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Abstract 
 
Previously, we reported on the development and pilot testing of a course to teach principles of 
systems engineering to students of environmental engineering at the Missouri University of 
Science and Technology. The prior publication included quantitative feedback from students 
collected through anonymous end-of-semester surveys. Recently, we explored the interface of 
public environmental health nursing and additional disciplines of engineering (i.e., architectural 
and civil engineering) as further subject matter for the application of systems engineering, 
particularly in the area of sustainable development. According to the United Nations, the 
Sustainable Development Goals support the five pillars of people, planet, prosperity, 
partnerships, and peace, which are known as the 5 Ps of sustainable development. Here within, 
we share: 1) background on the development of the nurse+engineer, which is a newly described 
V-shaped professional; 2) content of two course modules that may be used to teach partnership 
between engineers and nurses to address the challenges of sustainable development using 
systems engineering; and 3) initial qualitative feedback from students collected through 
anonymous end-of-semester surveys. Our results suggest that the integration of systems 
engineering across a range of engineering disciplines (e.g., architectural, civil, and environmental 
engineering) with the profession of nursing (e.g., public environmental health nursing) offers an 
opportunity to promote interprofessional education to advance sustainable development, 
including areas such as life-cycle assessment. 
 
Introduction 
 
The practice of engineering benefits both from the concept of sustainable development (e.g., 
meeting the needs of the present without compromising the ability of future generations to meet 
their own needs) and life-cycle principles (e.g., qualitative and quantitative tools to assess the 
environmental impacts associated with all stages of a product, service, or policy) [1]. In parallel 
to the profession of engineering, the profession of nursing also has identified that sustainable 
development and economic concepts, including areas such as life cycle understanding, are 
important to the practice of nursing [2, 3]. Authors have suggested that there is potential benefit 
to exploring the interface of engineering and nursing to achieve a better future for humanity [4, 
5, 6, 7], and this includes work on convergence research where multiple disciplines collaborate to 
achieve new solutions to “wicked problems” [8, 9]. 
 
A recent scoping review identified 60 published studies in the peer-reviewed literature that 
included both nursing and engineering research, education, and practice [10]. The analysis of 



these 60 studies yielded five areas of interdisciplinary collaboration among nurses and engineers 
[10]. Briefly, these five areas included: 

1) patient safety;  
2) symptom monitoring and health management;  
3) information systems and human resources;  
4) education; and  
5) communication [10].  

This scoping review is an example of the type of systematic approach being used to assess the 
emergence of the nurse+engineer where the professions of engineering and nursing collaborate to 
create a better future for humanity and the planet [11, 12, 13, 14].  
 
Although engineering and nursing are distinct professions, the individual researchers, educators, 
and practitioners who work at the interface among these professions (i.e., the nurse+engineer) 
represent an example of a what has been termed a V-shaped professional [15]. In contrast to an I-
shaped professional who continues to drill deeper and deeper into a single discipline, or a T-
shaped professional who balances depth in one discipline with breadth in multiple disciplines, 
the V-shaped professional is created from a “bending” of two disciplines (e.g., engineering and 
nursing) to achieve a shared aspiration for the future (i.e., the convergence point where humans 
may flourish) [8, 11]. 
 
Technology available at the interface of engineering and nursing provides a common conceptual 
framework to advances both disciplines [16]. Interesting, while nursing is clear a profession that 
employs science, technology, and math, it is not considered a STEM field [17, 18]. While this 
lack of recognition of nursing as a STEM profession may create barriers to collaboration, 
professional growth, and research funding [19], the similarities among the professions of 
environmental public health nursing and environmental engineering offer an opportunity for 
collaboration in the area of STEMpathy – of the integration of STEM with empathetic, or caring, 
professions [20, 21, 22]. 
 
According to the United States Bureau of Labor Statistics (US BLS), job code 29-1141 describes 
that, “Registered nurses [RNs] assess patient health problems and needs, develop and implement 
nursing care plans, and maintain medical records. [They] administer nursing care to ill, injured, 
convalescent, or disabled patients. [They] may advise patients on health maintenance and disease 
prevention or provide case management,” [23]. The ABET EAC program criteria [24] for 
systems and similarly named programs states that, “the structure of the curriculum must provide 
both breadth and depth across the range of engineering topics implied by the title of the program, 
[including] engineering topics necessary to define, synthesize, analyze, design, and evaluate 
complex systems containing hardware and software, and human elements (where appropriate), in 
a holistic manner across the lifecycles [as well as] systems design and analysis topics, such as 
decision analysis, risk analysis (cost, schedule and performance), trade-off analysis, 
optimization, modeling based engineering, simulation, sensitivity analysis techniques, or 
requirements engineering,” [24]. From the USBLS definition of nursing and the ABET EAC 
program criteria of systems engineer, one may surmise that nurses and engineers share some 
areas of professional practice. For example, nurses collect data, assemble plans, and implement 
holistic care. Systems engineers follow a similar approach of collecting data, creating and 
evaluating models, and offering suggestions based in the learning from the models. Therefore, 



based upon this background description of nursing and engineering, the guiding hypothesis for 
the work conducted as part of this current study is the belief that systems engineering is an 
appropriate framework to empower nurses and engineers to work together to promote sustainable 
development, which includes aspects of people, planet, prosperity, partnerships, and peace (also 
known as the five Ps). 
 
To begin to explore this hypothesis, we modified an existing systems engineering course to 
include modules that introduced problems that could be addressed through the integration of 
engineering and nursing approaches. The existing course taught principles of systems 
engineering to students of environmental engineering [25]. To modify the course, students from 
additional disciplines of engineering were invited to participate in the course, and examples of 
sustainable development were incorporated into the course. Specifically, students of architectural 
and civil engineering joined students of environmental engineering, and course modules 
examining sustainably providing food security in Central America and throughout the Caribbean 
were included. The topics for these additional modules were selected because of their value both 
as examples for system engineering as well as for public environmental health nursing. 
 
Here within we provide further detail of the course content at the interface of public 
environmental health nursing, architectural engineering, and civil engineering as a further 
example of systems engineering advancing principles of sustainable development. In particular, 
we present two course modules, specifically:  

1) constructing a model that relates bad weather in Central America with poverty and poor 
food security contributing to northward migration to the U.S. southern border [26, 27, 28] 
(see Appendix A); and  

2) constructing a model that relates bad weather in the Caribbean with poverty and poor 
food security contributing to illegal drug trafficking from Central and South American to 
the U.S. [29, 30, 31, 32] (see Appendix B). 

Through these two course modules, students of architectural, civil, and environmental 
engineering engaged with the concept of sustainable development in the context of the practice 
of nursing and engineering as caring professions employing holistic, life-cycle approaches to 
decision making. Public environmental health nursing helps to provide some of the solutions to 
the underlying problems of poverty and poor food security such as supporting healthy 
communities [33, 34], while architectural, civil, and environmental engineering help to provide 
some of the solutions to the underlying problems associated with bad weather such as resilient 
technologies [35, 36, 37]. Together, engineering and nursing offer a V-shaped solution to a better 
future which supports the economic success and health of local communities. Students in the 
course are exposed to the additional policy benefit of improving conditions of immigration and 
drug trafficking that impact the U.S., which is an example of a systems engineering 
conceptualization of sustainable development and life-cycle assessment. 
 
Methods 
 
Institutional context. Founded in 1870 in Rolla, Missouri, the Missouri University of Science and 
Technology, or S&T, is a technological research university offering 100 degrees – primarily 
focused on science, technology, engineering, and math (STEM) – to 7,500 students – including 
6,000 undergraduate and 1,500 graduates students. 



 
Course description. The course, 5605 Environmental Systems Modeling is described as, 
“Introductory course in modeling environmental systems. Course will focus on contaminant fate 
and transport in the environment. Models will be developed that will include physical, chemical 
and biological reactions and processes that impact this fate. Prerequisites: 
Fundamentals/Introduction to Environmental Engineering; Biological Principles of 
Environmental Engineering; Chemical Principles of Environmental Engineering.” As a 5xxx-
level, this course is available to upper level undergraduate students (i.e., juniors and seniors) as 
well as graduate students (including both students pursuing a master’s degree or a Doctorate). As 
an online course, this material is available to students at S&T as well as the three other 
universities in the Missouri System (Mizzou, University of Missouri Kansas City, and University 
of Missouri St. Louis) as well as others across the country. This online offering includes students 
enrolled in programs of nursing. 
 
Module Details. The course was described previously [25]. In brief, students complete required 
assignments using a flipped classroom format before meeting with the instructor to work on 
optional, active learning. Models are constructed for different subject matter, including drinking 
water pollution, air pollution, and sustainability. Details of the module on the subject of Central 
America/Guatemala and northward migration in response to changes in weather and loss of 
income/food security due to failing agriculture is provided in Appendix A.  Details on the module 
on the subject of the Caribbean and drug trafficking in response to changes in weather and loss of 
income/food security due to loss of fishing infrastructure damaged by hurricanes is provided in 
Appendix B. The authors may be contacted to share further details of the course modules if 
readers wish to explore modification and adoption to their own teaching. 
 
Results and Discussion 
 
As adopted by the United Nations General Assembly in 2015, the Sustainable Development 
Goals include 17 specific goals, which are intended to provide a roadmap for human 
development and planetary health between 2015 and 2030. One way that engineers can 
contribute to achieving sustainable development is through creating system models to facilitate 
when decision makers need to explore alternative policies and actions. As part of an existing 
course on systems engineering [25], two modules were developed, which focus on “systems 
engineering for sustainable development”. As described in Appendix A and Appendix B, a key 
aspect of both modules was to ask students to consider, “how should the government of the 
United States balance investments promoting economic development in Central America or the 
Caribbean versus investments in building additional border security to reduce (illegal) 
immigration or drug trafficking?”  
 
Concepts from public environmental health nursing were included in the modules, particularly to 
address the 5 Ps of people, planet, prosperity, peace, and partnerships.  While engineers often are 
comfortable with prosperity (i.e., engineering economics) and planet (i.e., impacts on nature), 
often engineers are less comfortable with people. Public environmental health nurses work 
directly with people as patients, where a nurse defines a patient as an individual, family, 
population, or community. Exploring the interface of public environmental health nursing and 



systems engineering is an example of partnership. And these modules center the importance of 
peace as students are asked to consider the broader context of U.S. national security. 
 
As described previously [25], each of the modeling exercises included in these modules requires 
students to complete six activities, namely: 

1) Provide a narrative of the overall problem and identifying important states and 
relationships; 

2) Include the ranges and typical values of states;  
3) Include a pictorial representation of the system with explicit notation for states and 

relationships;  
4) List assumptions;  
5) Use the assumptions to reduce the model to a solvable sub-model; and  
6) Describe the lesson/s learned in the overall exercise [25].  

As part of optional work, students may develop and conduct a sensitivity analysis on a 
mathematical model built from their simplified concept model [25]. 
 
Appendix C includes a representative example of the type of response provided by students as 
part of their answers to these two modules. The structural model developed in Appendix C links 
environmental issues, such as diarrheal illness in water and toxin contamination in food, with the 
health of children as well as the cultural history experienced by Mayan-speaking indigenous 
people living in the Western Highlands of Guatemala. As noted in section “10 Lesson Learned” 
included in Appendix C, the representative student noted, 

“My lesson learned from learning about the children in Guatemala is how blessed I have 
been to have been born into a middle class family in America and how strange the human 
body can be. … 
The strangest thing I learned is that the height of a population is not always tied to 
genetics. … 
Humans are a lot more similar than we give each other credit for and the barriers of 
race, genetics, or even politics are very thin. At the end of the day, everybody is just 
human [emphasis added].” 

What a powerful statement from a student growing in understanding of people, planet, 
prosperity, partnerships, and peace, or the 5 Ps. 
 
This example reflects an approach to people that is atypical for many students of engineering 
who often focus on the technical and economic aspects of engineering design and problem 
solving. By engaging with aspects of public environmental health nursing, such as understanding 
people as individuals, families, populations, and communities, this student of engineering 
learned an important lesson: namely that people are connected to a much greater extent that may 
be considered in typical engineering design. 
 
The approach from nursing that has been integrated into this course is known as, “Emancipatory 
Nursing Praxis,” [38, 39]. ENP was developed through an international grounded-theory study, 
which identified critical factors impacting nursing participation in social justice. Particularly, 
ENP expands the traditional nursing role of “advocate” to also include the role of “ally”, which is 
achieved through personal-professional growth that includes: becoming, awakening, engaging, 
and transforming [38, 39]. ENP was selected as the nursing approach most appropriate to 



integrate with systems engineering, because ENP is a mid-range theory that connects grand 
theories (i.e., above) and nursing practice (i.e., below). As a mid-range theory, ENP is similar to 
the practical systems engineering models being developed in this course. 
 
Table 1. Selected Comments From Students Submitted Anonymously Via End-of-semester 
Surveys (Edited to Enhance Readability). 

Response 
No. 

With regards to teaching, what are the strengths of the instructor? 
 

1 Passionate about helping improve the world. This rubbed off on us and motivated us 
to think about solving big problems, not just graduating and getting a job. 

2 I couldn’t have more good things to say about instruction. Excellent teaching style, 
course organization, and commitment to expectations of adult learning applied to 
real world problems. 

3 We’ve done many project assignments related to every topic in environmental 
engineering like air pollution, water pollution, etc., so this is a strong benefit and 
aspect of the course for students. 

4 Without getting into the weeds of computer models, this course teaches us a great 
overall understanding of the fundamentals of modeling and the key elements. I never 
felt like we got bogged down with the non-material problems, such as learning 
programs or software. 

5 I obtained more out of this course than almost any other course I have taken. It 
provided me with new skill set, expanded my ability to solve problems, and exposed 
me to the complexity of issues 

6 I had previously thought cut and dry and formed an ignorant opinion on. This course 
taught me much about complexity, reducing complexity, and finding solutions by 
balancing the 5 P’s (people, planet, prosperity, partnerships and peace) and 
determine motivating factors to drive people to solve problems. 

Response 
No. 

What suggestions do you have for improving the quality of instruction? 

7 I would suggest swapping the Guatemala and the Caribbean models. The Caribbean 
model was solvable and particularly interesting. The Guatemala model was more 
abstract and would be better suited for the term project. 

8 Maybe going over one example model to solve a real life problem during the initial 
weeks of class would help us to understand better how to approach the rest of the 
models. 

9 Modeling is relevant and an interesting way to think about students future careers 
and can be applied to just about any situation if not all. The course should be 
available to younger students so they can use it to help to find out what type of 
career they want to pursue. 

10 The statement, “all models are wrong, some models are useful” gets kind of 
repetitive. I know why you use it, but maybe you can find a different way of saying 
the same thing from time to time. Just a suggestion. 

11 Showing examples of calculations needed for each model in optional lectures. 
12 Specific comments for improvement should be included on graded models when 

they are returned – this would help us to get better. 
 
As described previously, the existing course was offered in person, via online synchronous, and 
via online asynchronous modality to upper level undergraduate and graduate students of 
environmental engineering [25]. Recently, additional student populations were invited to 
participate, including students of architectural engineering and civil engineering. And two 
additional course modules were included, which emphasized food security and climate resilience 



in Central American and throughout the Caribbean. Representative qualitative comments from 
students participating in the updated course in 2021, 2022, and 2023 are included in Table 1. 
 
In response to an open-ended opportunity to mention comments about the strengths of the 
instructor, a point raised by students relates to the power of authenticity in the classroom.  
Students can sense when faculty are sharing a passion, and comments from the students support 
two important conclusions, namely:  

1) teaching content that is important to the instructor comes through to the students and 
influences their attitudes towards the material; and  

2) a pedagogical approach that emphasizes “thinking over programming” as an approach to 
systems engineering invites diverse students to engage in modeling.  

 
In response to an open-ended opportunity to suggest ways to improve the course, students 
offered concrete, actionable suggestions.  While not all of these need to be implemented, the fact 
that students offered concrete, actionable suggestions strongly suggests that they hold the belief 
that the instructor will listen and incorporate feedback.  An important conclusion from this is that 
adult learning (e.g., struggling together, student and instructor) creates a level of mutual respect, 
which can benefit instruction for future students. 
 
Collectively, the qualitative data collected from students recently enrolled in the course points 
towards a positive benefit of using systems engineering coupled with public environmental 
health nursing as a platform to teach sustainable development. Future research should further 
explore how students of nursing would perceive the course content, and how students of 
engineering and students of nursing would benefit from interprofessional teams. 
 
Conclusion 
 
Based upon a previously described course in environmental modeling [25], here within we share 
how working on challenging problems of sustainable development may be facilitated through an 
approach that leverages systems engineering and modeling. In this article, we shared background 
information on the nurse+engineer, details of the course and modules on sustainable 
development, and feedback from students. To solve the persistent, intractable problems facing 
humanity (e.g., poverty, lack of access to clean drinking water, food insecurity, and the impacts 
of a changing climate) platforms such as systems engineering offer a viable approach to work to 
promote V-shaped professionals at the interface of existing disciplines, such as engineering and 
nursing. Authentic content and a pedagogical approach leveraging adult learning offers an 
opportunity for the emergence of new V-shaped professionals, such as the nurse+engineer, to 
integrate systems engineering modeling as an essential professional skill. 
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Appendix C. 
 
An excerpt from a student response to the term project examining the problems of poverty, food 
security, and northward immigration towards the US southern border from individuals living in 
Guatemala. 
 

 
  



 

 
 
  



 

 
 
  



 

 
 
  



 

 
 
  



 

 
 
 
 


