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Abstract
Jeffrey Stransky
EXPLORING SENIOR CHEMICAL ENGINEERING STUDENTS’ APPROACH TO
PROCESS SAFETY DECISION MAKING
2022-2023
Cheryl Bodnar, Ph.D.
Doctor of Philosophy
Despite investments in chemical process safety education, evidence suggests that

engineers’ decision making may contribute to process safety incidents. Currently, limited
educational endeavors in process safety decision making exist, raising the need for a
better understanding of how to prepare chemical engineering students for industry
decisions. This dissertation fortifies current process safety education through three
studies involving senior chemical engineering students. Study One developed the
Engineering Process Safety Research Instrument (EPSRI) through exploratory and
confirmatory factor analyses. Educators may use the EPSRI to evaluate their students’
moral development. Study Two evaluated a digital process safety game, Contents Under
Pressure, on students’ moral decision making. Study Two supports supplementing
process safety curriculum with digital games because the game simulates process safety
decisions in a plant environment, providing immersive first-hand experience without real-
world risks. Study Two showed that students who played Contents Under Pressure made
authentic decisions in the game, advancing their moral development. Study Three
explored how students consider process safety criteria when making decisions, finding
that safety takes precedence over other criteria, such as productivity, despite potential

negative implications. Study Three supports educators contextualizing incident case

studies with discussion on how process safety criteria compete.
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Chapter 1
Introduction
Background
The chemical process industry has increasingly become concerned with the
development of process safety over the past 40 years. These efforts have been manifested
through the development of AIChE’s Center for Chemical Process Safety (CCPS) and
Safety and Chemical Engineering Education (SAChE) programs (CCPS, 2022; Safety
and Chemical Engineering Education, 2022; Willey, 1999), the formation of the US
Chemical Safety and Hazard Investigation Board (CSB) (2009) and European Chemical
Agency (ECHA) (2023), and the inclusion of process safety as an educational outcome
from the Accreditation Board for Engineering and Technology (ABET) (ABET, 2021a;
Vaughen, 2012). Efforts have primarily focused on integrating prevention through design
(PtD) strategies (Biddle & Afanuh, 2015) and educating engineers in hazard and
operability studies (HAZOP) and Layers of Protection Analysis (LOPA) (Cong et al.,

2016; Willey et al., 2020).

However, the role of an engineer’s decision making is frequently overlooked
despite its critical impact on process safety and potential to inhibit preventative layers
(CSB, 2017; Ness, 2015). Incident case studies performed by the CSB have frequently
provided evidence that poor decision making can create pathways towards a process
incident (CSB, 2011, 2015, 2018, 2019b). For instance, decision making has led to

muting warning alarms, breaking protocols (CSB, 2019b), and rejecting a plant shut



down during an active chemical leak (CSB, 2015), where each of these decisions caused

or exacerbated a process incident that could have been avoided.

In such situations, engineers may not be intentionally devaluing process safety;
instead, engineers may be overlooking the implications to their decision making. These
behaviors may be driven by ethical biases (Bazerman & Tenbrunsel, 2011) or demands
from competing criteria within each decision situation (Lehmann et al., 2022). When
predicting their decisions to process safety situations, engineers may believe they will
operate at an inflated level of ethicality based on what they think they should do, yet
when confronted with those situations in practice, they may make decisions that are
notably less ethical because the ethical dimensions of the situations may fade out of
vision among other considerations (Bazerman & Tenbrunsel, 2011; Tenbrunsel &
Messick, 2004). Moreover, safety goals may be overlooked as other criteria, such as
production and budget, compete for priority within engineers’ decision making forcing
engineers to make trade-offs in criteria (Lehmann et al., 2022). SPHERA’s annual safety
report found that while safety goals are established, 69% of goals are not met due to
competing criteria (Lehmann et al., 2022). Competing criteria are also prevalent in
additional industries that rely on the decision making of practitioners (Akinleye et al.,
2019; Donmez & Uslu, 2020; Encinosa & Bernard, 2005; Hendrickson & Au, 2008;

Lehmann et al., 2022).

While engineers’ decision making has strong implications on process safety,

engineers receive limited preparation throughout their education. For example, SAChE



provides students with educational media, such as video case studies and worksheets
(Safety and Chemical Engineering Education, 2022), but engineers still lack first hand
practice making decisions that challenge their ethics or force them to make trade-offs in
criteria. Firsthand practice is difficult to obtain particularly in process safety because of
the hazards associated with the industry. Barab and Duffy (Barab & Dufty, 2012) call for
“practice fields” where individuals may gain firsthand, practical experience without
hazard. Game-based learning (GBL), such as through digital games, may supplement
engineers’ education by providing them with the opportunity to build this firsthand
experience in decision making without the real world implications (Crawford, 1997).
Albeit a safe alternative, GBL must be evaluated to understand its effectiveness as an

educational tool for engineers’ ethical decision making.

Study Objective

The objective of this work is to evaluate the effectiveness of a digital, process
safety game as an educational intervention for engineering students’ process safety
decision making in contexts that challenge their ethics or force them to make trade-offs
with competing criteria. The objective of this work is achieved through three studies. The
first study sought to complete the development of the Engineering Process Safety
Research Instrument (EPSRI) as a moral reasoning assessment in process safety contexts.
The EPSRI provides a method to assess the effect of process safety curriculum, including
digital GBL, on how engineers make ethical decisions relevant to process safety. The
second study compared engineering students’ moral reasoning related to process safety

decisions within both a digital, process safety game (Contents Under Pressure) and



traditional process safety curriculum. The third study investigated how engineering
students approach decision making in process safety situations within the context of
Contents Under Pressure where multiple criteria (budget, personal relationships plant
productivity, safety, and time) compete for attention and priority. Not all process safety
decisions have obvious ethical implications, so understanding how students approach
process safety decisions with competing criteria provides a foundation for further

pedagogical improvements in teaching process safety.

Study Scope

This work focuses on process safety decision making through the lens of moral
reasoning and competing criteria. While there may be other approaches to evaluating
engineering decision making, there is limited work on discrepancies between engineers’
ethics and behavioral ethics. Thus, this study aims to provide a novel approach to
mitigating process incidents caused by failures in engineering decision making by
utilizing a digital, process safety game as a form of pedagogy. However, this study does
not focus on the design of the game, its impact on student motivation, nor its assistance to
students achieving course learning objectives. It does focus on evaluating its impact on
ethical decision making through moral reasoning and on exploring how engineers treat
criteria in process safety contexts. Last, this work only studies the decision making of
senior chemical engineering students. The author purposefully sampled from this
population because engineering educators most commonly incorporate process safety

during this year of the curriculum (Mkpat et al., 2018). In the future, this work could be



expanded to include industry practitioners during initial process safety training or review

modules.

EPSRI instrument development in the first study entails continuing exploratory
factor analysis (EFA) and completing a confirmatory factor analysis (CFA), which had
begun in recent work (Butler, 2018). EFA and CFA essentially tests if the considerations
designed into the EPSRI accurately and repeatedly represent levels of moral reasoning

(Hair et al., 1998; Meyers et al., 2017a).

The second study leverages moral reasoning assessment from the EPSRI to
compare Contents Under Pressure against traditional process safety curriculum.
Comparisons are made based on (1) differences in moral reasoning between a comparison
(traditional curriculum) and an intervention (Contents Under Pressure curriculum) cohort
and (2) on differences between students’ rated importance of considerations linked to
different levels of moral reasoning in the EPSRI and in Contents Under Pressure. This
work answers the following overarching research question, “how does a digital, process

safety game influence the ethical decision making of chemical engineering students?”’

The third study evaluates engineering students’ process safety criteria priorities
through both (1) a survey where they rank these criteria and then write an explanation for
these rankings and (2) their play through of Contents Under Pressure where they rank

these criteria inherently through their decision making. This work answers the following



overarching research question, “what role does competing criteria hold in the process

safety decisions of engineering students?”

Study Outcomes and Significance

Four significant outcomes were obtained as a result of the three studies. (1)
Development of the EPSRI was finalized showing sufficient evidence of validity and
reliability; the EPSRI may now provide novel insight on the moral reasoning of senior
chemical engineering students. (2) Contents Under Pressure, as a digitally immersive
game, yielded decisions that were more authentic than those obtained from the
EPSRI, as a traditional form of ethical assessment. This outcome suggests that
immersive digital games may provide a practice field that produces authentic
opportunities of engagement similar to those of the real world which allow students to
gain some practical experience free from real world hazards. (3) Contents Under
Pressure, as a form of pedagogy, found evidence of preparing senior chemical
engineering students to make significant advancements to their moral development.
While traditional curriculum may lead students to predicting heightened ethical behavior,
as an educational supplement, Contents Under Pressure encouraged morally transitional
behaviors. This outcome means students reasoned with multiple levels of Kohlberg’s
framework in a step towards authentic post-conventional reasoning to consider concepts
such as social justice or the environment. (4) Senior chemical engineering students
prioritize safety as a criteria in prediction, action, and reflection, and the personal
relationships criteria became significantly more important through the process of

gaining experience in decision making. This outcome shows that safety is a priority



throughout students’ decision making. In contrast, plant productivity suffered in favor of
safety. As such, process safety curricula need to incorporate conversations around
competing criteria as not to discount their value. Also, students may have initially
deprioritized personal relationships because engineering students lacked practical

experience with making decisions around their relationships.

Contribution to Educational Research

This work developed the Engineering Process Safety Research Instrument
(EPSRI) through reliability and validity testing, which provides engineering education
researchers with a tool that is readily available to evaluate process safety ethics
interventions. This work also provides researchers with a model of evaluating the
effectiveness of a game-based education intervention, which specifically addresses

shortcomings of other game-based learning studies as found by Bodnar et al. (2016).

Moreover, this work provides engineering education researchers with valuable
insight on how senior chemical engineering students make process safety decisions in
ethical dilemmas and in situations that have competing criteria. Ideally, this work
contributes to the growing body of research on process safety decision making and

human factors (Baybutt, 1996, 2017b, 2017a, 2015).

Contribution to Educational Practice
The EPSRI provides educators with an opportunity to evaluate the impacts of

their own curriculum and with assistance in guiding their students to an awareness of the



ethical implications of their decisions through reflection (Bairaktarova & Woodcock,
2017; Clancy, 2020a; Osberg & Shrauger, 1986). Specifically, the EPSRI may be used to
assess changes in moral reasoning or identifying students’ predominant form of moral
reasoning. As a survey, the EPSRI may be used cross-sectionally around a process safety
course or intervention or used longitudinally across the chemical engineering curriculum.
The EPSRI may also be used in think-aloud studies, such as in other work by Bodnar et

al. (2020).

In addition, this work evaluated a digital, process safety game that enabled
students to practice their decision making in the context of ethical dilemmas and with
complex competing criteria. Educators may easily incorporate this game to supplement
their curriculum to build their students’ decision making experience. For example,
Contents Under Pressure may be incorporated as a multi-day participation-graded
homework assignment or as a single-session play through as a class. Gameplay should be
followed by in-class discussion around the challenges and ethical dilemmas faced in the
game. Example discussion points may include:

e How did the characters and the narrative of Contents Under Pressure

influence your decision making?

o  Through your decision making, were you able to obtain outcomes that aligned

with your goals in the game?

o During your gameplay, what experiences surprised you to be easier or harder

than you expected?



o After completing the game, what are some decision making strategies you

would like to maintain or adopt?

Applying both the EPSRI and Contents Under Pressure align well with ABET’s
desired student outcomes, which states that students must attain “an ability to recognize
ethical and professional responsibilities in engineering situations and make informed
Jjudgments, which must consider the impact of engineering solutions in global, economic,

environmental, and societal contexts” (ABET, 2021b).

Summary

The chemical process industry has increasingly invested in process safety
education and preventative measures, yet many efforts have overlooked the role of an
engineer’s decision making. As a result, decision making choices have contributed to
process incidents, and additional incidents will likely continue to occur without further
intervention. As such, this work promotes a better understanding of process safety

decision making amongst senior chemical engineering students through three studies.

Specifically, this work completes development of the EPSRI to assess students’
moral reasoning in process safety decisions. Work completed has shown that the EPSRI
presents sufficient evidence of validity and reliability for use with senior chemical
engineering students. This work also evaluates the impact of a digital, process safety
game on engineering students’ moral reasoning by comparing rated importance of

potential considerations and by comparing EPSRI scores between intervention and



comparison cohorts. These comparisons found that responses made within the game
setting better aligned with anticipated moral reasoning results (Rest, Thoma, & Edwards,
1997) than responses to the considerations within the EPSRI. Moreover, students who
played the game during the semester may have been more prepared to make
advancements to their moral reasoning. Last, this work explored how students prioritized
criteria through their decision making when in situations with competing criteria.
Students provided evidence of primarily prioritizing safety above all other criteria in
predictive and reflective surveys and in practice within CUP. Yet, this approach in-game
frequently led to game “failures” from the plant output metric operating at unacceptable

levels.

The following sections provide a review of relevant literature (Chapter 2),

development of the EPSRI (Chapter 3), evaluation of the Contents Under Pressure game

(Chapter 4), and investigation of competing criteria on decision making (Chapter 5).
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Chapter 2
Review of Literature

Introduction

This chapter is structured around four key sections. First, it extends the literature
from Chapter 1 to provide additional detail on problems within process safety decision
making and potential pedagogical solutions. This section will also review blind spots to
ethical decision making, particularly behavioral forecasting and ethical fading.
Subsequently, the theoretical framework used in understanding the ethical principles
behind decisions considering three levels of moral development will be introduced in the
second section. The third section will explore the small but growing body of literature on
how competing criteria may influence decision making where ethical implications may
be non-obvious. Finally, the last section of the chapter will briefly review the benefits of
digital games and their potential implications towards education as they can be useful
practice fields for providing firsthand experiences in an environment that is safe from

actual process safety hazards.

Process Safety Decision Making and Blind Spots

Decision making is a critical skill for engineering practitioners. The Accreditation
Board for Engineering and Technology (ABET), who defines the standards and criteria
that make up undergraduate engineering programs, requires that engineering programs
produce engineers who can use their judgement to make balanced and ethical decisions in
preparation for professional practice (ABET, 2021b). In addition, decision making is

critical because of its capacity to inhibit engineering design (CSB, 2015, 2017). In
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chemical process safety, decision making often creates opportunities to bypass layers of
protection. Ness (2015) visualizes this process through the Swiss cheese model (Figure
2.1). The left side of the visual shows process operations that are protected from
divulging into incidents through layers of protection (Ness, 2015). These layers may
include hazard analyses (HAZOP), layers of protection analysis (LOPA) (Cong et al.,
2016; Willey et al., 2020), warning alarms, personal protective equipment, and written
protocols (Crowl & Louvar, 2019). However, these layers of protection are like slices of
Swiss cheese: full of holes that limit their viability. Where these holes align, an incident
may occur (Ness, 2015). Process engineers acknowledge these pathways to failure, and
thus, aim to add more layers of protection (Crowl & Louvar, 2019). However, in some
cases, decision making can create an incident pathway by making new holes within the

layers of protection.

Protective barriers Process incident

Flow checks

Warning alarms

Not performed
Operator training ‘

Muted alarms for convenience

/y Performed operation regardless ‘

Drilling operations

Figure 2.1. The Swiss cheese model illustrates how human decision making can inhibit
layers of protection, such as from the Pryor Trust case study. Adapted from Ness (2015).
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For example, in 2018, a natural gas well, Pryor Trust 1H-9, experienced a
catastrophic blowout and drilling rig fire that fatally injured five workers (CSB, 2019b;
Money, 2020). A well blowout occurs when drilling pressure control systems fail,
releasing flammable natural gas into the surrounding environment (CSB, 2019b). During
drilling operations, as with other processes, engineers protect against incidents through
multiple barriers (Ness, 2015). Drilling operations at the Pryor Trust well included
barriers such as training workers on the equipment specific to such an operation,
following pre-established safety procedures (i.e., flow and pressure checks), and
acknowledging warning signs designed into the system. Human decision making may
have contributed to why these barriers failed. Instead of training on the specific
equipment, operators drilled regardless of lacking proper training. Workers did not
perform flow and pressure checks, leading to an over pressurized well. Last, multiple
workers muted alarms warning of the imminent blowout (CSB, 2019b). The end result
was operators at the Pryor Trust well making multiple decisions, as illustrated in Figure
2.1, that broke through protective barriers, which led to a fatal well blowout (CSB,

2019b).

When avoiding potential process failures, it becomes increasingly important to
understand how decisions are made because these decisions play such an influential role
in engineering process operations. While the Pryor Trust case study has some decisions
that may have more evident red flags of poor decision making (e.g., muting alarms) than
other process safety case studies, the ethical implications of decisions are not always

clear in the moment. Lack of clarity may come from blind spots to ethical implications.
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The following literature review describes two factors that create blind spots in

engineering decision making.

Behavioral Forecasting

In hindsight, poor decisions, such as muting the safety alarms (CSB, 2019b), may
appear obvious. Yet, believing one would never make such decisions is a form of
behavioral forecasting. Behavioral forecasting is where one predicts how they will
behave, react, think, or feel in a specific situation while removed from that situation
(Bazerman & Tenbrunsel, 2011). While behavioral forecasting is not inherently unethical
for decision makers, inaccurate forecasts may create ethical “blind spots” that
overshadow actual behaviors (Bazerman & Tenbrunsel, 2011). Osberg and Shrauger
(1986) suggest that in these blind spots unethical behavior is most likely to arise.
Specifically, individuals may consciously justify predictions to an ethical framework;
however, when their actual behaviors deviate from these predictions, their behaviors are
less likely to be justified by ethics. It is these behaviors, which are caused by inaccurate
predictions, that are of concern because of their potential to be unethical. Business ethics
researchers Bazerman and Tenbrunsel (2011) cite an example study of this in their work.
In this study, women were asked to predict how they would respond to sexually harassing
questions during a job interview, and many wrongly predicted how they would respond
once put into that position in a lab setting (Woodzicka & LaFrance, 2001). The difference
between these individual’s predictions and practice highlights a blind spot within their

ethical behaviors. Inaccurate predictions, such as the individuals in Woodzicka and
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LaFrance’s (2001) study, may stem from inexperience in decision making or ethical

fading.

Ethical Fading

Ethical fading is a psychological phenomenon when the ethical elements of a
decision are blurred among the multitude of factors and responsibilities that contribute to
a decision. Tenbrunsel and Messick (2004, p. 224) first introduced the terminology
ethical fading as the “process by which the moral colors of an ethical decision fade into
bleached hues that are void of moral implications.” This fading may lead to individuals
misclassifying a decision to be a typical or mundane decision opposed to a critical ethical
decision. Inability to differentiate the two may lead to a blind spot where one needs to

apply ethics to their decision making (Bazerman & Tenbrunsel, 2011).

Testino (2007) posits that ethical fading is a function of an individual’s intuition.
Thus, when not deliberately examining every situation for ethical implications, they are
often overlooked. Bazerman and Tenbrunsel (2011) exemplify Testino’s point by
suggesting that the Space Shuttle Challenger disaster (McDonald & Hansen, 2009;
Rogers et al., 1986) occurred because of ethical fading. In this event, Morton Thiokol’s
engineering decision makers were alerted that an engine O-ring may fail during the
launch. Rather than examining the ethical elements of the situation, the engineers claimed
they needed to make a “management decision” (McDonald & Hansen, 2009). Moreover,
Clancy (2020a) acknowledges that ethical implications are easily perceived when they

are expected to be there. Clancy et al. (2017) suggests that to mitigate fading engineering
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students should become familiar with ethical implications and ethical framing. Thus,

gaining experience can mitigate unethical decisions caused by this blind spot.

Chemical engineering educators and practitioners agree that decision making is
crucial to the profession (ABET, 2021b; Baybutt, 1996, 2017b, 2017a, 2015; Crowl &
Louvar, 2019). Despite community agreement, engineers are not immune to ethical blind
spots (behavioral forecasting and ethical fading) in their decision making. In response to
the risk of these blind spots, multiple researchers advocate for building awareness of
one’s own ethical behaviors and of the ethical implications of one’s decisions
(Bairaktarova & Woodcock, 2017; Clancy, 2020a; Osberg & Shrauger, 1986). This
approach may be particularly helpful in process safety dilemmas where process
engineers’ decisions are far removed from their ethical implications, such as impacts to
surrounding communities or to the environment. As engineering educators develop forms
of decision-making education and curricula to address ethical awareness, educators must

also develop forms of assessment.

Kohlberg’s Theory of Moral Development

Foundations

Kohlberg’s theory of moral development offers a potential foundation for
assessing decision making education. Kohlberg’s theory of moral development as
described by Kohlberg & Hersh (1977) consists of three levels of reasoning: pre-
conventional, conventional, and post-conventional. Individuals who reason pre-

conventionally may be motivated by personal interests, such as rewards or self-
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preservation. Pre-conventional reasoning is associated with maintaining one’s public
image, promoting one’s personal finances, or conserving one’s time. Individuals who
reason conventionally may be motivated by those in their immediate surroundings,
instead of just themselves. Conventional reasoning expresses concern for employer
objectives and for the people known personally, such as family, friends, or coworkers.
Last, individuals who reason post-conventionally may be motivated by philosophical
ideas, such as justice and goodwill. Actions based in this level of reasoning may benefit

society as a whole or the environment (Kohlberg & Hersh, 1977).

Moral reasoning is a developmental model, meaning humans start at the lowest
level, pre-conventional, and advance to higher levels, conventional, and post-
conventional. The model is non-regressive, meaning when higher levels of moral
reasoning are obtained, the preceding lower levels are still accessible to individuals
because (Kohlberg, 1985; Kohlberg & Hersh, 1977). Kohlberg first understood these
levels to be distinct and similar to stairs with discrete steps in development (Kohlberg,
1981; Kohlberg & Hersh, 1977). Yet, neo-Kohlbergian advancements to the theory
acknowledge that moral development gradually shifts slowly between the levels (Rest et
al., 2000; Rest, Narvaez, Bebeau, et al., 1999; Siegler, 1997). Using this advancement,
moral reasoning is better described through six schemas, which are either consolidated or
transitional to a Kohlbergian level (Rest, Narvaez, Bebeau, et al., 1999). Moral
development, using both Kohlbergian and neo-Kohlbergian approaches, is illustrated in

Figure 2.2.
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Post-conventional: concern for
society, justice, and the
environment

Conventional: concern for
friends, family, time, and money

Pre-conventional: concern for

personal risks

Figure 2.2. Visualization of moral development with both discrete Kohlbergian levels
and gradient neo-Kohlbergian schemas. The six schemas may either be consolidated (C)
or transitional (T) to a level of moral reasoning.

Neo-Kohlbergian schemas describe how consistently one reasons at a
Kohlbergian level. Thus, consolidation describes how an individual predominantly
reasons at a given level, and transition describes how an individual reasons primarily
using a blend of two levels (Rest, Narvaez, Bebeau, et al., 1999). Transitional moral

reasoning exists where one level is preferred, yet reasoning with other levels may exist.

Appropriateness of Moral Reasoning

The neo-Kohlbergian approach to moral reasoning is a suitable model for this
work because it allows observation of the principles behind decisions. The level of moral
reasoning an engineer uses speaks nothing of the correctness of the decision because

many times there are not ethically “right and wrong” answers, and the most appropriate
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response may be contextual to the dilemma. As an example, the trolley dilemma is a
common ethics problem where the right answer is debated by the ethical perspective

taken (Shafer-Landau, 2018).

In a version of the trolley dilemma, a runaway trolley races towards a crowd who
will certainly be killed on impact. The reader of the dilemma has the opportunity to throw
a lever that will send the trolley down a parallel track that will kill only a single
individual. Deciding to pull the lever might employ utilitarian ethics with the goal of
doing the most good or saving the most lives (Mandal et al., 2016). In contrast, deciding
not to pull the lever might employ deontological ethics with the goal of being as fair and
just as possible (Mandal et al., 2016). Pulling the lever would be sentencing the single
individual to their death, which would be unfair to them. Ongoing philosophical debates
suggest that neither response is “right” nor “wrong.” Thus, moral reasoning evolves as a
suitable theoretical framework because it allows us to observe what principles are applied
to decisions without engaging in the argument of ethical correctness. Because this model
is developmental, some engineering education researchers aim to advance engineering
students to post-conventional schema to focus on ethical justice (Clancy, 2021). To
differentiate from neo-Kohlbergian moral reasoning, which focuses on principles of
ethics, these researchers use the term ethical reasoning instead of moral reasoning. While
it may be desirable to advance to higher levels of moral reasoning, that is not the

immediate purpose of these studies.
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Applications of Moral Reasoning

Despite moral and ethical reasoning frameworks having discrepancy in the
approach to development, these frameworks have widely been accepted within
engineering education as guiding theories or embedded within instruments. Early efforts
to measure moral reasoning lead to the development of the Defining Issues Test (DIT)
and the Defining Issues Test, Version 2 (DIT2) (Rest, 1974; Rest, Narvaez, Bebeau, et
al., 1999; Rest, Narvaez, Thoma, et al., 1999; Rest, Thoma, Narvaez, et al., 1997). These
instruments found evidence of validity through a large sample from the general
population. These tests’ formats present respondents with multiple ethical dilemmas, each
with two viable solutions and a third choice of “can’t decide.” Next, the tests ask
respondents to rate a series of potential considerations to their decision and rank their top
four (Rest, 1974; Rest, Narvaez, Thoma, et al., 1999). Instrument developers design each
of these considerations to represent the three levels of moral reasoning. For the DIT and
DIT2, an example dilemma may be whether the respondent would steal life-saving
medicine from a pharmacy if they could not afford it. A conventional designed
consideration may ask respondents if they considered the impact of their decision on the
lives of the pharmacy owner, and a post-conventionally designed consideration may ask
if they considered implications of crime on the community (Rest, 1974; Rest, Narvaez,
Thoma, et al., 1999). The rating and ranking of these considerations result in a

quantitative measure of the respondent’s moral reasoning.

Borenstein et al. (2010) out of the Georgia Institute of Technology, attempted to

use the DIT2 in their study on science and engineering students. However, they were
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unable to find practical changes from an ethics intervention possibly because the DIT2
was not sensitive to nuances of engineering and science disciplines. As such, Borenstein
et al. developed the Engineering and Science Issues Test (ESIT), a new moral reasoning
instrument tailored towards their sample. Since its development, the ESIT has been used
as a tool to evaluate ethics courses (Selby, 2015), understand cultural influences on
ethical reasoning (Clancy, 2020), and personalize ethics lectures based on students’
ethical reasoning (Kerr, 2016). Similar to the development of the ESIT, a study by Titus
et al. (2011), out of Purdue University, observed that engineering students did not find
the DIT2 dilemmas to be relevant to their engineering education. In response, these
researchers developed the Engineering Ethics Research Instrument (EERI) (Zhu et al.,
2014). Despite the EERI lacking evidence of validity, it has been used to evaluate the
effectiveness of ethics interventions (Ghorbani et al., 2018; Murzi et al., 2019; Reed,
2022; Reed et al., 2021). Both the ESIT and the EERI were developed to capture nuances
in engineering ethical decisions. Thus, the development of and practice with these two
instruments in engineering contexts promotes the appropriateness of assessing
engineering ethical decision making through a Kohlbergian-based moral reasoning

instrument.

Framework Limitations

Osborne (2012a) acknowledges that researchers can never obtain a “perfect”
sample. Instead, researchers should use theory to drive sampling decisions and should
exhibit transparency on limitations. Kohlberg’s theory of moral development may be

limited in its generalizability among gender because it was developed with a
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predominantly male sample (Rest, Thoma, & Edwards, 1997). Gilligan and Attanucci’s
(1988) work highlight studies suggesting there may be differences in moral reasoning by
gender, albeit no meaningful differences can be claimed because these studies were
inadequately powered and did not report effect size. Moreover, there is no theoretical
reason suggesting that there should be differences in moral reasoning by gender, but this

limitation must be acknowledged.

Competing Criteria in Decision Making

In addition to moral reasoning, decision making can also be understood through
the competing criteria practitioners may encounter. Criteria refers to metrics or
principles, which may compete for attention or valuation in the eyes of a decision maker.
These criteria may include 1) budget, 2) personal relationships, 3) plant productivity, 4)
time, and 5) safety. Criteria are a meaningful influence to decision making based on
literature (Akinleye et al., 2019; CSB, 2014; Dénmez & Uslu, 2020; Hendrickson & Au,
2008; U.S. Chemical Safety and Hazard Investigation Board, 2018) and informal
feedback from students who played a digital process safety game. Competing criteria
offer a lens that must be looked through to holistically understand engineering decision
making because not all decisions have obvious ethical elements. As such, engineers may
evaluate decisions and the outcomes by the criteria tied to the responsibilities of the
profession and to the interests of its practitioners. Some of these criteria have been
considered in the past through decision making literature (Howard & Abbas, 2016). Yet,
these past approaches focus on quantitatively maximizing or minimizing scale variables.

However, this approach overlooks time-sensitive or intuition requiring decisions that
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process engineers must face. Because the competing criteria lens is novel, literature is
limited in describing how engineers approach decision making from the need to balance
criteria, especially among chemical process engineers. As such, this work employs
literature on competing criteria from process safety case studies and other industries to
develop a conceptual framework around five competing criteria (budget, personal

relationships, plant productivity, time, and safety).

When making decisions, process engineers may need to consider budget as a
criteria. This criteria has to do with adhering to company budgets and minimizing
spending to yield a higher net profit. In practice, engineers at DuPont designed a
phosgene transfer system with cheap, short-life hoses because of the potential cost
savings over time (CSB, 2011), yet such decisions may impact worker safety in favor of
budget. This design decisions forced workers to replace the hose more frequently, putting
them at a higher risk of chemical exposure, which ultimately led to a fatal exposure after
a hose failure (CSB, 2011). Crowl and Louvar (2019) acknowledge this balance between
budget and safety, and they promote investing in process safety. They challenge the myth
that process safety may negatively affect a company’s economic performance by
reflecting on the success of Alcoa who are leaders in both aluminum production and
process safety (Crowl & Louvar, 2019). An example of failing to manage competing
criteria recently played out at the Philadelphia Energy Solutions refinery, where a
catastrophic fire erupted from a pipe leak that had been flagged for replacement over a

decade ago (CSB, 2019a). After the pipe had been flagged for thinning, it is likely this
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segment of pipe had not been replaced due to budget constraints, affirming the difficulty

of balancing budget and safety criteria.

Process engineers may also need to consider personal relationships in their
decision making. Personal relationships take into account perception and opinions of
coworkers, and connections with them or others who may be important, such as family
and friends. These relationships can affect engineers’ perception of safety culture and
professional responsibilities. For example, faltering safety culture at an Aghorn oil pump
station in Odessa, Texas promoted a pump worker’s spouse to fatally enter a restricted
work site against safety protocols during a gas leak (CSB, 2021). Another incident report
from the CSB (2015) identified that upon engineers identifying a hazardous chemical
leak and agreeing the plant needed to be shut down to minimize risks, the plant remained
in operation until a fireball erupted from the leak. While the engineers had deliberated
and agreed on the need to halt operations, all of the engineers involved neglected to make
the call, some of whom reported that they did so to avoid “flack” for making the call
(CSB, 2015, p. 81). In both of these cases, engineers may have been victim of affect bias,
which is where emotions and feeling, such as fear or pleasure, influence a decision
(Baybutt, 2017b). Paul Baybutt, an industry expert in process safety and risk assessment,
emphasizes that everyone, including engineers, can fall victim of affect bias (Baybutt,
2017b, 2017a). Therefore, engineers must consider personal relationships (and the

implications of prioritizing personal relationships) through their decision making.
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Plant productivity refers to the bottom line and production demands of customers
and employers. Process engineers consider plant productivity in process safety decisions,
as it is engrained in their decision making from undergraduate education. For example,
ABET requires chemical engineering students to be knowledgeable in analyzing hazards
(ABET, 2021b; Vaughen, 2012). In response, many chemical engineering programs
added hazard awareness to their curriculum, such as through hazard and operability
studies (HAZOP) (Willey et al., 2020). Crowl and Louvar (2019) note that HAZOP
focuses on understanding process hazards and their impacts on productivity. Thus, the
foundations of process safety and analyzing hazards are tied to plant productivity as a

criteria.

Time as a criteria has to do with an engineer’s availability, whether that be for
personal interests or career advancement. Time may also be considered in process safety
decisions and is evident in process incident case studies. In 2016, unit operators at an
ExxonMobil refinery were tasked with closing a valve, but the operators found the valve
gearbox was jammed. Breaking protocol in preference of saving time, the operators made
the decision to disassemble the valve gearbox, which resulted in a fatal isobutane leak
(CSB, 2017). In another case study, engineering management scheduled welding repairs
of a pipe segment near a condensate tank. However, leadership dedicated insufficient
time to evacuate flammable fumes from the tank, which resulted in an explosion that
killed two maintenance welders (CSB, 2018). In both of these situations, time was not

appropriately dedicated to the task at hand, which lead to undesirable outcomes.
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Last, process engineers must consider safety as a criteria to their decisions. Safety
encompasses wearing personal-protective-equipment, preventing employee injury,
protecting plant machinery, and safe-guarding the environment and surrounding
communities from chemical leaks (Crowl & Louvar, 2019). In an incident investigation,
the CSB (2019c, p. 81) quotes DuPont’s Process Safety Management policy, “-where
safety priorities are recognized, not as conflicting with other priorities, but rather as
inherently necessary for completing any task the right way.” Furthermore, ABET requires
that engineers be able to consider public health, safety, and welfare in every engineering
solution (ABET, 2021b). While safety may appear to compete for attention with other
criteria in prior examples, it is not meant to conflict with others. Safety must be a

consideration to any process safety decision.

While safety is inarguably important to the process industry, safety is linked to
other criteria and often competes with them for priority. Examples of this behavior are
found when safety is neglected by affect bias (Baybutt, 2017b, 2017a) in favor of
production demands at the Chevron refinery (CSB, 2015), when safety is neglected for
convenience or to save time (CSB, 2018), or when safety is tied to production and budget
concerns (Crowl & Louvar, 2019; CSB, 2011). Competing criteria are not unique to the
process industry. Studies among hospital nurses found patient care and well-being
(safety) deteriorates when competing with hospital budget constraints (Akinleye et al.,
2019; Encinosa & Bernard, 2005). Again, in the airline industry, incidents (safety) occur
in-part due to poor leadership from air traffic controllers (Dénmez & Uslu, 2020).

Hendrickson and Au (2008) acknowledge dedicating time to planning at the forefront of a
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construction or civil engineering project is critical to reducing expenses (budget) and on
the job injuries (safety). Practitioners, engineers included, need to balance these criteria,
and be aware of impacts that may occur when over prioritizing or neglecting a criteria.
Despite evidence that the competition of criteria may influence engineers’ decision
making, there is limited literature describing how engineers actually consider or

incorporate criteria into their decision making.

Game-Based Learning
Foundations of Game-Based Learning

Games have been treated as an umbrella term to describe a multitude of systems
and contexts including tools, media, experiences, art (Schrier, 2021), virtual realities, and
simulations (Pasin & Giroux, 2011). Ma et al. (2011; 2017) uses the term “serious game”
to describe digital-educational games. In addition, while acknowledging the lack of a
formal definition, Dorner et al. (2016) describes serious games as digital games designed
to achieve both entertainment and one other goal, such as learning or exercise (Lumosity,
Wii Fit, etc.). Kapp (2012) uses attributes of games to broadly describe them; these
attributes include challenges with rules, systems of player inputs and game feedback,
abstraction, interactivity, quantifiable outcomes, and emotional reactions. Crawford
(1997), an expert of computer game design, explains games must also include conflict,
yet despite the conflict, players must be safe from the dangers of conflict. Dorner et al.
(2016) expands this list of attributes to include storytelling, social factors, and learning.
Games are unique from simulations because games may also engage players through

narrative, reward systems, and non-playable characters (NPCs) (Young et al., 2012). By
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incorporating these viewpoints, this work interprets games to be systems of play and
enjoyment, bound by rules and challenging objectives, with controllable actions and
feedback unique to those actions, and with outcomes that are measurable and that
influence the player’s emotions. Moreover, a serious game is a digital product, through

which learning may occur.

Despite the vast approaches to games, the simplest understanding of games is that
they are “play” structured by rules (Crawford, 2003). Many have taken this structure and
purposefully designed games as a form of pedagogy known as game-based learning
(GBL) (Ma et al., 2011). GBL is becoming more prevalent as literature reviews are being
performed to evaluate their effectiveness in the classroom (Bodnar et al., 2016; Young et
al., 2012). Educational games have been applied to all stages of education in the US: K-
12 (Vogel et al., 2016), higher education (Harris et al., 2009; McDaniel et al., 2007), and
industry training (Juego-Studio, 2023; Microsoft, 2013). In addition, digital game
pedagogy has also become more prevalent within classrooms and multiple industries as
technology has become more commonplace (Ma & Oikonomou, 2017). While Young et
al. (2012) acknowledges there is no practical repository of educational games that have
been evaluated for their effectiveness, the benefits of games on pedagogy have been well

documented.

A major benefit of games toward play or education is immersion, where the
mediators and barriers between a player and the game fade out of existence (Przybylski et

al., 2010). Immersion shares reactions similar to Csikszentmihalyi’s theory on the state of
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flow. Flow occurs when an individual is concentrating so deeply on an activity that they
lose focus of time and their surroundings; the individual often finds the activity they are
engaged in to be intrinsically enjoyable and performs the activity most optimally
(Nakamura & Csikszentmihalyi, 2014). Immersion in digital games evolves from three
domains grounded in the self-determination theory of motivation (Ryan et al., 2006);
these domains are physical presence, emotional presence, and narrative presence

(Przybylski et al., 2010).

Two primary factors drive immersion: gaming interface and player’s needs. Users
interface with games through controls, graphics, sounds, and haptic feedback. Johnsen et
al.’s (2018) pilot study on an educational nursing game found that the game’s controls
were too simplistic giving their players not enough control of their actions. On the other
extreme, Orvis et al. (2010) found that too complex of controls can overwhelm players
encouraging them to disengage from gameplay. Either of these extremes promote barriers
of immersion (Nakamura & Csikszentmihalyi, 2014), so optimized gameplay requires
balanced control complexity. When discussing educational game design, Mildner and
Mueller (2016) acknowledge how players are able to control a game, see the game, and
even save their progress may have an influence on their immersion. In contrast to
designing immersive interfaces, Przybylski et al. (2010) found that meeting the player’s
motivational needs through narrative is among the strongest drivers of immersion. This
claim is consistent with the findings of Bormann and Greitemeyer (2015) who found that
narrative in digital games drove immersion that could positively influence games’

learning outcomes.
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Educators acknowledge that classroom experiences may be inauthentic to real
world experiences leaving students ill-prepared, but immersion in digital games may
address these concerns (Nicaise et al., 2000). While education researchers have called for
more hands-on training, this may be increasingly difficult in high risk professions, such
as medicine or process engineering. Educational games provide an opportunity to fill this
need. First, immersion through games can create authentic environments (Mildner &
Mueller, 2016; Newstetter & Svinicki, 2014) where players may act in authentic ways; as
such, immersion in games can remove predictive biases and promote ethical fading
(Bazerman & Tenbrunsel, 2011) unlike in-person classroom experiences. In addition,
games permit players to simulate “reality” without real world repercussions (Crawford,
1997; Hejdenberg, 2005). This benefit has been leveraged in serious game trainings, such
as flight simulators (Dorner et al., 2001), nursing practice (Johnsen et al., 2018), or public
safety (Martinez-durd et al., 2011). As such, educational games may be used as “practice
fields” where players can build up practical experience without legitimate dangers (Barab

& Dufty, 2012; Crawford, 1997).

While there are significant benefits of immersion, serious games may have
limitations on who they can reach. General social perception suggests that digital games
are a form of entertainment for men instead of women and acknowledges that women
may be less interested in playing games than males (Orvis et al., 2010). However, Joiner
et al. (2011) directly investigated mechanical engineering students for gender differences

in knowledge and motivation around an educational, digital game and found no
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significant differences. Another concern is the role of player age. Orvis et al. (2010)
explored the value in educating military personnel by analyzing over 10,000 responses to
the Sample Survey of Military Personnel, and they found significant decreases in
gameplay experience with age. Because this finding identifies a potential risk to
educational game effectiveness, they call for additional longitudinal data to differentiate

generational differences from age differences.

Despite questions on the role of demographics in game-based learning, both Pasin
and Giroux (2011) and Johnsen et al. (2018) support that games supplement traditional
course curriculum as it provides multiple opportunities to learn. Pasin and Giroux (2011)
described this approach to be effective because it allowed students to help grasp complex
topics with firsthand experience. Tawa (2017) echoes this effectiveness with an example
of a serious game that was used in a cross-cultural psychology course on racial
differences, which was noted to be achievable only through the immersive nature of the
game. The aforementioned studies by Johnsen et al. (2018) and Tawa (2017) may have
been found to be so successful because of their ability to immerse their players into the

game.

Examples of Game-Based Learning

In relation to this work, literature outlines three relevant GBL domains as they
relate to ethical process safety decision making: safety, awareness building, and
discipline-specific type games. Some games are used to teach safety related to high risk

environments where it may be unrealistic to facilitate training or see the outcomes of poor
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practice. Games may also be used to build awareness in social or ethical dilemmas. These
games provide players with an opportunity to view dilemmas from new perspectives or
gain understanding through simplicity of play. In addition, certain disciplines have begun
using games because of their ability to teach complex ideas and skills. A summary of
examples in these domains and their overlaps are shown in Figure 2.3. The overlap of
these three GBL domains defines the attributes needed in a game that can be used to
teach ethical process safety decision making. Thus, the game selected for this study is
Contents Under Pressure, which will be described in detail in Chapter 4 where it is first

applied within a study.

Firefighter safety training
(Backland., 2007; McGowan & Decheux, 2008)
Construction hazard identification
(Son et al.. 2011)

Construction trench safety
(Dickinson, 2011)
Nursing training
(Johnsen, 2018)
Food safety training
(Namee, 2006)

Engineering sunk-cost-effect
(Joiner. 2011)

Pilot situational awareness
(Pranvoku, 2021)

Engineering ethical decisions
(White, 2020)

Costal erosion
(Lopez, et al, 2022

Awareness
Racism and implicit bias
(Ma & Oikonmou, 2017)
Social understanding
Contents Under (Romero, 2011)

Pressure game Civic engagement

(Schrier, 2021)

Figure 2.3. Summary of literature among three GBL domains where the overlap
contextualizes Contents Under Pressure.
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Summary

This literature review covered concepts related to decision making, moral
reasoning, competing criteria, and game based learning. Engineering decision making
plays a critical role in projects and social well-being, yet this role may be under
investigated in comparison to other approaches to safety and design. This may create a
deficit in decision making experience, leaving openings for bias and confounds, such as
behavioral forecasting and ethical fading, to influence engineering decisions. Chemical
engineers are not uniquely immune to these biases. Kohlberg’s theory of moral
development may be used to evaluate the principles behind these decisions without
determining an ethically right or wrong response to a dilemma. Moreover, ethical
elements to everyday decisions are not always obvious, and criteria may influence
engineers’ decision making. This literature review identified five potential competing
criteria that engineers may consider: budget, personal relationships, plant productivity,

safety, and time.

Last, game-based learning may leverage attributes of immersion to provide
students an opportunity to train in an authentic manner without penalties and
repercussions of the real world. This is applicable to process safety education because
classrooms may not provide authentic experiences where engineers can build an

awareness of their own decision making regarding ethics and competing criteria.
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Chapter 3
Developing the Engineering Process Safety Research Instrument

Overview

The objective of this first study was to complete the development validation of the
Engineering Process Safety Research Instrument (EPSRI) through exploratory (EFA) and
confirmatory factor analyses (CFA). Instrument development validation was begun in
earlier work (Butler, 2018) and was completed in this study. Multiple process incident
case studies supply evidence that they were caused by a series of poor engineering
decisions (CSB, 2014, 2019b). Literature suggests that strengthening ethical decision
making education holds the potential to mitigate such incidents by building awareness
and experience in such decisions (Bairaktarova & Woodcock, 2017; Clancy, 2020a;
Osberg & Shrauger, 1986). However, up to this point, no form of ethical decision making
assessment exists in process safety contexts to test such educational endeavors, which
may hinder ethical decision making education in this context. As such, this work sought
to establish the EPSRI as an assessment tool of moral reasoning for senior chemical

engineering students focused on the context of process safety.

Modeled after the seminal moral reasoning instrument, the DIT2 (Rest, Narvaez,
Thoma, et al., 1999), the EPSRI presents respondents with a series of ethical dilemmas,
possible responses, and a list of items that they may have considered while making each
decision (considerations). Through an EFA, this study sought to find evidence that these
considerations represent the intended levels of moral reasoning (pre-conventional,

conventional, and post-conventional (Kohlberg & Hersh, 1977)) through statistical
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correlations (validity) and that these correlations exist consistently in the data
(reliability). Subsequently, this study performs a CFA to affirm the developed instrument
and correlations among the considerations are a “good fit” for the data (Floyd &
Widaman, 1995, p. 293). This study did find some evidence of validity and reliability of
the EPSRI as a tool to assess the moral reasoning among senior chemical engineering

students.

Introduction

Moral Reasoning Assessment

Moral reasoning is an intangible trait, which has historically been measured
through the Defining Issues Test (DIT) and the Defining Issues Test 2 (DIT2). However,
engineering education researchers recognized that engineering students did not find
relevance to engineering from the general dilemmas posed in these instruments. In
response, researchers from Georgia Institute of Technology and Purdue University
responded by developing the Engineering and Science Issues Test (ESIT) (Borenstein et
al., 2010) and the Engineering Ethical Reasoning Instrument (EERI) (Zhu et al., 2014).
These examples emphasize that moral development is contextual to each industry.
Furthermore, the moral development of chemical engineers concerned with process
safety is unique to each students’ own engineering experiences. For example, the ethical
dilemmas that a civil engineer faces may differ from those that a biomedical engineer
does. This progression led to the inception of the EPSRI as an assessment instrument
capable of capturing the nuances associated with process safety’s ethical dilemmas. Prior

development of the EPSRI is documented elsewhere (Butler, 2018).
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The EPSRI is formatted similarly to the DIT2. Instrument respondents read a
number of independent ethical dilemmas, choose from three potential solutions to each
(one being “can’t decide™), rate the importance of a series of considerations relevant to
each decision, and rank their top-four considerations. Dilemmas in the EPSRI are
contextual to process safety, pulling from process incident case studies (Butler, 2018).
The considerations were designed to reflect the three levels of moral reasoning from
Kohlberg’s moral development theory (Kohlberg & Hersh, 1977). On occasion,
meaningless considerations (M-items) would be included among the considerations that
would clearly not apply to the dilemma. For example, an M-item might ask the
importance of being able to order pizza while deciding how to operate a plant during a
hurricane. These M-items were used to filter out bogus responses as described elsewhere
(Butler et al., 2019; Rest, Narvaez, Thoma, et al., 1999). An example dilemma from the

EPSRI is shown in Figure 3.1.
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Prompt 2: You are an engineer at a chemical company that produces chemical additives for the
_ gasoline industry located in the gulf coast region of the United States. The plant is located in the
suburb of a major city. Part of your responsibilities include oversight of safety systems on several

large storage tanks of volatile organic precursors that are used in the manufacture of your
company’s main product. The temperature control on these tanks is important, since at elevated
temperatures, the increased volatility may pose a risk of tank over pressurization or even
explosion. Today. the National Weather Service announced that their models are predicting a
severe hurricane that has a significant probability of impacting the region where your plant is
situated. While you are confident that the plant has been designed to withstand the appropriate
wind loads, this particular storm is predicted to bring about unprecedented flooding, which you are
not certain the plant has been designed to tolerate. The temperature control loops and associated
equipment are connected to backup generators in the event of a power failure, but the generators
themselves will fail if exposed to floodwaters. leaving the tanks uncontrolled. The effects of a
release of the volatile material are largely unknown, especially under storm conditions, and an
explosion, depending on the magnitude, could cripple or destroy the plant. The storm is still
several days away, giving you some time to reach a decision on a course of action.

Option A - Take no action and hope potential flooding will not compromise the
generators

Can’t decide on a course of action

Option B - Solicit volunteers to stay through the storm and attempt to keep the generators
functioning

Rate the following issues in terms of importance (1-5). Note that some of the items may seem
irrelevant or do not make sense. In that case, rate the item as "No" importance and do not rank

the question.

Great (1) | Much (2) | Some (3) | Little (4) No (5)

1. What is the potential for negative
impact to the environment if the
tanks release their contents?

4. What is your level of concern

regarding your own nal safe
if you choose to stay on-site during
the storm?

5. How much faith do you have in
your local meteorologist?

7. Would staying to prepare the
tanks jeopardize you and your
family's safety in the upcoming

storm?

Figure 3.1. Example EPSRI Dilemma with Considerations.

Il

Importance ratings and rankings of relevant considerations were used to quantify
respondents’ moral reasoning. Specifically, P-scores (principle score) and N2 scores (new
principle score 2) were used to benchmark moral development among Kohlberg’s three
levels of reasoning (pre-conventional, conventional, and post-conventional moral
reasoning). These scores originate from earlier validated instruments (DIT and DIT?2),
and the method of determining these scores from the ratings and rankings within the

EPSRI is described in detail elsewhere (Butler, 2018). In addition, variance in rating and
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ranking of considerations can quantify moral consistency. Neo-Kohlbergian ethicists
developed the CDIT score (consistency DIT score) to benchmark respondents’ moral

reasoning as consolidated or transitional (Rest, Narvaez, Bebeau, et al., 1999).

Instrument Validation

Theory is a set of interrelated constructs that model a phenomena (Creswell,
2009), yet these constructs are often difficult to assess or may not even be observable
traits. For example, an individual’s feeling empathy or motivation are unobservable
constructs. As such, instruments and tests enable researchers to assess the extent an
induvial exhibits behaviors or opinions aligning with such constructs. As constructs are
not directly observable, questions that theoretically align with the constructs must be
developed. Factor analysis is a part of the instrument validation procedure that ensures
these questions are valid, or accurately represent the construct, and reliable, or
consistently represent the construct (DeVellis, 2016; Meyers et al., 2017b). In the context
of the EPSRI, factor analysis checks that the EPSRI’s considerations accurately and
reliably represent the intended levels of moral reasoning, such as those shown in Figure
3.1. The EPSRI followed the best practices in instrument development, similar to those
described in the development of a seminal moral reasoning instrument (DIT2) (Rest,

Narvaez, Thoma, et al., 1999) by seeking this evidence of validity and reliability.

Factor analysis is a multivariate testing procedure that searches for correlation
among a set of items (Meyers et al., 2017b). As an analogy, the simplest statistical

analysis might look for the relationship (or correlation) between two items. Factor
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analysis scales up this test by looking for the correlation among different groupings of
items and reports the correlations from the most robust groupings. These correlated
groups of items outline latent constructs (Meyers et al., 2017b). With respect to this
study, the items are the ratings of consideration in the EPSRI, and the latent constructs

are intended to be the three levels of moral reasoning.

Instrument development follows a four phase process: 1) content generation, 2)
content validation, 3) exploratory factor analysis, and 4) confirmatory factor analysis
(Hinkin, 1998). Content generation involves writing the ethical dilemmas that are
contextualized to the field and considerations that reflect the levels of moral reasoning.
Content validation involves reviewing the dilemmas and considerations for
appropriateness to the instrument context, which is typically performed by content
experts (ethicists, professors, field practitioners, etc.) (Butler et al., 2018; DeVellis,
2016). Exploratory factor analysis (EFA) entails reliability and validity testing of the
instrument with the intended sample. EFA may be a cyclic process involving removing
EPSRI considerations or dilemmas and retesting the instrument. Upon finding
satisfactory reliability and validity in the EFA, development proceeds to confirmatory
factor analysis (CFA). CFA repeats the reliability and validity testing used in the EFA to
affirm that the reliability and validity is reproducible with a new, independent sample and

that the predicted relationships in the data fit well.
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Methods

Instrument Validation

Earlier work on the EPSRI included the first two phases of instrument
development and two iterations of EFA (Butler, 2018). This prior work obtained evidence
of content validity from experts in the process industry and academia, generating seven
dilemmas that include thirteen to fifteen considerations per dilemma. The initial two
rounds of EFA refined the EPSRI to five dilemmas having twelve to fifteen
considerations each; however, these analyses found limited reliability and validity
(Butler, 2018). The current study focused on completing a final round of EFA and CFA
to obtain sufficient reliability and validity evidence for the EPSRI version with five
dilemmas. A summary of these five dilemmas and the EPSRI’s development journey are

shown in Table 3.1 and Figure 3.2, respectively.
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Table 3.1.

Summary of Dilemmas in the EPSRI

Dilemma

Summary of EPSRI dilemma with two ways to respond.

1 (Hose)

2 (Hurricane)

3 (Leak)

4 (Gearbox)

5 (Additive)

While designing a plastic manufacturing facility, you must choose
between two metal hoses: a cheap hose that must be replaced
frequently or an expensive hose that has a longer life.

A hurricane is forecasted to flood the chemical plant you work at,
which may disable backup generators that sustain temperature
controlled chemicals. You may trust in the plant infrastructure to
manage flooding or solicit volunteers to manage flooding during the
storm.

As a new employee, a coworker tells you to ignore a leaking steam
valve that you point out. You may report the valve to the manager or
ignore the leaking valve.

As an engineering intern at an oil refinery, a co-worker suggests
dismantling a jammed valve gearbox, as this has been done before. A
manager may be asked for help, or the gearbox may be dismantled.
At a research and development company, a reaction additive you use
to boost productivity has recently been reported to be potentially
harmful to the environment, but it is not regulated by the EPA. You

may search for a replacement or ignore the reports.
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Phaz= 1

. . Start with . developed

Need identified | Content generation | -
EPSRIy;
(Butler, 2018) 2 dilemmas

Phase 2 15-17 considerations
developed ) ) vsad in
Content validation |
EPSRIy,

7 dilemmas (Butler, 2018; Butleratal., 201 8)

13-15 considerations

used in developed

- Think-aloud study | - EPSRIy;

Shight wording
clanifications to
Thase 3 dilemmas and
considerations

A

(Bodnar et al., 2020)

vzad in

EPSRIy,
6 dilemmas
12-15 considerations

EPSRIys
5 dilemmas
12-15 considerations

EPSRy

5 dilemmas
9-11 considerations

Present development

Validity evidence

Figure 3.2. Summary of the journey of the EPSRI development while differentiating past
and present work.

Data Screening
In all rounds of instrument development, the sample was filtered using three
criteria that may indicate responses were unreliable: 1) missing responses, 2) repeat

ratings, 3) inconsistence between rate and rank scores. This filtering procedure was
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derived from those of the DIT and DIT2 (Rest, Narvaez, Thoma, et al., 1999) and has
been modified for the context of the EPSRI (Butler, 2018). When taking the EPSRI,
respondents read ethical dilemmas, rate the importance of a series of considerations
within each dilemma, and rank the top-four considerations to each decision. When too
many considerations are unrated or when there are too many missing rankings, the
response was removed from the sample. Incomplete responses may be obtained when a
respondent decides not to respond to a consideration or quits the test midway through.
Excessive missing data makes calculating final scores (p-score, N2 scores, and CDIT
scores) inaccurate, and missing responses may lead to the entire data set being unreliable.
As such, these responses should be removed. Respondents who left three consideration
ratings blank for two dilemmas were purged from the sample (Rest, Narvaez, Thoma, et

al., 1999).

Responses may also be removed if too many considerations to a single dilemma
are rated of the same importance. When considerations reflect distinct levels of moral
reasoning but are repeatedly rated as the same level of importance, this may indicate the
respondent unreliably rated all of the considerations similarly to complete the EPSRI
quickly. Repeating data was purged where n-1 considerations were rated the same across
at least two dilemmas, where n is the number of considerations per dilemma (Rest,
Narvaez, Thoma, et al., 1999). As the EPSRI was developed and considerations were
removed as the instrument was refined, this threshold was adjusted proportionally with
the number of considerations in the dilemma. Moreover, the number of considerations

varied between dilemmas, so the threshold also varied between dilemmas within the same
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version of the EPSRI. For example, Dilemma 1 included 12 considerations, and Dilemma

2 included 15 considerations.

Last, responses may be filtered for inconsistently rating and ranking
considerations within a dilemma. For example, a respondent may rate some
considerations to be of great importance (5) to them but may rank others to be in their
top-four considerations. These types of responses likely do not capture the moral thinking
from the respondent. Logically, considerations of the highest rated importance should
also be ranked amongst the most important considerations to a decision. Thus, when
these reported considerations are inconsistent, the response was removed for fear of
unreliability. Responses may be purged when a respondent’s rate-rank score exceeds a
threshold; this threshold is a function of the number of considerations in the instrument
(the number of opportunities for ratings and rankings to be misaligned). Because the
threshold was proportional the number of considerations in a dilemma, the threshold
varied for every dilemma across each round of factor analysis where the instrument may
have been refined. The specific formula for calculating rate-rank scores and rate-rank
thresholds including the example calculations that guided this filter are described in detail
elsewhere (Butler, 2018). Table 3.2 summarizes the number of responses filtered from
each round of instrument development using the specific criteria described in earlier work

on the EPSRI (Butler, 2018).
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Table 3.2.

Summary of Filtered Data
Sample Description EFA (3/3) CFA
Initial sample 372 339
Filtered by missing data criteria 85 24
Filtered by repeating data criteria 8 34
Filtered by rate-rank criteria 16 4
Filtered sample 263 277

Exploratory Factor Analysis

Once the data have been cleaned, factor analysis can begin. Statistical analysis
software, such as IBM SPSS, was used for data rotation. Typically, software defaults to
determining factor loading based on the sequence that items are included. Data rotation
enables the program to start out of sequence with the goal of finding the most robust
factor. Because we anticipated correlation between the instrument constructs (the
developmental levels of moral reasoning), oblique rotation (DeVellis, 2016; Meyers et

al., 2017a; Pett et al., 2011d) was selected.

After data rotation, factor analysis evaluated for eight indicators ((1) correlation
matrix, (2) Measure of Sample Adequacy, (3) Kaiser-Meyer-Olkin value, (4) Bartlett’s
Sphericity test, (5) scree plot, (6) factor structure matrix, (7) inter-item correlation
variance, and (8) Cronbach’s a coefficient) as described by Pett et al. (2011a, 2011c,

2011b). The correlation matrix (1) checks for appropriateness for factor analysis,
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ensuring that items have some correlation, but are not identical. The correlation matrix
and its determinant are used to find other indicators: Measure of sampling adequacy
(MSA), Kaiser-Meyer-Olkin value (KMO), and Bartlett’s test. MSA (2), found on the
diagonal of the anti-image correlation matrix, is another set of values that should be
consulted to ensure that the correlations are adequate for factor analysis. KMO (3) is an
indicator that shows if the sample size is appropriate for factor analysis by determining
the ratio of participants to the number of items in the analysis. The KMO indicator is
equivalent to a priori power analysis. Bartlett’s Sphericity test (4) assesses the null
hypothesis that relationships exist in the correlation matrix. A statistically significant
result would indicate that there is 95% confidence a relationship doesn 't-not exist. Next,
a scree plot (5) suggests how many factors (or latent constructs) might exist in the data.
The purpose of the plot is to differentiate definitive factors from scree variance. The
factor structure matrix (6) tables the standardized correlation of every item onto a latent
factor. These standardized correlations are called factor loadings. Factor loadings can
generally be evaluated visually to interpret whether considerations are loading onto the
designed constructs. Inter-item correlation variance (7) affirms that there are no two
considerations that are foo similar within a construct. Finally, Cronbach’s a coefficient
(8) measures how consistently or reliably the considerations load onto the constructs.
Generally, a Cronbach’s a coefficient greater than 0.70 is considered highly reliable
(Cronbach, 1951), yet lower values may still present evidence of reliability (Cortina,
1993; Griethuijsen et al., 2015; Taber, 2018). Factor loadings (validity evidence) and
Cronbach’s a (reliability) depend on correlations among considerations; thus, whenever a

consideration is removed for any reason at any stage in the analysis, the aforementioned
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indictors must be reassessed as these values are reported while considering a

consideration that no longer exists in the instrument.

Factor analysis, in the context of developing the EPSRI, focused on taking
considerations that have been written with specific level of moral reasoning in mind and
finding statistical relationships among them. When responding to the EPSRI, students
ranked a series of “shuffled” considerations based on how important they are to their
decisions. Factor analysis intends to find relationships among similar considerations by
their shared variance as factor loadings. When a group of considerations load strongly
together, the factor may be interpreted as a construct, such as a level of moral reasoning.
In this analysis all considerations are included. This includes the meaningless items
because the analysis may show if they share a relationship with unintended factors.
Figure 3.3 illustrates how an intended meaningless item has loaded onto the interpreted
conventional moral reasoning construct. As described later, such a loading may require

removal or alteration of the wording of the consideration.
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Consideration ratings from EPSRI Factor Loadings Interpreted Construct
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Meaningless considerations

Consideration designed to represent:
I Post-conventional [ Pre-conventional

[ Conventional [ ] Meaningless * - indicates a consideration loading onto wrong factor

Figure 3.3. Visualization of how EPSRI considerations load onto constructs.

To obtain adequate statistical power for factor analysis, the sample needs to be
five to ten times greater than the number of items being analyzed (Hair et al., 1998). The
initial version of the EPSRI had almost one hundred items, so a sample of 1000 would
have been required. Because of unlikelihood of securing that many senior chemical
engineering students in the sample, Butler (2018) made the judgement to perform the
EFA by dilemma opposed to across the entire instrument. In this case, a targeted sample
of 150 would be appropriate for the maximum fifteen considerations per dilemma. This

approach is maintained through subsequent rounds of EFA for analysis consistency.

Confirmatory Factor Analysis
After the EFA, a confirmatory factor analysis (CFA) was performed. While EFA
seeks evidence of validity and consistency in a sample, a second sample provides more

resounding evidence that the anticipated model is accurate (Gerald Saucier & Goldberg,
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1996). In addition, it can promote instrument reliability between samples, suggesting
replication. A CFA differs from EFA as it focuses on confirming the existence of the
hypothesized latent factor structures and relationships among items. Researchers use EFA
to identify the optimal number of latent factors and their factor loadings, whereas in CFA,
researchers predetermine the relationships and loadings of items into factors, which are
informed by the EFA (DeVellis, 2016). There are multiple pathways to perform a CFA
because of the flexibility of the analysis (Kline, 2015). Two of which are structural
equation modeling (SEM) and repeating principal component analysis (PCA). SEM tests
a block diagram model of items with arrows indicating correlations and sources of error
(Meyers et al., 2017b). While this method is robust and commonly used (Meyers et al.,
2017b), others suggest that testing a provided model against empirical data may provide
less evidence of validity than when the data reload onto desired factors on a repeat
attempt (DeVellis, 2016; Gerard Saucier & Goldberg, 1996). Following this judgement,
the author opted to repeat the PCA procedure over the SEM alternative due to time
constraints around this study. As such, the quantitative indicators of validity and

reliability are the same between the EFA and CFA.

Study 1 Design

Instrument validation and factor analysis focused on sampling senior chemical
engineering students because this is where process safety education is largely taught in
chemical engineering programs (CCPS, 2022). A summary of the sampling is shown in
Table 3.3. For the first two rounds of EFA, Butler (2018) sampled senior chemical

engineering students from three ABET accredited chemical engineering programs

49



(Programs 1-3), and they obtained a sample size of 223 and 198. These rounds of EFA
did not find sufficient evidence of validity and reliability, so some considerations were
purged from the instrument. To expand the sample in the third round of exploratory
factor analysis, data was collected from seven new ABET accredited chemical
engineering programs (Programs 4-10), obtaining a filtered sample of 263 senior
chemical engineering students. Upon obtaining adequate reliability and validity of the
intended constructs in the EFA, the CFA was performed by sampling from five programs
(Programs 4-8) to obtain 275 responses. Programs selected for each of these rounds of
analysis were selected as part of the research network of study collaborators overseeing

the larger research project.

Table 3.3.
Summary of Sample across Instrument Development

Round of development Sample size Institutions
EFA 1/3 (spring 2018) * 210 1-3

EFA 2/3 (fall 2018) * 198 1-3

EFA 3/3 (spring 2019) 263 4-10

CFA (spring 2020) 275 4-8

* - indicates rounds of instrument development performed prior to this work
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Results and Discussion

Third Exploratory Factor Analysis

This present work began with performing the third round of EFA. As a result of
the second round of EFA (Butler, 2018), the EPSRI was refined into its fifth version. The
number of dilemmas and considerations per dilemma for this version of the EPSRI is

summarized in Table 3.4.

Table 3.4
Number of Considerations Designed into the EPSRI (version 5) at the End of the Second
EFA to be Used in the Beginning of the Third EFA

Number of considerations

Dilemma Pre- Conventional Post- M-item Total
conventional conventional

1 (Hose) 4 3 3 2 12

2 (Hurricane) 4 4 4 3 15

3 (Leak) 4 4 3 1 12

4 (Gearbox) 3 3 4 3 13

5 (Additive) 4 4 3 2 13

When evaluating the first ethical dilemma, in which participants are asked to
select a hose for a manufacturing process, one post-conventional consideration was
removed because it was loading strongly onto a factor along with three other

conventional considerations. This loading suggests that students were interpreting this
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consideration to similarly reflect conventional level reasoning, which was not the
intended case. The consideration asked, “(7) Do you believe there is a level of risk that is
acceptable considering the savings of Option A?” After removing this consideration, the
remaining four factor analysis indicators (MSA, KMO, Bartlett’s test, and scree plots)
supported performing a factor analysis with four distinct factors with considerations
consistent with their intended design. A summary of this dilemma’s factor loadings and
factor reliabilities are shown in Table 3.5. Note, the removed consideration is not
displayed in this table as its inclusion in the analysis would impact the other loadings in

the analysis.
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Table 3.5.
Summary of Dilemma 1’s Factor Loadings and Reliabilities from the Third Round of

EFA
Consideration Factor Reliability,
loading Cronbach’s a

(1-1) How important is it to you to maximize 0.64 0.51
your salary with a bonus?
(1-3) Would you gain personal satisfaction of 0.36
“doing a good job” if you choose one option
over the other?
(1-8) Would your fellow employees have a 0.68
more positive opinion of you if you chose one

g option or the other?

rg (1-11) Would you earn additional recognition 0.78

g and career opportunities by keeping costs low?
(1-2) Are you concerned that selecting Option A 0.49 0.42
might require more of your employees’ time?
(1-5) How much risk to the surrounding 0.76
community is associated with replacement of

- hoses for each option?

é (1-10) Would choosing Option B benefit the 0.58

o

% company?

O
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Consideration Factor Reliability,

loading Cronbach’s a

(1-6) Would process reliability be affected by 0.81 0.62
hose choice?
(1-7) Is it ever a good idea to rely on active 0.79

g measures (in this case, employee maintenance)

g rather than inherently safe design (in this case,

;%: material of construction)?
(1-4) Do you think that management will cancel -0.83 0.59
work due to weather tomorrow?
(1-9) Do the polymer linings for each option

B -0.84

E match the color of the pipe?

When evaluating the second ethical dilemma, where participants are asked to
decide how to prepare for a hurricane, four considerations were purged from Dilemma 2.
Of those four, two considerations were removed for having MSA values below the
desired threshold of 0.540 (Hair et al., 1998; Meyers et al., 2017b). Following the
removal of these first two considerations, the next two considerations were removed for
loading onto unintended factors. Consideration 2-13 (M-Item) loaded strongly onto the
pre-conventional factor. When this consideration was removed, it left a single M-Item in
this dilemma. Any single consideration cannot represent a latent factor, so when the

author repeated the procedure after the removing the aforementioned considerations, the
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single remaining M-Item was also not included. After its removal, Consideration 2-3
(conventional) loaded onto both the pre-conventional and post-conventional factors, so
this consideration was also removed from the dilemma. A summary of the considerations
removed from this dilemma are shown in Table 3.6. The remaining considerations were
found to be appropriate for factor analysis, and each loaded strongly to their intended

factor. A summary of this dilemma’s factor loadings and factor reliabilities are shown in

Table 3.7.

Table 3.6.

Considerations in Sequence of Removal from Dilemma 2 during the Third Round of EFA

Consideration

Reason for removal

(Pre-conventional Consideration 2-2)
Are you concerned about your job
security if the plant is damaged or
destroyed?

(Pre-conventional Consideration 2-14)
Would working at the plant during the
storm impact your ability to protect your

home and belongings from damage?

The MSA value of 0.44 suggested its
correlations with other considerations

were not appropriate for factor analysis.

The MSA value of 0.49 suggested its

correlations with other considerations

were not appropriate for factor analysis.
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Consideration

Reason for removal

(Conventional Consideration 2-3)

Are you concerned about your coworkers’

safety if they stay at the plant during the
hurricane?
(Conventional Consideration 2-13)

What is the potential for wind damage to

Dual loaded onto opposing constructs.
Pre-conventional loading: 0.447

Post-conventional loading: 0.583

The MSA value of 0.44 suggested its

correlations with other considerations

upcoming storm?

Pre-conventional

the plant? were not appropriate for factor analysis.
Table 3.7.
Summary of Dilemma 2’s Factor Loadings and Reliabilities
Consideration Factor Reliability,
loading Cronbach’s a
(2-6) What is your level of concern regarding 0.76 0.49
your own personal safety if you choose to stay
on-site during the storm?
(2-9) Would staying to prepare the tanks 0.77

jeopardize you and your family’s safety in the




Consideration

Factor

loading

Reliability,

Cronbach’s a

Conventional

(2-5) What is your level of comfort in soliciting
volunteers to stay on-site during what may be a
life-threatening situation?

(2-8) What is your confidence that you and/or
your team will be able to keep the generators

functioning under the storm conditions?

(2-10) How would your company be perceived if

no employees were on site during the storm and

an accident occurred?

0.74

0.70

0.66

0.50

Post-conventional

(2-1) What is the potential for negative impact to
the environment if the tanks release their
contents?

(2-4) Is there the potential for the exploding
tanks to damage the surrounding neighborhood
and infrastructure adjacent to the plant?

(2-12) What is the potential for negative health
effects on residents who live in the areas
surrounding the plant if the tanks release their

contents?

0.67

0.71

0.87

0.69
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Consideration Factor Reliability,

loading Cronbach’s a
(2-15) Is the plant located in an area where 0.44
=
=
S dangerous impacts to the surrounding
=
]
% community are likely?
O
Z
&
(2-7) How much faith do you have in your local 1.0 -
5 |
= meteorologist?
=

When evaluating the third ethical dilemma regarding a leaking steam valve, one
consideration was removed from Dilemma 3. All of the eight factor analysis indicators
supported performing an EFA, and the factor loadings were strong and grouped as
intended. However, when evaluating the loading reliability for the factor with the four
conventional considerations, Consideration 3-7 was removed to improve the reliability
from a =0.47 to 0=0.52. Consideration 3-7 asked respondents, “Would there be any
negative impacts on your coworker if you report the leak?” A summary of this dilemma’s

factor loadings and factor reliabilities are shown in Table 3.8.
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Table 3.8.
Summary of Dilemma 3’s Factor Loadings and Reliabilities

Consideration Factor Reliability,
loading Cronbach’s a
(3-4) Will the leaking valve be a common 0.49 0.61

nuisance for you, or is it located in a part of the
plant you will seldom visit?
(3-8) Will you face negative repercussions from  0.70

reporting the leak?

(3-10) How much time or effort would it take 0.60

g you to have the valve inspected?

rg (3-11) Would you be looked at as a “worrier” if ~ 0.76

§ you report the leak?
(3-1) How often is maintenance performed on 0.66 0.52
the equipment in the plant?

- (3-5) How often is the valve used? 0.20

é (3-8) What other people or equipment may be 0.709

o

§ exposed to the steam leak?
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Consideration Factor Reliability,

loading Cronbach’s a

(3-2) If you ignore the leaky valve, are you -0.33 0.48
contributing to a negative engineering safety

culture overall?

(3-6) Is it ever acceptable to not report a 0.86
é potential safety hazard?
g (3-12) Can any safety hazard, regardless of how  0.82
;%: minor, be dismissed as simply an “annoyance”?
- (3-3) How big of a bucket is available to collect 1.0 -
g the leaking material from the valve?

When evaluating the fourth ethical dilemma regarding dismantling a valve
gearbox at an oil refinery, a pre-conventional consideration was removed for a low MSA
value. Upon reperforming the analysis after its removal, three more considerations were
subsequently removed for loading onto factors in addition to their intended factors. A
summary of the considerations removed are shown in Table 3.9. A summary of this

dilemma’s factor loadings and factor reliabilities are shown in Table 3.10.
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Table 3.9.

Considerations Removed from Dilemma 4 During the Third Round of EFA

Consideration

Reason for removal

(Pre-conventional Consideration 4-12)
Are you concerned about your job
security if your supervisor becomes aware
that you opened the valve manually?
(Conventional Consideration 4-8)

Are you comfortable deviating from the
company’s standard operating
procedures?

(M-Item 4-6)

Does the weather forecast predict cloudy
weather today?

(Post-conventional Consideration 4-13)
Is it right to regularly manually override

equipment?

The MSA value of 0.46 suggested its
correlations with other considerations

were not appropriate for factor analysis.

Removed to improve reliability of
conventional considerations from o = 0.15

to a.=0.29.

Removed to improve reliability of
meaningless considerations from o = 0.55
toa=0.75.

Removed to improve reliability of post-
conventional considerations from a = 0.63

to a.=0.69.
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Table 3.10.

Summary of Dilemma 4’s Factor Loadings and Reliabilities

Consideration Factor Reliability,
loading  Cronbach’s a
(4-2) Would your co-worker lose confidence in 0.91 0.80
— your abilities if you asked for assistance?
E . . .
é’ (4-3) Would the engineering supervisor be 0.89
3
E irritated with you if you asked for help?
(4-5) Would leaving the valve as-is cause a loss 0.77 0.29
of production?
(4-9) Would a hazardous chemical leak impact 0.58
g the company’s image?
=
]
>
=
3
@)
(4-1) Are there any health risks associated witha  0.80 0.75
hazardous chemical leak that could impact the
local community?
(4-6) What is the possibility of a larger issue, 0.86
such as an explosion or fire, if a hazardous
=
.5 chemical were to leak from the valve?
=
o]
= (4-7) What impact would a hazardous chemical 0.84
Q
Q
Z leak have on the environment?
~
- (4-4) How many bolts will need to be undone? 0.83 0.69
Q
E (4-8) What tools do I need to unbolt the valve? 0.81
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When evaluating the fifth ethical dilemma regarding selecting a potentially
environmentally harmful process alternative, one M-Item was removed for a low MSA
value. Upon its removal, the factor analysis indicators supported using the data for factor
analysis, and the considerations all loaded strongly onto their intended factors. One post-
conventional consideration was later removed to improve the reliability of the factor. A
summary of the considerations removed are shown in Table 3.11. A summary of this

dilemma’s factor loadings and factor reliabilities are shown in Table 3.12.

Table 3.11.

Considerations Removed from Dilemma 5 during the Third Round of EFA
Consideration Reason for removal
(M-Item 5-5) MSA=0.460

What types of products is the additive

used to make?

(Post-conventional Consideration 5-12) Cronbach’s a rose from 0.485 to 0.611
Is it right to discharge a chemical to the

environment that is suspected to be

hazardous?
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Table 3.12.

Summary of Dilemma 5’s Factor Loadings and Reliabilities

Consideration

Factor

loading

Reliability,

Cronbach’s a

Pre-conventional

(5-2) Are you concerned that your yearly bonus
will be impacted if your company discontinues
the use of this chemical?

(5-5) What is the difficulty and personal time
investment it will take for you to find a
replacement additive?

(5-8) Are you concerned about your health since
you are constantly exposed to the additive?
(5-10) Are you concerned about your job
security if you should fail to find an appropriate

alternative?

0.42

0.46

0.46

0.72

0.49

Conventional

(5-1) What is the potential for lost production if
you discontinue the additive without finding a
suitable replacement?

(5-3) What is the potential impact on your
coworkers’ jobs if the additive is banned and you

didn’t look for an alternative?

0.63

0.25

0.66
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Consideration Factor Reliability,

loading Cronbach’s a

(5-6) How important to the company is it that the 0.84
government agency in charge of environmental
regulations has not issued any ruling on the

continued use of this additive?

- (5-9) Is there any additional time or money it 0.78

é would cost your company to replace the

o

S additive?

@)
(5-4) Are you concerned that discharging the 0.78 0.61
chemical could impact the local community?

é (5-7) What is the potential for negative 0.78

g environmental and human consequences if the

;%: additive is eventually proven to be dangerous?

- (5-11) Are you concerned that the replacement 1.0 -

q;.) might have a name that is difficult to pronounce?

In summary, this round of EFA identified and removed considerations whose
correlations were inappropriate for factor analysis, which loaded onto unintended factors,
or that could be removed to improve the reliability of the construct. Upon these changes,
the remaining considerations found strong evidence of validity according to their factor

loadings; when factors load so strongly onto intended factor, it leaves little question as to
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what construct those considerations represent (Kline, 2015). Next, a number of the
extracted factors exhibited limited reliability using Cronbach’s a coefficient. Within each
dilemma there are few considerations designed to represent a level of moral reasoning;
this inherently will reduce the maximum obtainable reliability (Griethuijsen et al., 2015;
Taber, 2018). In addition, some variance in reliability among the extracted factors is to be
expected in instrument as it is unlikely that each factor would yield identical reliability
scores. However, these values may speak more to the limited sample size than the actual
reliability of the responses (Griethuijsen et al., 2015; Taber, 2018). It is by these results
that the author argues that the EPSRI has found sufficient validity evidence, warranting a

confirmatory factor analysis.

Confirmatory Factor Analysis

The final round of EFA removed a few considerations from the previous version
of the EPSRI, creating the sixth version. The CFA further assesses this version of the
EPSRI for evidence of validity and reliability. A summary of this version of the
instrument is shown in Table 3.13. As this phase of factor analysis is purely confirming

the previous findings, no further considerations were revised or removed.
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Table 3.13.
Number of Considerations Designed into the EPSRI (Version 6) at the End of EFA 3 to
be Used in the CFA

Number of considerations

Dilemma Pre- Conventional Post- M-item Total
conventional conventional

1 (Hose) 4 3 2 2 11

2 (Hurricane) 2 3 4 1 10

3 (Leak) 4 3 3 1 11

4 (Gearbox) 2 2 3 2 9

5 (Additive) 4 4 2 1 11

In each of the analyzed dilemmas, the eight factor analysis indicators were all
within desired thresholds. Considerations’ factor loadings and constructs’ reliabilities by
dilemma are shown in Table 3.14, Table 3.15, Table 3.16, Table 3.17, and Table 3.18.
These tables show that the factor loadings and reliabilities are quite consistent between
the third EFA and CFA. The repeatedly strong factor loadings provide evidence of
discriminant validity. While some of the reported Cronbach’s a values are on the lower
end of the reliability spectrum, the consistency of factor loadings and Cronbach's a values

support repeatability in the EPSRI results.
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Table 3.14.
Summary of Dilemma 1’s Factor Loadings and Reliabilities from the CFA

Consideration Factor Reliability,
loading Cronbach’s a
(1-1) How important is it to you to maximize 0.62 0.55
your salary with a bonus?
(1-3) Would you gain personal satisfaction of 0.68
“doing a good job” if you choose one option
over the other?
(1-8) Would your fellow employees have a 0.59
more positive opinion of you if you chose one
g option or the other?
rg (1-11) Would you earn additional recognition 0.69
Qc_g and career opportunities by keeping costs low?
(1-2) Are you concerned that selecting Option A 0.23 0.36
might require more of your employees' time?
- (1-5) How much risk to the surrounding 0.72
é community is associated with replacement of
o
§ hoses for each option?
(1-10) Would choosing Option B benefit the 0.80

company?
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Consideration Factor Reliability,
loading Cronbach’s a
(1-6) Would process reliability be affected by 0.86 0.65
hose choice?
(1-7) Is it ever a good idea to rely on active 0.83
_g measures (in this case, employee maintenance)
g rather than inherently safe design (in this case,
:%) material of construction)?
(1-4) Do you think that management will cancel -0.80 0.55
work due to weather tomorrow?
- (1-9) Do the polymer linings for each option -0.81
i match the color of the pipe?
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Table 3.15.

Summary of Dilemma 2’s Factor Loadings and Reliabilities from the CFA

Consideration

Factor

loading

Reliability,

Cronbach’s a

Pre-conventional

(2-4) What is your level of concern regarding
your own personal safety if you choose to stay
on-site during the storm?

(2-7) Would staying to prepare the tanks
jeopardize you and your family’s safety in the

upcoming storm?

0.77

0.77

0.47

Conventional

(2-3) What is your level of comfort in
soliciting volunteers to stay on-site during
what may be a life-threatening situation?
(2-6) What is your confidence that you and/or
your team will be able to keep the generators
functioning under the storm conditions?

(2-8) How would your company be perceived
if no employees were on site during the storm

and an accident occurred?

0.80

0.81

0.24

0.38

Post-conventional

(2-1) What is the potential for negative impact
to the environment if the tanks release their

contents?

0.70

0.68
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Consideration Factor Reliability,
loading Cronbach’s a
(2-2) Is there the potential for the exploding 0.70
tanks to damage the surrounding neighborhood
and infrastructure adjacent to the plant?
(2-10) What is the potential for negative health 0.79
effects on residents who live in the areas
surrounding the plant if the tanks release their
contents?
g (2-11) Is the plant located in an area where 0.65
g dangerous impacts to the surrounding
;%: community are likely?
- (2-5) How much faith do you have in your 1.0 -
q;.) local meteorologist?
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Table 3.16.
Summary of Dilemma 3’s Factor Loadings and Reliabilities from the CFA

Consideration Factor Reliability,
loading Cronbach’s a
(3-4) Will the leaking valve be a common 0.64 0.64
nuisance for you, or is it located in a part of the
plant you will seldom visit?
(3-7) Will you face negative repercussions from  0.72
reporting the leak?
(3-9) How much time or effort would it take you  0.58
Té to have the valve inspected?
rg (3-10) Would you be looked at as a “worrier” if ~ 0.78
§ you report the leak?
(3-1) How often is maintenance performed on 0.77 0.64
the equipment in the plant?
_ (3-5) How often is the valve used? 0.73
<
é (3-8) What other people or equipment may be 0.76
o
§ exposed to the steam leak?
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Consideration Factor Reliability,
loading Cronbach’s a
(3-2) If you ignore the leaky valve, are you -0.28 0.49
contributing to a negative engineering safety
culture overall?
(3-6) Is it ever acceptable to not report a 0.86
potential safety hazard?
(3-11) Can any safety hazard, regardless of how  0.90
=
_§ minor, be dismissed as simply an “annoyance’?
g
=
3
?
8
~
(3-3) How big of a bucket is available to collect 1.0 -
=
]
; the leaking material from the valve?
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Table 3.17.

Summary of Dilemma 4’s Factor Loadings and Reliabilities from the CFA

Consideration Factor Reliability,
loading Cronbach’s a
(4-2) Would your co-worker lose confidence in 0.90 0.80
.g your abilities if you asked for assistance?
=
g (4-3) Would the engineering supervisor be 0.91
)
O
) irritated with you if you asked for help?
[a W
(4-5) Would leaving the valve as-is cause a loss 0.57 0.21
of production?
(4-9) Would a hazardous chemical leak impact 0.86
g the company's image?
=
]
>
=
)
@)
(4-1) Are there any health risks associated witha  0.82 0.73
hazardous chemical leak that could impact the
local community?
(4-6) What is the possibility of a larger issue, 0.81
such as an explosion or fire, if a hazardous
=
,5 chemical were to leak from the valve?
=
]
= (4-7) What impact would a hazardous chemical 0.80
3
@]
2 leak have on the environment?
~
(4-4) How many bolts will need to be undone? 0.92 0.83
g (4-8) What tools do I need to unbolt the valve? 0.91
=
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Table 3.18.
Summary of Dilemma 5’s Factor Loadings and Reliabilities from the CFA

Consideration

Factor Reliability,

loading Cronbach’s a

Pre-conventional

(5-2) Are you concerned that your yearly bonus
will be impacted if your company discontinues
the use of this chemical?

(5-5) What is the difficulty and personal time
investment it will take for you to find a
replacement additive?

(5-8) Are you concerned about your health since
you are constantly exposed to the additive?
(5-10) Are you concerned about your job
security if you should fail to find an appropriate

alternative?

-0.06 0.56

0.41

0.242

0.727

Conventional

(5-1) What is the potential for lost production if
you discontinue the additive without finding a
suitable replacement?

(5-3) What is the potential impact on your
coworkers’ jobs if the additive is banned and you

didn’t look for an alternative?

0.57 0.51

0.23
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Consideration Factor Reliability,

loading Cronbach’s a

(5-6) How important to the company is it that the 0.57
government agency in charge of environmental
regulations has not issued any ruling on the

continued use of this additive?

- (5-9) Is there any additional time or money it 0.71

é would cost your company to replace the

o

S additive?

@)
(5-4) Are you concerned that discharging the 0.76 0.64
chemical could impact the local community?

é (5-7) What is the potential for negative 0.80

g environmental and human consequences if the

;%: additive is eventually proven to be dangerous?

- (5-11) Are you concerned that the replacement 1.0 -

q;.) might have a name that is difficult to pronounce?

Reliability

Between the EFA and CFA, the reliability results using Cronbach’s o from the
EFA and CFA generally ranged from ~0.50 (sufficient) to ~0.80 (robust) (Taber, 2018).
Two factors may have promoted this outcome: (1) performing the factor analysis on each

individual dilemma and (2) removal of considerations. Prior factor analysis on the EPSRI
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opted to analyze the instrument at each ethical dilemma instead of across the whole
instrument; this decision was motivated by the need for statistical power found through
the ratio between the sample size and the number of considerations in the instrument
(Butler, 2018). When calculating Cronbach’s a to determine reliability, the calculation
considers the number of items in the analysis (Taber, 2018). When performed at the
dilemma level, there are five to seven times fewer considerations applied to this analysis,
which inherently imposes an upper limit on the obtainable reliability scores (Griethuijsen
et al., 2015). Multiple reports question Cronbach’s a analytical sensitivity to the number
of items in a construct that can “fix” highly reliable outcomes (Cortina, 1993; Taber,
2018). Also, while performing the EFA, the author used the Principal Component
Analysis (PCA) method for consistency with prior work (Butler, 2018). PCA refines
instruments to identify which items best represent the intended constructs and which can
be removed (DeVellis, 2016). As a result, few considerations remained in the EPSRI
when moving into the CFA, which may have also contributed to the obtained reliability

scores even when the factor loadings remained the same (DeVellis, 2016).

While the range of reliability results were on the lower end of what is considered
acceptable (o > 0.70) (Cronbach, 1951), the consistent results from the factor loadings
between rounds of factor analysis (EFA and CFA) support the intended constructs. Kline
(2015) suggests that such repeated loadings leave little question of the intended
constructs. As such, the author evaluates the EPSRI to provide adequate evidence of

reliability despite controversial Cronbach’ o results.
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Limitations

The sample used in the CFA was collected early in the 2020 spring semester,
which coincided with the beginning of the COVID-19 pandemic. It is possible that public
messaging around community safety and PPE may have influenced EPSRI responses.
Although the factor loadings between the EFA and CFA were consistent, the responses
used in the CFA may not be representative of other responses obtained post-pandemic

because of the lack of active safety messaging.

Also, the samples used in both the EFA and the CFA were limited in size. Factor
analysis was pursued on the dilemma level instead of the instrument level to mitigate the
effects of low statistical power (Butler, 2018). However, this methodological decision
made trade-offs in the maximum obtainable reliability score (Kline, 2015). As such,
researchers and instructors should consider evaluating the responses to the EPSRI in their
data for internal consistency, despite this study finding sufficient evidence of validity and

reliability.

Conclusions

Investigative case studies on process incidents have shown how engineers’
decision making can create pathways to plant failures despite preventative barriers (CSB,
2015, 2018, 2019b; Ness, 2015). Failures may occur from decision making biases, such
as behavioral forecasting or ethical fading (Bazerman & Tenbrunsel, 2011; Osberg &
Shrauger, 1986; A. Tenbrunsel et al., 2010). Experts suggest that these failures may be

mitigated through decision making practice environments and education (Barab & Dufty,

78



2012; Nicaise et al., 2000; Radinsky et al., 2001), yet no form of assessment has existed
that accounts for the nuances of ethical dilemmas in the chemical process industry. As

such, this study completed the development of the Engineering Process Safety Research

Instrument (EPSRI).

The final version of the EPSRI specifically assesses the moral reasoning of
respondents through five ethical dilemmas, each with nine to eleven considerations
relevant to the dilemma. Development took place through three rounds of EFA (one
reported in this study) and one round of CFA. The combination of these analyses
provided sufficient evidence that the EPSRI can assess the moral reasoning of
respondents. Testing the data with Cronbach’s o did highlight that there may be
limitations to the reliability of the instrument (Cronbach, 1951), but these values may be
attributed to the limited sample sizes obtained (Pearson & Mundfrom, 2010). However,
the strong, repeatedly obtained correlations among the considerations support the

instrument reflects the intended levels of moral reasoning.

In completing this instrument development, the author encourages process safety
instructors to consider incorporating decision-making education because of its potential
impact for the chemical process industry. Furthermore, the author encourages instructors
who choose to assess their students’ moral reasoning with the EPSRI to understand its
limitations and encourages them to complete their own reliability assessment with their

selected sample population.
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Chapter 4
Efficacy of Digital Immersive Educational Games
Overview
The objective of this second study is to assess the impact of a digital immersive
game on the moral reasoning of senior chemical engineering students. The literature
review on ethical decision-making biases suggests that engineers are likely to predict they
will behave more ethically than their actual actions. Training through an immersive
digital game holds the potential for engineering students to build awareness of their
behavioral ethics, correcting errors in their behavioral forecasting (Bairaktarova &
Woodcock, 2017; Clancy, 2020b; Osberg & Shrauger, 1986). This study is guided by the
overarching research question how does a digital process safety game influence the

ethical decision making of chemical engineering students?

Specifically, this study evaluates students’ moral reasoning using Kohlberg’s
theory of moral development. This study first pairs senior chemical engineering students
between two modes of assessment: the Engineering Process Safety Research Instrument
(EPSRI) and a digital process safety decision making game, Contents Under Pressure.
Students’ responses to moral reasoning reflection prompts are compared between the two
modes. In addition, the impact of Contents Under Pressure on the students’ moral
reasoning is evaluated in a retrospective analysis between a comparison cohort (standard
process safety curriculum) and an intervention cohort (curriculum with game added).
Moral reasoning is evaluated with a combination of quantitative N2 and CDIT scores

extracted from responses to the EPSRI. The results suggest that students’ responses
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withing Contents Under Pressure are authentic unlike responses within the EPSRI
because the responses better align with expectations from literature. Responses within the
EPSRI were likely inflated due to behavioral forecasting. Moreover, Contents under
Pressure gameplay is strongly correlated with students becoming prepared to make

advancements in their moral reasoning.

Introduction

Engineering Process Safety Research Instrument

The EPSRI is a moral reasoning instrument specific to process safety dilemmas,
as described in Chapter 3. The instrument presents respondents with five ethical
dilemmas, each with a series of possible considerations to the respondents’ decision.
These considerations were written to align with the three levels of Kohlberg’s theory of
moral development. Examples of these considerations from the EPSRI are given in Table

4.1.
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Table 4.1.
Example Considerations from the EPSRI.

Level of moral reasoning Example EPSRI consideration

Pre-conventional What is your level of concern regarding your own personal

(Consideration 2-4) safety if you choose to stay on-site during the storm?

Conventional What is your level of comfort in soliciting volunteers to

(Consideration 2-3) stay on-site during what may be a life-threatening
situation?

Post-conventional What is the potential for negative health effects on residents

(Consideration 2-10) who live in the areas surrounding the plant if the tanks

release their contents?

A respondent’s moral reasoning may be determined based on how they rate and
rank these considerations. Quantitative methods described in the work around the DIT2
enable extracting N2 scores, CDIT scores, and predominant level of moral reasoning
(Rest, Thoma, & Edwards, 1997). The N2 is a scale variable that indicates the degree of
ethicality a respondent expresses; a higher score suggests higher levels of moral
reasoning. The CDIT score describes how consistently a respondent reasons at one of
three levels of moral reasoning. A score greater than 15.705 indicates consolidated
reasoning that primarily leverages a single level, and a score less than 15.705 indicates
transitional reasoning that leverages multiple levels (Rest, Narvaez, Bebeau, et al., 1999).
Example calculations for these scores are given in Butler et al. (2019). Moral

consolidation or transition per level of moral reasoning create six moral schema.
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Contents Under Pressure

The digital process safety game evaluated in this study is Contents Under
Pressure. The premise of the game is to engage students in a narrative as newly hired
senior plant manager. As managers, students oversee a team of engineering operators,
respond to a safety supervisor and the plant’s head chief, and stay dedicated to family

members. The cast of characters are shown in Figure 4.1.

B,

Wanda Roberts Darwin Lopez Charles Green Victor Cob Emily Nevil Belle Maria Rodriguez
(Head chief) (Safety supervisor) (Veteran Operator) (Difficult operator) (New operator) (Daughter) (Newscaster)

Figure 4.1. Cast of characters students interact with in Contents Under Pressure.

Throughout these interactions, students must balance and maintain an array of
game metrics relevant to the plant’s operations. These metrics include time in the day,
overall safety, reputation among colleagues, and plant production, which are shown using
emoticons on the top of the game screen in Figure 4.2. Students respond to in game
dilemmas by making binary decisions ranging from the mundane (going out to lunch and
diffusing coworker squabbles) to the critical (responding to employee injuries and
rescuing employees from a major tropical storm). Students may respond in whichever
way they please, but every decision has implications on some metric in the game.

Implications on game metrics are hinted at as the emoticons flash when hovering the
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mouse over the binary answer, yet the degree and direction of impact are not specified

with the flashing.

Emily Nevil

This needs to be fixed right I'd say mark it s0 no one
away, WE to it, and we'll fix it
when we get the chance

Figure 4.2. Screenshot of Contents Under Pressure gameplay with callouts. 1) Characters
in the game appear on the right side of the screen with unique voices and dynamic facial
expressions. 2) Characters pose questions and problems, and hovering the mouse over the
cards reveal the binary responses. 3) Students must balance game metrics shown at the
top of the screen with a depleting clock and three emoticons, which change colors and
expression based on their state.

After certain decisions, the players are asked to rate the importance of a single
consideration to their decision on a five-point scale through a reflection prompt. For
example, after deciding whether to give an employee an extension to writing a report, a
reflection prompt may ask the student whether they considered that the report was for
their boss. Similar to the EPSRI, these reflection prompts are designed to represent one of

the three levels of moral reasoning from Kohlberg’s theory. Examples of reflection
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prompts for each level of moral reasoning are given in Table 4.2. Gameplay spans 15
consecutive calendar days, where each day includes up to 21 decisions taking an average

of 13-minutes per session. A video example of gameplay is shown elsewhere (Burkey et

al., 2020).

Table 4.2.
Example Contents Under Pressure Reflection Prompts

Level of moral reasoning  Example CUP consideration

Pre-conventional Balancing your personal life with your work life can be
difficult. How relevant is this to your decision?

Conventional Giving a staff member a raise could increase their
dedication to work at the plant. How relevant is this to
your decision?

Post-conventional Community impacts from plant leaks can be

devastating. How relevant is this to your decision?

Study 2 Research Questions

The work in Study 2 answers three research sub-questions as building blocks to
answer one overarching question, how does a digital process safety game influence the
ethical decision making of chemical engineering students? These sub-questions are

framed around Kohlberg’s theory of moral development and are as follows:
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4.1 What differences exist between students’ expressed moral reasoning when taking
surveys and when interacting with a more immersive digital game?

4.2 How does participation in a digital immersive process safety environment
influence the moral reasoning of senior chemical engineering students?

4.3 What differences exist in the moral schema of senior chemical engineering
students once exposed to a digital immersive process safety environment in

comparison to standard process safety instruction?

Broadly, this study found that students may have inflated their expressed moral
development due to a phenomenon known as behavioral forecasting. As a result,
responses to similar moral reasoning considerations were rated higher in the context of
the EPSRI than in Contents Under Pressure. This may be due to the immersive nature of
the game diminishing the effects of behavioral forecasting. In the retrospective analysis,
N2 score extractions were similar between the intervention and comparison cohorts.
However, the intervention cohort did have significant changes to their moral schema and
became significantly more morally transitional. These findings suggest that Contents
Under Pressure may be preparing students to advance their moral reasoning in the future.
Future steps in assessing moral reasoning and teaching process safety decision making
should include longitudinal work, as it is presently unclear the effects of an immersive

game on students beyond graduation.
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Methods

Study 2 Design

This study sampled 298 students from three ABET accredited chemical
engineering programs in the fall semesters of 2018 and 2019. Programs were selected as
part of the research network of study collaborators. Sample breakdown for each research

sub-question and year of sampling is shown in Figure 4.3.

Research Question 4.1 Research Question 4.2 Research Question 4.3

Comparison Cohort
Fall 2018 Sample who took EPSRI with standard curriculum
Standard curriculum and EPSRI (n,= 109)

Sample who took EPSRI with intervention curriculum
(m; = 181)

Sample with EPSRI and

Intervention Cohort

Fall 2019 Contents Under Pr@ssure
Intervention curriculum and EPSRI L data (n; = 148) K
Method of analysis Paired t-test ANCOVA MecNemar test
Compare mean ratings Compare EPSRI N2 scores Compare nominal changes
from EPSRI considerations post-game while in moral schema from
and Contents Under considering initial pre- EPSRI
Pressure reflection prompts game scores

Figure 4.3. Visual of curriculum format by year and sample used to answer each research
sub-question.

The 2018 sample has students respond to the EPSRI at the beginning (pre-
curriculum) and end (post-curriculum) of the semester. The 2019 sample has students
respond to the EPSRI towards the beginning of the semester (pre-intervention), play
Contents Under Pressure mid-semester, and respond to the EPSRI again towards the end
of the semester (post-intervention). Pairing Contents Under Pressure gameplay and pre-

intervention EPSRI responses enables comparing differences in moral reasoning between
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the two modes of assessment as a way of answering Research Sub-question 4.1.
Comparing the EPSRI responses from the 2018 standard curriculum and the 2019
intervention curriculum provides insight on the impact of the digital game intervention.
In this analysis, both the 2018 and 2019 EPSRI responses are paired across the semester:
pre-curriculum with post-curriculum and pre-intervention with post-intervention. These
data were filtered by “missingness” because decisions cannot be statistically interpolated
(Osborne, 2012b). This study requires students’ initial reaction to ethical dilemmas, as
repeated gameplay may confound students’ responses by permitting them to reflect on the
implications of their decisions. Thus, any student who played a day of Contents Under
Pressure more than once was filtered from the sample for the first research sub-question.
Note that the first research sub-question (ni) has a smaller sample size than the second
and third research sub-questions for the same year (n;) because the first research sub-
question needed to pair the EPSRI and Contents Under Pressure data. While Contents
Under Pressure was a required component of the intervention curriculum, it is possible
students did not elect to have their data collected through the game browser or they were
filtered for missing reflections. In contrast, the second and third research sub-questions
were answered using data solely from the EPSRI, which enabled this sample (n;) to be

larger than the first research sub-question sample (n1) due to fewer data filters.

In both of these courses, the EPSRI was administered digitally as classwork at
both the beginning and end of the course. The author filtered EPSRI data by “unreliable
or bogus data” (Butler, 2018; Rest, Narvaez, Thoma, et al., 1999). In the 2019 sample,

Contents Under Pressure was implemented approximately four weeks after and four
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weeks before the EPSRI to mitigate bias between the modes of assessment. Contents
Under Pressure gameplay was assigned as homework to be completed over the course of
four weeks for completion credit. While Contents Under Pressure’s narrative only spans

15-days, additional time was given to students to ensure completion.

Research Question 4.1

The first research sub-question asked, “what differences exist between students’
expressed moral reasoning when taking surveys and when interacting with a more
immersive digital game?” Specifically, it sought to understand the differences in moral
reasoning between responses to the EPSRI and Contents Under Pressure. The author
answers this research sub-question by comparing how students rate the importance of
considerations in the EPSRI and in Contents Under Pressure’s reflection prompts. To
promote the validity of the comparison between these two modes of assessment, the
author only used data from a single EPSRI dilemma because that dilemma reflected the

narrative extended through Contents Under Pressure.

Given that EPSRI and Contents Under Pressure considerations were designed to
reflect the three levels of moral reasoning, the author took each respondent’s mean rating
for each of the three levels of moral reasoning for both of the modes of assessment. This
procedure created six mean ratings for each respondent (three for each of the EPSRI and
Contents Under Pressure, where each align with the three levels of moral reasoning). To
begin the analysis, the levels within each instrument are compared against each other

using six paired t-tests to affirm that students are interpreting them to be distinct levels of
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moral reasoning. Specifically, pre-conventional responses were compared against
conventional responses, conventional responses were compared against post-conventional
responses, and pre-conventional responses were compared against post-conventional
responses. Statistically significant results to this test ensured that each level of moral

reasoning are perceived as different entities.

In addition, three paired t-tests compare the differences between the mean ratings
between the two modes of assessment, one test for each level of moral reasoning. For
example, pre-conventional ratings withing the EPSRI were compared to the pre-
conventional ratings from Contents Under Pressure. However, running three separate
analyses to test a single hypothesis increases the risk of type I error (finding a significant
result by chance when in reality there should be a nonsignificant result). Every p-value
from the test is multiplied by a Bonferroni correction factor to account for this risk
(Bland & Altman, 1995). Cohen’s d index is calculated for each test to determine the
practical significance between the modes of assessment (Landis & Koch, 1977; Sullivan
& Feinn, 2012). Last, the author performed a post hoc statistical power analysis to affirm
the sample was large enough to find statistical significance where it may exist (Osborne,

2012¢).

Research Question 4.2
The second research sub-question asked, “how does participation in a digital
immersive process safety environment influence the moral reasoning of senior chemical

engineering students?” The author answers this research sub-question by comparing
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student changes in moral reasoning between the 2018 cohort with the standard curriculum
and 2019 cohort with the intervention curriculum. Moral reasoning is evaluated by
determining students’ N2 scores from the EPSRI. Changes are measured from the
beginning of the course (pre-curriculum and pre-intervention) to the end of the course
(post-curriculum and post-intervention). The author uses an analysis of covariance
(ANCOVA) because differences in moral reasoning may exist between pre-curriculum
and pre-intervention. Unlike analysis of variance (ANOVA), ANCOVA considers
covariates, or baseline differences between cohorts, and adjusts the post score to account
for these differences (Khammar et al., 2020). Next, the author determined n? for practical
significance (Sullivan & Feinn, 2012) and performed a post hoc statistical power analysis

(Osborne, 2012c¢).

Research Question 4.3

The third research sub-question asked, “what differences exist in the moral
schema of senior chemical engineering students once exposed to a digital immersive
process safety environment in comparison to standard process safety instruction?” This
question differs from the previous as it focuses on consistency between the six ordinal
moral schema obtained using the CDIT score opposed to just the scale N2 scores.
Looking at the schema provides resolution to students’ moral development by
considering moral consistency. Moral schema are determined using a combination of N2
scores to show advancement in moral reasoning and CDIT scores to show moral
consistency (Rest, Thoma, Narvaez, et al., 1997). The author answers this research sub-

question by comparing changes in schema using a Stuart-Maxwell test and by comparing
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nominal changes in moral consistency using a McNemar test. Effect size and statistical

power are not reportable for these types of tests.

Results and Discussion

Research Question 4.1

To assure that students were interpreting the three levels of moral reasoning as
differentiable constructs within each construct, the mean ratings for each level were
compared using paired t-tests. All six continuous variables were checked for normality
using skewness and kurtosis and were found to be within normal range, meeting the
assumption of the t-test. Six tests were performed to test this hypothesis: pre-
conventional to conventional, pre-conventional to post-conventional, and conventional to
post-conventional for both of the modes of assessment. Five of the tests were statistically
significant (p<0.001) and practically significant using Cohen’s d for effect size, ranging
from a small to large effect (Sullivan & Feinn, 2012). The sixth comparison, between the
conventional (M=4.15, SD=0.32) and post-conventional (M=4.25, SD=0.39) reflection
prompts in Contents Under Pressure, was statistically significant even with the
Bonferroni adjustment factor (o = 6), ti3s=-2.8, p=0.035; however, this test found small
practical significance using Cohen’s d (Sullivan & Feinn, 2012), d=0.24 with a 95% CI
[0.07, 0.41]. While this test was adequately powered (1- =0.91) and found statistical
significance, the Cohen’s d confidence interval suggests that replications may find trivial
practical differences between students’ ratings of conventional and post-conventional
reflection prompts. This suggests that students may either find the considerations in these

reflections to be similar in construct or in value to their decision making. The remainder
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of the results suggest students do interpret the levels of moral reasoning to be different,

which encourages comparing the levels between the two modes of assessment.

Three paired t-tests were conducted to compare how students valued each of the
three levels of moral reasoning built into the second dilemma of the EPSRI and the
reflection prompts of Contents Under Pressure. A summary of these differences is shown
as a bar chart in Figure 4.4. When comparing the rated importance of pre-conventional
considerations (M=3.69, SD=0.70) and reflection prompts (M=3.98, SD=0.67), there was
a statistically significant difference, t133=-4.85, p<0.001. This test found small practical
significance using Cohen’s d for effect size (Sullivan & Feinn, 2012), d =0.41 with a
95% CI1[0.24, 0.58]. This result suggests that students rated the importance of pre-
conventional items slightly higher in Contents Under Pressure and that replications would
likely find similar results, ranging from slightly higher to moderately higher. When
comparing the rated importance of conventional considerations (M=3.92, SD=0.57) and
reflection prompts (M=4.15, SD=0.32), there was a statistically significant difference,
t138=-4.49, p<0.001. This test found small practical significance using Cohen’s d for
effect size (Sullivan & Feinn, 2012), d=0.38 with a 95% CI [0.21, 0.53]. This result
suggests that students rated the importance of conventional items slightly higher in
Contents Under Pressure and that replications would likely find similar results, ranging
from slightly higher to moderately higher. When comparing the rated importance of post-
conventional considerations (M=4.65, SD=0.47) and reflection prompts (M=4.24,
SD=0.39), there was a statistically significant difference, t133=8.38, p<0.001. This test

found medium practical significance using Cohen’s d for effect size (Sullivan & Feinn,
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2012), d=0.71 with a 95% CI [0.52, 0.90]. This result suggests that students rated the
importance of post-conventional items moderately higher in the EPSRI than Contents
Under Pressure. The confidence interval suggests that replications may find a large effect
between the two modes of assessment. Each of these three tests were adequately powered
(1-B =1), meaning the sample size was large enough to find statistical significance where

it exists.

Mean Consideration Rating

M\
MN\\\\g

N\

Pre-conventional Conventional Post-conventional
mEPSRI @ Contents Under Pressure

Figure 4.4. Students' mean ratings of considerations between the EPSRI and Contents
Under Pressure.

When playing Contents Under Pressure, students’ results demonstrated that pre-
conventional and conventional considerations had greater value on their decisions than
post-conventional considerations. Moreover, the reflections from Contents Under
Pressure may better align with the students’ expected moral reasoning than their
predictions in the EPSRI. Students studying at the collegiate level generally do not reason

at the post-conventional level; broad studies performed by Rest et al. (1997) found that
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individuals in this age and educational range typically operate at the conventional level
(concern for those in immediate surroundings), and post-conventional reasoning (concern
for society beyond one’s circle) is obtained only by those who study moral philosophy.
As such, senior chemical engineering students, with limited real-world or industry
experience are not likely to reason at the post-conventional level. The students’
reflections in Contents Under Pressure may better align with the expected level of

reasoning compared to those obtained through rating considerations in the EPSRI.

While both of these modes of assessment focus on process safety decision
making, immersion in Contents Under Pressure likely contributes to the differences in
students’ expressed moral reasoning. In general, the context of a decision may influence
one’s reasoning to become more predictive of how they should respond (Bazerman &
Tenbrunsel, 2011). Instead of reflecting on how one would respond, they might instead
reflect on how they think they should respond. However, immersion may lead to the
fading of barriers between the game and its players (Przybylski et al., 2010). Barriers
may include distractions caused by controls, external stimuli, or context of play. When
making decisions in Contents Under Pressure, immersion may limit the influence of the
context (a process safety course) so that responses to dilemmas in the game become more
authentic. Specifically, immersion in Contents Under Pressure may influence students to
reason authentically at the pre-conventional or conventional level instead of predicting
how they think they should reason at the post-conventional level. Researchers have found
similar results from qualitative studies among high school students, suggesting games can

provide experiences that mimic the real world (Nicaise et al., 2000).
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Outside of Contents Under Pressure, it is possible that students respond to ethics
instruments in a way that is inauthentic to the level of moral reasoning they may actually
use when engaged with a real-world ethical dilemma. The observed difference in moral
reasoning between the EPSRI and Contents Under Pressure is not inherently “good” or
“bad”. As described in Chapter 2, this study does not promote molding engineers into a
specific level of moral reasoning. Instead, this work identifies occurrences of behavioral
forecasting or predictive mindsets, which is important because when these predictions or

forecasts are incorrect, unethical behavior is more likely to occur.

The effect size confidence intervals suggest replications of this experiment are
also likely to produce evidence of behavioral forecasting among senior chemical
engineering students. As such, process safety instructors should be aware of the
possibility that their students may be incorrectly predicting their behaviors. From a
pedagogical perspective, the author recommends debriefing students’ experiences in
Contents Under Pressure with meaningful discussion. In addition, the findings from this
study evokes new questions about the impact of Contents Under Pressure and its potential
impacts on behavioral forecasting after the immersive experience. These inquiries drive

the second research sub-question of this study.

Research Question 4.2
The second research sub-question examines the explicit impact of Contents Under

Pressure on moral reasoning by asking, “how does participation in a digital immersive
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process safety environment influence the moral reasoning of senior chemical engineering
students?” This question is answered through the results of a one-way ANCOVA; the

results of which are shown in Table 4.3.

Table 4.3.
ANCOVA Score Adjustment and Results

Fall 2018 - Standard Fall 2019 - Intervention

Curriculum and EPSRI  Curriculum and EPSRI

Baseline N2 M 50.2 62.1

SD 13.7 16.4
Unadjusted post- M 51.8 63.0
course N2 SD 15.9 16.6
Adjusted post- M 56.1 60.4
course N2

Both recorded moral reasoning variables were found to be in range of normal
distribution using skewness and kurtosis. Levene’s test for equality of variances passed
and found the two cohorts to be comparable, F(1,288)=3.47, p=0.064. There was a
statistically significant difference in moral reasoning between the two cohorts at the end
of the course accounting for baseline moral reasoning scores before the course,
F(1,287)=5.97, p=0.015. This test found a small effect size, n?=0.02. This suggests that,

while there is a statistical difference in moral reasoning between the comparison and
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experimental cohorts, the difference is of little practical significance. A post-hoc power
analysis found this test was underpowered (1- = 0.68). Although this test did obtain
statistical significance, replications of this work should aim for a larger sample size to

avoid the risk of rejecting a false null hypothesis.

When looking at the baseline N2 scores, the intervention cohort had a notably
larger average than the comparison cohort, which affirmed the need for an analysis that
accounts for covariates. While it is not known why the intervention cohort had a larger
baseline N2 score, the difference was likely driven by biases outside of the scope of the
study, such as ethics interventions outside of the classroom or instructors adapting their

explanation of the EPSRI between implementations.

In Table 4.3, both the comparison and intervention cohorts show an increase in
their unadjusted N2 scores; this result may be occurring in-part due to the cohorts
responding to the EPSRI a second time as they become familiar with the instrument.
Mayhew (2015) claims that responses to ethics instruments will likely increase in score
because respondents have responded more than once. As such, the mean N2 scores may

be slightly inflated because of retesting.

Playing through Contents Under Pressure has limited practical significance on
senior chemical engineering students’ N2 scores. The N2 describes an individual’s moral
reasoning by the prevalence of their post-conventional reasoning in the absence of pre-

conventional reasoning (Rest, Thoma, & Edwards, 1997; Rest, Thoma, Narvaez, et al.,
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1997). The N2 score is a standard metric in discussing an individual’s moral reasoning
(Rest, Thoma, & Edwards, 1997; Rest, Thoma, Narvaez, et al., 1997), yet this value
speaks nothing about the extent of an individual’s conventional reasoning because it is
not considered when calculating N2 scores. To gain deeper understanding on the
intervention, the author also evaluates these students’ moral schema through the third
research sub-question of this study. While not the standard in assessing moral reasoning,
this may add finer resolution to these students’ moral development by also considering

their conventional reasoning and consistency to the three levels.

Research Question 4.3

The third research sub-question of this study asked, “what differences exist in the
moral schema of senior chemical engineering students once exposed to a digital
immersive process safety environment in comparison to standard process safety
instruction?” The schema in this research sub-question refers to Rest et al.’s (1999) neo-
Kohlbergian approach to moral development that considers moral consistency. To answer
this research sub-question, the author first performed a Stuart-Maxwell test; the
crosstabulation from this test for the comparison and intervention cohorts are shown in

Table 4.4 and

Table 4.5. To visually compare changes to these cohorts, representations by
schema are normalized as percentages in Figure 4.5. The crosstabulation of the
comparison cohort shows that most students were consolidated in their post-conventional

reasoning (Schema 6) and remained here (n=31). This is followed by students who were
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transitional in their post-conventional reasoning (Schema 5) and either remained in that
schema (n=21) or moved to be consolidated in that level (n=17). The Stuart-Maxwell test
found that these changes were not statistically significant, p = 0.752. The crosstabulation
of the intervention cohort shows that the majority of students remained in their post-
conventional schema as either consolidated (n=86) or transitional (n=32). The next
largest group of students reasoned post-conventionally going from consolidated to
transitional (n=24). This change, among others, promoted the Stuart-Maxwell test for this
cohort to yield statistical significance, p = 0.013. While Figure 4.5 shows that both
cohorts experienced similar percentages of change per schema, proportionally more

students shifted their schema in the intervention cohort than the comparison cohort.

Table 4.4.
Crosstabulation and Summary of Schema Changes for the Comparison Cohort (n=109)

Comparison Post-course

1,C 2, T 3, T 4,C 5T 6,C
Pre-course 1,C 0 0 0 0 0 0
2, T 0 1 0 0 2 0
3, T 0 1 3 0 4 4

100



Post-course

Comparison 1,C 2, T 3,T 4,C 5T 6,C
4,C 0 0 0 0 1 1
5T 0 3 7 1 21 17
6,C 0 0 2 1 9 31

Change to schema +0 +2 +0 +0 -12 +10

Note. C denotes consolidated moral reasoning; T denotes transitional moral reasoning.

Table 4.5.
Crosstabulation and Summary of Schema Changes for the Intervention Cohort (n=181)

Intervention Post-course

1,C 2, T 3,T 4,C 5T 6,C

Pre-course 1,C 0 0 0 0 0 0

2, T 1 3 2 0 1 1

3, T 0 1 0 0 4 0

4,C 0 0 0 0 1 2

5T 0 2 9 0 32 9

6,C 0 1 2 0 24 86
Change to schema +1 -1 +8 -3 +10 -15

Note. C denotes consolidated moral reasoning; T denotes transitional moral reasoning.
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Figure 4.5. Bar chart of schema representation and changes.

The results from the crosstabulations showed how a majority of the students
whose level of moral reasoning changed did so between transitional and consolidated
schema at the post-conventional level. To supplement the Stuart-Maxwell analysis, the
author performed a McNemar test to see how students move between transitional and

consolidated schema. The crosstabulation for the comparison cohort is shown in Table
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4.6, and a McNemar test found these changes in moral consistency to not be statistically
significant, p = 0.123. The crosstabulation for the intervention cohort is shown in Table
4.7, and a McNemar test found these changes to be statistically significant, p = 0.010.
While both of these cohorts experienced similar changes in moral schema, these results

show that the intervention cohort became more morally transitional.

Table 4.6.
Crosstabulation of Moral Consistency Changes for the Comparison Cohort

Post-course

Consolidated Transitional
Pre-course Consolidated 33 12
Transitional 22 42
Changes to moral consistency +10 -10

Table 4.7.
Crosstabulation of Moral Consistency Changes for the Intervention Cohort

Post-course

Consolidated Transitional
Pre-course Consolidated 88 28
Transitional 11 54
Changes to moral consistency -17 17
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As a result of playing Contents Under Pressure, students expressed moral
reasoning across more levels of development when responding to the EPSRI. Between
the two cohorts, the intervention cohort statistically significantly became more
transitional in their reasoning. Rest et al. (1999), who developed the neo-Kohlbergian
extension to moral development, describe transitional consistency as reasoning with a
preference towards one level yet reasoning with other levels evident. For example,
students who were developed at the fifth schema were predominantly reasoning post-
conventionally, but there was also evidence of conventional level reasoning. While
Kohlberg’s framework suggests development at higher levels allows lower levels to still
be accessed, consolidated reasoners do not necessarily access them. The students from
the intervention pulled from multiple levels of reasoning when responding to these ethical
dilemmas, unlike the students who were not exposed to Contents Under Pressure. In
addition, because the first research sub-question of this chapter suggests these responses
may be wrongly predictive of future behaviors and because the comparison cohort did not
significantly change over the semester, it is possible that both the pre- and post-course
responses from the comparison cohort are inaccurate predictions. To reiterate a common
theme, the goal of this work is not to push students towards a specific level or schema of
moral reasoning. However, these results suggest that Contents Under Pressure influenced

students to apply more perspectives to when responding to ethical dilemmas.

Individuals who morally reason transitionally use a blend of levels of moral
reasoning, which is more complex than a single level. As shown with the model of moral

reasoning (Figure 2.2), changes in schema can be gradual; thus, reasoning transitionally
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may provide evidence of such gradual development (Derryberry & Thoma, 2005; Thoma
& Rest, 1999). Moreover, literature suggests individuals in a senior level engineering
course are unlikely to reason at the post-conventional level, especially with consolidated
consistency (Rest, Thoma, Narvaez, et al., 1997). When either of the cohorts’ responses
to the EPSRI found evidence of students reasoning at Schema 6, it is safe to infer these
students may have been responding with a predictive mindset (Bazerman & Tenbrunsel,
2011). However, when the intervention cohort became more transitional, especially with
the 5.5% increase over Schema 5 (Figure 4.5), these students may be reasoning less
predictively and more authentically because of the gained experience from the game

(Barab & Dufty, 2012).

Results from Research Sub-question 4.2 found statistical significance but small
practical differences between the comparison and intervention cohorts. This result
suggests there is some difference between the cohorts, which can be attributed to the
large sample size, but there is not a meaningful takeaway. However, when investigating
changes by schema and moral consistency, the intervention cohort displayed statistically
significant changes (there are no effect size metrics appropriate for Stuart-Maxwell tests).
This difference becomes evident when observing the crosstabulations in Table 4.6 and
Table 4.7; very few students moved in or out of predominantly reasoning at the pre-
conventional level. The majority of changes across the semester occurred within the
conventional and post-conventional levels. As such, the N2 score commonly accepted as
a standard in assessing moral development from ethics interventions may miss out on

critical development when used alone.
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Contents Under Pressure, in its present format, may be limited in its impact on
students’ moral development because it currently only spans 15-days of gameplay. When
differentiating the levels of moral development, Rest et al. (1997) describe advancement
by age brackets and degrees of education (secondary, undergraduate, and graduate
school). They go on to describe that individuals shift in moral development gradually and
over long periods of time. While ethics instruments may be sensitive enough to measure
differences in moral development as a result of an intervention (Rest, Thoma, Narvaez, et
al., 1997), a brief intervention likely will not merit extensive advancements or changes to
one’s moral reasoning. Contents Under Pressure may influence how senior chemical
engineering students approach ethical decisions in process safety contexts, but because it
is only a 15-day intervention, it may be limited to the extent it can change how these
students reason. It is possible a longer immersion in the game through an extended
narrative may have greater influence on students’ development, but further testing with a
longer duration intervention would be required. Note, Contents Under Pressure is
intended to be used as a pedagogical tool. While this study compared responses between
Contents Under Pressure and the EPSRI, Contents Under Pressure was not designed to be

used like a survey instrument.

Generalizability and Limitations
The three research sub-questions of this study are only answered using data from
senior chemical engineering students from three US ABET accredited chemical

engineering programs. While statistical significance and power may provide confidence
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and reproducibility in the sampled group, the takeaways may lack broad generalizability.
The author chose to work with senior chemical engineering students because they are the
population that is typically targeted for process safety education (Mkpat et al., 2018), yet
these findings have limited implications for programs that teach process safety earlier or
throughout the chemical engineering curriculum. Focusing on university students also
means that Contents Under Pressure has limited implications towards industry
practitioners who may be seeking additional process safety education. This study only
samples from US-based institutions, so there may be limitations to how it would impact
students from other countries. For example, Clancy (2017) compared moral reasoning
between US and Chinese institutions and found that cultural differences are significant.
Thus, further work is required to generalize these findings to other regions. Moreover,
these data do not consider the impact of gender or ethnicity. While there is no theoretical
basis for considering these variables (Osborne, 2012a), it is possible that nuances in
students’ moral reasoning may exist in relationship with aspects of an individual’s
personal identity. Lastly, this work is focused on chemical engineers. While Contents
Under Pressure has been designed to not require in-depth knowledge about chemical
processes and plants, it is unclear how Contents Under Pressure may impact the moral

reasoning of other engineering disciplines or non-engineers.

For the first research sub-question comparing students’ expressed moral reasoning
between the considerations of the two modes of assessment, Contents Under Pressure is
compared to only the second dilemma from the EPSRI because of similarities between

the narratives. Thus, moral reasoning may have some variance between this dilemma and
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the remaining dilemmas in the EPSRI. In addition, Contents Under Pressure’s narrative
varies slightly based on the player’s decisions, creating some dynamic pathways. Because
of this, some reflection prompts are not seen by all students, which may have had some
influence on the average moral reasoning scores. For the second and third research sub-
questions, participants from both cohorts responded to the EPSRI twice. Work by
Mayhew et al. (2015) found that repeat attempts with ethical testing instruments
inherently lead to increased post-conventional scores. It is possible that the findings from
this work are biased because they are responding to the EPSRI twice. Finally, student
experience with games may have influenced students’ moral reasoning within and from
Contents Under Pressure. Studies on digital games have acknowledged that prior
experience with games and controls influences gameplay (Dorner et al., 2016; Orvis et
al., 2010; Przybylski et al., 2010; Whitson et al., 2008). Though this study does not
consider students’ prior experience with games or mastery of games, it is possible that
students with more game experience were more influenced by Contents Under Pressure

than those with less game experience.

These research questions used the version of the EPSRI available at the time of
the study (EPSRI V4) described in Instrument Development in Chapter 3. While a single
version of the EPSRI was used across these research questions, an updated version
(through the final round of EFA and CFA, discussed in the previous chapter) is now
available (EPSRI Vs). While there is sufficient evidence to have confidence in the
validity of these results, it is possible replications of this work may find some variance

due to using an updated version of the EPSRI
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Finally, it should be noted that students using ad blockers in their internet
browsers may have been omitted from data used in Research Sub-question 4.1 because
Google Analytics was unable to record their decisions in Contents Under Pressure.
However, it is unlikely this may have impacted the representation of the sampling given

the large sample size (n=148).

Conclusions

The objective of this study is to assess the impact of a digital process safety game,
Contents Under Pressure, on the moral reasoning of senior chemical engineering
students. When approaching ethical dilemmas, ethical fading or inaccurate behavioral
forecasting holds the potential to lead to unethical behavior. The overarching research
question for this study asked, “how does a digital, process safety game influence the
ethical decision making of chemical engineering students?” Building awareness
surrounding poor predictions and ethical fading may help mitigate one’s ethical blind
spots (Bairaktarova & Woodcock, 2017; Clancy, 2020a; Osberg & Shrauger, 1986). The
game provides senior chemical engineering students with an opportunity to test their
ethical decision making in authentic situations (Barab & Duffy, 2012), which may be
assessed through their moral reasoning. The game is assessed through both a

retrospective analysis and a cross-sectional analysis using quantitative methods.

The cross-sectional analysis compares students’ perceived value of each level of

moral reasoning by their ratings of dilemma considerations in the EPSRI and rated
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importance of reflection prompts in Contents Under Pressure. Only a single dilemma
from the EPSRI is used to affirm narrative similarities between the two modes of
assessment. The retrospective analysis compares two student cohorts’ N2 scores,
predominant level of reasoning, and CDIT score. Differences between the comparison
and intervention cohorts may be attributed to Contents Under Pressure acting as an ethics
intervention in the students’ process safety curricula. The N2 score represents the
prevalence of post-conventional moral reasoning in the absence of pre-conventional
reasoning. The CDIT score is a benchmark of moral consistency, whether it is
consolidated or transitional to a level of moral reasoning. Last, the predominant form of
moral reasoning is considered to be the most exerted level of moral reasoning (despite

usage of other levels of reasoning).

This study found that Contents Under Pressure recorded moral reasoning at a
level more consistent with expectations in literature than the EPSRI (Rest, Thoma,
Narvaez, et al., 1997). This result suggests that, as an intervention, Contents Under
Pressure can reduce the influences of behavioral forecasting and predictive
mindsets. It is possible that the immersive attributes of the game led students to respond
in an authentic manner, whereas responses to the EPSRI may be biased by social
desirability (Edwards, 1953) and behavioral forecasting (Bazerman & Tenbrunsel, 2011).
When evaluating the impact of Contents Under Pressure on students’ moral reasoning,
the EPSRI did not observe differences in students’ N2 scores. However, when looking at
their moral schema, this study found evidence that playing Contents Under Pressure

alongside process safety curricula influences how students would respond to the EPSRI
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with transitional moral consistency. Transitional moral consistency means students are
applying more perspectives to responding to ethical dilemmas and are becoming prepared
to make advancements to their moral development (Derryberry & Thoma, 2005; Rest,
Thoma, & Edwards, 1997). In answering the overarching research question of this study,
the process safety game, Contents Under Pressure, can yield more authentic decision
making, likely through its immersive context, yet significant advancements to moral
reasoning are not recorded in the game’s current format. To directly answer the
overarching research question, a digital, process safety game influenced the ethical
decision making of chemical engineering students to be authentic by mitigating

behavioral forecasting.

This study supports the use of Contents Under Pressure in process safety
curriculum because it challenges students’ behavioral forecasting. When process
engineers inaccurately predict their behaviors and decisions, it is possible that they make
decisions that could have negative implications in a plant based environment. Contents
Under Pressure provides students with an opportunity to practice their decision making
and recognize what influences their decisions. In addition, changes in moral development
as a result of the game experience may lead to discussions on how to approach ethical

dilemmas with an awareness of one’s own blind spots.
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Chapter 5
Engineers’ Criteria Founded Decision Making

Overview

The objective of this third study is to understand how safety is considered among
an array of process safety criteria. Specifically, the criteria considered in this study
include those in the conceptual framework described in Chapter 2 (Akinleye et al., 2019;
Donmez & Uslu, 2020; Encinosa & Bernard, 2005; Hendrickson & Au, 2008): (1)
budget, (2) personal relationships, (3) plant productivity, (4) safety, and (5) time. As
discussed in the literature review, these criteria demonstrate importance in engineers’
approach to decision making, yet to what degree is unclear. This study is guided by the
overarching research question: what role does competing criteria hold in the process

safety decisions of engineering students?

This study considered senior chemical engineering students’ claimed criteria
priorities, explanations for these priorities, and actual priorities as shown through
decisions made within a digital process safety decision making game, Contents Under
Pressure. First, students express priorities by ranking the aforementioned criteria at the
beginning and end of their course through a survey. Students also reflect on how they
came to these rankings through a written response. Next, during the course, students play
Contents Under Pressure; decisions made in the game were evaluated for their impact on
in-game metrics similar to process safety criteria. Results broadly showed that safety is
prioritized across the three data sources, yet the results suggest students may be

inexperienced in making decisions with competing process safety criteria.
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Introduction

Contents Under Pressure

This study leverages a digital educational game designed for chemical
engineering students called Contents Under Pressure. This game allows players to take on
the role of a chemical plant manager who must make binary decisions to balance an array
of game metrics: time, safety, reputation, and plant output. The game has a 15-day
narrative of events in which the player will interact with employees and supervisors.

Further description on Contents Under Pressure is provided in Chapter 4.

Paragaming

Paragaming is a gameplay strategy that focuses on achievement hunting or
playing solely to obtain high scores instead of engaging game narrative or assigned
objectives (Carter et al., 2012). For example, in Rockstar’s game Grand Theft Auto
(GTA) V, players role-play as members of an organized crime group, yet the game
provides achievements for non-narrative focused tasks, such as mastering hobbies like
tennis or darts (Figure 5.1). Intentionally seeking out achievements outside of the game
narrative may suggest that players are not immersed in the story (Carter et al., 2012). In
the context of Contents Under Pressure, when a player paragames, their decisions focus
on optimizing outcomes, which may lead to inauthentic decisions from the diminished
immersion. Earlier studies in motivation within Contents Under Pressure identified

paragaming as a theme of students’ desired game outcomes (Stransky et al., 2021).
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Figure 5.1. Achievement offered in GTA V for mastering hobbies (Rockstar Games,
2013).

Study 3 Research Questions
This study aims to answer one overarching research question, what role does

competing criteria hold in the process safety decisions of engineering students? To do so,
the author answers three research sub-questions as building blocks to the overarching
question:

5.1 How does senior chemical engineering students’ prioritization of

process safety criteria change after exposure to a digital process safety

game?

5.2 How do senior chemical engineering students explain their rankings of

process safety criteria?

5.3 How do senior chemical engineering students’ decisions within a

digital process safety game indicate their prioritization of process safety

criteria?

Overview of Methods
Data were collected from senior chemical engineering students from four
chemical engineering programs using Contents Under Pressure and pre- and post-game

reflection surveys. Criteria rankings were compared using an ANOVA, and explanations
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were evaluated through thematic analysis. Students’ gameplay was evaluated using time-

series analysis.

Overview of Results

This study found that students prioritized safety through both their reflections and
gameplay decisions. Out of the five criteria, students initially ranked the personal
relationships criteria as their lowest priority, but after playing Contents Under Pressure,
where reputation was shown to be of importance, personal relationships statistically
significantly increased in ranked importance. When justifying their rankings, students
primarily recalled on prior experiences, aligned their decisions with business
responsibilities, or linked criteria together to describe importance. While safety may have
been ranked as most important overall, these results do supply evidence that students may

yet be inexperienced in ranking competing criteria.

Methods
Study 3 Design

A total of 287 senior chemical engineering students participated in the study from
four chemical engineering programs, which were chosen as part of the author’s
professional network. As Study 3 focuses on connecting the findings among the three
research sub-questions, the author determined that single, consistent sample was
necessary across the data sources for each sub-question. If a response was missing from
any data source, the data were removed. While some random missing data may be

interpolated (Osborne, 2012b), incomplete responses were removed because qualitative
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responses and in-game decisions cannot be statistically interpolated. A shared sample
across the three research sub-questions enables more robust claims by contextualizing
answers with multiple data sources. Responses were also removed when Contents Under
Pressure data showed evidence of paragaming. In this study, evidence of paragaming may
resemble a single student who simultaneously plays the game twice, searching for the
best outcome from each decision. After filtering, the final sample used for data analysis

consisted of 82 senior chemical engineering students.

Research Question 5.1

The first research sub-question of this study asked, “how does senior chemical
engineering students’ prioritization of process safety criteria change after exposure to a
digital process safety decision making game?” This research question was answered by
analyzing how students ranked the five process safety criteria from a pre- and post-game

reflection survey.

e Rank / order the criteria listed (budget, personal relationships, plant productivity,

safety, and time) based on how important they are to your decisions within a

chemical plant environment. The most important criteria should be at the top of

the list and the least important should be at the bottom.

Differences among how criteria were ranked within each survey were compared
using a repeated measure ANOVA. An ANOVA post-hoc test determined specific
sources of statistical significance. Cohen’s d index provided insight on the practical

significance between each pair of criteria (Sullivan & Feinn, 2012). Last, a post-hoc
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power analysis was performed to affirm the sample was large enough to find statistical

significance where it may exist (Osborne, 2012c¢).

Research Question 5.2

The second research sub-question sought to gain understanding in how the
reasoning of criteria priorities develop through experiences. Specifically, this question
asked, “how do senior chemical engineering students explain their rankings of process
safety criteria?” This research question was answered by performing a thematic analysis
on students’ written reflective explanations for their criteria rankings during the pre- and
post-game surveys, “Provide an explanation for the rank / order you have selected above
and how this prioritization will impact your approach to decisions within a chemical

plant environment.”

Two researchers separately read all of the students’ reflections from both pre- and
post-gameplay at once and took notes on their observations, consistent with the methods
described by Saldafia (2016). Upon completion, they developed codes and code
descriptions that captured the data until theoretical saturation was reached (Charmaz,
2006). These two researchers compared their initial findings, debated which codes best

represented the data, and consolidated their findings into a few latent themes in a code

book.

Next, researchers separately thematically coded on a subset of 25 reflections to

confirm coding agreement between the two researchers, where multiple themes could be
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applied to a single reflection. Inter-rater coding agreement of the reflections was
evaluated using Cohen’s inter-rater reliability kappa statistic, k (Landis & Koch, 1977,
Miles et al., 2014). Reliability below the acceptable threshold (k>0.70) was obtained, so
the researchers completed coding the whole sample and discussed discrepancies. Where
discrepancies reoccurred in certain themes, the codebook was amended to improve code
clarity. Throughout this process, the researchers kept a living audit trail to maintain
record of their work and affirm process reliability (Lietz et al., 2006; Walther et al.,

2017).

Quality Concerns

As this work considers qualitative data, the author leverages the quality
framework developed by Walther et al. (2013, 2017) to ensure validity and reliability in
the results. A summary of the quality attributes in this framework and how they were

addressed in this work is shown in Table 5.1.
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Research Question 5.3

The third research sub-question of this study asked, “how do senior chemical
engineering students’ decisions within a digital process safety game indicate their
prioritization of process safety criteria?” The author answers this question by looking at
the actual decisions students made while playing Contents Under Pressure. In the game,
students must make decisions while accounting for game metrics time, safety, reputation,
and plant output. While these game metrics differ from the five criteria described in the
conceptual framework, there are indeed similarities between the two. By understanding
how students balance, prioritize, and discount the metrics through their actual actions in
an authentic context, it provides some insight on how they might handle the need to
balance process safety criteria in the real world. This component of the study leverages
the fundamentals of Time Series Analysis (TSA). TSA plots provide a visual of changes
in data over time, and has typically been applied to psychology studies to find the impact
of an intervention (Velicer et al., 2012) as well as to economic trends to make
predictions. However, TSA has increasingly been used in game studies searching for
player types and pathway trajectories (Reilly & Dede, 2019; Sawyer et al., 2018; Zuparic
et al., 2021). In the case of Contents Under Pressure, the author plotted students’ metrics
scores over the course of the game narrative to observe the trends, abnormalities, and
uniqueness in the game metric scores. TSA with mean metric scores and standard
deviation error bands shows the mean relationship among the safety, reputation, and plant
output as a form of answering the third research sub-question. Specifically, analyzing
time series data provides insight on how chemical engineering students approach making

process safety decisions which have competing criteria.
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Results and Discussion

Research Question 5.1

To answer the first research sub-question, “how does senior chemical engineering
students’ prioritization of decision-making criteria change after exposure to a digital
process safety decision making game?”, the author performed a repeated measure
ANOVA. When asking students to rank the importance of process safety criteria at the
beginning and end of their course, most of the criteria underwent statistically significant
changes in importance. A summary of these results is shown in Table 5.2. Two of the
tests in the table were adequately powered: the budget and productivity criteria. The
ranking of the budget criteria moved down in importance with statistical significance and
a large effect size. The ranking of the productivity criteria remained the same as the test
did not obtain statistical or practical significance. Three of the tests were underpowered,
indicating the potential need for replications of this work with a larger sample. The
ranking of personal relationships moved up in importance as the test found both statistical
and large practical significance. The ranking of the safety criteria remained the same.
While this test was under powered when not finding statistical significance, the effect
size suggests that there was no practical change to this ranking. Last, the ranking of the
time criteria did move down in importance slightly, approaching statistical significance.
This suggests that it was possible to obtain statistical significance if a larger sample size
were obtained. However, the effect size showed the change is of small practical
significance; while statistical significance could be obtained with a larger sample, the

difference would likely not add more value in answering the research sub-question.
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The plant productivity and time criteria generally held the same ranked
importance across game play. The lack of change in ranking may suggest that either
students’ perception of these criteria did not change or that while their perception of the
criteria changed, with respect to their dynamic perception of other criteria, they remained
ranked the same. A major finding from study 2 in Chapter 4 found that 15-days of
immersion in Contents Under Pressure may have begun preparing students to make
changes in their moral development, which indicates that the incremental and small
changes in criteria ranking may be amplified given a longer immersion duration. Claims
explaining the budget criteria decreasing in ranked importance cannot be made yet,
despite the large effect size, until paired with qualitative data. However, this decrease in
how students ranked its importance must be distinguished from its actual decrease in
importance; this lower ranking does not necessarily mean that the criteria is

“unimportant” to students’ process safety decisions.

At the end of the semester, students significantly increased the ranked importance
of the personal relationship criteria, with a medium effect size. While this change cannot
yet be explained without sufficient qualitative insight, literature around decision making
and relationships provides potential explanations. It is possible that, from the game
immersion, students were able to obtain more satisfaction when work objectives were
balanced with personal relationships. Friedman and Greenhaus (2011) describe that a
healthy work-life balance increases the capacity for satisfaction and happiness; thus,
when students prioritized the personal relationships criteria more, they were able to

obtain more satisfaction from their work. In contrast, an increase in prioritizing this
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criteria may not have been driven by seeking satisfaction but by avoiding dissatisfaction.
Contents Under Pressure often juxtaposes these five criteria against each other. Early in
the game, the player’s supervisor, Wanda, asks the player to stay late after work to finish
a report. Players who agree with the goal of appearing dedicated to the job and building
reputation with their boss receive game feedback, “Wanda is happy you're putting in
extra work, but you miss your family's surprise dinner to celebrate your first day.” Thus,
relationships built with in-game characters may have influenced students to increase the

ranked importance of the personal relationship criteria to avoid negative outcomes.

This situation is not unique to Contents Under Pressure as process safety case
studies have documented how personal relationships influence decision making. An
explosion at a Chevron refinery was exacerbated when a team of engineers identified the
plant needed to be shut down to isolate a leaking pipe, yet none made the call for fear of
“flack” from their colleagues (CSB, 2015). Familial relationships led to deteriorated
safety culture at an Aghorn Operating Inc. waterflood pump station in Odessa, Texas.
This poor culture led an employee’s partner to fatally enter a restricted area during a
chemical leak (CSB, 2021; Geddes, 2019). It is likely that senior chemical engineering
students do not have sufficient experience in managing work and familial relationships
when they compete with work objectives. The increase in ranked importance of the
personal relationship criteria as they gain relevant experience supports this claim. Thus, it
becomes increasingly important for students to build an awareness of how relationships
may influence their decision making, such as through the Contents Under Pressure

experience.
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Last, the ranked importance of the safety criteria experienced a negligible change
according to the effect size (Cohen, 1988; Sullivan & Feinn, 2012). This shows that
despite other criteria moving around in importance, at the end of the course, their
perceptions of the importance of safety generally remained the same. Specifically, out of
the 82 of students who ranked safety as number one during the pre-course survey, 57 of
them (69%) continued to rank safety number one in the second survey. However, it is
possible that some of these responses are biased because of the context. In Chapter 4, we
discussed how behavioral forecasting (Bazerman & Tenbrunsel, 2011) may have
promoted students to respond more post-conventionally than they actually morally
developed possibly because they were aware they were in the context of an ethics
assessment. Similarly, students may be ranking the safety criteria highly because
they are aware that they are responding to a survey in the context of a process safety
or a senior design course or after having recently participated in a process safety
game. This may also be explained through a phenomenon known as social desirability
bias (Edwards, 1953). This bias occurs when an individual behaves in a way consistent
with how they believe others in the environment would want them to behave with the
goal of being likeable (CSB, 2015). This could lead to senior chemical engineering
students responding to this survey in a way they believe is consistent with what the
instructor may want out of them, thus ranking the safety criteria highly. It is unclear to
what extent these biases may be at play or to what extent the students were responding

earnestly.
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Changes in students’ ranked priorities may be limited by the list of five criteria
provided to them. Additional criteria or nuances to the criteria may exist, such as
differentiating personal relationships from work relationships. Moreover, students may be
influenced to value these five criteria because they were provided in the survey
potentially implying their importance, whereas students introducing criteria as their own

process safety priorities may lead to an alternate outcome.

In answering the first research sub-question, the data only provided evidence that
the personal relationships and budget criteria changed due to participation in the game. It
is unclear why budget moved down in ranked importance. Personal relationships moved
up in importance possibly because the students drastically lacked experience making
engineering decisions with this criteria before the course and game experience. The
remaining three criteria (plant productivity, safety, and time) did not significantly change

in importance.

Research Question 5.2

The second research sub-question asked, “how do senior chemical engineering
students explain their rankings of process safety criteria?” The author answers this
research question through thematically coding students’ written responses to the prompt,
“Provide an explanation for the rank / order you have selected above and how this
prioritization will impact your approach to decisions within a chemical plant
environment.” Upon reviewing the data from both pre- and post-game reflections, the

author developed a codebook with eight themes on students’ explanations, shown in
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Table 5.3. These codes are also described in detail in the following subsections. Multiple
themes emerged from single reflection as students provided multiple forms of

justification within their reflections.
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Student Explain Criteria Rankings based upon the Criteria’s Importance with
Explicit Certainty. While describing the importance of a criteria, students would describe
the criteria to be important with limited explanation. Many times, they would not stray
from its importance, and often they would emphasize it was a priority that could not be
changed. The lack of explanation suggests that students had a firm determination or
resolute perspective on the criteria. The following quotes are examples of how students
explained their rankings by establishing the criteria’s resolute importance

e “Time is of the upmost concern in any manufacturing facility...”
e “Safety is #1. Getting everyone home safely every day is what matters

most.”

Student Explain Criteria Rankings based upon the Criteria’s Importance with
Contextualization. Students also described that the criteria’s importance could change
depending on specific conditions. Students would create specific situations where their
opinion on a criteria may change or define a criteria to be important but willing to trade it
for other criteria. The following two quotes provide examples of how this theme occurred
in the data.

e “-Next, I see my time as valuable and ensuring that the work I complete

will be worthwhile and not wasted. Thus, assuming that the issue is not

urgent or catastrophic in nature, I would prioritize it appropriately...

Lastly, my personal relationships would only be consorted if absolutely

necessary as I prefer to keep my work life and social life separate. If an
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1ssue was catastrophic enough it might affect them, I would prioritize

letting them know.”

e “While I did attempt to keep the productivity high, I found that it was
normally a much lower priority when it came to choosing between it and

safety and relationships...”

Student Explain Criteria Rankings based upon the Criteria’s Importance with Not
Being Considered. Some students would deny the importance of certain criteria when
prompted to explain their rankings of criteria in the conceptual framework. Some would
go as far as to explain that the criteria held no place in their decision making model
whatsoever. While the conceptual framework found evidence in literature that these
criteria may be of general value to engineers’ decision making, it is not impossible for
these criteria to be excluded among some decision makers. The following quotes are
examples of students who explained ranking personal relationships last by denying its
importance in the workplace.

e “Last, personal relationships should be the least important in decision
making; while I consider them important, favoritism and interpersonal
relationships should be ignored as much as possible in a critical situation
in favor of maintaining clear focus of what needs to be done.”

e “-I put relationships and time at the bottom because from a work

perspective those are not priority even though they are priorities in life.”
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Student Explain Rankings by Connecting to Held Personal Values. While
describing the importance of some criteria, students would pull on personal values of
theirs. Lichtenstein et al. (2017) describe personal values as a series of beliefs or concepts
that guide one’s actions or considerations while making a decision. These personal values
may include justice, honesty, reputation, kindness, etc. Students considering their
personal values in making decisions is consistent with literature on management decision
making (Payne & Bettman, 2004). The following quotes provide example of how
students were considering their own personal values in ranking these criteria.

e ‘- [take alot of pride in having a team that trusts me and have a mutual
respect for each other, so reputation means a lot to me.”

e “The order I selected above reflects my moral values and what I believe is
just.”

e “Productivity is the next important because it protects you and the rest of

the employees’ livelithoods.”

Student Explain Rankings by Connecting to Other Criteria. Oftentimes, students
would not describe the inherent value in a criteria, but instead, they would link one
criteria’s importance to that of another criteria as a form of justification. This approach
includes the idea that prioritizing one criteria may “domino” into obtaining positive
outcomes among other desirable criteria. Alternatively, linking criteria together may have
been a method of explaining low ranking criteria or outcomes they described as
“undesirable”. Students who linked criteria may recognize the relationships among

criteria, which may suggest a nuanced understanding of how competing criteria interact
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with their decision making. The following reflections provide example of how students

would connect criteria to explain their importance.

“Safety is always first because safety disasters can affect all of the other
factors...”

“Safety and productivity are the most important because that is what will
keep the plant running and making money. If those are prioritized, the rest
will follow.”

“I feel as though plant productivity and time management go hand in hand
as finishing a project in a timely manner depends on how productive a

plant is.”

Student Explain Rankings with the Goal of Avoiding Potentially Negative

Outcomes. Students also ranked criteria based on its contribution to avoiding a negative

outcome. Frequently, this was associated with the safety criteria where students went into

detail as to what they were avoiding by prioritizing safety or other criteria. The following

quotes exemplify how students explained their rankings while considering a criteria’s

contribution to potential consequences.

“Safety is important to prevent harm to your team.”

“Safety is the most important factor because an unsafe environment can
cause unnecessary risk, injury, death, lawsuits, or other events that should
be avoided at all costs.”

“Safety is the most important since the consequence may be severe.”
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e “Safety was my highest priority because I didn't want anyone getting

hurt. .. Plant productivity, budget and time weren't my biggest concerns

when the hurricane was coming through. I wanted to make sure large

damages to the plant weren't going to affect production later after the

storm had passed.”

Student Explain Rankings with the Goal of Supporting Business Responsibilities.
Students also described the importance of criteria based on their contribution to
supporting business responsibilities. Business responsibilities include how students
believed they should act as engineers in the workplace, what they believe their employer
or supervisor would want from them, or their responsibility to company finances or
productivity. The following reflection overwhelmingly utilizes business responsibilities

to explain their criteria rankings.

e ‘“Safety is next because if the staff is injured no one can work.

Productivity is next because it is the same reason we have managers,

operators, and inspectors: to get the job done. Budget is important next

because you want to make sure you’re making more than you are

costing the company. Last is personal relationships because the main

goal is to get the job done, not to make friends...”

Student Explain Rankings by Recalling Experience. Students drew from their
personal experiences to explain their rankings primarily during their post-game

reflection. The following two quotes show a student reflecting in the pre-game survey,
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where they reflected on personal experiences, and in the post-game survey, where they
reflected on their Contents Under Pressure game play.
e Pre-game reflection: “Safety should always be the top priority when
working in a chemical plant environment and I feel that is pretty self-

explanatory. Budget comes in at number two because, as my parents

always say, money doesn't grow on trees. Overshoot the budget too

many times and people will stop giving you contracts...”

e Post-game reflection: “Safety was my top priority throughout the game
as I think this is the top determining factor when making decisions. It
was difficult to maintain balance between the three categories in the
game, but I tried to focus on plant productivity after safety. Personal

relationships and time usually came last.”

Changes in Students’ Criteria Ranking Explanation. The author tracked changes
in themes between the pre- and post-game reflections to show potential development in
how students explained their rankings. Overall, changes are shown using a bar chart in
Figure 5.2. This figure shows that 18 fewer themes were found in the post-game
reflections than in the pre-game reflections. While multiple themes could be coded into a
single reflection, post-game reflections were shorter in length; pre-game reflections had
an average of 105 words whereas post-game reflections had an average 68 words. Shorter

reflections may contribute to fewer found themes in the post-game reflections.
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Figure 5.2. Frequency of themes in data from both pre- and post-game reflections (n=83).

The Connecting Criteria theme has noticeably fewer occurrences in these
students’ post-game reflections. Connections among concepts typically suggest complex
understanding of a topic or of the relationships required to establish the connections
among concepts (Ambrose et al., 2010; West et al., 2000). Yet, after engaging in a
process safety game where they were given the opportunity to gain more complex
understanding around process safety criteria, fewer students explained criteria rankings
through their connections to other criteria. Alternatively, students may have gained a
more complex understanding around criteria, forming connections among them, but

potentially faced difficulty in transcribing that understanding into their reflection.

In addition, the Support Business Responsibilities theme had 14 fewer

occurrences in the post-game reflection, yet this theme is still one of the most prevalent in
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this data. This result may be because of how deeply STEM education has been
commoditized. For example, economic contribution and economic competitiveness has
been embedded in historical decisions around how engineers are educated (Akera, 2017).
Moreover, engineers and engineering education have devalued social engagement in
favor of responsibilities to economic output (Carrigan & Bardini, 2021). This perspective
is evident in students’ ranking explanations as exemplified in the following quotes.
e ‘““-because the only purpose of the plant is to produce company products
for consumers.”
e ‘“-the sole purpose of your job is to make as much money for the plant as
possible...”
e “-the main purpose of the chemical plant is to make some product and
distribute it to their buyers, so the plant must be making product in an

effective and efficient way.”

While the Connecting Criteria and the Supporting Business Responsibility themes
had fewer occurrences in the post-game reflection, the Experience theme had 29 more
occurrences. It is likely during the pre-course reflection (at the beginning of their process
safety course and prior to playing Contents Under Pressure) that students lacked relevant
lived experiences to call on when explaining their rankings. For example, one student’s
set of reflections shows how they began to incorporate their lived experiences from

Contents Under Pressure in their explanations.
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e Pre-game reflection: “-And lastly, I selected personal relationships
because although the decision to have a friendly work environment is
important, it is also work.

e Post-game reflection: “-I ranked personal relationships third because as
seen in the game if people were unhappy, it definitely affected

productivity and also trust.”

Decision making literature specifies that experiences provide a pathway to
making strategies for future decisions (Payne & Bettman, 2004). In addition, earlier
arguments for Contents Under Pressure included providing students with a practice
environment where they could build decision making experience (Barab & Duffy, 2012).
Thus, it is possible students leveraged their recent experiences in a process safety course
and in Contents Under Pressure to begin explaining their rankings during the post-game

reflection.

The context of the survey likely influenced these responses. Students were told to
“Rank / order the items listed below based on how important they were to your decisions
within Contents Under Pressure,” and to “Provide an explanation for the rank / order
you have selected above and how this prioritization will impact your approach to
decisions within a chemical plant environment.” These prompts likely influenced
students to reflect with their experiences from Contents Under Pressure. As such, while
students may have gained lived experiences from which they can pull on to guide their

future decisions, these results cannot distinctively claim that they will continue to
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leverage their lived experiences in future decisions that are farther removed from
Contents Under Pressure. However, these reflections provide insight on how senior
chemical engineering students are making decisions, which provides a basis for

enhancements to process safety decision making curricula.

Research Question 5.3

This sub-research question asked, “how do senior chemical engineering students’
decisions within a digital process safety game indicate their prioritization of process
safety criteria?” This question is answered through a time series analysis on average
metric scores in Contents Under Pressure. A time-series plot is shown in Figure 5.3,

where the mean metric scores are plotted with standard deviation banding.
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Figure 5.3. Time-series plot of game metrics in Contents Under Pressure (n=83).
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Two points must be made ahead of discussing the results. The safety and
reputation means and standard deviation banding flatline on the plot where the y-axis is
equal to (100) exists because it is impossible to obtain a metric score greater than (100) in
the game. Flatlining does not occur on the other extreme, where the y-axis is equal to (-
100), because when a player obtains this score, their score is reset to (0). Secondly, the
plot shows some extreme jumps in metric scores, such as the drop in reputation on Day 8§,
the drop in safety on Day 12, and the rise in plant output on Day 15. These trends do not
reflect the decisions of players but changes in scores inherent to the narrative. On Day 8§,
players are confronted by their supervisor regarding a feud among the players’
employees, “Hey there. Got some time to chat? How are you feeling about your team?”
Regardless of decisions in the game, the feud will emerge, and the reputation score will
drop after this interaction. Around Day 12 in the game, a large hurricane makes landfall
over the chemical plant, and in order to instill a sense of urgency, the game drops players’
safety scores. Similarly, the hurricane ends around Day 15, and the plant output score

rises to signal the plant can return to normal operations.

Safety. Throughout the game, the safety metric is the most prioritized metric
based on its highly scored mean and tight standard deviation banding. The banding
suggests little variance in this metric among the players. The safety prioritization is
frequently made by trading off with other criteria; for example, on Day 2, an employee
(Emily) reports, “Hey boss, I saw a minor spill. Cleaned it up but I noticed that it brought
us close to our monthly limit,” to which players can respond with, “If we're that close,

let's pass on reporting it,” or “We should file a report just to cover all our bases.” While
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not claiming that players should takeaway that they should not report minor leaks,
reporting the leak may take Emily from output objectives, which highlights the

competing criteria players are forced to face.

The mean safety plot shows a drop during Day 8. An employee (Charles)
requests, “Heads up, Chief! I'd like to leave a couple hours early today for a doctor’s
appointment. Is that okay?” Players may choose to let Charles leave and rely on others in
the team or deny the leave request and claim the appointment must be made after work
hours. Denying this request may take a toll on Charles’ wellbeing. While the demand for
medical leave is relevant in current events (BBC, 2022), players’ decisions may have
been influenced by piling deliverables delayed by recent storms. A decision choice in a
previous prompt reminds players of their workload, “There is still a lot of work to do
after the past few days of rain. Maybe next week.” In addition, previous decisions that day
to go to lunch with another employee, which would also slow down output, may have
pressured players to reject further production slowdowns that day, “Hey, do you want to
grab lunch? I was wondering if I could ask some questions about how you got where you

’

are.

Reputation. Players prioritized reputation as the second most important metric.
While the mean score was high, this metric had much broader standard deviation
banding. The broader standard deviation banding suggests there was greater variance in
how players prioritized this metric. Example scenarios where the standard deviation

banding decreased include feuds between game characters Victor Cob and Emily Nevil.
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Victor, who is considered the difficult employee of the plant, says, “Also, Wanda asked
me how Emily was doing. [ was honest - she seems to want to change things before she
even knows how we do them. If she asks you about it, will you back me up?” and “I heard
Emily already wants to take off for some conference. Did you tell her that she needs to
earn her days off?” The tightening standard deviation in this metric over these scenarios
suggests that players may have a more consistent approach on how to respond to

disagreements among employees when compared with other reputation based decisions

Plant Output. The TSA plot showed plant output was the least prioritized metric
as the mean was a negative score for the majority of the narrative. While the mean score
remained above (-100), this was the only metric that players “failed.” Player failures most
frequently occurred on Day 12 where 76 failures occurred among the 82 players (Figure
5.4). Day 12 is in the midst of a large hurricane making landfall over the plant where a
worker is off site, players’ family members call in with concern over the storm, and a
safety supervisor is stranded in flood water. While the context of this day likely makes
balancing the game metrics difficult, earlier explorative studies into the EPSRI reported
that senior chemical engineering students had difficulty in making decisions around a
similar hurricane dilemma (Stransky et al., 2020). This earlier study explained students’
observed challenge with reference to unfamiliarity with certain ethical frameworks;

however, this explanation may be extended through this present observation.

Students may find this game day to challenge their decision making because of

their lack of experience. Students’ prior practice in decision making often rely on case-
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studies and hypothetical situations where they are far removed from risks (Safety and
Chemical Engineering Education, 2022); these experiences may provide students with
time to rationalize their answer. However, Contents Under Pressure attempts to immerse
students in the stress of these situations, where thoughtful deliberation may be difficult.
This finding may identify a gap within process safety education: decision making in high
stress situations. Hurricane and disaster type situations where engineers must make
critical decisions are realistic (CSB, 2018). As such, engineering students should

become familiar with making decisions in high-stress, time-sensitive situations.
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Figure 5.4. Bar chart showing number of failures per metric.

In answering the third research sub-question, senior chemical engineering

students prioritized the safety metric in the Contents Under Pressure game. Safety was
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followed by reputation, yet this metric had broad variance in importance among players.
Finally, plant output was the least prioritized metric and was the only metric that led to
students’ experiencing game failures. These findings may be limited by students’
capacity to make decisions that align with their priorities. A majority of the decisions in
Contents Under Pressure force players to make decisions with competing criteria; while
students may desire to prioritize a game metric, inexperience with decision making or the
game setting may hinder their ability to control desired outcomes. Moreover, these results
are limited because these game metrics differ from process safety criteria. While these
results speak to students’ decision-making priorities, explicit claims regarding prioritizing
criteria face transferability limitations. Instead, these results may provide evidence on
students’ priorities that may be contextualized with other forms of evidence to make

robust claims.

Contextualizing Research Question 5

The overarching research question of this study asked, “what role does competing
criteria hold in the process safety decisions of engineering students?” To answer this
question, the author synthesizes the findings of the previous three research sub-questions
by case-studying two students from the sample, Student A and Student B. The author
randomly selected two students whose criteria rankings were within one standard
deviation of the mean rankings reported in the first research sub-question. The
similarities between these two students illustrate the consistency in how students ranked
the process safety criteria. Student A’s criteria rankings and explanations are shown in

Figure 5.5. Student A recognizes that each of the five criteria are important to their
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decision making, yet initially, their focus is on “[making] money” over “emotions”.
Student A’s reflection suggests they found personal relationships to be important to them,
but they did not belong as a consideration in their decision making. After engaging with
Contents Under Pressure, Student A changes the ranking of personal relationships from
fifth to third and acknowledges that “amicable relationships™ are required for a chemical

plant to function.
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Figure 5.5. Student A’s rankin
surveys.
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Student B followed the trends of Student A as shown in Figure 5.6. Student B

expresses that the safety criteria is of resolute importance, followed by other criteria.

They rank personal relationships as fifth, yet they do not provide discernment why there

is not “a big gap between these options.” After engaging with Contents Under Pressure,

Student B continues to rank safety of resolute importance, and they introduce a new

theme of “running a successful plant” when explaining plant productivity. They also

changed the ranking of personal relationships from fifth to third by expressing their

personal value for “mental health”, which may come from these relationships.
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productivity should be first
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Figure 5.6. Student B’s rankings with reflection callouts from both pre- and post-game

Surveys.
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Both of these students claim to see value in all five of these criteria including
personal relationships, yet they describe this criteria to just not measure up to the others.
Both of these students’ reflections were coded to be describing the importance of safety
with explicit certainty. Despite both students making positive remarks about plant
productivity in their pre- and post-game reflections, they experienced game failures in the
plant output game metric Figure 5.7. This outcome reiterates how even though plant
productivity was their second ranked criteria, students’ may not have the capacity to
control the state of the game metrics criteria. Capacity to manage over these criteria may

be improved through additional practice (Payne & Bettman, 2004).
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Figure 5.7. TSA plot of case study students' gameplay data.
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Conclusions

The objective of this study is to gain insight on how chemical engineers consider
process safety criteria in their decisions by studying senior chemical engineering students
by answering the overarching research question, what role does competing criteria hold
in the process safety decisions of engineering students? Throughout making decisions,
engineers come across situations where criteria compete for priority, such as budget,
productivity, personal relationships, safety, and time. Yet, issues with balancing these
criteria by devaluing any one may lead to negative outcomes, despite intents for safety
(Lehmann et al., 2022). For example, the competition among safety, plant productivity,
and personal relationships have led to process incidents in the past (CSB, 2015, 2021). As
such, this study targets understanding how engineering students consider these competing
criteria and how their opinions about criteria evolve as engineering students build
experience in making decisions with them. Empirical evidence of engineering students’
criteria priorities is obtained through their decisions made in a digital process safety
game. In addition, claimed criteria priorities were assessed through pre- and post-game
surveys asking respondents to rank the five criteria in order of their importance and write

an explanation of their ranking.

Student rankings found that safety was strongly prioritized, followed by plant
productivity. When comparing students’ pre-game rankings to their post-game rankings,
personal relationships were increasingly prioritized from fifth to third in average

importance. The results of an ANOVA showed a statistically significant change in
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ranking with a large effect. Whereas changes in plant productivity and safety were

negligible to small.

Students initially explain their rankings by discussing the correlations among the
criteria or by relating them to their responsibilities as an engineer working at a company.
After playing the game, almost half of the students explained their rankings by recalling
prior experiences, such as by prioritizing safety. In-game decisions show students’
empirical priorities. Safety is prioritized above their reputation and plant output. While
reputation was empirically prioritized over plant output, its exact importance varied
greatly among students. Moreover, plant output was devalued by students until in-game
operation “failures” occurred. To directly answer the overarching research question,
engineering students consider competing criteria in their process safety decisions by
prioritizing safety, often to the extent of discounting other criteria, and they justify these
decisions by reflecting on responsibilities to businesses they work for or by reflecting on

prior experiences.

This study found that students’ perception of competing criteria can change after
gaining experience in process safety decision making, such as by playing Contents Under
Pressure as shown through the results of Research Sub-question 5.1. Engineers need to
recognize the relevance of competing criteria on their decision making as issues with
balancing these criteria can lead to process incidents. This study does not seek to instill

an ordinally ranked set of criteria for engineers; instead, it draws attention to the
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relevance of competing criteria. Awareness and experience in making decisions with

these competing criteria may be critical to avoiding further process incidents.
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