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Abstract

Increasingly civil engineers are being asked to incorporate a more inclusive meaning of “public”
(i.e., who) and “public value” (i.e., inherently moral concepts) when planning, designing, and
supervising the construction and maintenance of building and infrastructure projects. One way to
improve the meaning of public and value is to borrow from the adjacent profession of nursing.
Nurses are well-known patient-centered care, whether the patient is an individual, a population,
or the public. Unlike civil engineers, who access public views by interacting with representative
stakeholders, the nurse “builds up” a view of the public by collecting information on individuals,
which are grouped into populations, and ultimately assembled into a sum that provides an
aggregate measure of public views. To provide civil engineers with exposure to a nursing
approach to building up a public view from interactions with individuals, a teaching module was
designed to explain the concepts of “risk and “sustainability”. This module was incorporated
into a department-wide required course entitled, “Fundamentals of Environmental Engineering.”
This course is required of undergraduate students of civil engineering, architectural engineering,
and environmental engineers. This article includes details of the module. In particular, students
are invited to answer an open ended questions, “how much would you pay to watch a perfect
sunset?”, and the results of student responses are used as part of teaching. The results of student
response before and after a lecture module show a clear trend away from extreme answers of
“everything” (i.e., a sunset is priceless) and “nothing” (i.e., a sunset is free), and towards a better
understanding of public value and an answer that reflects “some dollar amount,” which is created
from the sum of the values expressed by each individual. A subsequent lecture module introduces
students to the concept of full-cost accounting as a way to integrate individual values into a net
aggregate public value. We discuss an important limitation of this approach, namely that
assessing the “value of a sunset” may be biased for those who are visually impaired, colorblind,
or photosensitive. This work highlights the convergent approach known as the nurse+engineer,
where transdisciplinary integration across two diverse professions is used to solve a pressing
societal challenge, in this case a more inclusive meaning of public value constructed from a
collection of individual values expressed by individual people in response to the question, “what
is the value of a sunset”.

Introduction

Licensed, professional civil engineers have an ethical obligation to protect the health, safety, and
welfare of the public [1]. But how is the “public” defined, and when do students of civil
engineering learn to define “public value”? According to ABET criterion 3, student outcomes,
the education of future civil engineers requires students to learn design that meets cultural,



social, and economic factors as well as to learn to make informed judgments considering societal
and economics contexts [2]. Increasingly, a more inclusive meaning of the public is being
considered in light of a goal to achieve social justice while reducing systematic bias, which has
been incorporated into historical infrastructure from an era when “separate but equal” was the
law of the land in the United States (US) [3].

Recently, engineering educators have argued that collaboration with the profession of nursing
offers an improved approach to teaching students of engineering about the meaning of public and
“public value” [4, 5]. At the same time, nurses have argued for the importance of diversity,
equity, and inclusion (DEI) as part of nursing education [6]. As professions, both nursing and
engineering share a common commitment to the health, safety, and welfare of the public [7, 8§,

9]. Although nursing is not yet considered part of the STEM professions — science, technology,
engineering, and medicine [10, 11, 12, 13], collaborations among nurses and engineers have been
described for many years [14, 15]. For example, more than 50 peer reviewed articles on the
collaboration among nurses and engineers were included in a recent systematic review [16].
These articles highlighted the opportunity for the two professions to work together at the bedside
[17] and into the community [18] to improve the healthcare industry [19, 20], academic
partnerships [21], and to train a future generation of professionals [22] with new paradigms of
technology [23].

In professional practice, often civil engineers engage broadly with a wide variety of stakeholders
— individuals and organizations who make up the public. Because civil engineers work with a
“sample” of the public, the approach of civil engineers may be limited to “selection-bias” — in
other words the civil engineer may not have a sufficiently representative/comprehensive view
gained from a random assembly of diverse individuals representing segments of the community.
In contrast to civil engineers, nurses use a different approach to engage with the public. The
nurse centers the patient as the chief priority. And nurses are unique among healthcare
professionals as the nursing patient may be an individual, a population, or a community [8, 9].
Thus, nurses “build up” a view of the public through a collection of individuals, families, and
populations drawn from across a range of diverse backgrounds.

This difference in framing, e.g., the civil engineer working with representatives (i.e.,
stakeholders) of a “faceless”/’nameless” public versus the nurse who builds up the public
“individual-by-individual”, block-by-block, while leaving no one behind, provides an important
lens to be used when teaching civil engineers about public value from a nursing perspective [9,
24].

Previously research has included adopting a nursing approach to an understanding of the public
to evaluate and improve access to safe food and water [25, 26, 27, 28, 29], employed in the
information economy [30], and insurance to protect capital from weather-related losses [31].
While this prior research has focused on the topic of sustainable development [32], the approach
is generally applicable to training future engineers about the importance of STEMpathy — or the
addition of empathy to the practice of engineering — through a focus on “heads”, “hands”, and
“hearts” learning [33]. In particular, understanding the concept of “risk” provides an opportunity
to share with engineers an alternative approach from nursing to assess public views [34].



To adapt a nursing approach of public to benefit the education of civil engineers, a teaching
modules was developed to highlight for students of civil engineering that “public value” may be
assembled through collecting individual data from individual respondents to create an aggregate
meaning of public value. The context for this teaching module is the framework of risk and
sustainability, where risk is the possibility of loss or injury from a hazard and sustainability
includes the responsible use of resources of manage risk. In the modern era, known as the
Anthropocene, when human activity is the dominant force for change on planet Earth, we argue
that two questions confront humanity [35]. These two questions include: 1) how to use

technology to support human flourishing; and 2) how to use social contracts to address inequity
[35]?

Previously, we described how engineers and nurses can work together to address the ethical
dilemma of placing a value on resources available to the public [36]. Specifically, we noted that a
global world view of sustainable development was needed when addressing the local issue of
risk, including risk to public health, safety, and welfare [37].

For nurses, risks can be related to finances [38, 39, 40]. These relationships may include simple
economic concepts such as return on investment (ROI) or more complicated concepts such as
opportunity cost and the tragedy of the commons. Ultimately to understand the consequences of
the Anthropocene, predictive models can be used such as a Malthusian world view, which is
when the growth in consumption (i.e., by the human population) outpaces growth in production
(i.e., as an output of technology and natural resources) such that devastating imbalance occurs
resulting in major famine and ensuing conflict.

To link sustainability and risk with the value the public places on health, safety, and welfare, the
module to teach the meaning of public value was developed and included in an existing course
entitled, “Introduction to Environmental Engineering” [41]. This course is part of the degree
requirements for students of civil engineering, architectural engineering, and environmental
engineering at the Missouri University of Science and Technology, a large, public, Midwestern
university. A super majority of enrolled students opt to complete this course during their
sophomore year of study, while a few students complete the course during the junior and senior
years.

The purpose of this article is to share the details of the course module as well as the results of the
responses of students to the question, “how much would you pay to watch a perfect sunset?”
Students are asked this question before and after completing the module, and the results provide
an indication of how the module impacts the students understanding of public value. The
collective results of this study point to the benefit of convergence of nursing and engineering to
educate students of civil engineering to contribute to solving the pressing societal challenges of
the Anthropocene.

Methods
Institutional context. Located in Rolla, Missouri, the Missouri University of Science and

Technology was founded in 1870 as the Missouri School of Mines. In 2023, a total of more than
7,000 students (approximately 1,500 graduate and 5,500 undergraduate) are enrolled in




approximately 100 degree programs. Currently characterized as a Carnegie R2, a doctoral
university with high research activity, S&T is home to three colleges. Within the College of
Engineering and Computing, the Department of Civil, Architectural, and Environmental
Engineering (or CArE) is one of the largest and most research productive programs on campus.

Course description. Fundamentals of Environmental Engineering, CArE 2601, is offered every
semester as a 2 hour lecture and a 1 hour lab course (i.e., 2 hours of lecture content and 3 hours
of lab content, weekly). The course description states, “course discusses fundamental chemical,
physical, and biological principles in environmental engineering and science. Topics include
environmental phenomena, aquatic pollution and control, solid waste management, air pollution
and control, radiological health, and water and wastewater treatment systems.” The primary
textbook is Principles of Environmental Engineering by M. Davis and S. Masten. Details of the
course have been published previously [41].

Details of risk and sustainability teaching module. Without providing students with any
background, every student is asked to complete an anonymous, online survey to answer the open
ended question, “how much would you pay to enjoy watching a perfect sunset?”” The instructor
collects the answers, and then reads representative answers to students in the classroom.
Together, the instructor and students bin the answers into three primary categories, namely: 1)
nothing — a sunset is free and I do not need to pay to enjoy it; 2) everything — a sunset is priceless
and I am pleased to pay any amount possible; and 3) a range of dollar values (i.e., $5, $100,
$5,000).

After collecting student responses, a lecture is offered to introduce two economic concepts.
These two concepts are included as part of a larger lecture, which aims to introduce students of
engineering to the important concepts of: 1) the differences between engineering (i.e., solving
problems) and science (i.e., exploring hypotheses); 2) the ethical obligation to consider the
health, safety, and welfare of the public; and 3) critical definitions of risk and sustainability,
which are essential to engineering education (see slides provided in Appendix A).

The first economic concept that is introduced via lecture is the concept known as, “the Tragedy
of the Commons.” In brief, shared resources are poorly utilized by a group. This may include
overuse or underuse because the aggregate of individual choice is poorly connected to the final
outcome created by the aggregate choice of the group (i.e., air pollution by individuals may
obscure the sunset for everyone — even those who did not participate in producing air pollution).
The second concept that is introduced via lecture is the concept known as, “Opportunity Cost.”
In brief, a situation of limited resources means that trade-offs must be identified among
difference end states (i.e., cleaning up all air pollution leaves no resource to clean up water
pollution).

After this lecture, the students are allowed to answer the question once again, “how much would
you be willing to pay to enjoy watching a perfect sunset?”” On this second survey, students select

from one of three prepopulated answers, namely: 1) nothing; 2) everything; or 3) some $ amount.

The results of the surveys before and after the lecture are collected each semester.



Subsequently, an additional lecture is provided on a final economic concept; namely, “the Total
Cost Curve”. In brief, costs of action and costs associated with the consequences of non-action
are graphed independently, and a summation of the total costs are determined, and the minimum
total cost is identified. Improvements in technology are shown to influence costs of action, and
social and cultural values are shown to influence costs associated with the consequences of non-
action. The total cost curve represents the public value typically understood by civil engineers,
while the exercise in collecting individuals responses to the question of payment for a sunset
represents the public value arrived at from a patient-centering approach such as that used in
nursing. Collectively, the exercise is intended to converge the traditional approach of civil
engineers and the traditional approach of nursing as an example of an essential of the
nursetengineer, namely defining public value.

Limitations of evaluating the value of a sunset. While the question of “how much would you pay
to watch a sunset” has great utility for many students, there may be some students who may not
respond well to this question. For example, students who are visually impaired, colorblind, or
photosensitive may not be able to relate to the question. Therefore, it is important that the
instructor consider alternative questions that center each student as a unique learner and do not
introduce bias that may hinder the learning of some students.

Results

The course, CArE 2601 Fundamentals of Environmental Engineering, is offered every semester
at S&T. The module on risk and sustainability corresponds to Chapter 6 “Risk” and Chapter 8
“Sustainability” appearing in Principles of Environmental Engineering and Science by M. Davis
and S. Masten. The web site, Polleverywhere.com is used to collect anonymous student
responses to the question, “how much would you pay to watch the perfect sunset?” The first
time this question is asked prior to completing the module, students are invited to provide a
response using an open-ended/free format text box. The second time this question is asked as a
follow-up to the module, students are invited to select one of three pre-populated responses,
including: nothing; everything; and some $ amount.

The results of student responses — before and after completing the lectures which are part of the
module — are included in Table 1. In each of the match pairs provided (i.e., Spring 2021 before
the lecture and Spring 2021 after the lecture), the percentage of students who answered some $
amount was substantially lower before as compared to after the lecture (i.e., in spring 2021 the
response to some $ amount increased from a low of 24% before the lecture to a high of 43% after
the lecture). This recurring trend, a substantial increase in the percentage of students selecting
some $ amount strongly suggests that the lecture provided in Appendix A provides the students
with new learning that corresponds to a change in understanding of the value of public health,
safety, and welfare.



Table 1. Aggregate results of students response to the question, “how much would you pay to
watch a perfect sunset?”

Description? | N | Nothing %! Everything %' $ %!
Sp 21 Before? 25 443 32 24
Sp 21 After? 23 27 30 433
Sp 22 Before 25 32 52 16
Sp 22 After 33 33 33 33
Au 22 Before 23 61 21 18
Au 22 After 19 27 21 52
Sp 23 Before 21 43 24 33
Sp 23 After 18 22 22 56
Au 23 Before 28 46 21 32
Au 23 After 25 13 23 64

1. Results are reported as percentages of the total number of respondents (N) who answered
“nothing”, “everything” or “some dollar value”.

2. The surveys were performed before or after the delivery of the module in the spring (Sp)
or the autumn (Au) semester in the year 2021, 2022, or 2023.

3. For each matched pair (before and after), the higher percentage response is emphasized in
BOLD. Of note: in each matched pair (i.e., Before and After), the results from Before are
highest either for the answer Nothing or Everything, while the results from After are
highest for § (with the exception of Spring 2022, where the values from After were equal

for all three answers).

Before the lecture, the single largest percentage of students answered either “nothing” or
“everything” as the amount they would pay to watch a perfect sunset, which suggests that many
students began class with the understanding that nature is something disconnected from the
human condition (i.e., in both a positive, and a negative manner). In only one class, the spring of
2022, was the response “everything” the most popular response. In each of the six classes
reported in Table 1, the response “some $ amount” was the most popular response after the
lecture.

Discussion

Civil engineering includes planning, designing, and overseeing construction and maintenance of
building structures and facilities, such as roads, railroads, airports, bridges, harbors, channels,
dams, irrigation projects, pipelines, power plants, and water and sewage systems [42]. These
systems often are built using public funding, and the value the public place on these systems is
important to understand. Civil engineers often work with a selection of stakeholders as
representatives to understand public value.

In contrast to the approach of civil engineers, members of the nursing profession center the
individual patient in their work. In this way, the nurse builds up a view of public value through a
summation of the views of every patient, whether these are individuals, families, communities,
or populations.



Convergence, or a transdisciplinary approach that blends two disciplines to create a new
approach to tackle existing societal challenges, is being used in this study through the lens of the
nurse+engineer, a proposed V-shaped professional who is well suited to tackle the challenges of
the Anthropocene [9].

Through teaching the module provided in Appendix A, civil engineering students were presented
with tools to define public value, including “opportunity cost” as well as the “tragedy of the
commons”. Students of civil engineering learned to link their individual responses to a question
of value with the consensus group response through a lecture on the concept of the “total cost
curve”. Previously, we suggested that sustainability and life-cycle principles were appropriate
topics to be used to teach public value to engineers [43]. We emphasized that caring for human
welfare and public health required full cost accounting to internalize values that historically have
been externalized (i.e., not counted because they were presumed to not be part of the system)
[44].

For civil engineers to address the twin challenges of the Anthropocene — namely excursion from
planetary boundaries and inequity — it is important to practice in a manner that simultaneously
considers cultural, social, and economic factors as well as considering societal and economics
contexts [35]. The results presented in this article demonstrate that a simple exercise, such as
asking students to offer their views on a question of individual value, may be used as the
foundation to learning how to understand public value.

Limitations

While the results of this study demonstrate that a lecture on the economic subjects of “tragedy of
the commons” and “opportunity cost” correlate to a change in student response to the question of
the value of a sunset, no additional information is collected regarding the motivation for the
change in the response by the students. Future research should identify preconceptions held by
students on economic concepts before the lecture as well as improved understanding gained by
students after the lecture. This type of data collection would help to better understand why the
lecture corresponds to a change in student response to the question on the value of a sunset.

For example, the overall purpose of this work is to highlight for students of civil engineering that
“public value” may be assembled through collecting individual data from individual respondents
to create an aggregate meaning of public value. As currently presented, there is no clear measure
that students have learned this concept. Rather, learning is inferred from the correlation observed
in the change in response to the question of the value of the sunset from before and after the
lecture. Future work should explicitly identify how students of civil engineering conceptualize
public value, and measure how these concepts may change as students participate in this course
module. Such an approach would better support the goal of leveraging the nursing approach to
defining a patient as an individual, family, population or community and provide students of civil
engineering with a better way to conceptualize public value by building up the responses of
individuals to create a broad understanding of value.



Conclusion

While civil engineering and nursing are different disciplines, there is benefit to leveraging the
educational approaches of nursing to improve the understanding of civil engineers. In particular,
public value may be better understood by “summing up” the views of individuals into an
aggregate as opposed to “sampling stakeholders” using a more top-down approach. In this
article, we show that students of civil, architectural, and environmental engineering develop an
improved grasp of the importance of public value through a simple exercise, which includes an
anonymous question assessing value as well as brief lectures on important economic concepts. In
the future, this work should be replicated at other institutions and by additional instructors to
confirm the general validity. None the less, based upon the data presented in this article we
highlight that the convergent approach known as the nurse+engineer provides students of civil
engineering with a more inclusive meaning of public value.
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Appendix A.

1

Missourl UNIVERSITY OF SCIENCE AND TECHNOLOGY

CArE 2601
Risk and Sustainability

Course:
Title:

3

MissOURl UNIVERSITY OF SCIENCE AND TECHNOLOGY

Review prior lecture
Think-pair-share
* Definition of environmental engineering
« Definition of environmental science

‘ . ’ .
* Are ‘all engineers = environmental
engineers?

5

MissouRrl UNIVERSITY OF SCIENCE AND TECHNOLOGY

Review vocab due today

* LD50

* Exposure pathway
* Latency

* Oncogenic

* Extrapolation

MISSOURI

S

MISSOURI

ST

MISSOURI

SeI

2

Missourt UNIVERSITY OF SCIENCE AND TECHNOLOGY Mo

SeI

Questions, Announcements, Other

* IF you have a question, you can be sure that at least one
other person has the same question
— SO PLEASE ASK!!!!

* Any questions from prior lecture, lab, or general (syllabus,
assignments, schedule, etc)
* Announcements
— When'’s the next REQUIRED class meeting?
— When'’s the next REQUIRED assignment due?
¢ Other — ANYTHING?

4

Missourt UNIVERSITY OF SCIENCE AND TECHNOLOGY g

S

Professional Engineers have a professional,
ethical obligation to consider the environment
(public’s health, safety, welfare)

From google.com

MISSOURI

S«f

Missourlt UNIVERSITY OF SCIENCE AND TECHNOLOGY

Optional

* What are the two reasons for risky behaviors?
* What is the ‘precautionary principle’ ?
— Do you think it’s a ‘good thing’ or a ‘bad thing’?
— Pair-and-share



7

MissoUrl UNIVERSITY OF SCIENCE AND TECHNOLOGY o

Sl

Polleverywhere.com:
Which is a risky behavior?
A) Riding a bicycle

B) Walking to work

C) Enjoying a swim

D) Breathing

9

MissOURI UNIVERSITY OF SCIENCE AND TECHNOLOGY Assou

ST

What is the tragedy of the
commons?

Think-pair-share

11

M
Missourt UNIVERSITY OF SCIENCE AND TECHNOLOGY AISSOURI

Sl

Who should pay for the
environment?

How" °
a beautiful sunset?

A)Nothing, Ttotrea™

B) Everything, its priceless

C) $200 for a beachfront hotel
room in Hawaii

10

Missourt UNIVERSITY OF SCIENCE AND TECHNOLOGY g

S«

Tragedy of the Commons:
An Argument Against ‘Free’

“The tragedy of the commons is a
dilemma arising from the situation in
which multiple individuals, acting
independently and rationally
consulting their own self-interest, will
ultimately deplete a shared limited
resource, even when it s clear that it
is not in anyone's long-term interest
for this to happen. This dilemma was
described in an influential article titled
"The Tragedy of the Commons",
written by ecologist Garrett Hardin
and first published in the journal
Science in 1968.”

From Wikipedia

12

Missourt UNIVERSITY OF SCIENCE AND TECHNOLOGY

MISSOURI

SeI

The Time Value of Money:
An Argument Against ‘Priceless’

From google.com

From google.com



13 14

! . M
s MissoUrl UNIVERSITY OF SCIENCE AND TECHNOLOGY Ao

ST Sl

Missourt UNIVERSITY OF SCIENCE AND TECHNOLOGY

So, how do we calculate the Quantifying risk (exposure)
‘$200° answer?
* See example 6-2 from the text book * Material (physical/chemical form)
* How do we map the example problem to the * Exposed (biology)
word problem provided in the required « Duration/intensity/dose

homework assignment (where we calculate
lifetime risk of benzene exposure for the
nurse)?

* Single or multiple materials - synergy

* What are the assumptions and how do we
document our assumptions?

15 16

o MissoUrl UNIVERSITY OF SCIENCE AND TECHNOLOGY gl

S S

MissoURl UNIVERSITY OF SCIENCE AND TECHNOLOGY

Quantifying risk (exposure) Costs
* Material (physical/chemi Al ) 3 * Costs of treatment — do you really want to use
o higlogy) titanium as the building material for the
: < idge?
- intensity/dose Golden Ga'fe Bridge? ‘ '
Singl ltiol wv i Foor —(and won' t one form of ‘treatment’ merely
mele ormuitipie ‘nga, nergy mean that you have some other ‘yet-to-be-

internalized-cost’ somewhere else?)
* Costs of exposure — set to zero?
* Sum of total costs — attempt to minimize?

17

MissoUrl UNIVERSITY OF SCIENCE AND TECHNOLOGY o

Sl

Which is more important?

prosperity

From google.com



