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MOTIVATION

‘ ’ r hile the importance of process safety education is
undisputed, it remains an area for improvement in
chemical engineering education. In the 20 years it
has existed, the United States Chemical Safety and Hazard
Investigation Board (CSB) has investigated more than 130
incidents and issued over 900 recommendations for improv-
ing process safety in the chemical industry." These incidents
have resulted in injuries and deaths, environmental impacts
through the release of dangerous chemicals into both the air
and local water systems, and significant financial impacts
that have harmed the bottom line of companies’ budgets.”*
For this reason, accrediting bodies and professional societies
associated with chemical engineering have sought to build
and reinforce the need for process safety culture throughout
the undergraduate curriculum and into professional devel-
opment. In 1985 the American Institute of Chemical En-
gineers (AIChE) formed the Center for Chemical Process
Safety (CCPS) in response to the Bhopal, India toxic release
of methyl isocyanate. The CCPS was developed to promote
process safety as a key industry value and to work with ex-
perts in the field to develop educational materials to support
a culture of safety.™ Subsequently in 2011, ABET required
that chemical engineering undergraduate programs include
potential hazards associated with chemical engineering pro-
cesses as part of the curriculum, thereby closing the loop
to ensure a continuing emphasis on process safety from the
undergraduate curriculum up into industry.

Although process safety training and educational interven-
tions have been in place now for several years, oftentimes
the emphasis of these sessions is on approaches to improve
the safety of the design” as it aligns with how faculty mem-
bers may have been exposed to or trained about process
safety within their own career. Safety by design is a critical
component of process safety incident prevention, but it falls
short by not addressing the circumstances that lead to many
of the identified incidents. These incidents can largely be
traced to judgments made in these process safety contexts.
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It is important that faculty members are aware of and under-
stand the complexity associated with these process safety
judgments so that they can structure the undergraduate cur-
riculum with this emphasis. For instance, in the recent 2018
Kuraray Pasadena ethylene release and fire, management
had a policy in place that non-essential workers should not
be in the area of equipment when it was having ethylene re-
introduced into the system. However, management had not
officially specified the range or zone around pieces of equip-
ment that should be evacuated during these situations. In this
particular situation, the majority of the personnel injured, 23
in total, were non-essential workers who could have been
spared injury had they been removed from the location of
the reactor that was being charged with ethylene at the time
of the occurrence.”! Similar process safety judgments were
also responsible for events that led up to the Loy Lange Box
Company pressure vessel explosion in 2017. In this particu-
lar case, the company had not been conducting appropriate
maintenance on its pressure vessel, and although corrosion
was noted in the vessel as early as 2004, no steps were taken
to address this corrosion, leading to its ultimate failure near-
ly a decade later.™

These process safety incidents underscore the complex-
ity of process safety judgments that stem from the need to
balance the prioritization of competing criteria (e.g., safety
and production). Each incident is ultimately the result of
individuals’ choices that require exercising judgment in
weighing competing criteria and can be susceptible to hu-
man error. Neglecting to specify safety protocols or con-
duct appropriate maintenance, for example, demonstrates
prioritizing time or production over safety.*® This devalu-
ing of safety at that moment is not necessarily a character
flaw of the engineer, but rather a reflection of the complex
competing demands they are faced with daily. The pressure
of performance demands, relationships, or other factors can
inadvertently outweigh safety when judgments are made in
real time. We believe the susceptibility of these real-time
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judgments to human error is further compounded by a poten-
tial gap between how individuals believe they will approach
judgments versus how they actually make judgments. While
safety is paramount, we need to acknowledge the additional
considerations (or criteria) practitioners are weighing during
critical judgments. Prior research identified leadership, pro-
duction, relationships, spending, and time as criteria that of-
ten compete with safety in chemical engineering practice.”

We argue that undergraduate education does not adequate-
ly prepare students for the complexity of real-time process
safety judgments because curricular emphasis is on safety
by design through mechanisms such as process hazard
analysis.""l As mentioned previously, the predominance of
this approach may stem from how faculty themselves were
trained on process safety or from a lack of awareness of how
criteria that compete with safety can significantly impact
process safety judgments. A safety by design approach does
not consider the pressures of competing criteria on real-time
process safety judgments and perpetuates the narrative that
safety will always remain first. Our work seeks to unpack
the relationship between individuals’ espoused (stated) be-
liefs and their (simulated) behavior when approaching pro-
cess safety judgments and explore the use of a digital pro-
cess safety game as an intervention for exposing individuals
to the complexity of these judgments. In this pilot study, we
focus on faculty’s perception of the relevance of specific
competing criteria in process safety and their experience of a
brief group play-through of the digital process safety game.
Faculty are a critical stakeholder in adopting new curricu-
lar interventions, so characterizing how faculty experience
the intervention will better support its refinement for future
implementations in the classroom. Our interest in studying
faculty is further motivated by the documented resistance
to curricular change in higher education "> and the subse-
quent need for faculty support in adopting new practices.!'!

LITERATURE REVIEW

Prior work has shown that engineering students believe
that their process safety judgments consistently prioritize
upholding safety.'"! This belief disregards the complexity of
real-world process safety judgments and parallels literature
on ethical dilemmas that demonstrates how individuals are
unable to recognize the ethical dilemmas embedded in ev-
eryday judgments despite believing that they will.'"”! Experi-
ences are a major contributor to the formation of beliefs;!"8!"!
students’ process safety experience is often limited to class-
room experiences that are unable to authentically represent
process safety in industry. These limited classroom expe-
riences are likely an important contributing factor to their
oversimplified beliefs."'!°) These classroom experiences are
curated by faculty, emphasizing the important role of fac-
ulty in the formation of students’ beliefs and subsequently
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their position as key stakeholders in addressing the beliefs-
behavior gap in process safety judgment. Our work focuses
on faculty reactions to game-based learning tools that they
can use for developing individual awareness of the beliefs-
behaviors gap in the context of process safety. The game
serves as a means of simulating industry experience for par-
ticipants, allowing them to more critically approach process
safety judgments through heightened awareness of the com-
peting criteria that may be involved in these judgments and
creating a reference for interrogating beliefs around process
safety judgments.

Judgment and Beliefs

Despite their known importance, human factors and deci-
sion making continue to be understudied components of pro-
cess safety.”*?] Human Reliability Analysis is an approach
to risk-assessment that aims to address the human factors
in process safety and other contexts,**?! but this approach
is vulnerable to the same human factors it purports to ana-
lyze ' The limited progress in this area of study underscores
the complexity of real-time human judgments. Judgment is
exercised (the process) to arrive at a decision (the outcome)
and susceptible to external pressures, including demands
on cognitive load.”” Humans are subconsciously primed to
take the path of least cognitive load, which may mean acting
without deeply thinking things through 3% when making
a judgment. The taxing role of judgment on cognitive load
may offer some insight as to why an individual’s espoused
beliefs about how they will approach judgments do not al-
ways align with their behavior in real time.!'”

Implicit bias is a construct where this tension between be-
liefs and behavior has been well documented.”!-** The work
in implicit bias further highlights the difficulty in changing
beliefs and supports the notion of raising awareness of the
gap between beliefs and behavior as an intervention for pro-
moting conscientious judgments.?'-3 This awareness is par-
ticularly valuable in the context of process safety, where a
poor judgment can have catastrophic consequences.

Game-Based Learning

Raising awareness necessitates experiences to draw upon
for discussion, but real process safety contexts are difficult
for faculty to replicate in the classroom. One tool that can be
used to help address this issue of replicating process safety
conditions for the training of undergraduate engineering stu-
dents is the use of digital games. Digital games are benefi-
cial as they provide a number of different advantages that
cannot be reproduced in a normal classroom environment.
In particular, games provide an avenue for individuals to
become immersed in the situations they are confronting.[34
This occurs due to a combination of game-based features,
including their graphics, realism, and their narrative.?>7
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One form of immersion, sensory immersion, is particularly
beneficial for the purpose of providing process safety train-
ing as it affords the opportunity to provide an environment
that is a high quality replication of an actual environment
and encourages the participant to gain a sense of presence
within the context.l*®!

Another benefit of games as a tool for process safety train-
ing is their ability to provide authentic learning environ-
ments for participants.®”! As described by Squire, ! games
are powerful in that they create environments for individu-
als that allow them the benefit of both “being” and “doing,”
which are unique from other forms of education. In other
words, they are able to provide a safety net where individu-
als can test out decisions or choices and receive feedback
on the potential outcomes that would not be possible for
situations that risk safety or the environment.*!! The ability
to provide this testing ground is different from case studies
where the instructor framing can lead students to identify
the correct approach.*? For this reason, case studies do not
yield the same opportunity to test out multiple approaches
that game play offers.**

Contents Under Pressure (CUP) is a game that offers the
opportunity for participants to experience firsthand how
judgments they make relative to competing criteria will in-
fluence the operation of a chemical plant. The game follows
a 15-day narrative where the participant is placed in the role
of a senior plant engineer and is responsible for a team of
operators. As part of their position, they report to not only
their boss but also a safety inspector who drops in to visit
the plant. ¥ Research conducted with CUP has shown that
it provides an environment that can more accurately reflect
students’ responses to process safety judgments and can al-
low students to recognize the complexity that is associated
with these types of decisions.'®*1 As a part of the under-
graduate curricula, CUP can help faculty mitigate students’
beliefs-behaviors gap in process safety judgments by serv-
ing as a tool for proactively surfacing the existence of the
gap. Engaging in the same critical reflection of their own
beliefs versus behavior through CUP game play may serve
to remind faculty of the complexity of process safety judg-
ments and allow them to better address that complexity in
their classroom instruction while still promoting safety.

CONCEPTUAL FRAMEWORK

This study leverages a conceptual framework that was
developed to address competing criteria that are relevant
to process safety judgments.” The conceptual framework
defines six competing criteria: leadership, production, rela-
tionships, safety, spending, and time. The selection of these
specific criteria was made as a result of their identification
as important in judgments made in a variety of other profes-
sional contexts.”*- 48 For example, in a study by Encinosa
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and Bernard (2005) in the healthcare industry, they found
that there was a significant relationship between the profit
margins of a hospital and the occurrence of patient safety-
related events." It was observed that patients at hospitals
within the highest profit margin quartile were 12% less like-
ly to experience a patient safety event than those treated at
the lowest profit margin quartile hospital.*’ These results
indicate how criteria such as spending can compete with
other criteria, such as safety, when making judgments in a
professional setting.

Although the conceptual framework was developed on the
basis of the use of these criteria in judgments in other pro-
fessional contexts, these criteria have also been found to be
relevant in process safety judgments. Review of case stud-
ies shared on the Chemical Safety Board website found that
many of the incidents that have occurred can be related to
juxtaposition of the aforementioned criteria. For instance,
in the 2018 Ethylene Release and Fire at Kuraray America,
critical choices were made leading up to the incident, such
as not opening the pressure relief valve all the way, not rec-
ognizing the difference in pressure rating of reactors on site,
and lack of communication between operators running the
startup of the reactor, that led to this incident ultimately in-
juring 23 employees.”? In this case, both productivity of the
plant and leadership were factors that juxtaposed safety in
the judgments that were being made. Specifically, the choice
to not open the pressure relief valve the entire way was made
due to a concern about exceeding environmental limitations
and the individual being distracted by other on-going start-
up activities occurring at the plant on that day. Another ex-
ample that shows the juxtaposition of spending and safety
is the Philadelphia Energy Solutions Refinery Fire that took
place in June 2019."! In this case, one of the leading factors
contributing to the incident was a pipe elbow that corroded
faster than anticipated, leading to a rupture releasing a va-
por cloud into the refinery. The type of pipe that was used
for this part of the plant did not meet the current day safety
standards but was never replaced despite 40 years of ser-
vice. In addition, it was observed that Philadelphia Energy
Solutions, and the company that owned the plant previously,
never performed carbon steel piping inspections to identify
if there was any corrosion taking place that could lead to an
unexpected rupture in the piping system, potentially due to
financial pressures.™

These examples demonstrate the complexity of pro-
cess safety judgments and the need for understanding the
varying criteria that impact these judgments to help miti-
gate the possibility of future chemical safety incidents
in professional practice. The ultimate goal of our work in
this space is to bring awareness to the complexity of these
judgments, and in particular the gap between individuals’
espoused beliefs and enacted behaviors. We believe CUP is
a viable tool for surfacing this gap and creating a tangible
experience in which to discuss it with engineering students.
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As the first gatekeepers of process safety knowledge for fu-
ture practicing engineers, faculty are an important stakehold-
er in achieving this goal. Thus, in this work we are interested
in characterizing faculty perceptions of the relevance of the
process safety criteria, and whether CUP game play affects
faculty rankings of the relative importance of the criteria to
support refinement of the intervention for broader use.

RESEARCH QUESTIONS

1. What relevance do chemical engineering faculty
ascribe to the process safety criteria in the context
of process safety instruction?

2. How do chemical engineering faculty rankings of
process safety judgment criteria change as a result
of exposure to the group play-through of a portion
of a process safety decision making game?

METHODS

The following sections outline the sample for our study,
the approach to data collection, and the analysis that was
conducted.

Participants, Recruitment, and Sampling

We sampled participants from attendees of the ChE Sum-
mer School (CHESS) who took part in a process safety
workshop where the Contents Under Pressure game was
played. There were eleven participants in attendance at the
workshop, of which a total of nine faculty members con-
sented to participate in the study. Most (six) participants had
not taught process safety before. One-third of the population
(three participants) was about to start their teaching careers
in Fall 2022, while one person had taught for 1-2 years, one
for 3-4 years, two for 5-6 years, and two for 7+ years. Be-
cause CHESS is aimed at early-career faculty, the majority
of the sample (seven participants) having six or fewer years
of experience is expected.

Female faculty are overrepresented in our sample com-
pared to the US population of chemical engineering faculty,
as well as the participants of CHESS. Nationally, female
faculty represented 21% P of chemical engineering faculty
in 2019. At CHESS in 2022, female faculty made up 38%
of the population and male faculty 61%.°" Female faculty
are 44% (four participants) of our sample and represented
in equal numbers as male faculty. Non-binary/third gender
faculty are also overrepresented in our population (11%, one
participant) compared to the CHESS population (1%).5"
No data are provided on national non-binary/third gender
faculty representation, so we cannot comment on how our
sample compares in that respect.
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Chemical engineering specific data are not available for
faculty position types or ethnicity, but we can compare our
sample to US engineering faculty as a whole in these catego-
ries. Non-tenure track faculty are slightly overrepresented in
our sample compared to the US engineering faculty. Again
from Fall 2019 numbers, tenure track Assistant Professors
outnumbered non-tenure track faculty (7,779 assistant pro-
fessors, 6,284 non-tenure track faculty) in the US " where-
as in our population non-tenure track faculty (5 participants)
outnumber tenure track (4 participants) by one. This over-
representation of non-tenure track faculty also holds com-
pared to the CHESS population, where 75% of participants
are tenure track.>!! Comparing the ethnicity of our sample
with the US engineering faculty, our sample has Hispanic/
Latino overrepresented and Asian slightly underrepresented.
In Fall 2019 Hispanic/Latino faculty made up 3.9% of U.S.
engineering faculty ™ and comprised 11% (one participant)
of our sample. This overrepresentation of Hispanic/Latino
faculty likely reflects the similar overrepresentation of this
group at CHESS, where 9% of the population reported His-
panic origin.’! Asian faculty made up 28.7% of engineering
faculty®® and 34% of CHESS participants ' but only com-
prise 22% (two participants) of our sample.

Data Collection

Data were collected through an online Qualtrics® survey
administered in real time during the CHESS workshop. Data
was collected in two parts: (1) after a brief introduction to
the workshop but before game play (pre-CUP) and (2) im-
mediately after game play (post-CUP).

In the first part of the survey, participants were asked to
quantitatively rank the six process safety criteria from the
conceptual framework as outlined in this prompt: “How do
you rank/order the criteria listed below as they relate to pro-
cess safety decisions you would make in a chemical plant en-
vironment? The most important criteria should be at the top
of the list and the least important should be at the bottom.”
Participants were then encouraged to provide an explanation
for their selection and any contextual factors that may have
influenced this order. They were also asked to qualitatively
share how relevant they felt the identified process safety cri-
teria were to process safety instruction. After completion of
these initial survey questions, participants were led through
a portion of the CUP digital game on process safety.** 3%
CUP was played as a group with the game projected on the
front screen. For each scenario, participants were prompted
to select one of the two options available and vote on the de-
sired action as a group. The resulting effects of the choices
were visible as the metrics at the top of the screen changed
to reflect the group’s decisions; an example of this game
play is provided in a video elsewhere.*?

After completion of 20 judgments in CUP, participants
completed the second part of the survey. These additional
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survey questions asked them to quantitatively re-rank the
provided process safety criteria and qualitatively explain
their ranking and whether they believed their beliefs about
the role of these process safety criteria changed because of
their participation in the game, along with an explanation.

Data Analysis

Descriptive statistics for faculty process safety criteria
rankings were determined to identify the median rankings
for each criteria for the entire sample (n = 9). As the ranking
data was ordinal and not scale based, medians were select-
ed rather than means to appropriately represent the faculty
selections both pre-CUP and post-CUP. Due to the small
sample size, we limited our analysis to descriptive statistics
and effect sizes since any p-values obtained would not have
sufficient power to be meaningful .** This approach aligns
with current recommendations from the American Statistical
Association that the p-value alone is not necessarily a mea-
sure of evidence pertaining to a hypothesis.** Due to the or-
dinal data obtained from the rankings and the small sample
size, effect sizes (r) for pre-CUP, post-CUP, and changes in
process safety criteria ranking were determined to provide
insight on possible statistical implications of the results.>

Qualitative open-ended survey questions were analyzed
for relevant themes through an inductive coding process.
Both faculty researchers read all of the responses received
and then compiled a list of identified themes. Subsequent-
ly, the open-ended survey responses were coded for these
themes to determine their prevalence amongst the sample.

LIMITATIONS

There were a number of limitations that were encountered
with this study and may lead to lack of generalizability and
transferability of the results. The first limitation was the
sample size. Although eleven participants attended the pro-
cess safety workshop, only nine individuals were identified
as faculty members and selected to consent to participate in
the study. As a result, this limited our ability to analyze the
data quantitatively since statistics on such a small sample
size are limited in power.”¥ Future research could expand
upon these findings with a larger sample size to determine if
any statistical differences exist. The small sample size also
limits the transferability of our qualitative results. Addition-
ally, faculty demographics of our sample were not typical
for chemical engineering faculty and may have influenced
the results obtained. Further limitations tied to the results
of our study include that faculty may have felt the need to
ascribe the relevance of the process safety criteria due to the
setting of this study being conducted within a process safety
workshop. Also, the faculty sample was only exposed to ap-
proximately 20 prompts in CUP that they played through
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collectively as a group. The brevity and group nature of the
intervention may have limited its direct effect on criteria
rankings. Lastly, this study is limited in its generalizability
and transferability, as the sample of faculty members in at-
tendance were a combination of junior ChE faculty members
and ChE Summer School presenters from the US, thereby
limiting its representation of chemical engineering faculty
members as a whole in the United States.

RESULTS AND DISCUSSION

This study sought to obtain a better understanding of how
chemical engineering faculty perceive process safety judg-
ment criteria and whether their relative importance changes
as a result of exposure to a digital process safety game. This
section outlines the responses to the two posed research
questions along with how the results are situated within rel-
evant literature.

Research Question 1

The first research question this study sought to answer was
“What relevance do chemical engineering faculty ascribe to
the process safety criteria in the context of process safety
instruction?”

Faculty participants in our sample described the six cri-
teria as relevant to process safety instruction, suggesting
that the criteria align with faculty perceptions of important
components associated with process safety judgments. The
specific question related to the relevance of the criteria was
answered by seven of nine participants. Emergent codes
were: explicitly relevant, implied relevant, and did not an-
swer. Of these, five responses supported that the criteria
were relevant (coded as explicitly relevant or implied rel-
evant). Three responses explicitly stated that all criteria were
relevant, one implied all were relevant by answering simply
with “very,” and one implied they were relevant through a
detailed explanation of the relevance of four criteria (safety,
production, time, leadership). The remaining two partici-
pants did not address the question in their response (coded
as did not answer), though one suggested the criteria were
relevant but incomplete by responding just with “pressure
from boss or clients to produce more products is missing.”
This response may suggest that perceived definitions of the
criteria are not always consistent, as we would classify the
participants missing criteria as being captured by leadership
and production. This suggested difference in interpretation
underscores the continued importance of defining each of
the process safety criteria in classroom discussions.

The relevance participants have ascribed to the process
safety judgment criteria further supports the applicability of
our conceptual framework to process safety judgments. The
criteria are already well supported in other industries!?’45-431
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and appear frequently in the investigative reports of the
CSB.>*8 The persistence of process safety failures despite
recognizing the relevance of competing criteria in process
safety judgments indicates a gap between beliefs about ap-
proaching process safety judgments and behavior in making
these judgments. The CUP gap provides educators with a
tool to help surface the gap that exists between recognizing
the relevance of process safety criteria (beliefs) and being
able to proactively manage trade-offs between criteria in ac-
tual process safety judgments (behavior).

Research Question 2

The second research question sought to answer, “How
do chemical engineering faculty rankings of process safe-
ty judgment criteria change as a result of exposure to the
group play-through of a portion of a process safety decision
making game?”

Figure 1 provides the median rankings for each of the

competing criteria from the pre-CUP and post-CUP survey.
Larger numbers represent higher prioritization of criteria.

Faculty ranked safety as the most important criteria in
process safety judgments in both the pre-CUP and post-
CUP surveys. This may reflect the significant emphasis
that is placed on safety as part of the chemical engineer-
ing curriculum due to ABET requirements. Effect sizes for
ranking comparisons between safety and the other criteria
were observed to be large (ranging from 0.70 to 0.905).56
The numerical ranking results are also supported by fac-
ulty’s open-ended responses to the survey questions, with
two participants reaffirming in their post-CUP survey that
safety should always be the first priority. The priority that
the AIChE has placed on process safety through its CCPS
echoes these results. CCPS makes the case for why pro-
cess safety is so important through its tie to “corporate so-
cial responsibility, business flexibility, loss prevention, and
sustainable growth” (pg. 3).°" As part of this publication,
CCPS argues the benefits that having a process safety cul-
ture will have on business operations overall and its benefit
to the company’s overall bottom line.

The relative rankings of criteria across the faculty rank-
ings from pre-CUP to post-CUP remained fairly consistent

M Pre-CUP

Post-CUP

Leadership Production Relationships

Safety Spending Time

Figure 1. Faculty median competing criteria rankings from pre-CUP and post-CUP game play.
Most important criteria are represented by the largest number value.
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(Figure 1). Effect sizes for comparisons in the rankings of
leadership, production, and spending were found to be large
(r>0.5)5" while all other effect sizes were small (r ~ 0.1) .56
It is possible that this negligible difference in process safety
judgment criteria ranking is attributed to the way in which
CUP was implemented as part of this faculty workshop. Fac-
ulty played through only a small portion of the game (~20
judgments) as part of a large group exercise with group de-
cision making rather than as individuals. As an educational
intervention, CUP is typically implemented as a single per-
son game over the course of 15 days with approximately
20 judgments made per day. Engaging in narrative based
games, such as CUP, has been shown to generate enjoyment
that could lead to the motivation necessary to change be-
haviors outside of the game environment.”® Given that fac-
ulty were not provided the opportunity to fully engage in the
game themselves, and only played in a group setting over a
short period of time, it is possible that this may have limited
change in their perception of the process safety criteria.

While faculty rankings did not shift notably, their per-
spective on the complexity of process safety judgments did
noticeably change after CUP game play. In explaining the
relative importance of the criteria, there was a shift towards
acknowledging the complexity of real-life decisions and
the human interpersonal relationships among five of seven
participants after game play. Three of these participants ex-
plicitly discussed the human, personal, and interpersonal
aspects of judgments, which have previously been report-
ed as understudied in process safety.”™™ Three participants
described the difficulties of real-life decisions, such as in:
“Making judgments in real life settings is clearly different
from making choices in the abstract.” These statements un-
derscore the importance of context in judgments.

One explanation for this observed shift could be due to the
game’s authentic environment, which accentuates many ele-
ments of judgments that may otherwise be abstract when hy-
pothetically considering these same judgments. ™' Relation-
ships and environmental stressors are particularly poignant
as the player interacts with the different characters, responds
to their distinct and different demands, and hears the sounds
of the coming storm. The player also responds to real-time
performance feedback as their ratings for safety, relation-
ships, and time/production shift with each decision made.
The ability of games to facilitate learning through provid-
ing a context whereby the participant can meaningfully in-
teract with their environment and obtain feedback provided
on their judgments is well supported in the literature .-
Faculty’s increased recognition of context, particularly re-
lationships and the stress of real-time pressure, in our pilot
study add further support to this literature and underscore
the potential value of CUP as an educational intervention
that promotes faculty’s ability to holistically discuss all the
factors relevant to process safety.
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SIGNIFICANCE TO THE CHE COMMUNITY

In this study, faculty were found to remain consistent in
their rankings of process safety criteria before (pre-CUP)
and after game play (post-CUP). This consistency could
suggest that faculty may not consider the need to stress ad-
dressing competing criteria as part of their instruction be-
cause they themselves are not particularly susceptible to
the influence of these criteria on their judgments. Faculty
comments after game play show a heightened awareness of
the impacts associated with competing criteria in process
safety judgments, suggesting that CUP may serve as a use-
ful tool to remind faculty of the complexity associated with
approaching on-the-job judgments and subsequently impact
the emphasis faculty place on competing criteria during their
process safety instruction.

Faculty’s greater experience level may be another expla-
nation for their more consistent perceptions of the relative
priority of criteria. Experience is a well-documented criti-
cal factor for developing expertise and supporting experts
in making judgments.®® In the domain of process safety,
experience can allow engineers to more readily address
competing criteria, but not all undergraduate students may
have equal access to these experiences,® and certain groups
(e.g., first-generation undergraduate students) partake in op-
portunities such as internships at lower rates.l!) Experience
is by nature entwined with opportunity, and relying on ex-
tracurricular experiences is subsequently an inequitable av-
enue for expertise development. Embedding experiences in
the classroom, such as through immersive game play as in
CUP, can allow all students to develop their expertise and
disproportionately benefit marginalized students who may
have been historically or systematically excluded from gain-
ing access to these experiences in co-curricular or extracur-
ricular settings.

Process safety will always be important. The persistence
of process safety incidents and the conclusion of the 2022
Sphera® report that the gap between industry’s process
safety goals and outcomes is increasing further support the
urgency to reconsider our approach to teaching process
safety.[>*:8:2 The insights provided by this work support the
need for widespread recognition of the complexity of pro-
cess safety judgments and the value of CUP as a potential
experiential learning tool for both students and faculty ap-
proaching these judgments.

CONCLUSIONS

Chemical engineering faculty serve an important role in
the process safety education of chemical engineering stu-
dents. Currently, the majority of process safety instruction
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focuses upon safety through design rather than on judg-
ments that are also integral in the avoidance of process
safety incidents. New educational approaches are needed
to support faculty in bringing the complexity of real-time
process safety judgments to light in classroom settings. The
digital process safety game, CUP, represents one innovative
new tool for teaching process safety. This study sought to
better understand the relevance that chemical engineering
faculty members ascribe to process safety criteria that are
involved in judgments and whether their ranking of these
criteria changed as a result of exposure to a shortened group
play-through of CUP with the aim of supporting its refine-
ment for future implementations in the classroom. Overall,
the chemical engineering faculty members believed all the
identified process safety criteria to be relevant. Faculty rank-
ings of the process safety criteria remained relatively stable,
although they noted an increase in their ability to identify
the complexity associated with these judgments after play
through of CUP. We anticipate these findings being benefi-
cial for allowing chemical engineering faculty members to
reflect on how they frame process safety incidents in class-
room discussions and also how they can address not only
elements pertinent to safe design but also the competing
criteria that may impact judgments made when working in
chemical process safety environments.
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