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Is it Rocket Science or Brain Science? Developing an Instrument
to Measure “Engineering Intuition”

Abstract

This theory paper describes the conceptual framework behind the on-going development of a
survey-style instrument to assess “engineering intuition.” With the prevalence of computer-aided
problem-solving in the modern engineering workplace, it is becoming increasingly essential for
professional engineers to be able to quickly and accurately assess the results from simulation or
problem-solving software. Subsequently, they need to be able to estimate or predict the outcomes
from the software, in addition to responding to real-time events on the job. We characterize this
ability to assess and/or predict outcomes as a key feature of “engineering intuition,” a highly
desirable but vague and abstract essential engineering skill. Well-developed engineering intuition
can have the potential to lead to greater efficiency and innovation in engineering, as well as
mitigate adverse events. Engineering intuition should be a highly sought-after professional
engineering skill, yet it is not explicitly taught within engineering curricula. Here we present the
theory behind the on-going development of our instrument, including the importance of intuition
in development of discipline-specific expertise, specific significance of engineering intuition in
the modern workforce, hypotheses regarding related constructs, and assessment of responses to
intuition-engaging engineering problems. We also describe the future intentions of this project,
including validity and reliability testing of the instrument and subsequent application studies.

Role of Intuition in Expertise Development

Expertise is highly valued in many disciplines, including engineering. While the explicit
definition of expert may vary among scholars, research on expertise has described a number of
characteristics. Defined as specialized domain knowledge [1], expertise may be developed
through experience [2], [3]. This experience is coupled with an ability to learn from internal and
external feedback [3] and a strong ability to build associations and even run mental simulations
[4]. Expertise development is often described as a continuum that begins with the stage of novice
[5], [1]; a novice is characterized as one who is merely at the beginning of their quest for
specialized knowledge within a domain [6], [7].

Patel and Groen describe progression along the novice to expert pathway as occurring in three
distinct stages of developing and applying specialized domain knowledge. The first stage
describes the process of building content knowledge, or what Patel and Groen refer to as
“knowledge-structure representations.” In the second stage, the budding expert is building their
processes for discriminating between relevant and irrelevant information when presented with a
problem. In the third and final stage, the expert develops efficiency. This progression, in
particular the focus on efficiency and ability to assess relevance, is parallel to the idea of
intuition as a key characteristic of the expert [1].

Comparatively, Dreyfus takes a more explicit approach in addressing the role of intuition in
expertise. The five-level Dreyfus model of skill acquisition explicitly references intuition as an
essential characteristic of an expert (level 4 in the original model). Dreyfus describes an expert as
one who “intuitively [responds with] appropriate action.” In the original Dreyfus model,



expertise precedes the final level, mastery, in which performance becomes automated and
unconscious [5]. Mastery is not included in the more recent version of the Dreyfus model, which
now have expertise as the fifth and final level and have an additional stage included directly after

novice (called “advanced beginner”) [8].

In addition to these frameworks of skill acquisition and expertise development, several cognitive
frameworks also refer to intuition-analogous characteristics of experts through slightly different
terminology [9]-[13]. Table 1 summarizes these cognitive frameworks, which are then described
in more detail. Notably, each framework contrasts an intuition analogous construct with an
opposing cognitive pathway. We believe that “engineering intuition” is best characterized as a
unique construct that lies at the intersection of these frameworks.

Table 1: Analogous Theories of Intuition

Intuition Analogous

Theory Construct Brief description Citation
System 1 vs.
System 2 System 1 Fast, intuitive, emotional response | Kahneman [9]
Thinking

Wolfe, Reyna,
Fuzzy-Trace Gist trace Conceptual, transferable, deep and Brainerd

Theory

understanding

[10]

Domain-specific

Describes knowledge that is

vs. Domain- . transferable to new contexts and Penner and
Domain-general )

general allows for approaching novel Klahr [11]
Knowledge problems
Cognitive- Experiential
Experiential Self | information- Automatic information processing | Epstein [12]
Theory processing
Heurlst|c_vs. Characterized by low involvement
Systematic - . . . .

: Heuristic in cognitive task, relies on non- Chaiken [13]
Information . :

. content cues from information

Processing

System 1 vs. System 2 Thinking

One of the most popularized constructions of the idea of “intuition” comes from Daniel
Kahneman’s “Thinking, Fast and Slow.” Kahneman describes two modes of thinking. System 1
is spontaneous—fast, intuitive, emotional. System 2 is reflexive—slower, more deliberate,




logical. Intuition is often associated with System 1 thinking, a primal, immediate, “gut” response
to something. It is believed that the “System 1 brain” is the older response system in humans.
This system is where our automated responses to stimuli arise, and where our modern habits are
coded. The “System 2 brain” is thought to have developed later in our evolutionary journey, and
includes cognitive processing of more “modern” stimuli such as mathematics [9]. This way of
thinking brings up an interesting paradox—how do we develop responses to (modern) stimuli
that are both fast and logical?

Many purport that intuition is simply recognition. Through experience our brains may learn to
recognize patterns of stimuli, and thus also learn to respond faster and “more intuitively” to these
stimuli [9], [14]. What we believe to be our “gut reaction” may in fact be the outcome of an
imperceptibly fast analysis of the situation, comparison to past experiences, and subsequent
response. This hypothesis supports the common notion of practice as a pathway to expertise
development.

Fuzzy-Trace Theory

The Fuzzy-Trace Theory of cognition presents another dual-processing framework. Here
intuition is highly analogous to the idea of “gist” trace [10], a deep level of understanding and
ability to build connections. The contrasting “verbatim” trace focuses on surface level
understanding. For example, in the context of engineering education, let us imagine that students
are presented with two separate problems, each using the context of a basketball. The first
problem focuses on the concept of gravity and the second on drag. Individuals processing
through verbatim trace would likely recognize both problems as featuring basketballs—a surface
level understanding of the problem. Those processing through gist trace would be able to look
beyond the basketball and identify the underlying concepts that are engaged. When considered a
skill, gist trace is also parallel to stage two of Patel and Groen’s development of expertise
(identifying relevant information) described earlier [1].

Domain-specific vs. Domain-general Knowledge

Historically, the contrasting ideas of domain-specific versus domain-general knowledge have
been used to describe and understand knowledge acquisition in science, technology, engineering,
and mathematics (STEM) fields, particularly at the primary school level of K-12. A number of
studies in the area focus on each construct independently, considering either only domain-
specific [15]-[17] or domain-general knowledge [18], [19]. Domain-specific knowledge
describes knowledge of the specific “facts” within a domain (e.g., classification of organisms in
biology), whereas domain-general knowledge refers to processes and skills that are translatable
from one domain to another (e.g., the scientific method) [11]. Some scholars argue that domain-
specific and domain-general knowledge are highly interrelated, as analysis and exploration of any
new topic is by necessity guided by existing knowledge and impossible to couple from domain-
specific knowledge [20]. However, when domain-specific knowledge is entirely lacking,
domain-general pathways are thought to be engaged in approaching unfamiliar problems [21],
[22]. Domain-general knowledge parallels intuition in its focus on generalizable processes that
can be broadly applied for innovative problem solving.



Cognitive-Experiential Self Theory

Cognitive-Experiential Self Theory (CEST) distinguishes between two distinct individual
information processing modalities, rational and experiential [12]. Rational information
processing is characterized as logical and evidence-based. This processing is contrasted with the
automatic, and often irrational, experiential information processing. Like System 1 in the
Kahneman model, experiential information processing is thought to be a more historic cognitive
pathway driven by prior experience and emotion, and focused on final outcomes at the expense
of taking care in the process engaged to achieve those outcomes. Rational and experiential
information processing are often presented as being in conflict, and to some offer an explanation
of why individuals may make decisions that appear, from a third-party perspective, to be
irrational [12], [23]-[26].

Heuristic vs. Systematic Information Processing

Heuristic versus systematic information processing contrasts how individuals value different
aspects of information received. Systematic information processing, as the name suggests, refers
to logical and content based analysis of information received [27]. Heuristic information
processing relies on non-content characteristics, such as the identity of the source [13] and
judgement biases [28], [29]. Systematic information processing is associated with high-
involvement in the cognitive task, whereas heuristic information processing is associated with
low involvement [13]. This model appears prevalent among scholars studying persuasion and
argument development, particularly around the 1980s [13], [30], [31]. Heuristic information
processing has also been cited as a potential pathway for intuitive judgement or decision making
[29], [32].

Intuition—the Intersection of Several Cognitive Frameworks

What we describe as engineering intuition, the ability to assess solutions and predict outcomes in
a timely manner, appears to lie at the intersection of many of the cognitive frameworks
discussed. Intuition appears to rely on the experience prevalent in System 1 thinking, as well as
the speed of System 1 and experiential information processing. We believe intuition is also
characterized by the transferable and deep understanding of gist trace or domain-general
knowledge. While heuristic information processing may seem in conflict with these definitions,
the low involvement in the cognitive task that is characteristic of heuristic information
processing is arguably also aligned with intuition as high involvement is not necessarily possible
with time-sensitive response. Thus, we build our understanding of the cognition behind intuition
from these existing frameworks as a basis for understanding disciplinary expertise.

Discipline-Specific Intuition

While we are interested in engineering intuition, much of the literature (cited in previous section)
on intuition-analogous cognitive frameworks or expertise speaks to the development of expertise
broadly, without being associated with a specific discipline or domain. It is not possible for an
individual’s experience, knowledge, and subsequently expertise to be uniform across all
domains. Thus, it follows that intuition is likely to be context and domain dependent. Discipline-



specific intuition, such as engineering intuition, is a useful construct that seeks to separate
general intuition, with its complexity and varying connotations, from the intuition used to make
judgements and decisions within the context of specific professions. To date, engineering
intuition is neither well defined nor well characterized. Subsequently, we seek insights from
disciplines that have studied discipline-specific intuition to further develop our understanding of
engineering intuition.

The literature on discipline-specific intuition comes predominantly from the disciplines of
nursing and management. In nursing, skill acquisition is modeled by Benner’s Stages of Clinical
Competence, a five-stage model of competence that maps to the five levels (novice to expert) of
the Dreyfus model [33]. Here, an expert nurse is characterized as having an “intuitive grasp” of
situations and holistic view that allows them to accurately assess the patient’s situation and
respond appropriately [34].

Intuition studies in nursing range from grounded theory methods to phenomenological
methodologies which have helped to legitimize the concept of intuition in nursing [35]. An
ethnography of nursing as a culture not only revealed the prevalence of intuition but that more
experienced nurses trust their intuition and rely on it more [36]. Nurses who trust their intuition
can positively change the outcomes of their patients [37]. Furthermore, nurses define intuition as
an autopilot task which can be learned [38].

Master of Business Administration (MBA) classes, in contrast, are often centered on studying
business cases derived from situations in industry. Studies in business have shown an increase in
using “real projects” in classes and that internship experiences are critical to university
performance [39]. With more experience, managers in business make faster decisions and lean
on their intuition when they are missing information [40], [41]. Furthermore, when asked, “What
does it mean to make decisions using your intuition?”, the majority of these managers (56%)
picked experience, with the next most common answer being feelings and emotions (40%) [41].

A common theme for all of these studies in both nursing and management is that intuition is
assessed by professionals, thus measuring only expert intuition through self-reported means. For
example, in nursing there are several inventories which exists to measure intuition, but these are
primarily tested on practicing nurses. Only one of the inventories has been tested on both
students and practicing nurses but had a low response rate from practicing nurses [42]. These
studies require the participants to have a shared understanding of intuition, and there is little
evidence (as shown in our earlier discussion of frameworks) to support that intuition is such a
universally perceived cognitive construct. Thus, as the importance of intuition grows, the secrets
of its development remain elusive.

Nursing and management are both high-stakes and human-centered disciplines. While the nature
of interaction and the consequences of poor decision-making may be different between the two,
these shared characteristics may be why these disciplines have been at the forefront in seeking to
understand discipline-specific intuition. This reasoning suggests that, engineering, as another
high-stakes and human-centered discipline, should also engage in a closer examination of
discipline-specific intuition.



The Importance of Intuition in Engineering

Engineering is often described as problem-solving, a task that is intrinsically littered with
decision-making opportunities. Engineers respond to societal problems by providing
technological solutions that must be feasible and appropriate. They design products, equipment,
and facilities that we rely on to perform in a safe and cost-effective manner. In some engineering
professions, engineers must make split-second decisions in the event of an unexpected incident,
potentially either saving lives or putting lives at risk. Ultimately, engineers are engaging in
regular decision making to solve a variety of problems.

Intuition is critical in helping determine the feasibility of a potential solution at all stages of its
design, from its inception to its complete implementation. Most seasoned engineering
professionals appear to have a strong sense of intuition, but they often find it difficult to explain
to younger professionals how they gained their intuition other than simply by experience. By
shortcutting this process, early-career engineering professionals will be able to quickly provide
and assess solutions, leading to more opportunities to uncover new discoveries and much-needed
innovations for society.

Building intuition also fosters confidence [43] and can subsequently foster greater persistence
and resilience in engineering majors and careers. Engineering disciplines, often described as
“pipelines,” “pathways,” or “ecosystems,” can be difficult to navigate because of the highly
structured, and potentially intimidating, curriculum. This can result in a net loss of students over
time, as students transfer out, the highly-structured requirements can be an insurmountable
barrier to transferring into engineering programs. Students who have more confidence in their
abilities are less likely to drop out of engineering majors and more likely to successfully
complete their degree [44], [45]. While the tendency to drop out can and does affect all student
demographics, it is known to disproportionately affect underrepresented minorities [46]-[48]. In
order to meet the number of engineering graduates the workforce requires, as well as promote the
diversity in engineering that is critical for continued innovation, it is imperative to reverse the
net loss of students. By empowering students with intuition skills early, they will ideally persist
in engineering disciplines and help to solve increasingly complex world problems.

Developing intuition in the classroom could also level the playing field for all engineering
students. Internship and co-op experience have many positive effects including a higher starting
salary, increased retention, and better academic achievement [49], [50]. Intuition development is
also thought to be linked to experience, which can be problematic as not all students may have
equal access to the opportunities that beget such experience. By integrating interventions that
provide similar benefits in the classroom, we can better ensure all of our students have the
opportunity to acquire this much-needed skill. Developing intuition is not only a major
educational advance in creating stronger problem-solvers and critical thinkers, but also narrows
the opportunity gaps that persist in engineering. Furthermore, by creating effective interventions,
we will give useful tools to engineering educators that can help promote intuition development.

As we prepare students to become practicing engineers, we must also equip them with both the
concrete and abstract technical skills necessary for not only personal success but also positive
societal impact. While catastrophic failures of engineering intuition are not often reported, there



are key historical events in which a stronger intuition may have prevented a disaster (e.g.,
Challenger tragedy) [51]. Today, as computer simulations and problem-solving software in
engineering become increasingly complex, no one individual can understand the entirety of these
programs. It becomes even more imperative for engineering professionals to question the results
of computer simulation they complete. How to best prepare our students to question their results
is not clear, but if students can practice this during their formal education, they will enter the
workforce better equipped for the challenges of real-world engineering.

Does Intuition Stand Alone?

While the theories and constructs analogous to intuition shed some light on the nature and
importance of this topic, they still do not present a full picture. From the literature on discipline-
specific intuition, and our definition of engineering intuition, it is clear that intuition is closely
associated with decision making. In considering (engineering) decision making, we also find
connections to problem solving, as well as motivation and identity.

Decision Making

Decision making has long been an area of study, with Classical Decision Making theory tracing
back as far as the early 18" century, when Daniel Bernoulli attempted to quantify human
assessment of evolutionary risk [52]. Since then, several theories of decision making have been
put forth, as summarized in Table 2. Of these, naturalistic decision making is most closely
associated with intuition and thus the focus of this section.

Much of the early decision making research was completed through controlled experimentation
where study subjects chose among a variety of options. In the late 1980s, a new approach began
taking hold as behavioral scientists became more interested in studying how decisions are made
in real environments, which became known as naturalistic decision making. Naturalistic decision
making has close parallels with intuition, and subsequently strong contrasts with some of the
earlier models.

The first conference on naturalistic decision making occurred in 1989 [59], sponsored by the
Army Research Institute [60]. This conference brought together decision making researchers
who had been working in parallel towards what is now described as naturalistic decision making
[58]. What many of the models summarized in the 1993 book chapter on the conference have in
common is the principle that, contrary to classical decision making, individuals are not weighing
options when coming to decisions [58]. Rather, they are relying on connections between the
current situation and past experiences to make their choices [61]-[63]. This reliance is in deep
contrast to previous models which assumed that individuals behave rationally in response to
assessing a variety of known options.

Naturalistic decision making provides a body of knowledge [58]-[63] that may be leveraged to
better understand disciplinary-specific intuition holistically. The reliance on past experience of
naturalistic decision making, combined with the ability to make abstract connections as
described in many of the cognitive frameworks analogous to intuition and the focus of discipline-



specific intuition research on experts in high-stakes decision making fields suggests that
engineering intuition lies at the intersection of conceptual expertise and experience.

Table 2: Analogous Theories of Decision Making

Theory Summary Citation
Logical, quantified risk
assessment drives decision
Classical Decision Making making. Assumes that Bernoulli [52]
decision maker is able to
assess all alternatives.

Characterizes decision
making as based in
individual values and
beliefs.

Barron [53]
Slovic, Fischoff, and
Lichtenstein [54]

Behavioral Decision Theory

Seeks to understand the
individual judgements that
drive decision making. Yates [55]
Typically assumes rational
behavior.

Judgement and Decision
Making

Rationale process, seeks
the best outcome for the
organization.

Organizational Decision
Making

Cyert and March [56]
March and Simon [57]

Driven by connections

Naturalistic Decision Making made to past experience

Lipshitz [58]

Research in management and nursing purport that intuition leads to faster and more accurate
decisions [41], [64]. Research of U.S. Navy enlisted personnel show similar results, with
intuitive processes leading to higher performance [65]. Like naturalistic decision making,
intuition in these studies is described as being developed through experience, and allows the
practitioner to fill in the logical gaps when faced with uncertainty in decision making.

Problem Solving

Closely related to decision making, problem solving skills are often considered the crux of the
engineering discipline, and several studies have shown key differences between novice and
expert problem solving approaches [66]-[68]. Experts are known to have greater working
memory to devote to problem solving as their expertise allows them to store information in a
grouped (or “chunked”) fashion, rather than storing each piece of information independently



[66]. This mechanism reduces the cognitive load of storing information and allows for greater
information processing capacity.

When engaging in problem solving, experts have been shown to participate in systematic real-
time “reasonability” checks, contrasted with novices who proceed to the end without taking time
to reflect [67]. This behavior of expert problem-solvers perfectly aligns with our definition of
engineering intuition as the ability to assess solutions. In real-world engineering, ill-defined
problems are of particular interest. Studies have shown that ill-defined problems are often not
solved systematically, but rather through reactionary, intuitive processes to navigate the
decisions of problem-solving [68].

Motivation and Identity

While the connection may not be as obvious as decision making and problem solving, we also
have reason to believe that the constructs of motivation and identity play a role in engineering
intuition. Our previous work suggests that if a student’s disciplinary identity does not match the
problem or scenario they are asked to assess, they are less likely to demonstrate high intuition
(measured as accurate assessment) [69]-[71]. Because accurate assessment of engineering
solutions and scenarios requires additional effort, it may also be confounded with motivation.
The effects of motivation on a number of student outcomes has been extensively studied by
others [72]-[75], and identity alignment has also been shown to be linked to professional
motivation [76]-[79].

Ongoing and Future Work

This theory paper serves to summarize the literature review and meta-analyses done toward the
ongoing development of a user-friendly survey instrument for measuring engineering intuition.
The insights we have gained through reviewing a broad range of literature in our attempt to
understand engineering intuition have allowed us to better understand the complicated theoretical
frameworks behind the construct. From this literature review, we define engineering intuition as
the ability to assess whether solutions are reasonable or ridiculous and to predict outcomes
and/or options within a scenario. We will use this definition, as well as leverage the literature on
the intuition-related constructs presented here, as the basis for developing our instrument. We are
currently in the preliminary phases of reviewing the literature on these existing instruments.

In future work, we will describe the instrument, as well as preliminary validity and reliability
testing. We seek to equip the engineering education community with a tool that may be used by
scholars in the pursuit of understanding discipline-specific intuition and by educators in tracking
students’ development of intuition in their programs, as well as pursue studies to better
understand what experiences contribute to students’ development of engineering intuition.
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