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ABSTRACT

Engineering judgment is critical to both engineering education and engineering practice,
and the ability to practice or participate in engineering judgment is often considered
central to the formation of professional engineering identities. In practice, engineers must
make difficult judgments that evaluate potentially competing objectives, ambiguity,
uncertainty, incomplete information, and evolving technical knowledge. Nonetheless,
while engineering judgment is implicit in engineering work and so central to identification
with the profession, educators and practitioners have few actionable frameworks to
employ when considering how to develop and assess this capacity in students. In this
paper, we propose a theoretical framework designed to inform both educators and
researchers that positions engineering judgment at the intersection of the cognitive
dimensions of naturalistic decision-making, and discursive dimensions of identity. Our
proposed theory positions engineering judgment not only as an individual capacity
practiced by individual engineers alone but also as the capacity to position oneself
within the discursive community so as to participate in the construction of engineering
judgments among a group of professionals working together. Our theory draws on several
strands of existing research to theorize a working framework for engineering judgment
that considers the cognitive processes associated with making judgments and the
inextricable discursive practices associated with negotiating those judgments in context.
In constructing this theory, we seek to provide engineering education practitioners and
researchers with a framework that can inform the design of assignments, curricula, or
experiences that are intended to foster students’ participation in the development and
practice of engineering judgment.
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1. INTRODUCTION

Starting with the 2019-2020 accreditation cycle, ABET (2018) added the ability to “use engineering
judgment to draw conclusions” (p. 6) as an outcome for engineering graduates. Yet while the
concept of judgment has been implicit in engineering work for many years, educators and
practitioners alike have few actionable frameworks to employ when considering how to develop
and assess this capacity in students. In fact, in one of the more frequently cited examinations of
engineering judgment, Michael Davis (2012) noted that “so little has been written about judgment”
(p. 791) and argued that “teachers of engineering [...] might do a better job if they were clearer
about what the judgment they teach is and how it can be taught” (p. 791). But in the decade
since Davis made his “Plea for Judgment” (as his article is titled), little research has emerged in
engineering education to address this need, and scholars and educators alike are left with few
strategies for studying, teaching, or assessing engineering judgment. To that end, recent findings
from both other scholars and our own research suggests that engineering judgment may be a key
learning outcome of writing instruction embedded in engineering courses, in which the process
of developing reports, presentations, and posters about ongoing projects creates contexts that
require students to exercise judgment and justify a range of decisions. In his ethnographic work
on student design teams, for example, Weedon (2019) identifies the ways in which judgments
are constructed and negotiated rhetorically through words, texts, gestures, and figures, and
he explicitly positions engineering judgment as “a rhetorical competency” rather than simply a
technical one. Similarly, our empirical research on engineering student writing finds that students
are continuously making complex judgments across a full range of complex technical, social, and
rhetorical dimensions (Francis et al. 2021; Francis et al. 2021, 2022).

These links between judgment and communication in engineering align with broader research
on engineering practice that emphasizes the fundamentally social, context-dependent nature of
engineering work (Bucciarelli 2001; Trevelyan 2010, 2014b; Wilde and Guile 2021). The context in
which engineers work is characterized by ongoing complex social interactions among and between
interprofessional teams; often-competing interdisciplinary standards of validity and knowledge
exchange; and both espoused and implicit organizational values, goals, norms, and objectives.
Practicing engineers participate in and construct acts of judgment amid these complex situational
dynamics, yet there is limited research on the ways engineering education can help students
cultivate the skills and capacities needed to successfully navigate these dynamics and exercise
engineering judgment in the workplace. Moreover, research by Ford et al. (2021) and Lutz and
Paretti (2021) on new graduates’ transitions from school to work highlights the significant context
gap as students moves from the structured, close-ended, individualized world of engineering
courses to the collaborative, contingent, open-ended, and contextual world of engineering work.
These context gaps further complicate graduates’ ability to enact engineering judgment as they
move from school to work, pointing to the need for explicit, intentional pedagogies to better
prepare students to construct and negotiate engineering judgments that are responsive to these
interdependent dynamics.

Given both the limited research on engineering judgment broadly and the emerging intersections
between engineering judgment and writing, we draw on several strands of existing research
to theorize a working framework for engineering judgment that considers both the cognitive
processes associated with making judgments and the (simultaneous, inextricable) discursive
practices associated with negotiating those judgments in context. By judgment, we mean
the interpretation and evaluation of options in a situation or issue characterized by ambiguity,
uncertainty, and/or incomplete information. By engineering judgment, we mean judgments made
or actions taken in the context of engineering work, in which individuals or groups draw on the
tacit or explicit knowledge, common practices and conventions, and/or norms and expectations
of the field to render their judgments. Notably, research on judgment is often embedded in the
broader research on decision-making, where judgment and choice are closely linked. While the
boundaries between judgment and choice are often contested in the decision-making literature,
here we align with scholars who conceptualize judgment as the evaluative assessment of options,
and choice as the selection of a given option (see Gonzalez 2017).
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In building this framework, we drawn on two primary domains (discussed in detail in Sections 3
and 4, respectively): 1) research on decision-making, with a focus on cognition, and 2) research
on identity, with a focus on discursive identity. While there are potentially a number of different
domains that could be used to theorize engineering judgment, we selected these in particular
based on both existing research on judgment and current issues in engineering education.
First, while research on judgment in engineering education is limited, the work that does exist
consistently links judgment to decision-making in ill-structured, ambiguous contexts. At the same
time, the broader scholarship on judgment often emerges within research on decision-making,
particularly in the cognitive sciences. This focus on cognitive processes in decision-making research
intersects with current work in engineering education on misconceptions (Streveler et al. 2014),
conceptual understanding (Bornasal et al. 2018; Montfort et al. 2009; Streveler et al. 2008), and
metacognition (P. Cunningham et al. 2017; P. J. Cunningham et al. 2018; McCord & Matusovich
2019) that lay critical foundations for course and curriculum design.

Second, recent research on naturalistic decision-making in teams (Mosier et al. 2018), coupled
with work by Weedon (2016, 2017, 2019) and House et al. (2014) as well as our own research on
engineering judgment (Francis et al. 2021; Francis et al. 2021, 2022), points to the ways that within
engineering, judgment is not solely an individual cognitive act, but rather a discursive negotiation
involving the ability to be recognized - by one’s self and others - as someone legitimately able to
exercise judgment. This recognition aligns with Gee’s (2000) definition of discursive identity, which
in turn intersects with studies highlighting the ways in which engineering identity is discursively
constructed and not equally available to all students (e.g., Tonso 2006).

In light of this research, discussed in more depth in subsequent sections, we propose a theorization
of engineering judgment that integrates cognitive frameworks for decision-making with discursive
frameworks for identity in ways that are relevant to the contexts of engineering work. Figure 1
captures the key pieces of this theorization, illustrating the ways that enacting engineering
judgment involves the interplay of cognitive processes associated with decision-making and
culturally framed discursive processes associated with identity development, interacting with
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the context of engineering work. Following a brief background on current research related to
engineering judgment (including the context of engineering work), we unpack the two primary
components of the framework.

Notably, while we focus on building a framework to help educators design educational experiences
that can help students develop engineering judgment, the research on judgment and decision-
making includes numerous studies of professionals that helps define the “target” of those
educational experiences. At the same time, practicing professionals are experts who have built
their capacity for judgment over time through experience, and a significant body of literature
addresses the development of such expertise (see Litzinger et al. 2011, for a useful review of this
literature as related to engineering). While we have not included the broader research on expertise
in our initial framework, instead choosing to focus specifically on salient aspects of decision-
making and identity, the literature on expertise can and should play a key role in follow-up studies
extending and applying our proposed framework.

2. BACKGROUND: JUDGMENT IN ENGINEERING EDUCATION
RESEARCH

Before turning to the two domains anchoring our proposed framework, we begin with a brief
review of the ways engineering judgment has been discussed and defined within the field to date
to situate our work and establish the need for a more concrete conceptualization of judgment
to inform engineering education practice and research. In his 2012 “Plea for Judgment,” Davis
argues that “judgment is central to engineering” (p. 789), and indeed, professional judgment is a
ubiquitous, if undefined, feature in several landmark studies on engineering practice (e.g., Sheppard
et al. 2008, Trevelyan 2010). Yet, prior to ABET’s newest student outcomes, it rarely featured in
expectations of new graduates. It does not appear, for example, in the National Academy’s list of
attributes of engineers in 2020 (National Academy of Engineering 2004). Although judgment and
decision-making were included in early versions of the Engineer Profile delineating expected roles
and behaviors for new graduates empirically developed by Davis et al. (2005), neither judgment nor
decision-making appear in the final profile. Similarly, although Trevelyan’s own workplace research
highlights the role of judgment, it does not appear in the “classification of engineering activities
and specialist knowledge” delineated in his book The Making of an Expert Engineer (2014a). At the
sub-discipline level, however, the term does appear within the descriptions of several outcomes in
the most recent Civil Engineering Body of Knowledge (Civil Engineering Body of Knowledge 3 Task
Committee 2019), and the concept of engineering judgment features prominently in geotechnical
engineering in particular (Vick 2002). Even when the term does appear, however, it remains largely
undefined in these broad efforts to scope and explain engineering work.

Engineering judgment is equally scarce - and ill-defined - in empirical engineering education
research. A November 2021 search of the Journal of Engineering Education, for example, returns
only a single article with the term “judgment” (search term: judg*) in the title or keywords - Jesiek
et al’s (2020) work on situational judgment as part of global engineering competency. A parallel
search in the European Journal of Engineering Education also yielded only a single citation, which
focused on using the process of adaptive comparative judgment in design pedagogy (Strimel
et al. 2021). Consistent with the presence of judgment in the Civil Engineering BOK, the Journal of
Civil Engineering Education (formerly Journal of Professional Issues in Engineering Education and
Practice) does include some empirical research studies related directly to engineering judgment.
For example, MacRobert examines active learning as a mechanism for developing engineering
judgment, which he defines by explaining that “the terms ‘common sense’ and ‘sense of
proportion’ are essentially interchangeable with the term ‘engineering judgment™ (MacRobert
2018, p. 050180091). MacRobert also cites earlier work by Vick that defines engineering judgment
as “a sense of what is important” (MacRobert 2018, p. 050180091). While such phrases may help
build a generalized sense of what engineering judgment might mean, they are less useful to
educators seeking to design and assess educational experiences to help develop this capacity, or
to researchers seeking to study its development in students.
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Some empirical work also appears in the proceedings of the annual ASEE conference that does
begin to provide more concrete definitions. Recently, for example, in their study explore the use
of inquiry-based learning to develop engineering judgment, Bruhl et al. (2017) define engineering
judgment as “the ability to recognize and/or predict, through a combination of intuition, insight and
experience, the probable outcome of an analysis, design or process” (p. 3). In a study using modeling
activities to develop judgment, Swenson et al. (2019) offer a more expansive definition drawn
from ethnographic research by Gainsburg in civil engineering (Gainsburg 2006, 2013; Gainsburg
& Gainsburg 2007). Focusing on structural engineers, Gainsburg identified eight categories of
engineering judgment that range from “determining what is a good or precise enough calculation
or estimation” to “determining appropriate uses of technology tools” to “discretizing (grouping
elements to reduce the number of types to be designed)” (cited in Swenson et al. 2019, p. 4).
Weedon (2016; 2017; 2019), who studied engineering judgment in the context of communication
in undergraduate design teams, offers yet another definition. Synthesizing the scant extant
literature, Weedon argues that prior work treats engineering judgment as “an ability beyond mere
calculation that is principally about applying scientific data to contingent circumstances” that
“is almost always an individual and cognitive capacity” (2019, p. 165). Drawing on ethnographic
research with student design teams, Weedon expands that definition to position judgment as “a
rhetorical capacity to expand engineers’ sense of a situation to understand the ramifications of
action” (p. 165) as well as “the ability to rhetorically shift or invent standards and considerations
in contingent situations” (p. 174).

Apart from empirical studies, definitions of engineering judgment have also emerged from
philosophers - most notably the often-cited plea from Davis (2012), and more recently from
McLauglin (2021) in the recent book Engineering and Philosophy. Davis, looking at range of
professional fields, including engineering, by his own admission does not actually define
professional judgment, apart from noting that it is both “a disposition (including the ability) to
act as competent members of the discipline act” (p. 790) and “not wholly objective” (p. 791).
He differentiates professional judgment from constructs such as value judgment (akin to ABET’s
conception of informed judgment), discretion, and the Greek concept of phronesis, which he
translates loosely as “practical wisdom” (p. 801). McLaughlin, in contrast, takes up phronesis
as the starting point for a definition of engineering judgment, and iterates through a series of
philosophical arguments to arrive at the following definition:

Engineering judgment is a value optimizing rational quality, involving conscious
deliberation, tacit recognition and any other plausible problem-solving aid, concerned
with determining and commanding action for making and doing things in relation to
whether they are good and bad for human beings. Although engineering judgment
requires general good judgment regarding all the duties within the domain of the
engineering profession, the type of judgment unique to engineering regards the use
of mathematical and scientifically derived principles applied to real world situations to
solve problems with a minimum of undesirable unintended results. (p. 216)

While McLaughlin’s and Davis’ conceptions, like those of MacRobert and Vick noted earlier, offer
a useful philosophical starting point, they do not provide operationalized constructs that easily
inform either research or teaching, learning, and assessment. At the same time, the varying
definitions in existing empirical research in engineering education suggest that the field still lacks
consensus on concrete alternatives that might be shared across studies or leveraged to develop
teaching practices and meaningful assessments. To that end, in this paper we offer a conceptual
framework that seeks to integrate the cognitive decision-making processes underpinning
current work by Bruhl et al. (2017), Swenson et al.,, and others, with recent conceptualizations
of engineering judgment as a communicative act in work by Weedon (2017, 2019), Francis et al.
(2021), and others.

In building our framework, we follow the work of Bruhl et al. (2017), Swenson et al. (2019), Weedon
(2019), and others, to focus on the processes of analyzing and interpreting data and contexts
to predict and evaluate potential outcomes. Implicit in these processes are not only technical
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capabilities, but underlying value judgments intertwined with engineering ethics. As with the
concept of expertise, the extensive research on engineering ethics and ethical judgment, though
outside the scope of our present work, represents another key area for future work.

3. DECISION-MAKING, COGNITION, AND THE CONSTRUCTION OF
JUDGMENT

Engineering judgment in practice involves decision-making, that is, the evaluation and selection of
courses of action from among multiple alternatives. We thus begin our theorization by turning to
decision-making research that links judgment to choice and connects both to several inter-related
cognitive processes. Research on the cognitive processes related to judgment and choice arises
from the domains of behavioral economics and cognitive psychology, but it is also informed by
studies of decision-making in control engineering, human factors, and ecological psychology, with
much of the research focused at the individual level (Gonzalez 2017). As Gonzalez (2017) notes
in her review of cognitive science research on decision-making, while the boundaries between
judgment and choice are often contested, classical models of decision-making focus on two
processes, typically referred to as judgment and choice, where judgment “involves evaluating the
merits of and preferences for different alternatives” (p. 1) and choice is the actual selection of a
specific alternative. Both judgment and choice can be seen as cognitive processes that are in turn
constructed from a range of underlying processes including but not limited to perception, memory,
recognition, attention, feedback, and learning. These processes either precede judgment or follow
choice. These processes also help researchers to understand how individuals perceive situations
that require judgment or choice, recognize similarities to and differences from other situations,
receive and integrate feedback based on the outcome of the choice, and learn resulting from the
processing of the feedback.

CLOSED-LOOP AND NATURALISTIC DECISION-MAKING MODELS

Two broad theoretical perspectives in this realm are particularly salient to understanding the
cognitive processes associated with engineering judgment: closed-loop decision-making and
naturalistic decision-making (NDM). We selected these models because they are particularly
relevant to judgment in engineering contexts. Closed-loop models of decision extend “rational
actor” or “subjective expected utility” models widely taught and used in engineering applications
by explicitly accounting for the ways learning and feedback influence decision-makers’ preferences
and objectives. Therefore, closed-loop models of decision-making are helpful in representing the
iterative nature of decisions in engineering practice, where feedback from clients, prototyping,
testing, or other sources inform subsequent decisions. At the same time, closed-loop models
rely on theoretical assumptions implied by the subjective-expected utility paradigm that may not
represent how engineers make decisions in real-world contexts due to both well-documented
departures from rational behavior (Kahneman & Tversky 1979; Tversky & Kahneman 1981) and
the complexity of high-stakes decision contexts (Mosier et al. 2018). Naturalistic models, on
the other hand, are useful because in their attention to context, they more fully account for the
open-ended, ambiguous, ill-defined nature of the engineering work and the contexts in which
engineers must enact judgment (e.g., Bornasal et al. 2018; Jonassen 2014). To help contextualize
the key cognitive process in our framework, we provide a brief review of these approaches; for
additional details, see the literature reviews by Gonzalez (2017) on cognitive science research on
decision-making and Mosier et al. (2018) on naturalistic decision-making. Both the closed-loop
and naturalistic approaches from cognitive psychology offer counterpoints to models developed
in economics research that emphasize rationality and focus on open-loop processes in which
there is no feedback based on decision outcomes. Open-loop decision models were originally
developed to study decisions for games of chance and require complete knowledge of the
environment, objectives, and outcomes of available choices a priori. Moreover, since open-loop
models assume complete knowledge about relevant information, these models do not prioritize
learning from experience. As a result, open-loop models, though they resemble some of the
formalized models of decision matrices used in engineering design education, are less useful in
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understanding situations characterized by ambiguity, uncertainty, or high stakes scenarios that
may be contextually unique - that is, the kinds of situations engineers encounter at work (e.g.,
Jonassen 2014; Trevelyan 2010; Trevelyan & Williams 2018). Open-loop models do not account
for what researchers refer to as dynamic decision-making (DDM). DDM is “the process of making
multiple, repeated, or sequential choices in conditions that evolve over time either as a result of
previous decision, with inaction, or spontaneously from the change occurring in the environment
as time passes” (Gonzalez 2017, p. 11). That is, DDM is not a single decision made once and
then left, but rather an ongoing series of connected decisions in context. DDM more accurately
represents the kinds of decisions professionals make in the course of their work, including the
kinds of decisions engineers make throughout processes such as design, troubleshooting,
maintenance, and forecasting (see, for example, descriptions of engineering practice by Trevelyan,
e.g., Trevelyan 2014a; Trevelyan & Williams 2018; Jonassen et al. 2006; Jonassen 2014; Jesiek et
al. 2021; Stevens et al. 2014). Design, for example, is not the result of a single decision but rather
a series of decisions and interactions among designers and stakeholders that move through
scoping, specifications, preliminary design reviews, prototyping and testing, and production, with
dozens of decisions that require professional judgment at each step, subject to ongoing feedback
and revision. Similarly, in both troubleshooting and process improvement work, engineers move
through an iterative process to diagnosis problems and test potential solutions or enhancements.

Both the closed-loop and naturalistic approaches to decision-making address DDM, and in doing
so illuminate cognitive processes salient to engineering judgment. In the closed-loop model, the
situation, decision, and outcome interact in a continuous loop, as shown in Figure 2, with new
external information providing ongoing input that informs and changes the decision maker’s
objectives and/or understanding of the situation.

OPerception/Attentioh
*The problem or decision must
be perceived by the decision
maker(s) as they become
increasingly aware of the
problem confronting them.

(Goals/Objectives/ Recognition \ (

*Goals and objectives may
initiate the decision process, but
evolve via learning from
outcomes.

Goals,
S Problem or
Objectives, .
Decision
External . .
Situation

\_ Events “ )
s | A

Outcome

Action

eLearning/Feedback
*The outcome of the decision is
continually monitored to learn
from experience. Feedback is
used to store patterns and
preriences in memory.

eJudgment/Choice

*The decision maker acts on the
problem by making judgments
that structure available actions

) \ and choosing from among ther’ry

As Gonzalez explains, in this model, “decisions are influenced by goals and external events and
are the result of previous decisions and previous outcomes. Under this view, decision-making is a
learning process in which decisions are made based on experiences and are feedback dependent”;
she thus refers to decision-making as “a learning loop” (p. 8).

Francis et al. 85
Studies in Engineering
Education

Figure 2 Closed-loop model of
decision-making (adapted from
Gonzalez 2017).



Naturalistic decision-making (NDM) also recognizes the role of learning through experience as
a key component of decision-making, and also posit a kind of closed-loop model built on what
Klein termed “recognition-primed decision-making” (Klein 2008; Mosier et al. 2018). Recognition-
primed decision-making focuses on the ways in which experts compare current situations to past
experiences, identify similarities and potential actions or choices, iteratively mentally simulate
outcomes of one or more of those choices, and select the first recognizable choice that will produce
a viable result (Klein 2008). But where closed-loop studies use experimental approaches (e.g.,
Instance-Based Learning Theory, IBLT, Gonzalez 2017, p. 11), often with randomized participants
in controlled settings, NDM research uses observational or ethnographic approaches to study how
experts make decisions in authentic contexts (Gonzalez 2017; Mosier et al. 2018). These contexts
often focus on situations that are characterized by large groups of stakeholders, considerable
uncertainty about available options, limited available information, and a wide range of costs and
consequences, outcomes, or value tradeoffs. Despite these methodological differences, both
models also stand in contrast to heuristic-based decision-making, in which individuals rely on
commonly accepted rules or short-cuts to make decisions (Gonzalez 2017). Although heuristics
are another common feature of engineering and engineering education, research on heuristic-
based decision-making includes extensive work on cognitive biases that hinder successful
outcomes. Baybutt’s (2018) analysis of potential cognitive biases affecting the use of heuristics in
hazards analysis is a particularly salient example of the challenges of replacing sound engineering
judgment with routine heuristics. Though as Barner et al. (2021) argue, heuristics can be a valuable
component of undergraduate education, we exclude them from our current conceptualization
because of these limitations.

While significant work remains in decision research, NDM models highlight critical cognitive
processes that inform our understanding of both what engineering judgment is and how we might
facilitate its development in students. In particular, in addition to routines and the necessary
explicit and tacit knowledge in a given domain, the following cognitive processes, summarized by
Mosier et al. (2018) are central to experts’ exercise of professional judgment in decision-making:

*  Perceptual learning and pattern recognition, or the ability to recognize the salient features
or cues in a given situation and identify similarities to relevant past situations. As Mosier
et al. explain, experts “are able to quickly identify the most ecologically valid cues, that
is, the subset of information most critical to accurate situation assessment, and to match
patterns of cues against patterns in their experience base. Patterns are configurations of
cues, including cues that are absent broadly and thus to engineering judgment specifically”
(Perceptual Learning and Skills section).

»  Construction of mental models and simulations that enable experts to understand the
underlying structures of a situation, adapt their mental model to critical differences, and use
the models to simulate and predict the outcome of different choices.

*  Recognition of typicalities or anomalies, defined as the ability to identify what elements of a
given situation or what results from a given choice are typical and to recognize when either
the situation or the outcomes violate expectations. Related to this capacity is the process of
situation assessment, or sense-making, which relates to experts’ ability to comprehend the
core of an issue and use action/feedback loops to create updated models of a situation.

*  Metacognition, or the ability to monitor one’s thinking as the situation unfolds and evaluate
accuracy and usefulness of one’s understanding and choices.

*  Uncertainty management, or strategies to manage changing conditions, unknown or
inconclusive information, time pressure, workload intensity, and related factors (see also the
discussion of the challenges inherent in learning from feedback in Gonzalez 2017).

These cognitive processes, of course, depend on domain-specific knowledge, both explicit and tacit,
that inform individuals’ abilities to understand situations and simulate potential outcomes - the
knowledge that typically makes up the bulk of engineering coursework (Lord & Chen 2014). They
may also involve knowledge of heuristics as one source of potential actions. Notably, the aspects
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of cognition noted here are echoed by scholars in engineering education who focus on cognition
and note the importance of both underlying mental models and metacognitive awareness (e.g.,
P. J. Cunningham et al. 2018; Montfort et al. 2009; Streveler et al. 2014) in engineering education
broadly. Importantly, however, these processes also move beyond basic domain knowledge and
simplified heuristics to reflect the ways experts develop, learn from, and subsequently draw on
a repertoire of experiences - what Gonzalez refers to as “context-action exemplars” (Gonzalez
2017, p. 10) (see, for example, recent work by Barner et al. [2021], on the importance of context
in the application of engineering heuristics and the differences between academic and workplace
applications). Both the closed-loop and naturalistic models emphasize the critical role played by
learning from experience - by encountering an open-ended situation, exercising judgment to
identify and implement initial decisions, and observing and learning from the outcomes of those
decisions to inform future judgments. Across the research in this field, the findings suggest that as
situations increase in complexity, individuals are more and more likely to make decisions based on
experience (Gonzalez 2017; Klein 2008; Mosier et al. 2018).

DECISION-MAKING IN TEAMS

While cognitive science research has historically focused on decision-making by individuals
(Gonzalez 2017; Mosier et al. 2018), in practice, especially in engineering, decisions typically
emerge in and through collaborative contexts (Trevelyan 2010, 2014a; Weedon 2019). Increasingly,
particularly in naturalistic decision-making research, scholars have been exploring team cognition
(Mosier et al. 2018). Research in this space has highlighted the importance of shared mental
models among team members as well as the centrality of communication. As Mosier et al. (2018)
note in summarizing this research, “Expert teams also tend to discuss the problem they face and
the responses to it in great detail. Team members let others in on their reasoning and inform them
about their expectations. They ensure common ground by providing feedback and mitigate errors
through team-centered communication” (Expert Teams section). Such findings suggest that in
addition to the cognitive processes needed to develop professional judgment in a given context,
individuals also need discursive process that enable them to articulate and negotiate judgments
in collaborative contexts. Recent work by Wilde and Guile (2021) in science and technology studies
(STS) echoes the centrality of discursive negotiations in a study of engineers’ situated judgment in
cross-functional client-focused project teams. Their work illuminates the ways in which, as teams
enact situated judgment, “ideas arise and are tested out discursively [in ways that] may require
teams to go beyond engineering standards and usual ways of working” (p. 188) to construct or
improvise new alternatives. Work in other professional fields yields similar findings. For example,
work by Cristancho et al. (2017) in medical decision-making illuminates the ways judgment
emerges from the improvisational interactions of individuals and artifacts in the surgical theater
to produce new understandings of a situation and corresponding new decisions. Such research
demonstrates that professional judgment is not an isolated act but is something that emerges
as both individuals and teams of professionals continuously engage in their work as it evolves
in context. Furthermore, within engineering teams, Weedon’s (2019) work illustrates the ways
these improvisations are mediated through rhetorical practices that enable team members to
use embodied knowledge to facilitate shared understanding of a decision situation. Thus both
the cognitive science research on team decision-making and the emerging rhetorical research
on decision-making and judgment clear space for expanding our understanding of judgment to
include discourse, and, we argue in the next section, particularly discursive identity.

4. RHETORICAL CONCEPTIONS OF JUDGMENT AND THE
CONSTRUCTION OF DISCURSIVE IDENTITIES

As the preceding section demonstrates, both cognitive science research on decision-making and
STS research on engineering work reflect the role of discourse in the exercise of judgment. Parallel
work in writing studies, including emerging work by Weedon (2016; 2017; 2019) as well as recent
findings from our own studies (Francis et al. 2021; Francis et al. 2021, 2022) have begun to identify
the rhetorical underpinnings of engineering judgment in ways that suggest in addition to being
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a cognitive act, engineering judgment is also a discursive one. We carry this framework one step
further, however, and draw on James Gee’s concept of discourse identity to suggest that part of
making and negotiating engineering judgments is the process of being recognized - by oneself
and others - as someone who can make engineering judgments. The links between engineering
judgment and identity broadly are embedded in Davis’ (2012) philosophical plea in that he notes
multiple ways in which judgment is personal in that it reflects a disposition or willingness to act
rather than simply the ability to do so. We argue further that this disposition is also inherently
undergirded by the perception of oneself as someone who can act, who can render judgments
on ill-defined, ambiguous, open-ended issues. This attention to discourse identity aligns closely
with research on engineering practice by Trevelyan (2010, 2014b), Bucciarelli (2001), Wilde
and Guile (2021) and others, that foregrounds the social nature of engineering work, in which
communication plays a central role and the disposition to render judgments also always involves
the recognition - by oneself and others - of the capacity to express, defend, and negotiate those
judgments.

4.1 IDENTITY AND DISCOURSE

To ground this conceptualization of engineering judgment as an act of discursive identity, we
first draw on James Gee’s work (2000). In considering identity as an analytic lens, Gee posits
that “when any human being acts and interacts in a given context, others recognize that person
as acting and interacting as a certain ‘kind of person” (p. 99). He thus frames identity as “being
recognized as a certain kind of person” (p. 99). He then offers four different approaches to this
recognition, one of which is discursive identity - the identity that emerges in “the discourse or
dialogue of other people” (p. 103). That is, an individual’s identity is constructed in how others talk
with and about them, as well as how the individual constructs themselves in and through these
dialogic interactions. Paretti and McNair (2012), for example, adopt this framework to examine
the ways in the discursive interactions within interdisciplinary project teams constrain and enable
the identities available to engineers in different settings. The ways people talk with and about
the engineers on the team, as well as how the engineers talk about themselves, serve to position
them alternately as bottlenecks or collaborative designers and shapes their contributions to the
project at hand.

Gee’s concept of discursive identity is closely linked to the rhetorical construct of ethos: that
which lends credibility to an engineer’s judgments in their own eyes as well as in the eyes of
others (e.g., House et al. 2014). One source of this credibility is the perceived ability to apply
specialized knowledge and analytic techniques - appealing to objective facts, physical data, or
mathematical theory - to interpret information in ways that lead to meaningful judgments and
sound application. This application of specialized knowledge echo’s McLaughlin’s (2021) definition
of engineering judgment cited earlier, which emphasizes the application of “mathematically and
scientifically derived principles” (p. 216). The perceived ability to dispassionately and objectively
apply specialized knowledge functions as one source of the engineering ethos that undergirds
judgment; cognitive research, as noted earlier, highlights specialized domain knowledge a key
component of professional judgment (Mosier et al. 2018). But as the preceding section makes clear,
in practice engineering judgment is not simply an objective application of irrefutable mathematical
and physical facts to reach a single unambiguous answer. Instead, it encompasses a cognitively
complex, experience-based interpretation of an ambiguous situation that, in engineering contexts,
often involves social, economic, cultural, and political dimensions as well as technical ones. The
ability to, as Gee says, “be recognized as” someone capable of rendering professional judgments
is crucial when data are sparse or ambiguous, problems are poorly formed, and decisions are
made more challenging in the face of complexity and low-probability high-consequence events
with little historical data - scenarios that dominate professional engineering work (Jonassen 2014;
Trevelyan 2010; Trevelyan & Williams 2018; Williams & Figueiredo 2014).

Case studies of engineering practice bear out the centrality of discourse in constructing and
validating the credibility of engineering judgments and the identities of engineers as credible judges.
For example, in investigating engineering ethos, House et al. (2014) present a rhetorical analysis of
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a Congressional hearing on coal ash waste in which the judgment of the engineers involved was
contested through attempts to separate the seemingly objective technical dimensions from the
inextricable social and policy dimensions that complicated potential decisions. In part, this study
highlights the inextricable interaction of technical and social factors of engineering judgment and
the ways in which “technical expertise is not necessarily disinterested [but instead] complicated
interests and even incommensurable goals and values are unavoidable” (p. 6). Equally important,
however, their analysis of the testimony and subsequent interrogation illuminates the ways in
which being recognized as an expert capable of rendering engineering judgments is contested
in and through discourse. In this case, an elected representative from a coal district repeatedly
questioned the judgments of the engineer testifying before the hearing. Early accounts analyzing
the decision to launch the space shuttle Challenger against the judgments of the engineers
highlight similar discursive complexities surrounding both how engineers make and position their
judgments and how others engage with, accept, or reject those judgments (Dombrowski 1992;
Herndl et al. 1991; Lynch & Kline 2000; Winsor 1988, 1990). And as Ternes (2019) notes, debates
over ‘good engineering judgment’ can play out in civil litigation over damage resulting from
industrial accidents - particularly as increases in extreme weather events increase the damage
risk.

Across these cases, the validity of engineers’ judgments is always linked to their discursive
identities. That is, these and related studies highlight the ways in which engineers must not only
demonstrate their capacity to enact the cognitive processes that comprise engineering judgment
but must also discursively construct identities that reinforce this capacity. These identities
enable students to position themselves as capable of rendering and communicating meaningful
engineering judgments in ways that are rhetorically and discursively credible. Importantly, as
Weedon (2019) points out, echoing the findings from cognitive science on team processes (Mosier
et al. 2018), this communicative work is not simply something that happens after a judgment is
reached, but is integral to the process of exercising judgment since judgments are the result not
only of individual actions but also emerge from the ways engineering judgments are constructed
from the perceptions and interactions among individuals working together on teams.

4.2 IDENTITY AS CULTURAL PRODUCTION

As Gee (2000) notes, however, discursive constructions of identity are also always embedded in
what he refers to as Discourse with a capital D - the socially and historically constructed community
or cultural narratives that to a large extent shape the identities (discourse or otherwise) that
are available to individuals and that individuals refer to and negotiate with. Within engineering
education, Karen Tonso’s work (2006a, 2006b) on the cultural production of engineering identities
offers a useful lens for framing the ways in which identity is always constructed within and against
larger cultural narratives. Cultural production theory examines the ways in which individual
identities are constructed through ongoing informal interactions in the context of a larger set of
existing beliefs, values, and practices (what Holland et al. [1998] term figured worlds). Drawing on
the work of Holland et al., Willis (1977), and others, Tonso (2006a, 2006b) used cultural production
theory to explore the ways student engineers present themselves and are recognized by others
as engineers through participation in campus communities and team projects. Focusing on the
social and institutional features that constitute the context within which students enact their
engineering identities, Tonso describes engineering identity production as “a complicated process
that [binds] up thinking about oneself as an engineer, performing an engineer self, and ultimately
being thought of as an engineer” (2006q, pp. 273-274). Her work shifts the focus from engineering
identity as a characteristic or feature held by an individual and toward the ways that the social
and institutional features, and in particular, language, create cultural spaces that yield particular
expectations and pressures that affect the types of identities the students perform. She looked,
for example, at the various terms available to describe engineers within one particular institution
(e.g., geek, hacker, curve-breaker, slacker) and explored the ways in which those terms and the
associated identities constrained or enabled individual engineering students to act in various
settings. Existing cultural forms thus define sets of norms and expectations that individuals engage
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with as they negotiate and construct their identities. And such cultural production is not limited
to students; recent work by Gewirtz (Gewirtz 2021, Gewirtz et al. 2021) draws on Holland et al. as
well to examine the ways in which new engineers construct their professional identities within and
against those made available by the norms, values, and structures of their organizations.

In the context of engineering judgment, we argue that cultural production theory offers a means
to understand the context in which discursive identities, including those related to exercising
professional judgment, are negotiated and enacted. That s, discursive identities are not constructed
through decontextualized conversations among individuals; rather, they are situated within larger
cultural forms circumscribing what it means to be both an engineering student and an engineer.
Tonso’s accounts of the ways in which students interacted on engineering design teams highlight
the ways in which individuals’ credibility - in short, the legitimacy of their judgments about project
decisions - were shaped by cultural norms continuously reenforced by both peers and faculty.
Importantly, those norms, particularly for students who did not conform to them, also served to
inhibit individuals’ ability to construct validated engineering identities (Tonso 2006a, 2007) and,
we would add, exercise engineering judgments that others perceived as legitimate and valued.

Cultural production theory suggests, then, that exercising engineering judgment in a way that is
recognizable to others requires individuals to construct identities that draw on the socially and
culturally meaningful practices - those practices recognized as “good engineering” broadly. And
as the work on discursive identity, as well as the research by Tonso and others, suggests, language
plays a critical role in the process of cultural production. Engineers must be able to construct
their judgments in and through discourse in ways that are recognizable as credible, meaningful,
actionable, and valid.

5. LEARNING ENGINEERING JUDGMENT

As we have suggested in the preceding sections, developing and exercising engineering judgment
requires a complex interplay of cognitive and discursive processes within the context of engineering
work. Figure 1 illustrates this interplay to define engineering judgment as a holistic participatory
capacity situated within the complex, open-ended, socio-technical contexts of engineering work
that integrates the cognitive processes underpinning naturalistic decision-making with the cultural
and discursive production of professional identities needed to effectively negotiate judgments.
Engineering judgment is fundamentally situated in a context characterized by complexity,
ambiguity, uncertainty, potentially conflicting goals, sometimes divergent stakeholders, highly
collaborative work, and recognized professional practices. Facets of engineering work such
as uncertainty and ambiguity, as in many professions, mean that enacting judgment requires
engineers to engage in a series of cognitive processes that include recognizing salient features and
key patterns within a given situation, relying on mental models and simulations to predict potential
outcomes of various alternatives, metacognitively monitoring the outcomes of choices, and using
both feedback and new input to learn and revise judgments. At the same time, the collaborative
nature of engineering work both requires and enables engineers to engage in these cognitive
processes in dynamic negotiation with others. To do so, they must simultaneously construct
individual and collective identities in and through language that empower them to negotiate
judgments; this process, however, is always framed by the identities that are culturally available
in a given context. Engineers embody and negotiate these identities as they interact with other
professionals to enact the cognitive practices that comprise naturalistic decision-making. Viewed
in this holistic way, engineering judgment is a capacity that professionals develop as they assume
multiple roles, experience multiple personal and professional contexts, and come to recognize a
range of patterns and social practices as they accumulate decision-making experience over the
course of their career trajectories.

As noted at the outset, our goal in building this framework is to help establish a more concrete
understanding of engineering judgment that can inform the design of both educational
experiences and future research. Toward that end, we offer suggestions for both educators and
researchers for how this framework might inform future practice.
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IMPLICATIONS FOR EDUCATION

With respect to educators, this conceptualization of engineering judgment highlights several
domains for engineering learning. To support the cognitive components, educational experiences
should help emerging engineers develop the capacities to interpret ill-structured or ambiguous
situations in ways that allow them to collaboratively or independently, to i) identify potential
pattern matches; ii) distinguish typical versus anomalous situations; iii) apply appropriate mental
models that allow them to simulate outcomes of choices; iv) monitor their own and their group’s
thinking and the evolving situation; and, v) manage uncertainty and ambiguity. To that end, current
research identifying effective practices for helping students build mental models (e.g., Johnson-
Glauch et al. 2020; Streveler et al. 2014; Yang et al. 2020), develop expertise (e.g., Litzinger et al.
2011; McKenna 2014), and engage in metacognition (P. J. Cunningham et al. 2018; Magana et al.
2019) can and should directly inform educators in designing relevant experiences.

The decision-making component of our framework, together with the context of engineering work,
also aligns with established arguments for the centrality of authentic open-ended project work
in engineering education (Johri et al. 2014; Jonassen 2014; Stevens et al. 2014). Skill-and-drill
problem sets characteristic of many technical engineering courses (Lord & Chen 2014) are not
sufficient, nor is a single design experience in the senior year - or even “bookended” cornerstone
and capstone experiences. Closed-loop decision-making, as indicated in Section 3, involves the
evolution of situational awareness, objectives, and preferences for outcomes based on closing
the feedback loop from observing the outcomes of decisions and adjusting decision processes
accordingly. Educators can help students engage in this process, then, by providing repeated
opportunities for exercising judgment and learning from experience, through targeted feedback
from experts, opportunities to fail, and, critically, prompts to reflect on and learn from both failures
and successes in ways that mirror the practices of expert capstone design educators (Pembridge &
Paretti 2019). These practices may also support metacognitive development as well as tolerance
for uncertainty and ambiguity (see, for example, work on self-directed learning in capstone courses
by M. Paretti et al. [2020], though significant work remains in this area). Faculty need to design
assignments and project schedules in ways that facilitate such learning; notably, such facilitation
typically includes the need for educators to directly observe student processes and interactions
through a range of developmental points within a complex assignment or activity.

At the same time, as the identity component of our framework indicates, to enact the cognitive
capacities involved in negotiating judgments, emerging engineers must be recognized by others
(faculty and peers) and recognize themselves as individuals capable of exercising judgments - a
recognition that happens through language. For educators, this recognition involves attending
carefully both to how we talk to our students and how we teach them to talk to each other. The
importance of classroom language is evident, for example, in work on student agency in capstone
settings by Svihla et al. (2021). They draw on the concept of opportunity structure, defined as
“the possible and perceived decision space that is shaped by a range of factors, including prior
experiences and norms, cultures, and policies.” Though they do not address judgment directly, their
study focuses on the contextual and discursive factors that shape the extent to which capstone
teams perceive and act on the freedom to make decisions regarding the scope of their projects.
The findings highlight the essential role played by both teaching assistants and student leaders on
in each team in creating the space to make decisions - and consequently, we suggest, to exercise
the judgments that precedes it. Specifically, the ways in which TAs and team leaders talked about
the projects could either invite or close down alternatives; in doing so, we suggest, they also made
certain identities available to students or foreclosed them. External clients, as well as students’
perceptions and beliefs about course projects and expectations, also heavily influenced the extent
to which team members perceived their own agency in making project choices. The findings from
Svihla et al. demonstrate the ways these larger curricular structures discursively constructed the
identities students considered available to them, while the local team interactions reflected the
ways in which students did or did not recognize one another (and themselves) as capable of and
invited to make judgments. These findings thus highlight the ways in which educators need to talk
with students in ways that support such recognition.
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The influence of classroom and interpersonal discourse also points to the need for educators to
design writing and speaking assignments that invite students to build discursive identities directly
aligned with exercising engineering judgment. Allie et al. (2009) set forth a compelling case for
learning as discursive identity acquisition over a decade ago, drawing on Gee as well as Lea and
Street (2006) and others to highlight the importance of helping students recognize and become
fluent in the language of their disciplines. Relative to engineering judgment specifically, educators
need to provide students with multiple opportunities to justify and negotiate decisions in the
context of engineering work, both in writing and verbally, formally and informally. As Wilde and
Guile (2021) explain,

(i) human interactions rely on different forms of justification; (ii) there are always
different conceptions of worth or value playing out in any situation; and, (iii) therefore it
is inevitable that different types of justifications, ultimately, have to be reconciled with
one another. (p. 188)

They go on to note that “the discussions and deliberations create a shared understanding of how
the different conceptions of value may play a part in resolving an issue that the team is currently
concerned with” (p. 189). We posit, in turn, that it is through these discussions and deliberations
that students both develop their facility with disciplinary discourse and enact discursive identities
as emerging professionals who are recognized, and recognize themselves, as capable of making
engineering judgments.

Developing these capacities require faculty to design writing assignments and project assignments
that foreground both students’ ability to justify their decisions and their capacities to negotiate,
test, and revise those decisions with each other. Work by Paretti (2006), for example, offers one
starting point in shifting writing assignments from knowledge performance to engaged practice,
and thus moving the instructor from evaluator to responder in ways that make space for students
to construct professional identities. And work on peer review in engineering writing suggests
opportunities for students to engage with each other around how texts are constructed and
revised (e.g., Ekoniak 2018). Notably, however, as early work by Berkenkotter (1984) suggests,
most students are not used to negotiating texts with one another or with instructors. Writing
for responsive readers requires students to contest claims of authority and reflect on the needs
of their audience in ways that might be abrogated through normal cycles of professor feedback.
Berkenkotter (1984) found that students responded quite differently to feedback based on the
writer’s personality, maturity, and nature of the feedback. In other words, the authors implicitly
(sometimes explicitly) assumed a certain degree of authority over their texts and assessed the
validity of the feedback against the degree of authority they were willing to yield to their peer
audience behind the feedback. Within engineering, the larger school culture of right and wrong
answers, as well as the focus within engineering on just getting projects finished (Svihla et al.
2021; Goncher & Johri 2015) makes it challenging for educators to facilitate negotiated judgments.
Recommendations such as those by Goncher and Johri, Svihla et al., Paretti, and others can help,
as can the kinds of discursive practices identified by Hmelo-Silver et al. (2008) for problem-based
learning facilitators.

As the preceding discussion suggests, engineering judgment cannot be built through a single
educational experience. Rather, the framework we propose suggests that across a curriculum,
students need to build conceptual frameworks and mental models that support prediction in
uncertain or ambiguous contexts, accumulate a series of open-ended project experiences that
begin to develop a repertoire of potential typical and anomalous patterns, develop metacognitive
skills that allow them to monitor and learn from feedback and failure, and negotiate and justify
decisions both orally and in writing in ways that position them as capable of and responsible
for exercising engineering judgment. Still, more work remains to identify both how to design
and how to implement assignments that facilitate the development of engineering judgment.
Critical issues such as how to meaningfully integrate opportunities for judgment developmentally
across a curriculum; how to balance the perceived need to cover course content with the need
to introduce experiences of ambiguity, uncertainty, and autonomy; and how to assess both the
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individual cognitive and discursive practices and the cumulative, collaborative enactment of
engineering judgment remain practical problems.

IMPLICATIONS FOR RESEARCHERS

The framework we proposed also offers multiple avenues for future research. In the domain of
decision-making, for example, it offers the opportunity to link existing work on cognition to the
specific cognitive processes associated with judgment and to examine the ways in which students
do or do not apply processes such as mental models or metacognition to situations requiring
judgment. It also affords the opportunity to continue to explore how students learn to respond
to ambiguity and uncertainty, particularly within a domain that often emphasizes the idea of a
“right” answer, and how their responses to uncertainty influence their enactment of judgment.
Similarly, in the domain of discursive identity, it offers the opportunity to explore the ways in
which both writing assignments and team dynamics do or do not make available to students the
identity needed to enact engineering judgment. How, that is, do writing assignments, instructor-
student, and student-student interactions help students recognize themselves and one another
as people capable of negotiating judgments together? At the same time, given the broader
research on engineering identity, scholars might also explore how do students’ conceptualizations
of engineering identity do or do not include the capacity for engineering judgment.

However, in positioning engineering judgment at the intersection of the cognitive processes
of decision-making and the cultural production of discursive identity within the context of
engineering work, we also necessarily excluded other potentially relevant domains that could
inform future expansions of this model. As our discussion of the relevant background theories
suggests, our proposed framework is also linked to other areas of research within engineering
education, including the work on expertise and engineering ethics noted earlier, as well as other
areas such as critical thinking, computational thinking, design thinking, or science agency. For
example, we need to understand much more about how both expert and student engineers
exercise engineering judgment, similar to earlier work by Atman et al. (2007) illuminating salient
differences in expert and student design processes, and how these differences might align with
the broader literature on expertise.

Finally, while beyond the scope of this article, the focus on identity in this framework, also has
potential implications for diversity, equity, and inclusion in engineering. As many scholars have
argued, the marginalization and exclusion of students who do not fit the normative stereotype
of engineering (i.e., White, male, cis-gendered, heterosexual) reflects prominent facets of
engineering culture that continuously reproduce and validate some identities over others. For
example, Tonso’s work highlights the ways in which the cultural production of engineering identity
often excludes women, and work by Riley et al. (Riley 2008; Riley et al. 2014), McCall et al. (2020),
Cech and Waidzunas (2011), McGee and Martin (2011), and others have similarly highlighted
cultural exclusions along race, (dis)ability, and sexual orientation. Their work, in conjunction with
our proposed framework, suggests that these cultural exclusions may also limit who is recognized
as able to enact engineering judgment. Since, as we have argued, students must be recognized
as capable of making engineering judgments, our theory of engineering judgment presents a site
for explicit discussion of the social and power dynamics that can influence the construction of
engineering work by limiting or amplifying the participation of individual students in engineering
judgment acts based on perception of identity.

To that end, more work needs to be done to understand how students discursively position
themselves and others within design projects, how they conceptualize their own and their peers’
engineering identities relative to engineering judgment, and how their written and oral discourse
practices support or hinder the development of this core professional capacity. Such work can
build on the strong research base in engineering identity that has emerged in recent years in
engineering education (e.g., Godwin et al. 2016, Ross et al. 2021, Gewirtz and Paretti 2021) that
continues to point towards the centrality of identity construction in supporting the personal and
professional development of engineering students. Engineering judgment, as a capacity and an
identity, has a critical role to play in that space.
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