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Process safety decision making in chemical engineering practice has a strong ethical and moral com-
ponent. While effective process safety decision making can be taught, it is not solely a technical topic,
and includes complex behavioral elements that classroom-based instruction finds difficult to capture.
To capture the complexity of this decision making, we have developed a digital immersive environment,

Contents Under Pressure (CUP), that includes both technical and behavioral elements. This immersion
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allows participants to explore realistic process safety decision points in a safe environment. To deter-
mine the effect of CUP on moral reasoning, a retrospective study of two cohorts was conducted. The first
cohort (n=109) received traditional process safety instruction, and the second cohort (n=181) had CUP
included as part of their instruction. Pre- and post-assessment of participant process safety reasoning
was achieved via the Engineering Process Safety Reasoning Instrument (EPSRI), also developed by the
authors. Analysis of the data suggests that exposure to CUP has a distinct and statistically significant

impact on process safety reasoning as compared to the comparison cohort.
© 2021 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

1. Introduction
1.1. Process safety instruction

Process Safety is an integral part of a chemical engineer’s work,
and its importance is reflected in multiple parts of the (AIChE) Code
of Ethics (AICHE, 2020) but most clearly in the first point: Chemical
engineers should “...hold paramount the safety, health and wel-
fare of the public and protect the environment in performance of
their professional duties.” It is therefore critical that chemical engi-
neering students have a solid and realistic understanding of process
safety during their education such that they are prepared to make
sound decisions in practice post-graduation.

In the early 2000’s, following a number of high-profile chemical
accidents, AIChE and ABET (the United States engineering accredit-
ing body) mandated that chemical process safety and identification
of process hazards be included in chemical engineering curricula.
The result has been an intense interest in how this crucially impor-
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tant topic is taught in the university setting. Both Mkpat et al.
(2018) and Dee et al. (2015) have excellent and recent reviews on
the subject. The literature reveals that the approaches to teach-
ing process safety are diverse, and that no single curriculum or
approach has taken hold as a ‘standard’ in comparison to what
has occurred for other traditional topics in the chemical engineer-
ing curriculum. This strategy has resulted in varied educational
approaches, which can generally be collected into two main cate-
gories - integration of safety instruction into existing courses in the
curriculum versus standalone treatments of the subject. There have
been numerous examinations of the relative effectiveness of these
two approaches in the literature (Pintar, 1999; Willey et al., 2011),
which perhaps captures the challenge of teaching process safety
- is it a standalone topic that can be taught similarly to process
control, kinetics, or thermodynamics, or is it a fundamental under-
pinning of engineering subjects that should therefore be threaded
throughout the curriculum? The chemical engineering community
has tried to provide resources for both approaches - for example,
Crowl and Louvar’s widely renowned text on the subject (Crowl
and Louvar, 2001), the Safety and Chemical Engineering Education
Committee (SACHE) development of educational resources that can
be included in various chemical engineering core courses (Spicer
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etal., 2013), and the incorporation of process safety material in the
AIChE Concept Warehouse (Vaughen, 2019).

Outside the United States, the Bologna Process has standardized
European university engineering programs’ process safety curric-
ula, revealing process safety’s global value (Cortés et al., 2012;
Schonbucher et al., 2013). Universities in both Spain and Germany
have explored methods to improve their process safety education.
Cortés et al. (2012) utilized the Delphi method with a panel of
60 experts to analyze the engineering curricula in Spanish uni-
versities, ultimately reaching a consensus that occupational risk
prevention should be included in some capacity. As in the United
States, Krause (2016) looked at two curricular design approaches:
one where process safety is a specialized course topic and one
where process safety is integrated throughout a chemical engineer-
ing degree program. They analyzed the pros and cons towards both
degrees, concluding that a specialized Master’s program working
closely with industrial partners could be a solution for German
education.

Perhaps two of the most interesting ideas to arise out of
the Process Safety Education literature are its connections to
constituencies outside the engineering education community:
industrial practitioners and behavioral science. Given the strong
industrial nature of process safety (and it being distinctly different
from laboratory safety, which is often a focus at the undergradu-
ate level), there have been numerous investigations of increased
collaboration or input from industrial partners in teaching pro-
cess safety (Pitt, 2012; Dixon and Kohlbrand, 2015; Hassall et al.,
2020; Willey et al., 2020). As industrial partners are practitioners,
their expertise in realistic process safety scenarios is highly valu-
able, especially given that many academic faculties have not held
industrial positions and lack that particular first-hand experience.

The behavioral science connection is interesting because it rec-
ognizes the fact that process safety is at least as much about human
psychology, risk assessment, and behavior as it is about technical
engineering knowledge. In recent years, the psychological element
of process safety has been explored, with investigation of “human
factors” (Rodriguez et al., 2017), the role of memory (Throness,
2014), and the role of complacency (Hyten and Ludwig, 2017).

1.2. Behavioral ethics and immersive learning environments

While safety and ethics instruction are essential for chemical
engineering students, elements of human psychology can cause
practicing chemical engineers to overlook some safety and ethics
decisions that appear daily in the workplace. Whether due to
pressures related to time or monetary constraints, a deference to
authority, or a lapse in ethical judgment, individuals often commit
actions with negative ethical and safety consequences (Milgram,
1963; Burger, 2009). These actions can have severe consequences
in the chemical industry, including loss of human life. The apparent
contradiction between increased safety and ethics training within
university settings and the continued unethical action taken in
industry highlights the difference between ethics and behavioral
ethics. While ethics seeks to provide guidance for the appropriate
or moral way to act, behavioral ethics seeks to study how individ-
uals actually behave when placed in a scenario that requires an
ethical decision (Bazerman and Tenbrunsel, 2011).

Behavioral ethics can explain many of the disconnects between
education and practice. For instance, during a class that discusses
safety or ethics, many students are aware they are being pre-
sented with an ethical dilemma. The students often make predictive
answers that sound the “best”, most correct, or most ethical, but do
not actually reflect how they would react within the presented sce-
nario (Osberg and Shrauger, 1986). Previous studies by the authors
using the Engineering Process Safety Research Instrument (EPSRI)
showed that the majority of students scored very highly in their
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ethical reasoning, but this was likely because they were still operat-
ing in the predictive phase and selected the decisions that sounded
the most ethical (Butler et al., 2019; Bodnar et al., 2020; Stransky
et al., 2020a). In engineering practice, ethical issues are rarely as
clearly presented as they are in case studies. Thus, this predic-
tive strategy, which is predicated on the ability of an individual
to identify when decisions have ethical components, can fall short.
One cannot engage with the appropriate safety and ethics thought
processes when one cannot identify that a decision has an ethical
element (Bazerman and Tenbrunsel, 2011).

Therefore, to avoid the pitfalls associated with natural human
tendencies related to behavioral ethics, it may seem like the best
safety education would be to allow students to practice making
decisions in real-world environments as soon as possible. This
strategy, known as preauthentication, relies on placing students in
an immersive, real-world environment and allows them to make
decisions and actions in a realistic context, including external influ-
ences one may not experience in a non-immersive setting (Nicaise
et al., 2000; Radinsky et al., 2001). Studies suggest preauthenti-
cation is effective for general engineering and engineering ethics
education (Shepherd, 1986; Koretsky et al., 2008; Manenti, 2012;
Dholakiya et al., 2019). Preauthentication environments have also
been demonstrated to provide more effective instruction than a
non-interactive environment due to the preauthentication envi-
ronment’s propensity to promote active learning and engagement
(Bransford et al., 1999; Pascarella and Terenzini, 2005).

However, given the nature of chemical engineering and com-
mon industrial applications thereof, it may be difficult and likely
unsafe for a chemical engineering student to be placed in a real-life
scenario where they can practice making safe and ethical decisions.
Therefore, to teach safety and ethics using preauthentication strate-
gies, simulations or serious games can be used. To this end, the
authors have developed a digital immersive environment called
Contents Under Pressure (CUP) (Anastasio et al., 2020; Stransky et al.,
2020a).In CUP, the student is placed in a supervisory role ata chem-
ical engineering plant and must make a series of binary decisions,
some mundane and others critical. These decisions involve balanc-
ing plant safety, plant productivity, perception by coworkers and
the general public, and time. By teaching decision-making using an
environment that more closely mimics an actual industrial envi-
ronment, students can learn to move out of the predictive mindset
and behave in a way that more accurately reflects their actual level
of moral development, potentially leading to further reflection and
instruction.

Studies have shown that digitally immersive contexts can
improve students’ understanding and decision-making ability in
other disciplines. Pasinand and Giroux (2011) conducted a study
on operations management and Reiners and Wood (2013) led
another on supply chain management. Both industry-centric con-
texts showed evidence of student improvement in decision-making
when handling complex scenarios. However, CUP is unique in that
it focuses specifically on the ethics of process safety. While the
context of Pasinand and Giroux (2011); Reiners and Wood (2013)
showed improvements in operations based on optimal or correct
decision-making, process safety is more ill-structured. Therefore,
to observe improvement, a lens of moral reasoning is used.

1.3. Moral reasoning

Kohlberg’s moral development theory expresses the moral
thought process as three distinct levels (Kolhberg and Hersh, 1977).
The earliest point of moral development is pre-conventional rea-
soning. A person who operates at the pre-conventional level makes
decisions based on their own personal interest and how it might
affect them (Kolhberg and Hersh, 1977). They would hope for out-
comes that directly benefit them and minimize their own personal
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Table 1
Comparison of Rest’s Schemas with Kohlberg’s Stages.

Pre-conventional Conventional Post-Conventional

Consolidated
Transitional

Type 1
Type 2

Type 4
Type 3

Type 6
Type 5

risk; for instance, a person at the pre-conventional level might do a
favor because they would expect a favor in return. The next level is
conventional reasoning. A person who is at the conventional level
makes decisions concerning others in their immediate social cir-
cle; this could include family, friends, co-workers, or neighbors
(Kolhberg and Hersh, 1977). A person using conventional-level rea-
soning might do a favor for someone else because that person is a
close friend and they want to maintain that relationship. The final
level of moral reasoning is post-conventional. Individuals make
decisions at the post-conventional level when they consider out-
comes that affect a wider population than just their friends and
families. Post-conventional reasoning is concerned with the envi-
ronment, society at large, or the greater good (Kolhberg and Hersh,
1977). A person applying post-conventional reasoning does some-
one a favor because they believe certain moral rights are universal
and that following their principles will lead to a better outcome for
society overall.

While Kohlberg viewed these levels as rigid, where one is either
at the conventional level or the post-conventional level, Rest saw
them as more flexible. This means that a person’s reasoning could
instead exist between levels as they begin to transition from one
stage to the next (Rest et al., 2000). A person could move between
two stages and even apply lower levels of reasoning within their
decisions depending on context. Stransky et al. (2020a) illustrates
this relationship with three inscribed circles. The innermost circle
is denoted as pre-conventional, and each subsequent ring extends
out from there, with the outermost ring as post-conventional. Even
though a person could think at the post-conventional level, they
do not necessarily make all their decisions at that level. They are
free to reason at all levels, up to their highest. So, much like how
the inscribed circles grow outward from pre-conventional think-
ing, a person is never fully divorced from those lower levels of
thought. Instead of three levels, Rest developed six schemas, shown
in Table 1 (Rest et al., 1999a). These new schemas account for an
individual’s moral consistency.

Three of the schemas, Type 1, Type 4, and Type 6, are simi-
lar to Kohlberg’s stages of moral reasoning, where an individual
is consolidated in a single level of moral reasoning. The other three
schemas take into account the possibility that someone is transi-
tioning between schemas, called morally transitional. For example,
if a person is Type 4, then they are consolidated in conventional
reasoning, but if they are Type 3, they are predominantly conven-
tional in their reasoning, yet they are transitioning towards either
pre-conventional or post-conventional. While a person is in a tran-
sitional schema, Thoma and Rest (1999) believe that it becomes
harder to define their moral consistency using Kohlberg’s stages.
A transitional person may come into conflict with the different
stages and ultimately choose another method to justify their deci-
sions, such as looking to social norms. The existence of transitional
schemas in between the stages shows that a person’s moral journey
is not as clear cut as Kohlberg initially thought.

1.4. Research questions

This paper seeks to address the following two research ques-
tions: (1) How does participation in a digital immersive process
safety environment influence the moral reasoning of senior chem-
ical engineering students? and (2) What differences exist in the
moral schema of senior chemical engineering students when
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exposed to a digital immersive process safety environment in com-
parison to standard process safety instruction?

2. Methods
2.1. Study design

This study sought to perform a retrospective comparison of pro-
cess safety decision making among three different ABET-accredited
chemical engineering programs. Senior chemical engineering stu-
dents that were enrolled in either a senior design, process safety,
or professional practice class participated in the study. Across the
three institutions there were a total of 109 participants in Year 1
and 181 participants in Year 2. During Year 1 of the study, students
received standard process safety instruction while during Year 2 of
the study students played through Contents Under Pressure (CUP)
in addition to their standard process safety instruction. Instructors
utilizing CUP in their course introduced the intervention and the
importance of training in authentic process safety decision making
prior to granting access to CUP. Although implemented alongside
course content, interaction with the immersive environment was
not restricted to class time, was independent from lecture content,
and could be accessed on a personal computer through a website
link. In this study, process safety decision making was measured
through use of the Engineering Process Safety Research Instrument
(EPSRI) which was administered at the start (Pre-) and near the end
(Post-) of each course offering; the EPSRI is discussed in the follow-
ing section. Proper human subjects’ approval was obtained prior to
proceeding with data collection and analysis.

2.2. EPSRI

One approach to assessing a person’s moral development is to
present them with a written prompt describing one or more ethi-
cal dilemmas which have realistic incentives and disincentives to
weigh before a decision can be made. Once the respondent has
made their decision, they can then self-report which of a number
of listed factors played the largest role in their decision. Based on
one’s responses, an estimation can be made of the level of moral
reasoning exhibited by the person while making their decision.
The seminal exemplar of this approach is the updated Defining
Issues Test (DIT-2) based on a Neo-Kohlbergian ethical framework
(Rest et al., 1999a;b). Using the DIT-2 as a model, the authors
developed the EPSRI as an approach to measure the process safety
decision making behaviors (in contrast to the focus of the DIT-2
on general ethics alone) of senior undergraduate chemical engi-
neering students. Development of the EPSRI has been a multi-year
effort spanning initial instrument development, content validation
(Butler et al., 2018), qualitative and quantitative analysis of student
responses (Butler et al., 2019; Bodnar et al., 2020, Stransky et al.,
2020b), and ongoing reliability testing at multiple institutions.

The version of the EPSRI tested in this paper contains six dilem-
mas, each of which provide the respondent with three decision
options and 10-12 considerations on which they provide feed-
back through ratings and rankings regarding the impact of each
consideration on their proposed decision. After they have rated
the 10-12 considerations, the respondent is then asked to rank
their top four considerations. This feedback is used to calculate
the respondent’s N2 score, CDIT score, and predominant reasoning.
The N2 score, named for being the second “new” index for assess-
ing moral reasoning, describes the extent the respondent reasons
in a post-conventional manner in the absence of reasoning in a
pre-conventional manner (Rest et al., 1997b). A higher N2 score
would be evidence of greater post-conventional reasoning. In prac-
tice, the score is calculated by considering the rating and ranking of
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pre-conventional and post-conventional considerations. The CDIT
score, named for being the DIT consolidation score, describes the
respondent’s moral consistency as either transitional or consoli-
dated. This score is calculated by considering how the respondent
rated considerations from each of the three levels of moral reason-
ing. Predominant reasoning describes the level of moral reasoning
in alignment with the respondent’s behavior and is calculated with
respect to the N2 and CDIT scores. Note, none of these scores take
into consideration the respondent’s proposed decision to any of the
dilemmas. Previous publications by the authors provide sample cal-
culations for these scores (Butler et al., 2019) and an example of a
dilemma contained in the EPSRI (Stransky et al., 2020b).

2.3. Contents under pressure

The authors have developed a digital immersive environment
called Contents Under Pressure (CUP) to teach safety and ethics
with preauthentication. Users can progress through CUP’s story arc
through a 10—15 minute session on each of 15 days. Within each
session, CUP places the user in the role of a newly hired senior
engineer at a chemical engineering plant, where they manage
employees and respond to their supervisor and safety advisor by
making binary decisions ranging from the mundane (e.g. whether
to join a co-worker for lunch) to the critically important (e.g.
whether to allow an untrained worker to complete a difficult task).
The immersion challenges the user’s judgement ability as a hurri-
cane makes landfall over their plant. In CUP, meters are provided
which gauge the user’s performance in four key areas of their job:
(1) time management, (2) personal reputation based on work and
family relationships, (3) productivity of the unit they manage, and
(4) level of process safety. Each decision made by the user in CUP
impacts these meters; for instance, taking a long lunch with a co-
worker may negatively impact the time management meter, but
positively impact the reputation meter. When making a decision,
the meters will flash as the user hovers their mouse over a poten-
tial response warning them which metric will be impacted, but
not indicating whether that impact will be positive or negative.
An imbalance in prioritizing these four meters can lead to a “fail-
ure” which deducts points from the user’s final score but does not
immediately end the experience for the player.

By placing the user in a preauthentication environment, the
user becomes immersed in not only the narrative, but also their
desire to perform well on the various metrics associated with the
environment. This preauthentication strategy intends to blur the
user’s perception of decisions as mundane versus important, as
well as whether their decisions have an ethical component. This
latter result is important to capture the effect of “ethical fading,”
described by behavioral ethicists Bazerman and Tenbrunsel as the
tendency of humans to fail to recognize the ethical considerations of
their decisions when other incentives and disincentives are at stake
(Bazerman and Tenbrunsel, 2011). A previous comparison of stu-
dent moral reasoning using both the EPSRI and CUP has shown that
students tend to apply more conventional reasoning when faced
with the preauthentication environment of CUP compared to more
post-conventional reasoning with the EPSRI(Stransky et al.,2020a).

It is possible that CUP may meet the criteria of a serious game,
as defined by Mildner and Mueller (2016, p. 59), by providing users
with engagement, amusement, storytelling, rules, and opportuni-
ties to learn. Some serious game studies have been insistent on the
impact of sample demographics and gamer experience (Orvis et al.,
2010). However, our previous work has identified that CUP does not
elicit behavioral differences based on gender or self-identification
as a gamer (Cooper et al., 2020). More information on the develop-
ment of CUP can be found elsewhere (Burkey et al., 2020; Anastasio
et al.,, 2020).
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2.4. Data analysis

Students’ N2-scores, CDIT scores, and students’ predominant
moral reasoning (schema type) were determined based on stu-
dent rating and rankings on the EPSRI. N2-scores of the first and
second year cohorts were compared using ANCOVA for statistical
significance and m? for effect size. A covariance analysis is required
to account for covariate errors which are evident in the baseline
(or Pre-) N2 scores between the two years under investigation
(Philippas, 2014).

Changes in predominant moral reasoning (schema type) were
compared between the Pre- and Post- semester results for both of
the two cohorts using a Stuart-Maxwell test. Schema consistency
between consolidated and transitional moral reasoning within a
specific schema is determined through the CDIT score, where a
CDIT score of less than 15.705 is considered transitional and a CDIT
score greater than 15.705 is considered consolidated (Rest et al.,
1999a). Schema consistency was compared using a McNemar anal-
ysis. All statistical comparisons were performed using IBM SPSS 26
to determine the significance of the comparisons.

3. Results and discussion

The purpose of this study is to measure the impacts of digital
immersion within Contents Under Pressure (CUP) as part of process
safety instruction on students’ moral reasoning. Specifically, the
first research question is, “How does participation in an immersive
digital process safety environment influence the moral reasoning
of senior chemical engineering students?” For this research ques-
tion, moral reasoning is measured using the students’ N2 scores
which are compared using ANCOVA. The Pre-, unadjusted Post-,
and adjusted Post- N2 scores and the result of ANCOVA are shown
in Table 2. Each of the N2 scores are indicative of post-conventional
reasoning. The Pre- N2 results differ from covariate errors per-
haps caused by different ethical experiences prior to engaging
with the EPSRI. The unadjusted Post- results show both cohorts
increased in N2 scores over the course of the semester. The adjusted
Post- results show that the intervention cohort had a significantly
greater N2 score than the comparison cohort, p=0.015, with a
small effect size, 2 =0.020. These results suggest the intervention
cohort more heavily utilized post-conventional moral reasoning
than the comparison cohort while responding to the EPSRI at the
end of the semester. To help illustrate what change is taking place
in the intervention cohort, Table 3 shows how the average rat-
ing of two considerations change in regards to an EPSRI dilemma
about whether or not to falsify a spill report to avoid a fine. In this
dilemma, the respondent is receiving pressure from their boss to
ignore a spill rather than report it and is informed by a co-worker
that this approach was also taken with their predecessor who left
the company shortly after the last spill took place. Looking between
Pre- and Post-, the averages show an increase in a pre-conventional
rating and a decrease in a post-conventional rating. This implies
that the respondent may now consider that personal reputation,
associated with the pre-conventional rating, has greater impor-
tance to them after playing through the immersion then it did at the
start of process safety instruction. Meanwhile, the decrease in post-
conventional ranking suggests that the respondent might have a
more nuanced understanding of the safety implications associated
with spill reporting. The results of Table 3 have no statistical power
and are only included to illustrate how the intervention cohort
changed what types of considerations they found as important.

Rest performed experiments using the Defining Issues Test (DIT)
and the DIT2 to show how increasing levels of education, such
as high school, college and graduate or professional schools, are
positively associated with higher levels of p-scores and N2 scores
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Table 2
Changes in N2 scores for each cohort and ANCOVA comparison.

Education for Chemical Engineers 35 (2021) 22-28

Pre- N2 Mean Unadjusted Post- N2 Mean Adjusted Post- N2 Mean P-value Effect size, m?
Comparison Cohort 50.2 51.8 56.1 0015 0.020 small
Contents Under Pressure Intervention Cohort 62.1 63.0 60.4 : effect
Table 3
Changes in rating of sample considerations from the EPSRI, n=181.
Level of moral s Pre-test Post-test
. Description
reasoning B . - .
Mean Rating Standard Deviation Mean Rating Standard Deviation
Pre-conventional Can you avoid being placed in the same position as 3.03 1.27 3.33 1.05
the previous engineer who was put under pressure
while preparing the report?
Post-conventional What are the long term environmental impacts if 4.59 0.75 4.49 0.81

the spills continue unreported?

(Rest et al.,, 1997a, b). It was found that college students typi-
cally operate in a conventional level of moral reasoning, and moral
philosophers, the highest scoring population, operate at a post-
conventional level. From these results many other researchers
have adopted the belief that ethics interventions should seek to
increase students’ moral reasoning towards post-conventionalism.
This approach has been found in other studies including those
performed in pharmaceutical, physical therapy, recreational man-
agement, and journalism ethics course settings (Hanna et al., 2017;
Swisher et al., 2012; Craig and Oja, 2013; Auger and Gee, 2016).

The goal of this work, however, is not necessarily to direct an
individual towards a specific level of moral reasoning but rather
to provide an opportunity to gain exposure to making these types
of judgements within an authentic environment as provided in
the CUP setting. In this manner, it may be possible to provide
students with the opportunity to determine if there are any dif-
ferences between the way they respond to prompts in a testing
environment, such as the EPSRI, and in a more authentic context,
as provided through CUP. Prior research on this project has shown
that students may score as post-conventional in testing environ-
ments, also shown in the EPSRI results in Table 2, but that this might
not reflect the same moral reasoning they apply in the authentic
environment itself. These results suggested students’ valuation of
post-conventional considerations was reduced because the immer-
sive context exposed complex motivations which were not obvious
while predicting their behavior within the EPSRI context (Stransky
et al., 2020a). Studies from Rest et al. are suggestive that college
level students may realistically be confined to a conventional level
of moral reasoning while performing in the field inherent to their
depth of experience (Rest et al.,1997a, 1999b). By illustrating differ-
ences in moral reasoning between these two contexts during safety
or ethics training, it may be possible to reduce unethical actions in
industry associated with errors in predicting behavior (Osberg and
Shrauger, 1986).

The results from this current study may lead to a question as
to whether digital immersion had any lasting, measurable impact
on students’ moral reasoning? This factor is addressed through the
second research question, which asks, “What differences exist in
the moral schema of senior chemical engineering students when
exposed to an immersive digital process safety environment in
comparison to standard process safety instruction?”

This second research question is initially addressed by inves-
tigating the changes in moral schema type as shown in Fig. 1.
Fig. 1 shows a trend where the comparison cohort generally
increased in their schema type. We see that the majority of the
11 % change in Schema 5 is accounted for by the 9.2 % increase in
students who were found in Moral Schema 6 over the semester,
in general representing further consolidation. In comparison, the
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Fig. 1. Changes in moral schema type Pre- and Post- course for each cohort.

intervention cohort shows a decrease in post-conventional con-
solidated thinking, with an 8.3 % decrease in Schema 6 largely
redistributed downward into Schema 5 (5.5 %, transitional post-
conventional) and even Schema 3 (4.4 %, transitional conventional).
These results demonstrate that particularly over the fifth and sixth
schema types, the cohorts have stark opposing trends. These trends
in moral schema changes were statistically analyzed using the
Stuart-Maxwell test. The comparison cohort was found to have
no statistically significant difference in the proportions between
Pre- and Post-, p=0.752, whereas the intervention cohort was
found to have a statistically significant difference in the proportions
between Pre- and Post-, p=0.013.

These two statistical tests are supplemented with a McNemar
test comparing how students changed in their moral consistency
by comparing changes in moral consolidation and moral transition.
The results of these changes are visible in Fig. 1 where each schema
type is associated with a “C” (for consolidation) or a “T” (for transi-
tion). Table 4 shows the numbers and percentages of students for
each cohort that were found to be either consolidated or transi-
tional in their moral reasoning. The comparison cohort’s McNemar
test found there was no statistically significant difference in stu-
dents’ moral consistency between Pre- and Post-, p=0.123. The
intervention cohort’s McNemar test found there was a statistically
significant difference in moral consistency between Pre- and Post-,
p=0.010. Despite each cohort having approximately a 10 % change
in moral consistency over the course of the semester, the McNemar
test demonstrates that the intervention cohort had more student
changes in moral consistency than the comparison cohort.

As described earlier, moral transition may be used to describe
how non-discriminant students may be towards one or more lev-
els of moral reasoning, and moral consolidation may be used to
describe how focused students are within a single level of moral
reasoning. These results imply that the intervention cohort that
interacted with CUP became more apt at using multiple levels
of moral reasoning. Literature shows that students in a transi-
tional moral schema are better prepared to make advances in their
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Table 4
Number and percentage of students by moral consistency for each cohort.
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Pre- Course Post- Course

Consolidated Transitional Consolidated Transitional

n % n % n % n %
Comparison Cohort 45 412 % 64 58.7% 55 50.5 54 49.5%
Contents Under Pressure Intervention Cohort 116 64.1% 65 359% 99 54.7 % 82 453 %

moral reasoning (Derryberry and Thoma, 2005; Thoma and Rest,
1999). Mayhew et al. (2012) confirms this in their retrospective
study of first year college students using the DIT2 where transi-
tional students at the beginning of the study made significantly
greater advancements in their moral reasoning than those who
were morally consolidated. It is possible the shift from schema six to
five in the intervention cohort is evidence of students integrating
their immersive experience from CUP into their moral reasoning
structure as a result of the digital immersion. As discussed previ-
ously, senior university students would not be expected to regularly
operate in schema six, indicating that CUP allows a more accurate
representation of student decision making and that CUP may enable
students to become more prepared to adjust their moral reasoning.

It is important to acknowledge the impact of time on changes
in moral reasoning. When Rest et al. found a relationship between
level of moral reasoning and the degree of education, these degrees
were spaced several years apart perhaps due to the time required to
accumulate experience (Rest et al.,1997a, 1999b). This may be con-
nected to the duration of immersion not being enough to create
a lasting impact. CUP is shown to be altering students’ predomi-
nant reasoning and moral consistency, but its current duration may
be limited in its ability to create lasting change in students’ moral
reasoning. The change towards transitional consistency suggests
that students are becoming more prepared to alter and adjust their
moral reasoning, but this change is not observed with respect to
overall level of moral reasoning where both cohorts were found to
increase in N2 scores over the course of the semester. It is possible
that by increasing the immersion duration, students would accu-
mulate more experience in making ethical judgments and, in doing
so, may have noticeable impacts to their levels of post-conventional
reasoning.

3.1. Limitations

Allowing respondents to complete multiple attempts of ethi-
cal testing instruments has been associated with increased levels
of post-conventional moral reasoning (Mayhew et al., 2015). For
this reason, it is possible scores from the EPSRI may not fully
reflect students’ moral reasoning as they may have increased solely
from interacting with the instrument a second time. This study
is also limited in that it only encompasses the results from three
institutions. Results may change based on student population and
institutional context.

4. Conclusions

Aretrospective cohort model was employed to examine the pro-
cess safety reasoning of two distinct groups of students, one that
received traditional process safety instruction (comparison), and
one that had access to the digital immersive environment Contents
Under Pressure (intervention). While both the cohorts saw changes
in their reasoning abilities as measured by the EPSRI, the compar-
ison group was consolidated in their post-conventional thinking.
Additionally, their moral consistency, as measured by McNemar’s
test, did not show statistically significant changes between the pre-
and post-instruction EPSRI assessments. In contrast, students who
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were given access to CUP showed the opposite trend of the compari-
son group, moving from consolidated post-conventional reasoning
towards transitional post-conventional reasoning. These changes
were statistically significant, as was McNemar's test for moral con-
sistency.

Taken together, these results support the idea that CUP, with
its immersive and complex nature, is requiring students to think
differently about their process safety decisions. Because these deci-
sion points are presented in a more authentic context, students are
less aware that they are being faced with an ethical or safety deci-
sion, much as in “real life”, and therefore their decisions reflect
that ambiguity. The movement of students from the consolidated
schema to the transitional schema suggests the recognition of the
complexity of these decisions and is more in line with other mea-
surements of college-aged students’ ethical reasoning, which is
often predominately conventional. Further training within a preau-
thentication environment, such as the one provided by CUP, may
help students practice engaging in real-time, rather than predic-
tive, ethical decision making, potentially better equipping them to
make these judgments in the real world post-graduation.
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