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INTUITION AND SOLVING
COMPLEX ENGINEERING

PROBLEMS

Experienced engineers are typically equipped with advanced

technical knowledge and a unique skill set but also a marked

intuition that allows them to come up with solutions to complex

real-world problems. Drs Elif E. Miskioglu, Kaela M. Martin, and

Adam R. Carberry, at Bucknell University, Embry-Riddle Aeronautical

University Prescott, and The Ohio State University, respectively,
recently engaged in important research to support the understanding

of intuition in engineering practice.

The Key Role of Intuition in
Engineering Practice

Intuition, sometimes referred to as ‘gut
feeling, is the ability to understand
something at an instinctive level without
having to reason about it consciously.
Intuition can be highly valuable for
professionals in many humanistic and
scientific fields, including engineering.

The work of engineers centres on solving
real-world problems by developing
new technologies, materials, structures
and processes. Intuition can be highly
valuable for engineers, as it undoubtedly
helps them to identify optimal solutions
under significant time constraints and/
or when only limited resources are
available.

Based on their past professional
experiences and challenges they have
encountered before, engineers could, for
instance, intuitively identify flaws with a
given system or identify strategies that
could improve its performance. While
intuition is a central part of engineering,
it is sometimes considered an innate
ability or skill that develops as engineers
gain hands-on experience in the field.
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Effectively
students’ intuition and helping them
fine-tune this important ability during
their studies would be incredibly

assessing  engineering

valuable. Importantly, enhancing this
skill could better equip them to tackle
the increasingly complex challenges
of the modern era. Drs Elif E. Miskioglu,
Kaela M. Martin, and Adam R. Carberry
utilised  their ~ combined
expertise and knowledge to develop

recently

new tools to support our understanding
and, eventually, the acquisition of
engineering-related intuition.

Measuring Intuition in Engineering
Contexts

The ultimate goal of the recent work
by Drs Miskioglu, Martin, and Carberry
was to better understand intuition as a
mechanism to subsequently develop
targeted
that can support the development of

educational  experiences
intuition, while also teaching students
how to leverage their intuition to solve
complex problems. This started with
first developing methods to study and
measure intuition reliably.

Some past studies had already assessed
the value of intuition in fields such as
nursing, business management, and
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law. Predictably, they found that in these
fields, intuition typically develops as
professionals gain greater experience
and expertise in their field. This led
Drs Miskioglu, Martin, and Carberry to
compare intuition-related views shared
by experienced engineers with those of
nurses and business managers.

The researchers identified common
themes related to the use of intuition to
support decision-making across these
three disciplines. For instance, they
found that the participants, irrespective
of profession, associated intuition with
decisions made in ambiguous situations
and under time constraints. They also
mentioned the risks associated with
making intuitive choices, factors that
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could inhibit their use of intuition, such as the fear of being
embarrassed and making a poor decision, or punitive workplace
environments, and factors that facilitated their intuition,
such as feeling confident or being in a supportive workplace
environment.

The participants also mentioned the role of professional
experience and learning (through education and exposure to
past problems) in the ability to make intuitive choices. Overall,
the views of the engineers, nurses, and business managers
defined intuition as a ‘sense of knowing’ that guides decision-
making in their respective professional endeavours.

Interviewing Engineering Practitioners

Drs Miskioglu, Martin, and Carberry later recruited 17 engineering
professionals with at least 6 years of experience in the field. They
prepared a series of interview questions to ask experienced
engineers with the aim of better understanding engineering
intuition and how it manifests in the workplace. These
experienced engineers were interviewed and asked to share
their views on how they developed their expertise, navigated
their engineering roles, and viewed engineering intuition and its
development.

The interviews were then transcribed and analysed using a
four-step coding process. First, the researchers looked for any

notable phrases said by the participants and coded them using
preliminary labels representing their views. Subsequently,
these preliminary codes were used to create different
categories summarising some of the key views expressed by the
participating engineers. The transcripts were then re-coded to
divide the views expressed by participants into the identified
categories, and some subcodes were created to capture subtle
differences in these views.

Critically, this analysis allowed the researchers to gain insight
into what defines ‘engineering intuition’. Most interviewees
reported thatintuition allowed them to assess present situations
and predict future outcomes. This suggests that, in the context
of engineering, intuition is a problem-solving skill that guides
engineers in the process of devising desirable solutions to
problems.

In 2021, Drs Miskioglu, Martin and Carberry developed a new
definition of what they refer to as ‘engineering intuition’ based
on their overall emergent findings. They suggest that the type of
intuition that proves valuable in engineering primarily consists
of intuitively assessing if engineering solutions are feasible and
predicting the outcomes or options associated with a given
engineering scenario.
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The LITES Framework

Using these results, Drs Miskioglu, Martin, and Carberry devised
LITES - Leveraging Intuition Toward Engineering Solutions.
LITES is a framework that characterises engineering intuition,
using the emergent codes created to summarise the views
obtained via interviews.

The LITES framework includes nine codes or themes defining
how engineering intuition is used, which are divided into
three broader categories: external factors, problem-solving
approaches, and internal factors. The external factors include
constraints (i.e., anything that limits the problem-solving
process) and outcomes (i.e., the results of this process).

The problem-solving approaches category includes five themes
- physiological responses, experience, data-based assessment,
holistic prediction, and sensibility check. Physiological
responses are gut feelings, physical sensations, or emotional
manifestations that tell engineers that something is or isn’t
going to work. Experience is the knowledge that engineers have
acquired regarding how to solve a specific type of problem if
they encountered similar problems in the past.

Data-based assessment is a problem-solving approach that
relies on available evidence or data. At the same time, holistic
prediction entails assessing a problem by looking at the ‘bigger
picture’ or considering all relevant factors or parties involved
as a whole. A sensibility check, in contrast, entails consciously
or subconsciously reviewing different possible solutions to a
problem to determine if they are ‘reasonable’ and could be
realistically applied.

Finally, the internal factors included in the LITES framework are
individual mindsets (i.e., the unique attitudes or perspectives
that individual engineers have) and individual conditions
(i.e., factors that may uniquely impact the ability of individual
engineers to solve problems). Internal factors determine
whether or not an individual is comfortable using the skill of
intuition and, in this way, act as a regulator of intuition use.
The researchers’ framework captures how engineering intuition
is used in problem-solving, showing how these elements
that comprise intuition support the development of effective
solutions to complex problems.
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Predicting and Evaluating Engineering Problem Solving
(PEEPS)

Using the insights they had gathered thus far, Drs Miskioglu,
Martin and Carberry developed an instrument to evaluate
engineering problem-solving in engineering education settings.
Called PEEPS (Predicting and Evaluating Engineering Problem
Solving), this questionnaire was built upon the key themes
identified during intuition-related interviews with experienced
engineers.

The questions were carefully designed and tested during a series
of ‘think-aloud’ sessions with the goal of determining the ability
of students to predict the outcome of a given solution or action,
as well as their ability to evaluate a solution or outcome.

Respondents are presented with a series of problems to solve
and asked how they approached solving the problems. The
questions were reviewed both by the researchers and by an
external engineer to confirm that they were both appropriate
and relevant.

In2021, Drs Miskioglu, Martin,and Carberry recruited engineering
students via email and asked them to complete the survey. They
then analysed these survey responses and looked for recurring
patterns. They found that participants who correctly answered
the problems tended to be more confident in their responses,
suggesting that the sample population was very self-aware of
their knowledge.

Integrating the Approach in STEM Education and Practice

The recent work by this team of researchers highlights the key
role of intuition in the field of engineering, suggesting that
fostering this ability could greatly benefit engineering students.
Drs Miskioglu, Martin, and Carberry have already developed a
framework (LITES) and an instrument (PEEPS) to support the
assessment of engineering intuition in academic settings.

They plan to further assess the potential of their developed tools
and develop additional tools in larger studies. Ultimately, this
could enable the use of their measure for assessing students’
engineeringintuition before and after taking partin interventions
designed to foster this highly valuable ability.

These studies could soon also inform the development of new
academic interventions designed to improve the engineering
intuition of prospective engineers. This work will contribute to
the formation of more skilful engineers that are better equipped
to tackle complex real-world problems and have a more intuitive
understanding of the situations they are presented with in the
workplace.
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