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Abstract

In an increasingly competitive global economy, STEM, or science, technology, engineering, and
math, are recognized as critical to the future economic prosperity of the United States. Building a
more inclusive STEM pipeline, from K-12 and in higher education, has been a priority in US
higher education for two and a half decades. Despite all of these efforts, nursing typically is not
invited to be part of the STEM effort. Why not? Nurses clearly use and create technology.
Nursing science is a robust field of academic scholarship. And nursing, like engineering, is a
profession focused on caring for the health, safety, and welfare of the public. Recognizing
Nursing Is STEM (NIS) is the policy objective of the NIS Coalition. To raise awareness of NISC
within engineering, and to highlight collaboration among the professions of nursing and
engineering, a systematic review of the ASEE PEER database and the IEEE Explore database
were performed. A total of 35 peer reviewed articles met the inclusion criteria for this review,
and the themes of these articles were mapped to a recent literature review of nursing and
engineering, which was published in the nursing literature. The results of this study highlight that
systematic reviews of convergent areas — such as nursing + engineering — may be prone to the
error of omitting important articles for inclusion because of the differences in discipline-specific
literature. The results of this study support the importance of educational collaborations among
teams of engineers and teams of nurses, as well as highlights that nursing+engineering is an
important area for communicating between the professions as well as facilitating the
communication of the professions with the public. Collectively, the weight of evidence of the
literature identified in systematic reviews supports the inclusion of nursing in STEM.

Introduction

STEM, or science, technology, engineering, and math, is a collection of fields identified as
essential to maintaining a competitive advantage for the United States (US) in the global
marketplace [1]. The US marketplace, herein measured as the annual Gross Domestic Product
(GDP), is approximately twenty five trillion dollars ($25T) [2]. Approximately seventeen
percent, or four and one-half trillions dollars ($4.5T) is spent on healthcare annually. And nearly
thirty percent of the Federal government total expenditures are on healthcare (i.e., equal to nearly
$14,000 per person, per year). In contrast, Federal expenditures on national defense — often
considered by many to be one of the single largest discretionary expenses in the US budget — are
less than one trillion dollars (i.e., about $820 billion in FY 2023). Clearly, gains in efficiency
(i.e., lower costs for the same outcome) or productivity (i.e., better outcomes for the same cost)
in healthcare would benefit the US economy, and by definition improve the opportunity to
redirect expenditures to additional discretionary areas, such as education and infrastructure,
among others. So, to whom should STEM professionals turn as partners in efforts to improve the
efficiency and productivity of the US healthcare system?



Within the healthcare sector, nursing is the single largest profession with nearly five million
(5M) Registered Nurses (RNs) in the US. And yet, nursing is NOT recognized as a STEM
profession by many federal agencies. Why not [3] [4]? Nursing is clearly based in science (e.g.
chemistry is necessary for understanding pharmacology). Nursing clearly uses math (e.g.
appropriate dosage of medicines requires calculations). And like engineering, nursing is a
profession that cares for the public. In fact, the code of ethics of nursing specifically calls for the
care of every patient — whether an individual, family, group, population, or community [5].
Nursing is unique among the healthcare professions in that its code of ethics explicitly mentions
BOTH the individual and the public (whereas medicine only emphasizes the individual patient
and engineering only emphasizes the health, safety, and welfare of the public [6]).

Within the STEM acronym, two of the fields represent “basic” areas, namely math and science.
One field is a “thing”, namely technology. And one field is a “profession”, namely engineering.
So, if nursing is to become part of STEM, the question to raise is, “what do nurses and engineers
share in common, and what is unique about the profession of nursing and the profession of
engineering [7] [8]?”” And perhaps even more importantly, how does recognizing nursing as
STEM help support workforce development, national security, and the ways the US government
spends taxpayer funds (i.e., achieving efficiency and productivity in the massive, expensive US
healthcare system)?

In this paper, we advocate for policy to establish that nursing is STEM. We frame our argument
using an existing recent scoping review of the peer-reviewed scientific literature, which
identified five thematic areas of engagement among nurses and engineers (i.e., [9]). We provide a
unique contribution to the literature through a scoping review of articles published in the
American Society for Engineering Education (ASEE) PEER Database as well as articles
published in the Institute of Electrical and Electronics Engineers (IEEE) Explore Database,
specifically the proceedings of the annual Global Humanitarian Technology Conference
(GHTC).

To advance our policy objective of recognizing nursing is STEM, the two-fold purposes of this
current article include: 1) raising awareness of the importance of identifying nursing as one of
the STEM (science, technology, engineering, and math) fields — either by changing the acronym,
repositioning nursing as a science rather than a clinical practice, or some yet to be identified
alternative; and 2) highlighting thematic areas of collaborations among nurses and engineers —
including themes previously published in reviews (i.e., [3] or [9] and new themes identified in
our systematic review of the IEEE Explore GHTC proceedings. Our long term goal — to have
nursing recognized as STEM — supports the original aspirations of those who created the STEM
acronym, namely national security [1].

Methods

One way to understand the relationship between the profession of nursing and the current STEM
profession of engineering is to examine the literature to identify examples of effective
partnerships. Four relationship among the professions of engineering and nursing were identified
by Oerther and co-workers [3], including: 1) the use of “to engineer” as a verb in the nursing
literature; 2) the application of engineering practice within the discipline of nursing (i.e., Kansei



Engineering); 3) side-by-side comparisons of the disciplines of engineering and nursing (i.e.,
discipline-specific definition of ethical practice); and 4) educational innovation at the interface of
engineering and nursing (i.e., interdisciplinary team projects). In a scoping review, which
examined 60 published studies, Zhou et al [12] noted five areas where nurses and engineers have
collaborated extensively, including: 1) patient safety; 2) symptom monitoring; 3) information
systems; 4) patient education; and 5) nurse-patient communication.

A search of the ASEE PEER Database for “Title” = “nurse” (available online at:
https://peer.asee.org/advanced _search?q=%22nurse%22&q_in%5B%5D=title&collection_id=&y
ear=&published after=&published before=) identified a total of 17 published peer reviewed
conference proceedings that discussed nursing [10] [11] [12] [13][14] [15] [16] [17][18] [19]
[20] [21][22] [23] [24] [25] [26]. The full texts of these articles were manually reviewed to
identify all articles that included a discussion of the profession of nursing in the broadest sense
(i.e., including “community health workers” and “clinics”). All 17 articles met the inclusion

criteria. The 17 articles were mapped to the five thematic groupings previously proposed by
Zhou et al [12].

A search of the IEEE Xplore database for “conference = GHTC” plus “nurs*” (available online
at:

https://ieeexplore.ieee.org/search/searchresult.jsp?content Type=conferences&queryText=ghtc&h
ighlight=true&returnFacets=ALIL &returnType=SEARCH&matchPubs=true&searchWithin=%22
nurs*%:22) identified a total of 24 published studies appearing between 2011 and 2023. The
abstracts of these articles were manually reviewed to identify all articles that included a
discussion of the profession of nursing in the broadest sense (i.e., including “community health
workers” and “clinics”). A total of 18 articles met the inclusion criteria. Six articles were
excluded. Examples for exclusion included the use of “nurs*” as an adjective such as “nursing
mothers” or “nursing homes”. The remaining 18 articles [27] [28] [29] [30] [31] [32] [33] [34]
[35][36] [37][38] [39] [40] [41] [42] [43] [44] were clustered to create four new thematic
groupings.

Results

A systematic search of the ASEE Peer Database identified 17 peer reviewed conference
proceedings, which included the word “nursing” in the title. Table 1 arranges these 17 articles by
mapping their content to the five thematic areas of nursing and engineering collaboration
previously identified [9]. None of the articles explicitly examined patient safety; although patient
safety was one of the most abundant themes identified previously [9]. Only two articles
discussed co-creation of devices by nurses and engineers, including devices to identify bacterial
pathogens [10] and finding veins for the purpose of access [11]. The workflow of moving
patients through the emergency department [12] and general systems approaches understood
through modeling [13] were discussed in two papers.

In contrast to the prior review [9], many of the papers identified from the ASEE PEER Database
were related to health education, especially the establishments of communities of practice among
faculty, among students, and between faculty and students of different disciplines. Three papers



appearing in the ASEE PEER Database examined the collaboration of nurses and engineers in
the theme of nurse-patient communication [24] [25] [26].

Collectively, these results suggest substantial differences in the trends of the types of articles that
appear in the research-intensive peer reviewed literature examined by Zhou and co-authors [9] as
compared to the types of articles published in the ASEE PEER Database (i.e., references [10]

through [26]).

Table 1. Arrangement of 17 articles of interest identified from ASEE PEER in the current study
in comparison to the five thematic areas of nursing and engineering collaboration previously

identified by Zhou et al [9].

Thematic area (number of articles identified in [9]).

ASEE articles of interest and proposed subtheme

Patient safety (n=18)

None

Symptom monitoring and health management (n=18)

[10] [11] device creation

Information systems and nursing human resources
management (n=16)

[12] workflow
[13] system approaches

Health education (n=5)

[14] [15] simulation
[16] [17][18][19][20] [21] [22] [23] establishing
interprofessional community of practice

Nurse-patient communication (n=3)

[24] telehealth
[25] [26] community engagement

A systematic search of the IEEE Explore Database identified 18 peer reviewed conference
proceedings, which included the word “nurs*”. Table 2 arranges these 18 articles by mapping
their content to four new thematic areas of nursing and engineering collaboration. The reason
that four new thematic areas are proposed is that all of the articles tended to focus on improving
nurse-patient communication through the use of technology. This is not unexpected as the
primary purpose of the GHTC includes, “communication/connectivity in support of

development”.

Table 2. Arrangement of 18 articles of interest identified from IEEE Explore in the current study

organized into four new proposed themes.

New thematic areas.

IEEE articles of interest

Group one: healthcare providers accessing technology
at a distance to provide patient care (remote access to
technology)

[27][28] [29] [30] [31] [32] [33] [34]

Group two: patients accessing healthcare providers at a
distance (remote access to personnel)

[35][36] [37] [38] [39]

Group three: training healthcare workers to design and
use technology

[40] [41]

Group four: supporting healthcare workers

[42] [43] [44]

Group one included eight articles, which described improving remote access to technology for
patient care, including: ultrasound for pregnancy [27] and digital pen for documenting
partograph [28], low-power nebulizer [29], diagnosis of urinary tract infection(s) [30] and
preeclampsia [31], a real-time automatic injecting device [32], remote monitoring of vital signs
[33], and an intravenous (IV) drip monitoring system [34]




Group two included five articles, which described improving accessibility to healthcare through
telecommunications [35] [36], mobile apps [37] [38], and autonomous systems [39].

Group three included two articles, which described training healthcare workers to use [40] and
design technology [41].

The remaining three articles were grouped based upon their content describing diverse ways to
support healthcare workers, including: a) supporting healthcare workers to educate patients [42];
b) supporting healthcare workers through improved information systems [43]; and c) supporting
healthcare workers through improved policy frameworks [44].

Discussion

Prior work has examined the relationship between nursing and engineering, including both ad
hoc [3] as well as systematic reviews [9] of the peer-reviewed literature. In the current study, a
systematic approach was used to identify articles at the interface of nursing and engineering,
which appeared in the ASEE PEER database or the IEEE Explore database. Perhaps surprisingly,
a total of 35 additional articles (17 from ASEE PEER and 18 from IEEE Explore) were
identified. One might wonder why these articles were not previously captured in prior reviews.
Perhaps variations in search criteria have played a role, or perhaps the fact that the nursing and
the engineering literatures are separate destinations for publication may play a role? While
convergence research at the interface among two or more disciplines may be identified as the
greatest opportunity to solve pressing societal challenges, the lack of an audience to consume
this literature — and the prior existence of separate literatures unique to each of the disciplines —
means that “translators” are needed to bridge the gap between nursing and engineering [3].

As reported by the Nursing Is STEM (NIS) Coalition, “Nurses utilize scientific principles,
mathematical concepts, and cutting-edge technology to conduct assessments, make diagnoses,
and plan the care of patients. They employ evidence-based interventions to address illnesses,
sustain human life, and, ultimately, assess the outcomes of the care delivered to patients.”
Furthermore, “Categorizing Nursing a STEM field additionally helps rectify a long-standing
perception that women are not pursuing rigorous math and science fields. More women graduate
with nursing degrees than the next 30 STEM-coded degrees combined. (Integrated Post
Secondary Education System)” [45].

As argued by the NIS Coalition, it is time to recognize nursing as STEM to support
improvements in the efficiency and productivity of the US healthcare system — one of the most
expensive systems of care in the world. That nursing should be recognized as part of STEM has
been argued for some time [46]. In particular, the economic advantage of STEMpathy, meaning
the creation and retention of jobs at the interface of technology and human caring, is an
important advantage of the formal collaboration among nursing and engineering [46]. In
particular, the discipline of environmental engineering, well known as a caring profession [47],
has already presented arguments for the importance of redefining environmental engineers as
solving problems of planetary health [48] and partnering with professions such as nursing to
scale-up caring to support human flourishing [49].



Conclusion

To build upon the results of prior ad hoc and systematic reviews, the ASEE PEER database and
the IEEE Xplore database were examined for articles that included a collaboration between
nurses and engineers. A total of 35 articles, which had not been identified in prior reviews, were
included in this current study. The majority of the articles that appeared in the ASEE PEER
database were focused on health education. All of the articles that appeared in the IEEE Explore
database were related to the IEEE GHTC theme of, “communication/connectivity in support of
development”. These 18 articles were organized to create four additional thematic groupings.
Collectively, the results of this review support the policy position of the NIS Coalition, namely
that nursing should be considered a part of STEM. The next steps for achieving this policy
outcome include raising awareness to government officials that nursing is STEM, and
determining how best to accomplish this integration; whether by a further modification of the
STEM acronym or by redefining nursing — perhaps moving nursing from being listed as a
clinical practice to being listed as a applied science, such as engineering, where scientific
knowledge and the scientific method are used to achieve practical goals including holding
paramount the health of the public through improvements in the efficiency and productivity of
the US healthcare system.
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