uncover 
aspects of the observed hidden curriculum for themselves 
and their peers.

Unique Areas for Focus in BME Graduate 
Programs

Several niche topics in graduate education also emerged, 
including the need for graduate training in Responsible Con-
duct of Research, convergence of research approaches, and 
developing trainees’ understanding of the regulatory agency 
landscape. Topics related to the Responsible Conduct of 
Research (RCR) are often not covered in undergraduate edu-
cation yet they are an expectation of graduate-level training 
according to national funding agencies including the NSF 
[10] and NIH [11] In Kreeger et. al. [7], requirements and 
formats for instruction of RCR topics are discussed along 
with exciting outcomes that promote additional benefits for 
graduate training.

Another featured article asserts the importance of includ-
ing a convergence training framework for graduate students 
to help them develop their skills and abilities to collaborate 
across multiple fields to solve a problem where teammates 
may come from very distinct fields (e.g., computer sci-
ence, biological sciences, engineering) [12]. This training 
is presented as a case study of a pilot program that lever-
aged training in artificial intelligence and machine learning 
approaches to solving biological research questions. Lerner 
et.al.[13] aims to address the lack of successful translation 
of medical devices by sharing a curriculum to train gradu-
ate students in the regulatory landscape including business 
environment consideration, regulatory obligations, and the 
protection of intellectual property. These papers show a vari-
ety of approaches including formal coursework and work-
shop approaches that any graduate program could leverage 
to enhance the learning outcomes for trainees.

International Biomedical Engineering 
Graduate Education

Biomedical engineering education outside of the United 
States is increasingly recognized, with many countries 
acknowledging the pivotal role of this field in advancing 
healthcare in their regions. International collaborations 
with US institutions, including student exchanges and 
faculty collaborations, have also fostered a global per-
spective for biomedical engineering students. One article 
highlights the opportunity to partner globally and spread 
innovations to graduate education in Nigeria [14] though 
we have much to learn from other international institutions 
and look forward to more submissions in this area.

Future Directions

The articles published in this Special Issue form a strong 
base for increasing scholarly attention on identifying and 
disseminating effective practices in biomedical engineer-
ing graduate education. However, there remain many 
opportunities to advance graduate education that would 
be of great interest to the readership of this journal. For 
example, comparisons of different approaches to common 
graduate curricular elements, such as physiology, could 
facilitate programs in adopting practices most likely to 
meet their students’ needs. Transitions in and out of gradu-
ate training are also key topics for future work. Many stu-
dents seek opportunities for integrated bachelors-masters 
degree programs, so it would be helpful to know more 
about the most beneficial structures and practices for 
such programs. In general, postbaccalaureate and sum-
mer bridge programs can provide additional pathways 
to graduate education and thereby broaden participation 
in postgraduate training. A deeper understanding of the 
role of postbaccalaureate and summer bridge programs 
specifically in biomedical engineering would advance our 
field. Likewise, postdoctoral training is essential prepara-
tion for future faculty. More systematic study of impact-
ful training practices could increase equity in persistence 
from graduate education to postdoctoral training to early 
career faculty for those interested in an academic career. 
An important factor in a graduate student’s educational 
experience is the mentorship received from faculty [15]. 
Defining effective relationships and interactions between 
faculty and their graduate students, such as incorporating 
inclusive behaviors, could contribute to unveiling the hid-
den curriculum and warrants further progress and atten-
tion. As a final example, reports on lifelong learning pro-
grams for alumni and mechanisms for alumni to contribute 
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to the educational environment of current graduate train-
ees would benefit the biomedical engineering education 
community.

Data availability  Not Applicable.
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