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Engineers are socialized to believe they make rational judgments by objectively using logic. This belief is at odds with
engineering practice, where judgments are typically complex and difficult to quantify. Researchers have established that
what individuals believe they will do and how they actually behave is often not the same. This gap can be particularly
problematic for engineers where the judgments they make have significant implications not only for their organizations
but the broader community and environment. Increasing engineers’ awareness of gaps between their beliefs and behavior
is important to help generate awareness of any discrepancies that may need to be mitigated in future judgments. We
explored how engineering practitioners and students reacted when made aware of gaps between how they thought they
would behave (espoused beliefs) and how they behaved when making judgments in the context of a process safety game
(simulated gameplay behavior). Specifically, we answer the following research question: How do engineering practitioners
and students react when presented with gaps between their espoused beliefs and simulated gameplay behavior? We
conducted and analyzed qualitative, semi-structured interviews during which participants (13 industry practitioners and
12 engineering students) were asked to respond to the gaps that previous analysis had identified between their espoused
beliefs and simulated gameplay behaviors. We used inductive coding strategies to develop themes characterizing their
ways of reacting and then used pairwise comparisons to compare the reactions of practitioners and students. When
presented with a gap in their espoused beliefs and simulated gameplay behaviors, engineering practitioners and students
reacted in both similar and different ways — they equally blamed elements of the game for causing these gaps, citing
boundaries posed by the game as limiting their desired behavior. In addition, practitioners tended to invoke their prior
experiences and describe the parallels between the game and reality, but were less likely to engage in reflection when
presented gaps. Meanwhile, students tended to engage in reflection, discussing changes to their future behaviors and
beliefs. Students’ justification of their gaps also referenced a desire to “win” the game which showcased the influence of
game-based elements, such as scoring metrics, had on their behavior. These findings suggest that students are more likely
to engage in reflective thinking, highlighting tailored interventions that raise awareness of belief-behavior gaps for
students transitioning into professional roles.
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1. Introduction

In today’s world, engineering students need more
than just the technical skills associated with being
engineers — they must possess strong communica-
tion [1], teamwork [2], and problem-solving skills
[3], as well as cultural competency [4] to operate in
our global economy. Equally important to the
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contemporary engineer’s skillset is the ability to
make decisive and sound judgments. The judg-
ments engineers must make are complex and situa-
tionally dependent [5, 6], the same as any other real-
world judgments [7]. Because of the complex nature
of these judgments, engineering students must prac-
tice thinking through them while still in school so
they may confidently navigate such judgments in
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industry. One way to do so in a safe and scalable
way is through the use of games, which simulate real
world judgments and allow students to practice
making them in a context with competing factors.
However, providing students with practice to make
these judgments is only a piece of the puzzle —
students must also be aware of how their judg-
ments, behaviors, and beliefs align (or not), because
without this awareness, students may unknowingly
contribute to process safety accidents when in
industry.

2. Background

Engineering practitioners regularly face complex
judgments in their line of work, even though they
are socialized to believe they make objective judg-
ments. This can cause gaps between their beliefs and
the behavior they exhibit. Such gaps have been
found in non-engineering contexts, and the reac-
tions of individuals when presented them warrant
an investigation into how engineering practitioners
react when gaps arise in their work.

2.1 Engineers are Socialized to Believe that they
Can and Should Approach their Professional
Judgments Objectively and Rationally

Assumptions of rationality are embedded into
engineering culture [8]. Picon [9] identified rational
reasoning as the single theme that cuts across all
disciplines of engineering. Engineers understand
their field to be centered on rationality [8, 10, 11]
and the public image of engineering is such that
non-engineers often subscribe to a “rational fal-
lacy” that engineering judgments are the result of
strictly logical and rational processes [12]. Engi-
neering students and faculty alike recognize the
powerful social norm for engineers to portray
their work as strictly rational [13]. An overemphasis
on objectivity in engineering is perpetuated through
the structure of undergraduate engineering educa-
tion, where engineering students engage with pri-
marily well-structured problems [14-17] and
instructors emphasize the wuse of rational
approaches, even to the open-ended and ill-struc-
tured practice of engineering design [18]. An
emphasis on solving problems mathematically and
a denial of the sociocultural or political complexity
in which engineering judgments are embedded is
central to engineers’ education [19, 20]. It is not
surprising, then, that senior engineering students
express the belief that the keystone of engineering
practice (i.e., design), is a “trivial extension of
mathematical problem solving” [21, p. 168].
Further, research findings suggest that engineering
students’ beliefs about how engineering design

judgments are made remain stable through their
senior year [22].

2.2 In Reality, Engineers’ Workplace Behavior
includes making Judgments in the face of
Uncertainty and Complexity, Overriding the
Objectivity they are Socialized to Apply

Engineers contribute to challenges that are inextric-
able from their complex social, cultural, and poli-
tical contexts. Scholars have strongly argued that
the division of the social and technical aspects of
engineering work is false and problematic [10].
Regardless, engineers continue to be socialized in
ways that reinforce the idea that their role can and
should be purely technical in nature [23]. Even
engineering faculty remain largely resistant to the
recognition of the socially embedded nature of
engineering work [24] and default to focusing on
the quantifiable parts of engineering design — not
because it is realistic, but because it is easier to do
[13]. Engineers cannot and do not rely on rational
processes alone to make professional judgments.
Human cognition fundamentally leverages both
slow, potentially rational processes along with
more automatic or intuitive processes [25-28].
There is little doubt amongst researchers that
people consistently fail to use strictly rational
approaches [7]. Further, scholars have shown that
in the engineering workplace, problems are com-
plex and without a “correct” answer because they
possess conflicting goals, multiple solution meth-
ods, non-engineering success standards and con-
straints [5]. As judgment makers, engineers are
functioning within a team and workplace environ-
ment, where they are influenced by relationships,
social norms, policies, culture, and innumerable
other factors [29]. In fact, scholars have shown
that solving real-world problems requires engineers
to use different skill sets and expertise throughout
the process, beyond just rationalistic approaches
[29, 30].

2.3 It is Important to be Aware of any Gaps that
Exist between how Engineers believe they will
Behave and how they actually Behave

Gaps between engineers’ beliefs and behavior
regarding workplace judgments are particularly
critical in high-risk engineering environments,
such as chemical process safety, where engineering
judgments directly impact public safety, sustain-
ability, and economic prosperity [31]. If engineers
believe they will always prioritize safety and remain
immune to contextual influences, they may lack the
self-awareness necessary to recognize and address
discrepancies between their intentions and actions.
Understanding these gaps is essential for develop-
ing effective strategies to mitigate risks associated
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with engineering judgments. While engineers in
industry have years of experience navigating real-
world complexities, competing factors, and work-
place pressures, engineering students have primar-
ily been exposed to structured academic problems
with clear solutions [14-17]. Moreover, unlike prac-
titioners who have developed intuitive judgment-
making skills through lived experience [32], stu-
dents are still learning how to approach engineering
judgments in multifaceted environments. This dis-
tinction highlights the importance of studying engi-
neering students’ beliefs and behaviors before they
enter industry. Identifying potential misalignments
in engineering students’ judgment-making during
their education helps prepare them for the realities
of professional engineering practice. Well-docu-
mented case studies on process safety incidents
frequently cite breakdowns in engineering judg-
ment due to competing factors as key contributors
to disasters [33]. Additionally, SPHERA'’s annual
safety report found that 66% of surveyed profes-
sionals attributed safety inadequacies to tensions
with competing factors, such as production expec-
tations or staffing limitations [34]. Although glaring
misalignments between beliefs and behaviors — such
as prioritizing plant production over addressing
safety concerns despite workers’ unified agreement
to stop [35] — can be observed in extreme cases,
subtle gaps are often difficult to recognize.

One reason for this challenge of observing subtle
gaps is that beliefs exist at multiple levels: explicit
beliefs that individuals can articulate (espoused)
and subconscious beliefs that influence their judg-
ments without conscious reflection (implicit) [36].
Implicit beliefs may shape how engineers approach
judgment-making, yet individuals often lack aware-
ness of how these beliefs were formed [37].
Additionally, beliefs are frequently grounded in
personal experiences [38]. If an individual has
limited exposure to a particular context requiring
judgment, they may feel less confident in their
resulting behavior. This issue is particularly relevant
for engineering students, who lack the breadth of
professional experiences available to practitioners.
Addressing these gaps during their academic train-
ing ensures they enter industry with a more nuanced
understanding of judgment complexities, better
preparing them to navigate competing factors and
external influences in real-world settings. To sys-
tematically identify gaps between engineers’ beliefs
and behaviors, we developed a methodology that
examines how individuals react to process safety
judgments in a digital game environment with
multiple competing factors [39]. While documenting
these gaps is a crucial step, our broader goal is to
empower engineers to engage in reflexive practices
that enhance their judgment-making.

2.4 It is Important to Understand how People
React when made Aware of any Gaps between their
Beliefs and Behavior in an Engineering Context

It is important to understand how engineers and
engineering students react to their own beliefs-
behavior gaps given the reactions found in other
contexts. For example, scholars have investigated
reactions to the Implicit Associations Test (IAT),
which is a quantitative instrument designed to
reveal implicit biases based on participant reaction
times. Through passive qualitative analysis [40],
Schlachter and Rolf [41] found individuals with a
reported gap between their espoused beliefs and test
results had reactions that ranged from trying to
make sense of (sensemaking) the potential origins
of the gap to questioning the power and reliability
of the test. Others expressed anger and frustration
at the IAT, blaming it for the results they received
and staunchly believing their espoused beliefs to be
true. Similar to these findings, Howell et al. [42, 43]
reported that participants enacted a defense
mechanism to TAT results that were indicative of
espoused-implicit belief misalignment. Gaps exhib-
ited in the IAT context tended to yield negative
responses as many perceived their results to threa-
ten their identity [41, 44]. This literature sheds light
on the existing challenge of not only identifying
gaps, but actually getting individuals to process
gaps between their beliefs and behavior. If denial
or dismissal is the primary reaction, reflection and
changed behavior is unlikely.

With such reactions to gaps present in other
contexts, the question remains as to how such
gaps are perceived in engineering, where judgments
made can profoundly impact the safety of others at
a large scale. Are gaps perceived in similar ways to
the TAT, do gaps prompt reflection and change
among individuals, or does the response vary
from engineering practitioners to students? In this
contribution, we explore how participants react
when we reveal to them any gaps between their
beliefs and behavior.

3. Research Question

We seek to address the following research question:

How do engineering practitioners and students
react when presented with gaps between their
espoused beliefs and simulated gameplay beha-
vior?

4. Methods

We conducted this study in three phases and with
two types of participants (engineering practitioners
and engineering students; known as practitioners
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and students respectively hereon) to answer our
research question.

4.1 Participants

Participants in this study included 13 industry
practitioners with an engineering degree who had
prior experience with process safety and 12 upper-
level engineering students enrolled in a chemical
engineering process safety course at a Southern
Atlantic university. We invited engineering students
to participate in the study through an announce-
ment from their course instructor. Interested stu-
dents were able to sign up for the study by
completing a Google form which asked for stu-
dents’ name and e-mail address, along with an
indication of whether they consent to participate
in the study. We obtained 18 consenting student
submissions, and randomly selected 15 to partici-
pate in the study of whom 12 ultimately completed
the study. Student data was collected during the
Fall 2022 and Spring 2023 semester. We obtained
IRB approval and participant consent prior to data
collection, and students were compensated with a
$50 electronic gift card upon completion of the
study.

We recruited industry practitioners through
internal connections from the research team,
announcements posted to LinkedIn, and from con-
tacts made through presentations at a national
chemical engineering conference. Practitioners
were required to be working or have worked in an
engineering role and have prior experience with
process safety judgments. Interested applicants
completed a brief interest survey that replicated
the one used for the student study described earlier.
We obtained responses from 21 practitioners, and
randomly selected 15 to participate in the study of
whom 13 ultimately completed the study. We
collected practitioner data during the Spring 2024
semester. We obtained IRB approval and partici-

Beliefs Interview

Game

Process Safety Digital

pant consent prior to data collection, and practi-
tioners were compensated with a $50 electronic gift
card upon completion of the study.

4.2 Data Collection

Both practitioners and students participated in the
same three-phase study to collect data on their
approach to process safety judgments: (1) Initial
Beliefs Interview, (2) Process Safety Digital Game
Play, and (3) Reconciliation Interviews. The
Reconciliation Interview transcripts were the data
set of the larger project used for the analysis and
findings reported here. Fig. 1 provides a visual
representation for this study design.

The first phase, the Beliefs Interview, was a semi-
structured interview that consisted of two sections.
In the first section of the interview, participants
were asked to rank six factors in order from most to
least important when making process safety judg-
ments and provide rationale for their rankings.
These six factors were determined from a previous
review of literature as competing when making
process safety judgments, and include safety, pro-
duction, spending, relationships, leadership, and
time [45, 46]. In the second section of the interview,
participants responded to five hypothetical scenar-
ios, pulled from the Process Safety Digital Game
Play, by selecting one of two responses that were
presented to them and providing rationale for their
judgments. Unknowing to the participants, these
scenarios juxtaposed two of the previously stated
six competing factors. One of the hypothetical
scenarios and its corresponding response options
is given below:

You had to stop production in the plant due to a nasty
hurricane. Due to previous incidents, two of your
engineers are on injury leave. Your supervisor,
Wanda, approaches you and demands, “Alright,
what is happening down there? Every day the unit

Reconciliation
Interview

* Participants rank six
criteria in terms of

process safety
scenarios (reflective of
scenarios faced in-
game.)

* Participants play a
Process Safety Digital

importance when Game responses in beliefs
making process safety * Participants complete interview and behaviors
judgments. follow-up survey after within Process Safety

* Participants respond to completion of the Digital Game.
five hypothetical game.

« Participants reconcile
differences between

Fig. 1. Overall Study Design.
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isn’t running is affecting profit.” Your options are
to respond with:

[A] “I'm trying my best, but two operators are
injured. We're pushing through the night.

or
[B] “My top priority is getting my two injured
employees medical attention. Profit can wait.”

Which would you choose and why?

Upon completion of the Beliefs Interview, parti-
cipants were sent a link and instructions to com-
plete a process safety digital game called Contents
Under Pressure (CUP) [47]. In the game, partici-
pants took on the role of a chemical plant manager
overseeing a chemical plant over 15 in-game days.
Participants responded to 12-15 prompts per in-
game day which impacted four game metrics: time,
safety, reputation, and productivity. These four
game metrics corresponded to the previously men-
tioned six factors with “reputation” combining
relationship and leadership and “productivity”
combining production and spending. Game data
was collected from the participants to determine
how they were ranking the six competing factors
within the game, and how they responded to the five
scenarios which were presented in the beliefs inter-
view. Upon completion of the game, participants
were asked to complete a follow-up survey where
they ranked the six competing factors based on how
they believed they prioritized them within the game.

In the final phase of the study, participants
partook in the Reconciliation Interview, which
was a semi-structured interview where they recon-

ciled any differences between the judgments they
made in the Beliefs Interview, and their behaviors
within CUP (i.e., gaps between their espoused
beliefs and simulated gameplay behavior). In the
first half of the interview, participants were pro-
vided with the results of our analysis: a comparison
of their initial ranking of the six competing factors,
and how they prioritized the factors within the
game. They were then presented with a comparison
of the prioritization of factors within the game and
the ranking they provided in the follow-up survey
(Fig. 2). Participants were invited to make sense of
any differences in the rankings.

In the second half of the interview, participants
revisited the five hypothetical scenarios and were
provided their responses from the Beliefs Interview,
and the judgments they made within the game (Fig.
3). Participants were asked to make sense of any
differences or similarities. Additionally, the juxta-
position of the two possible response options was
revealed to the participants, and a stacked bar chart
that showed how often participants prioritized one
factor over the other within the game was also
presented to them for their personal reflection.
Participants were asked if this stacked bar chart
(Fig. 3) reflected how they made judgments in their
current role, and to support their responses.

4.3 Data Analysis

Transcripts of participant Reconciliation Inter-
views generated by Zoom were first checked for
accuracy by a member of the research team and de-
identified for analysis and publication purposes.
After cleaning the transcripts, an initial, deductive

Data Sources and Criteria Ranking Changes

Ranking Beliefs Interview Gameplay Post-Game Reflection
1 Saf A Relationshi > Safe
(most important) ety AL ps "’ ty X8
Sy
2 Spending m Leadership Relationships w
N
3 Relationships '!,:’“ Spending é Spending m
4 Leadership |./I|I Leadership
5 Productivity Productivity Time
'/ <
6 i i /3
(least important) Time @ @ Productivity | | lI

Fig. 2. Example Reconciliation Interview Composite: Comparison of Criteria Rankings across Study Phases.
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Leadership vs. Time: Leadership — 80% prioritized’ Time — 20% prioritized.

Prioritize Time >

Leadership vs Time
Relationships vs. Time: Relationships — 89% prioritized’ Time — 11% priontized.
< @ﬂormze Relationships :) Relationships vs Time Prioritize Time >
—_— T~ o e s
Leadership vs. Relationships: Leadership — 45% prionuized’ Refationships — 55% prionitized. ( Beliefs ) Criteria prioritized
~—_ - during beliefs interview
< Prioritize Leadership Leadership vs Relationships  @@rioritize Relationships ) >
Leadership vs. Production: Leadership — 73% prioritized’ Production — 27% prioritized. Crileria prioritized
during gameplay
< @{n‘u Leadership :) Leadership vs Production ‘

Production vs. Safety: Production — 50% prioritized: Safety — 50% prioritized.

vs Safety

¢ prioritize Safety

-

Fig. 3. Example Reconciliation Interview Composite: Comparison of Responses between Beliefs Interview and Gameplay.

round of coding [48] was conducted by the team to
identify instances where practitioners and students
articulated thoughts about a gap in their espoused
beliefs and simulated gameplay behavior. This
deductive coding process allowed the team to
pinpoint moments where participants were reacting
to inconsistencies between their espoused beliefs
and simulated gameplay behavior within the game-
play context, allowing us to focus on the data
directly related to our research question. Following
this deductive coding cycle, we employed inductive
coding techniques to explore how participants
reacted to being made aware of gaps between
their espoused beliefs and simulated gameplay
behavior. Inductive analysis, recognized for its
robustness in qualitative research, involves a sys-
tematic process of reading through data to identify
emergent codes, categories, patterns, and themes
[49, 50]. Unlike deductive approaches, where codes
are predefined, inductive coding allows codes and
categories to evolve naturally from the data itself.
We began with open coding, where essential con-
cepts and patterns in participants’ responses were
identified and named [51]. This initial coding [52]
served as the foundation for subsequent analyses
and was appropriate given the exploratory nature
of our research question. Using the constant com-
parative method, Authors Youssef and Singer
Nault continuously compared data points and
codes within and across participants to refine the
team’s understanding and to develop categories and
themes. This iterative process of coding data, com-
paring findings, and condensing them into mean-
ingful themes revealed how participants reacted to
the gaps between their espoused beliefs and their
simulated gameplay behavior.

To address our research question regarding the

comparison of reactions between practitioners and
students, we used descriptive statistics to analyze
how many participants from each group referenced
specific themes. Upon finalizing the coding of the
qualitative data from both groups, we determined
the proportion of practitioners and students whose
transcripts contained each theme. These propor-
tions were then converted into percentages to
provide a clearer comparison of the prevalence of
these themes within each group. This method
allowed us to identify notable similarities and
differences in the reaction to gaps between pro-
cess-safety beliefs and behaviors between practi-
tioners and students, offering a structured basis
for our comparative analysis.

4.4 Research Quality

To ensure qualitative validity when collecting and
analyzing the data in this study, we use the Qualify-
ing Qualitative Research Quality (Q%) framework
to ensure appropriate measures were taken in
making and handling the data [53, 54]. With regards
to procedural validation, multiple researchers were
included in the data analysis process to maintain
levels of reliability. To ensure process reliability,
researchers recorded interviews through Zoom to
obtain transcripts, maintained an audit trail for the
study detailing data collection and analysis pro-
cesses for repeatability, and verified all collected
transcripts through a standard operating procedure
(SOP).

4.5 Research Positionalities

As authors, we acknowledge that our positionalities
have shaped the research process, from the initial
project conceptualization to the recommendations
presented in this paper. Except for author Butler-
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Morton, who has prior experience in process safety
roles, our collective expertise in process safety
judgment is primarily within academic settings,
with authors Bodnar and Miskioglu teaching che-
mical engineering courses. Although each member
of our team holds an engineering degree, our
approach to this research is fundamentally aca-
demic and theoretical, reflecting our limited prac-
tical experience as process safety engineers in
industry. Therefore, our interpretation of the
results and conclusions that we draw from them,
along with the recommendations that we make, is
influenced by our positioning as “outsiders” and
our lack of contextual knowledge about process
safety judgments.

5. Results

One similarity and several differences exist in the
ways practitioners and students reacted to gaps
between their espoused beliefs and simulated game-
play behavior. Both reacted by identifying elements
of the game as unrealistic, but differed in their
overall approach to and reflections on the game.
Specifically, students described how the game-
based nature of the intervention motivated them
to approach gameplay by making judgments that
helped them “win” the game rather than how they
would make process-safety judgments in real life
[45]. In terms of their reflections on the game,
practitioners described how the game paralleled
their real-life experiences, while students were
more likely to reflect and express an increasing
awareness of the complexities associated with pro-
cess-safety judgment, including the tensions that
arise when balancing factors.

5.1 Practitioners and Students Describe how the
Game poses Boundaries on their Approaches to
Judgments, which caused their Belief-behavior Gaps

Both practitioners and students claimed that the
game’s structure unrealistically inhibited their full
judgment-making ability — roughly 75% of all
practitioners and 75% of all students interviewed
indicated at least one such occurrence. Participants
had noted as well that this caused some of their
belief-behavior gaps. In one such scenario, produc-
tion at the simulated plant is halted due to two
injured employees and a hurricane passing through.
The plant manager demands an answer for the
halted production, and the participant can respond
by prioritizing production and operating through
the night or prioritizing safety and keeping produc-
tion at a standstill. Practitioner Ibex describes their
reaction to this scenario and how it caused their
belief-behavior gap:

“The whole thing [operating during a hurricane] is
outside of the universe of what I would have wanted
to happen for the whole thing in the first place. I would
have been in a shutdown procedure, and I wouldn’t
have been thinking of my injured employees. It prob-
ably wouldn’t have occurred because if it’s a nasty
hurricane, I would have already shut down the plant.”

In another recurring scenario, participants had a
choice between having lunch with an employee or
continuing to work through lunch. Student Delta
discusses how they agreed to have lunch with an
employee at the beginning of the game to resolve the
arguments occurring between that employee and
another. However, they chose to decline all remain-
ing lunch invitations in the game since this one did
not resolve any of the issues between their employ-
ees, creating a belief-behavior gap:

“I think in real life if I was going to have lunch, I would
just eat with people cause it’s easy to do both. In the
game, I felt like I had to choose between doing more
work versus having lunch, and the one lunch I did go to
I thought it was useless, so I just didn’t go again.”

Delta perceived the binary nature of game
responses as a limiting factor that prevented them
from doing both even though they would in reality
and viewing all remaining lunch invitations as a
“waste.” They expressed a belief in prioritizing
relationships, leadership and spending highly and,
because the first lunch invitation did not resolve
employee issues, they then prioritized relationships
the least in their simulated gameplay behavior,
creating a belief-behavior gap.

5.2 Practitioners Cited their Lived Experiences,
and Noted that some of the Complexity
Represented in the Game Aligned with these
Experiences

When reacting to belief-behavior gaps present,
practitioners typically cited prior experiences gath-
ered from their careers. Practitioner Kingfisher
presented an example of this, where their espoused
beliefs prioritized spending over time even though
their simulated gameplay behavior yielded a greater
prioritization of time over spending. They
responded to this gap with the following excerpt:

“So I have a son, but time or two I've [stayed late at
work and missed time with family] where I said ‘Hey,
well, Dad can’t come home right now. He’s got things
to do with the plant.” And so we worked through it. So
I think I was a little more sensitive than some other
people I’ve run across in a plant environment at the
time toward that. But all in all, it was you know, when
you have an incident like that’s kind of a no-win
situation to try to try to get through it.”

Practitioners also tended to cite the influence of
various co-workers in the game when justifying
belief-behavior gaps. Specifically, they would
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respond to the engineering manager in ways that
they believed would best cater to their manager’s
desires while their response to employees depended
on the employee posing the question. Practitioner
Elephant provided an excerpt that aligns with this
latter point. Elephant is posed with a scenario
before and during the game where an employee
asks for an extension on a report that is due at the
end of the day. Two possible responses to this
question are provided: (1) to give the employee an
extension and prioritize leadership, or (2) to hold
the original due date and prioritize production.

“I think it definitely did [influence the response] like if it
was the more experienced employee who had been at
the company longer, and kind of knew what was going
on. I would have been a lot more willing to say ‘get it
done tomorrow’ at the end of the day. But with Victor,
yeah I would have gone with the strict deadline’.

Elephant expressed a belief in prioritizing leader-
ship over production for this scenario (Option 1)
while their gameplay behavior prioritized produc-
tion (Option 2). Throughout the game, one of the
employees, Victor, is seen as an unreliable employee
who is difficult to work with, and Elephant
describes how these qualities of Victor are primarily
why they chose not to grant them an extension. This
result indicates how various qualities and circum-
stances that may not be readily apparent within a
hypothetical scenario can inform one’s behavior in
ways that generate belief-behavior misalignment.
While most practitioners found the bounds posed
by the game on their judgments unrealistic, they
also identified elements of the game that paralleled
reality more than students did — two times the
number of practitioners noted the realism of the
game or realistic elements of it than students did.
Elements of the game that practitioners described
as realistic typically related to the experiences they
had in their career. Practitioner Lynx described the
parallels between the hurricane situations in the
game and what they encountered in industry:

“The hurricane situation is a good example. I mean,
our organization has an extremely detailed plan and
levels of activity or an action that will occur based on
the proximity of the hurricane, even have it zoned, you
know, like ‘Hey, we’re in level one of hurricane prep’.
That’s like when the season comes upon us. You know,
there’s certain things that we have to go through to
make sure readiness is there, and then the level of
readiness increases the closer it gets, and it’s all defined
you know, in a very extensive document as to what
you’re gonna do. For instance, like they order on site
generation abilities and hook them up when the
hurricane season begins just as a you know, we don’t
have any idea there’s no hurricanes actually, you
know, in existence. But that’s the first thing you do.
You get all that stuff on site. You do certain other
things. You select the known manning teams and all
that kind of stuff just so that they’re available, and

know that they’ve volunteered for that work in
advance and a whole host of other things because of
that, so. And the game, of course those were dropped
on you which is fine, I think that makes sense in terms
of a measurement of what you’re after. But I was also
approaching some of those answers in that reflection of
‘Well, I would have already had that done. So, you
know that kind of thing. So I found that [the hurricane
scenarios] fascinating”.

Practitioner Antelope provided similar sentiments
of the game’s realism at a higher level:

“I think the game does a pretty good job overall. Some
of the choices are, it’s tough to juxtapose things where
maybe in certain situations you would just do both of
those things instead. But you know if it has to force a
choice A or choice B, I think it does a pretty good job of
it. It’s relatively realistic, for the most part”.

5.3 Students also attributed Belief-behavior Gaps
to their Approach to “Win" the Game

Students also reacted to gaps by explaining how
they were driven to “win” the game. Specifically,
83% of student participants described how their
desire to “win” the game influenced their simulated
gameplay behavior at least once and gave rise to the
gap. This is an interesting finding that illustrates
how students’ can be extrinsically driven by
achievement and point systems. Discussions that
revolved around these responses typically attribu-
ted the game to “forcing” their behavior, behaving
based on gameplay metrics at the top of the
participant’s screen, or a desire to “win” the
game. Student Aaron explicitly described the
game-based nature of the activity as an informant
of their behavior as opposed to their beliefs:

“I feel like part of it was I wanted to win. So I was
willing to sacrifice a little bit of stuff that I might not be
willing to in the real world [. . .] as soon as I was actively
trying to win the game. My time was too thin, spread
too thin.”

Gamifying their experience and all aspects of the
game yielded behavior that did not align with their
beliefs. It also led to adverse effects in other ele-
ments of their gameplay, namely, the de-prioritiza-
tion of time which they previously indicated as their
top priority. Aaron understood their desire to
“win” the game changed their behavior in the
previous excerpt and elaborated on why they
would behave differently in reality:

“. .. but I feel like in the real world. I might not like
make such a cut and dry decision, and if there was an
issue that like where to sacrifice production over safety.
Then I feel like I might not make that decision so like so
readily. I might talk to people first about it. I feel like it
wouldn’t have to be such a like a big trade off between
the two.”

These excerpts from Aaron depict an understand-
ing that they knowingly and willingly exhibited a
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change in goal-directed behavior when that goal
was to “win” the game. It demonstrates the power
of competition as an extrinsic motivator and a
performance goal orientation on one’s behaviors
over their beliefs.

5.4 When Students were unable to Explain a
Belief-behavior gap, they Engaged in Reflection and
Recognized the Complexity of Balancing Factors
when Making Process Safety Judgments

Students engaged in personal reflection when
unable to explain a belief-behavior gap more than
practitioners. In total, only six out of thirteen
practitioners incorporated reflections into their
reconciliation discussions while eleven of the
twelve students did. Specifically, students were
more inclined to reflect on realizations about them-
selves and what they prioritize when making pro-
cess safety judgments, with seven out of twelve
students expressing newfound insights, compared
to only two practitioners. Interestingly, of the
students who provided such reflections during
their interview, four of the seven discussed a new-
found value in leadership in process safety environ-
ments. Student Aaron discusses how the CUP
experience made them realize the importance of
leadership. They state:

“The game kind of helped me realize that [leadership] is
probably much more important than I had originally
thought . . . I feel like in the real world having a really
strong leader who knows what they need and is
organized would allow for the other categories [fac-
tors] to, like, be met more easily. I think good leader-
ship would probably correspond to higher safety and
higher production.”

When shown the comparison of their beliefs and
simulated gameplay behavior, Student Echo also
verbalizes their realization of the importance they
were placing on leadership during the game.

“I feel like they’re [beliefs interview and gameplay
factor rankings] pretty much same except for the
leadership one. So I guess I didn’t realize how much I
like put importance on that.”

Similar realizations regarding their prioritization of
the process safety priorities not only prompted
discussions about their future behaviors but also
potential changes in their beliefs about their
approach to process safety judgments. Student
Kangaroo reflects on the impact the game had on
their future actions if faced with a situation where
safety and spending are in competition with one
another.

“It [Content Under Pressure] definitely makes me
reflect like when I’'m actually working which one will
I prioritize. I know, working at any company, they’re
going to have a big push for spending and cutting costs.
So, I guess, making sure that I prioritize safety over

things would definitely be something I want to focus on
because, I mean there won’t be [a] bar that shows how
much I'm spending, but I'm sure there’ll be like some
type of external pressure. I mean at the end of the day [
think safety should be more important.”

Kangaroo’s reflection highlights how, in the
future, they hope to champion safety in their
judgments. This reflection emerged from the pre-
sentation of their simulated gameplay behavior
relative to their beliefs, where safety was ranked
third overall in factor prioritization, with spending
and relationships being ranked first and second
respectively. This gameplay outcome contradicts
Kangaroo’s stated belief that safety should always
come first. Therefore, the quoted reflection under-
scores their commitment to modifying their beha-
vior to align with their previously stated beliefs and
aligning future actions accordingly with real-world
practice.

6. Discussion

In this work, both engineering practitioners and
students engaged in interviews about their CUP
simulated gameplay behavior and espoused beliefs
related to several process safety factors. Through
these interviews, we explored participants’ reac-
tions when presented with belief-behavior gaps,
allowing us to distinguish similarities and differ-
ences in their reactions and infer why they do this.

Practitioners’ reactions of invoking their prior
experiences align with findings from Jonassen et al.
[5]. Jonassen et al. [5] found practicing engineers to
rely extensively on their prior experiences when
encountering and solving new problems by apply-
ing case-based reasoning (CBR). With CBR, both
information about the prior experience and lessons
learned from it are recalled and used in new situa-
tions [55]. Practitioners in our sample appeared to
have actively engaged in CBR during the reconcilia-
tion interviews and elaborated on the prior experi-
ence they would recall when encountering the
various game scenarios. However, their use of
prior experiences to justify their simulated game-
play behavior suggests practitioners were less likely
to use the game as a learning experience and
evaluated the judgments made in the game against
their prior experiences instead. This response to the
game aligns well with the experts’ susceptibility to
cognitive entrenchment [56]. With cognitive
entrenchment, experts are more likely to lean on
their prior experiences and expertise when in new
scenarios rather than use it as a learning experience.
Similarly, Stone and Heen [57] provide an explana-
tion of how one may choose not to use a learning
experience in a constructive manner based on their
own impressions of themselves and their work. In
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the context of this work, we suspect practitioners
recognized that the complexities of the game par-
alleled the complexities of what they may experi-
ence as a chemical engineer in industry, and
subsequently chose to evaluate their experiences in
the game accordingly.

While invoking prior experiences was a salient
reaction of practitioners, students reacted in
another salient manner — exercising reflection and
using it to inform their future beliefs and behaviors.
In other words, students are learning from the game
where their behaviors lie relative to their beliefs and
deciding how they may want to move forward as
they prepare to enter industry. Davis and colleagues
[58] describe the importance of learning reflection
among engineering students to develop the profes-
sional skills needed in engineering. They provide
evidence that repeated reflection supports profes-
sional skill development in engineering students,
further emphasizing its importance in the engineer-
ing education landscape and validating Schon’s [59]
claims of the need for reflection among practicing
engineers. Ultimately, we suspect this reaction of
students that informs their future behaviors and
beliefs is due, in part, to their limited industry
experience. Students have fewer of these experi-
ences to ground their beliefs and behaviors com-
pared to practitioners and, as a result, engage in
reflection to better understand the nuances behind
their beliefs and behaviors.

The blame practitioners and students cast on the
game’s structure and its nature for causing some
gaps is a similar response that scholars have found
in their investigations regarding reactions to the
IAT [41-43, 60] and tied into their criticisms of the
game. In cases of the IAT and our work, the gaps
were presented to individuals, and we suspect this
may have contributed to blaming the game.

7. Limitations and Future Work

Several limitations with respect to this work exist
and must be acknowledged. First, the boundaries
posed on participants’ responses in the game
restricted the judgements they wanted to make.
Many had discussed how this affected their actions
and their desire to have more autonomy in the
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