
The Veiled Problem of ‘‘Problem Solution’’: Problem

Definition as Necessary but not Sufficient*

MARIE STETTLER KLEINE, DEAN NIEUSMA, CHELSEA SALINAS and AUBREY WIGNER
Department of Engineering, Design, and Society, Colorado School of Mines, 1500 Illinois St, Golden, CO 80401, USA.

E-mail: mkleine@mines.edu, nieusma@mines.edu, csalinas@mines.edu, awigner@mines.edu

In this paper, we provoke a discussion regarding how engineering educators perceive and frame engineering problem

solving and its central role in engineer education’s pervasive narrowing of perspectives. We catalyze dialogue about

equipping our students with the engineering judgment necessary to assess their institutional, professional, and

epistemological positionality. We aim to empower students to open the black box of problem definition, yes, but we

also want them to be attuned to the power and limits of traditional engineering problem solving as such, so they can

effectively deploy traditional engineering methods when generative and, when too restrictive, move beyond them. The

paper draws attention to engineers’ predilection for objects/artifacts, pragmatism, and quantitative approximation as

specific examples that frame what engineering work has been, hoping that engineers (as counter examples) can expand

beyond these traditional conceptions of technical work. The authors, critical participants in forming a new degree

program in Design Engineering, first describe what is at stake if engineers focus too narrowly. Next, literature from

engineering studies, a subfield of science and technology studies, contextualizes how an expansion of engineering

jurisdiction is appropriate. This jurisdiction expansion is described by moving from simple problem solving to problem

definition and solution, to further include ‘‘problem framing.’’ This paper then details our academic program, Design

Engineering at Colorado School of Mines, where we have attempted to overcome narrowly defined conceptions of

engineering work through problem framing. We reflect on our curriculum and program building as a generative site for

defining what engineering judgment is and ought to be. Rather than attempting to provide a series of best practices, this

provocation seeks to promote a deeper conversation on how we frame engineering work. Intermittent attention to

problem definition, however effectively executed, is not adequate to the task of challenging narrow techno-solutionist

educational frameworks. We aim to spark conversations about the solutionism embedded into engineering, questioning

engineers’ limitations and opportunities for growth in key areas, including learning how to implement problem definition

and solution while simultaneously critiquing its boundaries and expanding its utility.
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1. Introduction

Engineering students and educators alike identify

becoming effective ‘‘problem solvers’’ as core to

their engineering identity formation [1–3]; however,

the type of problem solving practiced in most

engineering undergraduate courses is highly simpli-
fied compared to real-world analogues, with many

of the real-world complexities that are not amen-

able to engineering analysis stripped away. This

reductionist approach to engineering problem sol-

ving has been widely identified as a barrier to

students’ engagement with real-world engineering

complexities [4], ultimately hindering their devel-

opment of the skills and judgment needed for
professional practice. With other scholars, we find

this misalignment between problem solving in engi-

neering education and professional practice to be of

general concern in terms of career preparedness of

graduates [1]. That broader concern notwithstand-

ing, this paper explores a particular dimension of

the larger phenomenon, specifically how ‘‘problem

solving’’ can be so thoroughly reductive and yet still

so central to discourses surrounding engineering

education’s effectiveness and how students charac-

terize their core expertise. We leverage this incon-

gruity in the planning of our own academic

programming and explore educational strategies

for addressing engineering problem solving in
ways that better prepare graduates for the complex

entanglements of professional practice.

One prevalent response to reductionist problem

solving among engineering educators is to teach

students to engage earlier in the design process,

specifically by adding ‘‘problem definition’’ to stu-

dents’ workflow prior to ‘‘problem solution.’’ Pro-

blem definition is the design step through which
unbounded real-world problems are translated into

‘‘engineering problems’’ – that is, problems amen-

able to engineering analysis. Adding problem defi-

nition to engineering problem solving is often

referred to as ‘‘problem definition and solution’’

or PDS. PDS is intended to open students to

considering a wider range of contextual factors

that shape real-world problems prior to their sim-
plification into engineering problems, hopefully
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informing the simplification process to achieve

more impactful and intentional engineering inter-

ventions [2, 5].

This paper’s authors are leaders in the develop-

ment of a relatively new Design Engineering bache-

lor of science degree program at the Colorado
School of Mines (Mines). Mines is a mid-sized

public university that focuses almost exclusively

on STEM undergraduate and graduate programs.

One of the central motivations for creating the

Design Engineering program was to provide a

more expansive approach to engineering education

than traditional engineering disciplinary program,

thereby aligning better with engineering profes-
sional practice. A key mechanism we identified for

achieving that expansion was delivering repeated

exposure to problem definition along with problem

solution. In this sense, we are advocates for PDS

and draw explicitly on that framework in our

coursework, highlighting for students the impor-

tance of the problem definition phase of design to

engineering project success. Somewhat to our
surprise, however, our curriculum-development

experience – and in particular our engagement

with ABET accreditation planning – has high-

lighted for us that PDS is inadequate to addressing

the root cause of engineering education’s narrow

conception of problem solving. Specifically, we

found ourselves returning repeatedly to ABET’s

Criterion 3.1 – ‘‘an ability to identify, formulate,
and solve complex engineering problems by apply-

ing principles of engineering, science, and mathe-

matics’’ [6] – homing in on both ‘‘engineering

problems’’ and ‘‘applying principles of engineer-

ing.’’ How might we engage this key student out-

come, and implicit assumptions surrounding both

‘‘engineering problems’’ and ‘‘engineering princi-

ples,’’ while holding true to our program’s goals
built upon PDS and an expansive approach to

engineering practice?

As we have built our program’s educational

foundation upon PDS, our biggest conceptual

challenge has been grappling with the highly circum-

scribed presumption of what constitutes an ‘‘engi-

neering solution’’ to begin with [7]. To our surprise,

we have found this challenge to be independent of
whether the respective problem-solving process was

preceded by problem definition. Rather thanmerely

inserting problem definition at the front end of an

engineering problem-solving process that otherwise

remains identical – resolving as it does into the same

narrowly focused engineering ‘‘solution’’ as pre-

scribed by Criterion 3.1 – we have sought to shift

the entire ‘‘problem space’’ upstream by displacing
the end-step of a traditional engineering problem

solution with our expanded frame. Rather than

conceiving a ‘‘solution’’ as a single, discrete

number; an optimized model; or even a discrete

design proposal, that is to say, a final answer

enclosed within a box, our programming seeks to

interrogate this very conception of an ‘‘engineering

solution’’ as reduced exclusively to that which is

amenable to engineering analysis. Hence, in addi-
tion to replacing problem solution with problem

definition and solution, we go one step further to

explore ‘‘problem framing’’ – which we conceptua-

lize as the rich interplay among our epistemological

predilections, what we interpret to be problems

worth solving, and the problem-solving tools at

our disposal. We argue that engineering judgment

is needed to effectively navigate the richness of
problem framing, to know what one knows and

how to apply it as well as the limits and positionality

of that knowledge and its potential application

within a given problem space.

This paper explores engineering problem framing

and engineering judgment by first considering rele-

vant scholarship from engineering studies, the sub-

field of science and technology studies that focuses
specifically on engineering knowledge and practice.

Next, we review the development of our academic

program, Design Engineering, where we have

labored to overcome narrow conceptions of engi-

neering solutions. The following section considers

our findings and reflects on some of the practical and

theoretical implications of our work. We then con-

clude the paper by returning to engineering judg-
ment and the importance of situating engineering

knowledge within complex problem-solving envir-

onments with differential perspectives and goals.

2. Engineering Studies Literature on
Problem Solving

2.1 Engineers’ Lost Claims of Jurisdiction over

Technology

Anthropologist and science and technology studies

(STS) scholar, Gary Downey, claims that engineers

have increasingly ‘‘lost claim of jurisdiction’’ over

technological development, stating that engineers

(and their educators) face four challenges to their

jurisdiction and, as a result, the defining features of
their work. First, scientists have increased their

claims to the ‘‘applied’’ dimensions of their practice

as being mainstream to their work, thereby incor-

porating technology increasingly as part of scien-

tists’ purview [5, pp. 438–39]. Whereas previously

science was described as ‘‘upstream’’ to engineer-

ing, the linear notion of a science-to-technology

pipeline has been thoroughly blurred. This blurring
is reflected in STS through the conceptualization

and study of ‘‘technoscience’’ as an alternative to

science and engineering as mutually exclusive

domains of practice [8].
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Second, Downey addresses the mass production

of engineers as technicians around the world [2].

Downey points here to the work of historian

Rosalind Williams [9], which describes the creden-

tialing of engineering by written exam as one of the

main factors that has distanced engineers from the
material and object-oriented core of their profes-

sional practice, such as that described by scholars

like Louis Bucciarelli [10]. Williams describes a

credentialing process based more on digital fluency

and rote, applications-based versions of engineers’

former identities, describing academic engineering

departments in the United States as increasingly

akin to applied information technology. These
transitions in modes of professional formation

dilute engineers’ ability to claim real and complex

problem solving as core to their training.

Third, engineers’ jurisdiction over the develop-

ment of technology is threatened by ‘‘the institutio-

nalization of teamwork in industry’’ [2]. While

many of the dominant images of engineering work

in the 19th and 20th centuries were of single,
individual inventors who worked by themselves,

modern labor prioritizes teamwork. What follows

is that engineers’ lack of institutionalizing multi-

disciplinary participation leads to the distancing of

relevant problem framing from engineers’ purview.

Below, we will describe teamwork as a productive

opportunity space; however, in engineering pro-

grams and institutions where teamwork fails to
incorporate participants from varied disciplinary

perspectives, much of this potential is lost. These

threats to the jurisdiction of engineering practice set

the stage for Downey to claim that engineers must

reposition themselves as problem definers as much

as problem solvers. By taking greater ownership

over which problems are theirs to solve and how

those problems are operationalized so as to align
with an expansive notion of engineering expertise,

engineers can retain credibility as self-regulating,

authoritative professionals and change makers.

2.2 Problem Definition and Solution

Downey established the problem-definition-and-

solution (PDS) framework as a response to engi-
neers’ loss of jurisdiction over technology develop-

ment [2]. Downey’s construct of PDS provides a set

of four practical strategies for engineering educa-

tors to apply in their classes and programs to

address the challenges to legitimacy described

above. First, engineers should be involved with

early-stage problem defining so as not to be siloed

as ‘‘purely technical’’ problem solvers (i.e., techni-
cians). Too often in engineering education, the

provided problem statement is so narrow and

specific, so completely removed from any relatable

context, that students can expertly solve the pro-

blem without understanding how or where such a

solution might be relevant to ‘‘real-world’’ engi-

neering practice [2]. Participating in problem defini-

tion allows engineers to develop a more holistic

understanding of their work, including developing

greater clarity on how it connects with users and
other proximate stakeholders. As Downey states,

‘‘by successfully defining a problem one also takes

possession of it, gaining control over what will

count as a desirable outcome’’ (p. 446).

Downey’s second strategy for deploying PDS is

for engineering students to define problems along-

side others who understand the problem space

differently (pp. 446–47). As Downey claims, ‘‘Engi-
neers trained in conventional problem solving

know that the first step in solving an engineering

problem is to draw a boundary around it so that it

can be analyzed in mathematical terms.’’ This

approach makes problems uniquely amenable to

engineers’ expertise, and thereby separates engi-

neering solutions from other disciplinary

approaches and perspectives. While this process
enhances the disciplinary authority of engineers –

or at least their authority over problems framed by

them for their expertise – it simultaneously isolates

them from engaging in negotiations over the bene-

fits, limitations, and implications of that expertise,

negotiations that clarify one’s positionality in com-

plex knowledge ecosystems rife with power dispa-

rities and struggles over disciplinary legitimacy as
described above. Downey argues that engineering

students’ engagement with divergent disciplinary

perspectives, particularly during problem defini-

tion, can increase disciplinary awareness that

enhances their legitimacy through engagement

rather than retreat and isolation.

Not only should engineering students engage

other disciplines in solving problems, but they
should also consider their solutions from the per-

spective of other stakeholders, including users,

according to Downey’s third strategy for PDS (p.

448). Through diverse stakeholder engagements,

engineers can learn to negotiate both the problem

and solution spaces, as well as their interrelation-

ships, with the possibility of challenging implicit

power imbalances. For example, providing a tech-
nological solution to an ill-structured human pro-

blem likely increases the power and authority of

engineers relative to other stakeholders, irrespective

of the suitability of any derived solution otherwise;

as STS scholars have long argued, technological

interventions are inherently political [11]. Teaching

robust stakeholder engagement provides students

the ability to navigate the political implications of
their epistemological commitments as they bump

up against the perspectives and priorities of users

and others impacted by their technologies. Huma-
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nitarian engineering, engineering for community

development, and service-learning opportunities

serve as educational sites for making these implica-

tions explicit; however, without simultaneously and

decisively navigating the value-ladenness of engi-

neering approaches, these initiatives risk providing
the same, narrow engineering solutions, even if

those solutions are more closely aligned with user

needs [12], [13] as a result of stakeholder engage-

ment. Additionally, even when such projects are

scoped to serve the need of targeted users, student

learning is consistently prioritized over community

development [14].

Downey’s final strategy for PDS extends the
prior three, calling for engineers to serve as ‘‘tech-

nological mediators’’ and to consider such media-

tion as an important part of engineering work (pp.

448–9). This means that engineers should navigate

the trade-offs associated with different solution

pathways – not only the tradeoffs impacting them-

selves and their design solutions, but also tradeoffs

arising from engagement with different stake-
holders, different definitions of the problem, and

different motivations for defining problems in

various ways, including ways that challenge their

own assumptions. In Downey’s words, ‘‘engineers

would continue seeking solutions to meet technical

needs but also add the work of reconciling differ-

ences in defining them’’ (p. 448). In summary,

Downey claims that PDS creates opportunities for
a new type of engineering work, work that not only

oversees the development of new technologies [15],

but also navigates the political tradeoffs inherent in

engineering, especially as they manifest through

problem definition.

2.3 Object-Oriented Predilection, Pragmatism, and

Approximation

Engineering studies scholars provide images of

engineering practice that emphasize making and

negotiating ‘‘things,’’ through pragmatic and

approximate decisionmaking. Symmetrically, engi-

neering faculty articulate engineering as the appli-

cation of math and science, problem-solving, and

making [16]. For example, Louis Bucciarelli
describes an object-oriented worldview within engi-

neering [10, 17], characterizing engineering design

as a site where engineers’ object-world epistemol-

ogy meets with other perspectives [10], where dif-

ferently situated participants speak different

languages and mathematical, physical, and mate-

rial as well as social, organizational, and political

decision-making converge [17]. Describing an engi-
neer’s individual efforts in applying their expertise

to the design process, Bucciarelli introduces the

concept of ‘‘object worlds’’ to convey how engineers

carry out their work using the appropriate disci-

plinary tools, language, and skills to design and

build ‘‘things.’’ According to this framework, the

engineer sees and works with an object individually

because of their own positionality, experience,

skills, and expertise [10]. Each engineer inhabits a

unique object world. It is in the meeting of object
worlds that allow the design of objects, but it is

engineers’ unique individual training and past that

allows them to see objects differently from other

disciplines but also even from one another. And it is

the thingness of engineers’ object worlds that enable

them to preconceive appropriate solutions (and

problem definitions) as artifacts even before they

are designed. In other words, engineers are trained,
conceptually and in terms of their tool sets, to

perceive technologies, and particularly technologi-

cal artifacts, as solutions to diverse human pro-

blems.

Additionally, engineering practice prioritizes

socially constructed pragmatism. This pragmatism

recognizes distinct priorities (to employer, environ-

ment, individual values) which all can somehow be
mutually accomplished, even if at first they seem

distinct and counterproductive to one another. As

anthropologist Jessica Smith describes, engineers

exhibit a solutionism that prioritizes benefits for all,

or ‘‘win-win’’ scenarios that reconcile their distinct

accountabilities [18]. Smith’s detailed work

describes engineers’ desired wins for their corporate

employer and a wins for the communities that their
designs will impact – or at the very least a mini-

mization or reduction of negative impact. It is

through this pragmatic framing that problem defi-

nition occurs [19], providing a grounded example of

Downey’s vision of technological mediation, allow-

ing engineers to respond to their employer’s needs

while also looking beyond them. Still, engineers’

pragmatist view of their employment often super-
sedes this idealized view of trade-offs [20].

Beyond pragmatism, engineers prioritize approx-

imation. In anthropologist Elizabeth Reddy’s

account of the group of engineers who built Mex-

ico’s earthquake early alert system, she describes

the pride those engineers took in approximating

reality to produce a particular conception of utility

[21]. For these engineers, it was the art of approx-
imation – knowing what to simplify and how – that

set engineering practice apart from scientific

inquiry. In fact, it was through imprecision that

the engineers’ work was deemed useful in practice.

In combination with the pragmatism described

above, engineering solutions are designed to serve

a purpose, and through PDS, engineers will define

problems that are solvable through object-oriented
design, an eye towards pragmatism that prioritizes

‘‘we all win’’ outcomes, and a form of approxima-

tion that is embedded into their problem definition
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and solution making. These three features of engi-

neering practice are not problems in and of them-
selves, but they provide a pervasive backdrop to

how engineers go about reducing real-world com-

plexities and divergent needs and goals into the

kinds of problems engineers pursue.

3. Design Engineering Program
Development

3.1 Design Engineering Program Overview

The Design Engineering program at the STEM-

focused Colorado School of Mines is offered by a

broadly interdisciplinary academic department

called Engineering, Design, and Society (EDS).
EDS faculty span academic disciplines in social

sciences, engineering and natural sciences, engi-

neering education, and design, with most faculty

educated in two or more disciplines and numerous

faculty with professional engineering career experi-

ence. Table 1 provides a snapshot of EDS’s faculty.

Drawing on EDS’s disciplinary breadth, Design

Engineering combines: (1) a ‘‘design spine’’ of
interdisciplinary, open-ended design coursework

offered exclusively by our department; (2) tradi-

tional math, science, and engineering coursework

offered outside our department; (3) focus area

electives offeredwithin and outside our department,

where students can apply their design and engineer-

ing analysis skills to an area of individual interest

and career aspiration, and (4) our university’s
general education requirements in the areas of: (a)

culture and society, (b) wellbeing, and (c) unrest-

ricted electives. Fig. 1 provides a simplified sche-

matic of the Design Engineering program’s

curricular structure.

The design spine is the program’s hallmark and

includes our department’s ‘‘bookend design’’

courses that are also offered to the wider

campus – Cornerstone Design as a first-year intro-

duction to engineering design, design thinking, and
stakeholder engagement and Capstone Design as a

two-course senior-year sequence, where students

work with external clients on their real-world

design challenges. Between these bookend design

experiences, the Design Engineering curriculum

provides a unique sequence of ‘‘integrative design

studios,’’ which serve Design Engineering students

exclusively. Through these studios, students explore
complex, real-world problems, where they are

charged with defining, examining, and assessing

the tradeoffs surrounding multiple solution

approaches, identifying and weighing a variety of

assumptions in context, including the assumption

that the problem identified is even amenable to a

discrete technological solution arrived at via tradi-

tional engineering analysis. The integrative design
studios are informed by diverse disciplinary per-

spectives from engineering, the social sciences, and

human-centered design as conveyed by the EDS

faculty’s diverse academic and professional exper-

tise. The integrative design studios have been

designed and are instructed largely, but not exclu-

sively, but the authors.

The full design spine includes the following
courses:

� Cornerstone Design – An introduction to engi-

neering design serving the entire campus com-

munity, including Design Engineering.
� Introduction to Design Engineering – An intro-

duction to integrative design at the intersection of

engineering design, design communication and

visualization, and social sciences perspectives.

� Design Unleashed – An open-ended design

courses that permits students to identify and

pursue individualized design learning, structured

via an iterative prototyping process.
� Design for a Globalized World – A systems

thinking and design course exploring global

interdependencies surrounding social and envir-

onmental systems.

� Design and Modeling of Integrated Systems – A

systems modeling course that enables students to

characterize and formalize component relation-

ships to inform design in response to complex
sociotechnical systems.

� Design Engineering Applications – A career-

focused distillation of student competencies and

designer identities.
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Table 1. EDS Department Faculty Profile (n = 20)

Most-advanced degree

Men/women
identifying

Teaching track/
tenure trackSocial science

Engineering/
Science

Engineering
education Design

8 8 3 1 12/8 14/6



� Capstone Design I & II – An interdepartmental

collaboration offering client-sponsored projects

spanning Design, Civil, Electrical, Environmen-

tal, and Mechanical Engineering programs.

The pairing of traditional engineering course-

work, including Cornerstone and Capstone

Design, with our integrative design studios allows

students to understand a broad sweep of socio-

technical systems concepts, while also making con-

nections among them. Navigating and addressing

this translation process develops a breadth of
engineering judgment not typically required in

traditional engineering programs. This judgment

demands both knowing what one knows and how

to apply it in context as well as the limits and

positionality of that knowledge and its application.

While other observers may interpret this approach

as engaging non-engineering disciplines, we assess it

as integral to engineering insofar as real-world
engineering design always involves differently situ-

ated participants and their distinct perspectives.

Engineering students then can also begin to see

themselves as technical mediators in other venues,

translating what they know of their traditional

engineering coursework into design settings.

3.2 Problem Definition and Solution as

Foundational to Design Engineering

PDS serves as an explicit pedagogical foundation

for our program, and this section provides a brief

overview of how we implement PDS. Table 2

summarizes Downey’s four strategies for practicing

PDS as well as their implementation in Design

Engineering. Each of our implementation strategies

will then be described in greater detail.

PDS Practice 1: Early involvement in problem
definition

This is core to our engineering design program-

ming, serving as the basis for the design process

executed in several of our core-curriculum courses,

starting with our first-year Cornerstone Design,

where all Mines students engage with a broad,
common theme described in a short call for propo-

sals and project brief. Themes in the past have

included designing to support aging in place,

responding to natural hazards and derived risks,

and reusing urban waste. These open-ended calls

provide students a common theme aroundwhich all

projects revolve, while simultaneously allowing
teams considerable flexibility to craft their own

problem definition with distinct targeted users.

This practice allows students to engage with a

loosely bounded problem space, which in turn

requires them to conduct significant background

research to create amore specific problem definition

that will then guide their solution-generation pro-

cess.

PDS Practice 2: Collaborate with diverse problem

definers

We do our best to encourage our students to work

with others who define problems differently – and

Design Engineering students tend to take a broader

approach to problem definition than their disciplin-

ary engineering student peers. However, we are

situated within a STEM institution, whose student

body overwhelmingly consists of STEM students,
with only a small handful studying engineering

economics, technology management, and natural

resource policy, so even our non-STEM students

focus on STEM-related applications. Hence, while

theremay be a number of engineering students from

various majors present on a given team, and while

Design Engineering student focus areas are broad

and diverse, almost all students pursue engineering
or science. In the face of this limitation, we do our

best to encourage our students to think beyond

traditional STEM perspectives, even as it is difficult

at Mines to assemble broadly interdisciplinary

design project teams.

PDS Practice 3: Assess implications for a variety of

stakeholders

From their very first design experience in Corner-

stone Design, our students are required to pursue

pointed stakeholder engagement, with specific
learning outcomes, supportivemethods instruction,

Marie Stettler Kleine et al.1448

Table 2. PDS Practices and Generalized Implementation Strategies in Design Engineering

PDS Practice Implementation

1. Early involvement in problem
definition

Emphasis on problem definition over solution, especially at the early stages of major
design projects; solution posing over solution specification.

2. Collaborate with diverse problem
definers

Extensive stakeholder engagement and background research into the problem space;
project groups entail students with diverse focus areas.

3. Assess implications for a variety of
stakeholders

Consideration of a variety of stakeholders, including targeted users and the design
sponsor/firm, but also extending to include adjacent stakeholders; deployment of risk-
assessment tools applied specifically to stakeholder interests.

4. Recognize technical mediation as a
component of engineering work

Analysis of complex sociotechnical systems at different levels, including considering the
problem/solution from disciplinary perspectives of engineering, design fields, and the
social sciences.



and instructor follow-up to ensure teams remain

grounded in stakeholder needs. Cornerstone

Design specifically requires students to identify

and then engage focused targeted user groups as

well as subject-matter experts who can help student

understand better both the context of the problem
and state-of-the-art solutions applied within that

context. These engagements are intended to vali-

date ‘‘How might we?’’ problem statements for the

teams. TheCornerstoneDesign program leadership

identifies subject-matter experts for each semester’s

theme who have a big-picture understanding of the

problem area, instead of experts in one solution

area or technology or disciplinary approach. Stu-
dent teams must identify for themselves technology

domain experts only after having defined their

individual problem statements. As with PDS prac-

tice 2, we do our best to counteract students’

tendency to lock-in prematurely on a particular

solution or solution domain by introducing stake-

holder perspectives they would otherwise not have

access to given the educational resources at hand
overwhelmingly favor engineering perspectives.

PDS Practice 4: Recognize technical mediation as a

component of engineering work

Design Engineering students are taught to consider

stakeholder situatedness and perspective from the

beginning, and they are provided with concepts and
terminology to support inquiry into how perspec-

tive is shaped by one’s situation, context, education,

etc. Importantly, this includes ‘‘sociotechnical’’

frameworks that complicate the facile demarcation

between social and technical dimensions of engi-

neering practice. This focus on engaging, learning

about, and representing diverse perspectives pro-

vides fundamental skills in technical mediation for
our students. Additionally, we return repeatedly to

the departmental configuration of Design Engi-

neering’s host academic department, Engineering,

Design, and Society, which exists at the intersection

of engineering/STEM disciplines, design disci-

plines, and the social sciences and humanities. We

believe that a prerequisite for engineering students

to become effective technical mediators is recogni-
tion of distinct, and in some ways divergent, world-

views across stakeholder groups. Such distinctions

cannot be resolved through analysis or expert

authority but must be mediated via situated dialo-

gue in context over time, which is to say, technical

mediation.

3.3 DE Program Assessment

While we were more or less content with the overall

standing of our program’s curriculum, and in

particular proud of our achievements integrating

social dimensions of engineering practice into stu-

dents’ design activities, our planning for ABET

accreditation exposed to us a series of progressively

more nuanced challenges associated with our socio-

technical integration efforts. For accreditation, we

set for ourselves the ambitious goal of relying

exclusively on our design spine coursework for
accreditation assessment. The implication of this

decision was that all ABET student learning out-

comes would be assessed exclusively within our

design coursework, leaving the larger fraction of

the curriculum’s traditional engineering course-

work – including both engineering fundamentals

and engineering electives courses – not to mention

the larger-still component of basic math and science
courses, wholly outside of our assessment regime.

Our programming decision of rejecting tidy pro-

blem solutions as part of our design spine meant we

could not rely on discrete solutions to engineering

problems, say calculating resultant forces on a free-

body diagram, to demonstrate our students’ engi-

neering learning outcomes. We embarked upon a

months-long effort to craft an alternative approach
to outcomes assessment.

With each of our program’s educational objec-

tives, we took time to research, deliberate, and

reframe typical approaches to outcomes assessment

in alignment with our program’s unique goals. A

post facto characterization of our process includes

four broad phases. First, we sought to clarify our

program’s unique educational achievements. To do
this, we explored how student achievement of a

traditional engineering skills (throughout history

and across disciplinary and institutional contexts)

was reflected in other engineering programs’ assess-

ment frameworks and then characterized the lim-

itations of these approaches with respect to our

educational goals. Second, we sought to identify

our unique strengths in problem framing, design-
process navigation, solution concept exploration,

and identify formation [1] among our students. This

step led to a revised set of program learning out-

comes, which are enumerated in Table 3.

The third phase of our assessment planning

process was likely the most consequential in terms

of aligning accreditation with our educational

aspirations. Via several rounds of iteration as a
group, we crafted performance indicators that

simultaneously deconstructed traditional engineer-

ing student competency assessment and recon-

structed components of our program’s unique

approaches to design education. This critical step

aligned our ABET assessment practices (and hence

our continuous improvement processes) with our

program’s atypical engineering learning outcomes,
generating the necessary latitude for educating a

more holistic engineer. This step also aligned our

assessment practices with our and our students’
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motivation to engage the broader contexts shaping

expectations of our students, their particular com-

petencies, and their ability to demonstrate those
competencies in useful and meaningful ways

through their education, careers, and personal lives.

Finally, our fourth step was to moderate our

own expectations by recognizing the limitations of

our fundamental educational transformation

initiative given the over-determined nature of edu-

cational and professional institutions, the episte-

mological conservativism of disciplinary
reproduction, and reality of educating diverse

students with diverse individual educational goals

with our limited resources and limited time with

our students relative to the vast majority of their

other coursework.
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Table 3. Design Engineering Program Educational Objectives

The objectives of the Engineering, Design, & Society’s Bachelor of Science in Design Engineering program are to produce graduates
who, within five years of graduation, will:

� Creatively interpret complex problems and propose novel solution concepts contextualized within unique social, technical, ethical
and environmental constraints.

� Serve as solution innovators, bridging the gap between social, technical and creative design disciplinary teams, all while
demonstrating high levels of ethical standards, social consciousness and technical expertise.

� Contribute to interdisciplinary problem-solving endeavors and establish positions of leadership in their careers and through service
activities within their profession or community.

� Embrace expansive lifelong learning, demonstrating continuous professional growth.

Table 4. ABET Criterion 3 Student Outcomes (1–7) and Program-Specific Performance Indicators (PI)

1. An ability to identify, formulate, and solve complex engineering problems by applying principles of engineering, science, and
mathematics.
PI-1.1: Determine appropriate boundary conditions to support problem definition.
PI-1.2: Identify appropriate engineering, science, and math principles to inform problem solution.
PI-1.3: Calculate solution components using suitable steps.
PI-1.4: Assess alternative solutions with respect to engineering, science, and mathematics principles.

2. An ability to apply engineering designmethods to produce solutions thatmeet specified needs with consideration of public health, safety,
and welfare, as well as global, cultural, social, environmental, and economic factors.
PI-2.1: Execute robust design problem framing through needs identification, problem definition, research and alternative solution
approach exploration.
PI-2.2: Synthesize social and technical design decisions throughout the design process.
PI-2.3: Compare alternative design solution approaches and their impact on social ‘‘goods’’ (public health, safety, and welfare).
PI2.4: Validate optimum design solution considering global, cultural, societal, environmental and economic factors.

3. An ability to communicate effectively with a range of audiences.
PI-3.1: Identify and deploy appropriate communication strategies based on intended purpose for differing audiences.
PI-3.2: Organize communications content in logical and effective manner with supporting information (e.g., data, evidence,
references, reason).
PI-3.3: Receive and document in-process feedback and apply it to future design iterations.
PI-3.4: Communicate using written, oral, and/or visual modalities in a way that is effective with target audience.

4. An ability to recognize ethical and professional responsibilities in engineering situations and make informed judgments, which must
consider the impact of engineering solutions in global, economic, environmental, and societal contexts.
PI-4.1: Identify and describe salient mutual impacts between engineering designs and global, economic, environmental or social
contexts.
PI-4.2: Anticipate and describe the likely impacts of proposed solutions on global, economic, environmental and social contexts.
PI-4.3: Contextualize ethical design principles according to specific users and use settings.
PI-4.4: Adapt ethical solution requirements to variable contexts (e.g., user empathy, professional responsibility, pattern
recognition).

5. An ability to function effectively on a team whose members together provide leadership, create a collaborative and inclusive
environment, establish goals, plan tasks, and meet objectives.
PI-5.1: Collaborate with teammates to create shared team goals and peer expectations.
PI-5.2: Enact a variety of projectmanagement skills, including delegation, distribution of responsibilities, integration of individual
work output, cultivation of accountability, and assessing output according to agreed-upon goals.
PI-5.3: Provide and receive constructive feedback to foster an inclusive team environment.
PI-5.4: Serve in a variety of roles on a team.

6. An ability to develop and conduct appropriate experimentation, analyze and interpret data, and use engineering judgment to draw
conclusions.
PI-6.1: Identify and examine key variables informing engineering decisions.
PI-6.2: Identify appropriate measurement tools, methods or constraints for variables of interest.
PI-6.3: Analyze data to identify noteworthy patterns.
PI-6.4: Apply engineering judgment to make relevant, appropriate and justified decisions.

7. An ability to acquire and apply new knowledge as needed, using appropriate learning strategies.
PI-7.1: Identify salient knowledge that is absent but is needed to address problem.
PI-7.2: Establish strategy to acquire and validate knowledge.
PI-7.3: Apply new knowledge to solution generation and validation.
PI-7.4: Demonstrate how acquired knowledge informed the design solution.



In building out performance indicators, the

author team aimed to utilize our programmatic

strengths – such as interdisciplinary faculty, a

passionate and highly-engaged student body, and

a willingness to wrestle with ambiguous problem

spaces – while continuously being circumspect of
what we included within engineers’ jurisdiction. As

we drafted our performance indicators – which

articulated how our students should produce solu-

tions, design experiments, and make ethical deci-

sions – we considered the broader purposes of each

ABET student outcome and the degree of flexibility

in how it could be assessed through thoughtful

curriculum building. Table 4 provides the list of
ABET 2024-2025 Criterion 3 Student Outcomes for

Engineering Programs (1–7), along with our pro-

gram’s unique performance indicators for each sub-

criterion delineated.

Our hope and intention with this set of perfor-

mance indicators is that they support our develop-

ment of holistic problem framing among our

students. For example, achieving and assessing
PI-2.3: Compare alternative design solution

approaches and their impact on social ‘‘goods’’

(public health, safety, and welfare) relies on stu-

dents’ ability to contextualize how different stake-

holders define this social good and assessing their

proposed design solutions accordingly. Through

project-based coursework in Design Engineering

Applications, students are asked to produce a
public-service announcement describing the bene-

fits of their design interventions, which develops

their ability to speak to target audiences about

benefits and limitations/potential risks associated

with their solutions, both to intended audiences and

the public broadly.

Another example of how our performance indi-

cators advance students’ development of holistic
problem solving is PI-4.4: Adapt ethical solution

requirements to variable contexts (e.g., user empa-

thy, professional responsibility, pattern recognition).

This performance indicator provides the capacity

to ‘‘count’’ students’ ability to assess the role of

specific contexts in determining appropriate ethical

dimensions of a proposed design solution. Recog-

nizing context as an important dimension of ethical
decision making is unique relative to typical engi-

neering ethics education. Instead of claiming either

universal ethics framings or entirely situational

decision making, this performance indicator

accounts for recognizing and reading context as a

component of engineering decision making.

Our efforts build upon and expand the PDS

approach by systematically exploring ‘‘problem
framing’’ as an equal dimension of engineering

education alongside ‘‘problem solving.’’ However,

our approach to problem framing goes beyond

simply adding problem definition to the traditional

engineering problem-solving process. It engages

students in translating real-world problems into

engineering problems (problem definition), but it

also engages them in understanding the wide-ran-

ging conditions that demarcate an acceptable engi-
neering problem statement and, hence, implicitly,

an acceptable engineering solution. Shifting focus

from problem solution to problem framing allows

students to move between (traditional) engineering

and alternative perspectives on the problem at

hand, implicitly determining what potential solu-

tions are considered sensible [22].

4. Discussion: The Problem with Problems

Having reviewed our efforts to operationalize ‘‘pro-

blem framing’’ as a core engineering skillset via our
ABET assessment practices, we now return to some

of our concerns regarding ‘‘problems’’ as the pri-

mary unit of engineering design inquiry. First, the

problems that engineering students are typically

asked to solve – across the majority of their

engineering coursework – are very different than

the problems they define and solve in their design

courses. We believe this gap is of essential impor-
tance, and students require curricular space and

scaffolding to explore the reasons behind the gap

and its significance to their education. Second, in

most engineering design courses, whether at

STEM-focused universities such as our own or at

comprehensive or liberal arts-focused universities,

rarely are non-engineering students participants in

the courses or on the design teams. As a result,
faculty and students alike are permitted to

approach problem defining through a closely

aligned, if not singular, disciplinary lens, leading

to overemphasis on the engineer’s pragmatism, the

predilection towards objects and the building of

things, and thinking about approximation as cen-

tral to their work.

4.1 False Equivalency of Problem Solving

Like their students, engineering faculty members
often include ‘‘problem solving’’ in their universa-

lized narratives of engineering practice [16]. This

terminology and its underlying attitude provide

substantial yet arbitrary limits on which (human)

problems are considered to be (engineering) pro-

blems and how those problems are to be scoped in

order to be manageable for an individual or small

team of engineers to attempt to solve. Amajority of
the engineering sciences, considered to be the

‘‘sacred cows’’ of engineering education [23], pro-

vide ‘‘problems’’ that engineering students are

expected to be able to solve, often quickly, through

the correct matching of a provided problem with a
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derived equation and flawless algebraic manipula-

tion to arrive at a single, numeric ‘‘solution.’’ This is

the answer enclosed within a box referred to in the

introduction.

Insofar as these types of problems are considered

to be ‘‘sacred’’ in engineering education, it con-
strains how design educators can make jurisdic-

tional claims surrounding educating students in

problem solution: The ‘‘problem solving’’ pro-

cesses in engineering sciences and engineering

design clearly are not equivalent. They are not

even conceptualized as nested problems; that is to

say, problems from the engineering sciences are not

typically taught as tools for larger solution devel-
opment in more comprehensive design courses.

Instead, they embody the ‘‘engineering problem’’

and solution unto themselves. It is rare, and

typically not until senior design, that design-

informed approaches are applied to problem sol-

ving, where students participate in problem defini-

tion, at least in terms of establishing design

requirements and constraints. In contrast, intro-
ductory design course students typically are not

expected to provide thorough quantitative engi-

neering analysis, because they have not yet taken

the relevant engineering science courses that are

prerequisite to such analysis. As reasonable as the

prerequisite logic appears, the converse is not also

true: That once students have gained decontextua-

lized engineering analysis skills, they are then
provided ample opportunities to apply those

skills – and importantly to determine when and

how to apply them – to widely open-ended design

projects. Our approach attempts to address this

challenge by teaching our students to define pro-

blems with a clear understanding of their own

skills, the limits of these skills, where these skills

fit relative to others’ skills (particularly the skills of
other engineers), and how to align all this with the

perspectives and expectations of differently situ-

ated stakeholders surrounding the problem.

4.2 Interdisciplinarity at an Engineering

University?

Together the second and third PDS practices
emphasize interdisciplinarity in terms of how engi-

neers ought to engage with problem definition and

with stakeholders, yet interdisciplinary problem

solving is context specific [24]. Because of the

Mines student body’s disciplinary make-up, pro-

blem-solving activities are carried out by teams

made up almost exclusively of engineering and

applied science majors. While Design Engineering
students and other majors in our courses are con-

sistently expected to engage in background research

and stakeholder interviews and feedback to

broaden the range of input to their solution gen-

eration processes, it is still engineering student

teams that ultimately define their design problems.

In other words, the student teams are expected to

complete both problem definition and solution,

with the expectation that they will summarize,

synthesize, and implement external feedback, with
limited ability to consistently engage across disci-

plines on campus. Collaborating in problem defini-

tion with those that define problems differently can

be difficult in an engineering university, even for

Design Engineering students whose departmental

faculty embody such interdisciplinarity.

The practical limits around forming interdisci-

plinary teams at a STEM university notwithstand-
ing, we suspect that even broadly interdisciplinary

teams might not be enough to address the challenge

of inclusive problem definition as envisioned by

Downey with PDS. As mentioned above, engineers

historically have enjoyed jurisdiction over ‘‘pro-

blem solving’’ [16], which we believe to be a part

of the challenge. With PDS and other design educa-

tion initiatives we promote, non-engineers –
whether they be other disciplinary representatives

or lay (non-expert) stakeholders – are being invited

to engineers’ problem-definition practice, where

engineers can continue to center their expertise.

So even with interdisciplinary participation in pro-

blem definition, engineers exercise ownership of the

overarching solution-generation process. At the

very least, there is a significant mismatch between
engineering problem sets and ‘‘solving’’ design

problems; however, without much consideration

of the differences, engineering students are expected

to demonstrate competencies in both. Further,

describing engineering students as ‘‘problem sol-

vers,’’ while allowing those problems to be framed

solely through an engineering lens creates a false

sense of broad problem-solving competence that
fails to prepare students adequately for real-world

problem solving in professional pursuits.

As evidenced by our efforts with ABET student

outcome performance indicators, we have sought to

address the disparity of complexity between engi-

neering science course problem solving and open-

ended design directly, even if we do not enjoy the

benefits of collaboration with non-engineering stu-
dents in the process. Instead, we require Design

Engineering students to respond to complex,

unbounded, sociotechnical problems without first

stripping out the contextual specificity, divergent

perspectives on the problem, or the need to justify

one’s solution approach in both engineering and

non-engineering terms. Of course, we recognize that

sociotechnical systems and their problems have
always been ‘‘wicked,’’ but we are asking our

students to respond differently: by engaging with

the complexity, with contextual specificity, with
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interdisciplinarity and multiplicity of perspective,

and with the formulation of their own expertise.

4.3 Problem Framing as Reframing Engineers’

Jurisdiction

Considering all the opportunities and productive

tensions surrounding PDS in engineering educa-

tion, we offer a nuance on Downey’s approach to

engineers’ loss of jurisdiction over technology

development trajectories. We argue not simply for

reclaiming that jurisdiction, but for reframing it. In

alignment with PDS, we agree that engineers should

be more systematically involved in problem defini-
tion than what is allowed for in most engineering

curricula. But we find greater opportunity in con-

fronting the gap between two incongruous

approaches to problem solution: that provided in

most engineering science courses and the open-

ended problem definition encouraged in engineer-

ing design courses. Clearly characterizing this gap is

to contextualize not only potential engineering
problems to be solved through PDS practices, but

it addresses the core deficiency in how engineers are

encouraged to identify as ‘‘problem solvers’’ despite

a legacy of problem solving that is overly narrow

and often centered on developing technologies over

people’s engagement with those technologies.

Here again we have attempted to operationalize

our insights around problem framing as a core
educational outcome through our performance

indicators. We recognize that implementing this

particular approach is an interdisciplinary move

in and of itself, as contextualizing engineering

pedagogy and practice for our students requires

skills and expertise derived outside of engineering

and science disciplines [4] or their approaches to

education. We are able to achieve this goal through
our faculty’s diverse disciplinary expertise, which

can both contextualize engineering educational

assumptions, approaches, and epistemological

foundations and teach students how to understand

their own problem definition and solution making

expertise, opportunities, and limitations. We aim

for our students to be able to talk about their

education at a systems level.
We also want to encourage our students to be

able to analyze when they are assuming that engi-

neering ways of knowing make for the best solu-

tions. Recognizing their predilection for object-

oriented solutions, utility, and particular forms of

approximation allow us to help them move beyond

traditional forms of engineering problem definition.

If they can interrogate their own desires to build a
prototype in an effort to solve a problem, for

example, they can begin to differentiate the engi-

neering judgment needed to provide what is needed

versus their reasonable attraction to solutions that

extend from the skills they have to produce a

solution. These moments allow for expansive pro-

blem reframing, encouraging students to think

more about how their skills can be used to address

these problems and/or who they can enroll in their

solution processes that extend beyond their capa-
cities.

Centering complex systems in areas of health-

care, transportation, energy distribution, commu-

nication and more in our coursework allows for

sociotechnical integration to be core to our stu-

dents’ approach to engineering work and systems

thinking. Students developing an understanding of

complex systems thinking as a holistic context for
their problem framing drives discovery and gener-

ates more broadly informed decision-making.

Engaging with systems thinking in a way that

recognizes the ‘whole’ of the problem allows for

deeper understanding of interrelationships, attri-

butes, and effects. Further, reflectively applying

this process to our own design work, we seek to

enable students to dissect and critique Design
Engineering’s educational experience, all while

they co-construct its future. We argue that learning

this skill – of framing one’s own disciplinary jur-

isdiction, all while being both generous about and

critical of its core features – will empower students

as they pursue their careers, professional develop-

ment, and personal lives.

4.4 Rethinking Engineering Judgment

Real-world engineering design always involves dif-

ferently situated participants with their distinct

perspectives and differential experiences. Judgment

is needed to navigate such spaces, where analysis

alone cannot eliminate uncertainties, disagree-

ments, or incommensurabilities. While the authors
are early in our efforts to frame our educational

interventions in terms of enhanced engineering

judgment, our ABET accreditation preparation

activities have advanced our thinking in this area

as well. ABET’s student outcomes call for engineer-

ing students to exhibit judgment through two of

seven student outcomes. These student outcomes

highlight the importance of judgment in consider-
ing both (1) wide-ranging societal contexts and (2)

design of experiments and data interpretation. We

interpret these dimensions of engineering judgment

to pull in opposite directions – one grappling with

the expansive contextual conditions impinging on

engineering and the other drilling down to foster

more robust data generation and date-informed

decision-making – thereby allowing for expansive,
pedagogical application. Others have explored the

interpretive flexibility engineering judgment as con-

nected to critical thinking [30] and identity and

decision making [31], and we assess there to be
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considerable opportunity for critical explorations

into engineering judgment as a lever for educational

reform.

Opening engineering’s jurisdiction beyond the

utility and usefulness (pragmatism and approxima-

tion) of technology (artifacts) provides flexibility
for engineering education reform. Framing engi-

neers’ aptitudes and limitations to engage in PDS

provides a forum for engineering students and

faculty to participate in more complicated visions

of technological design, development, and imple-

mentation. But simply adding these extra skills –

problem definition and framing – does not elevate

engineering education as much as we seek. Instead,
students can be prepared to navigate these expand-

ing jurisdictions to more effectively negotiate the

classroom, the engineering workplace, or even

personal passion projects in their futures. Using

problem reframing to navigate these complicated

relationships within technology and design requires

engineering judgment of a sort imperfectly con-

veyed in traditional engineering coursework,
whether engineering science or design courses.

5. Conclusions

This paper has sought to reignite a conversation

about engineering’s jurisdiction and build upon

foundations provided by engineering studies scho-

lars in describing and theorizing what engineering

practice is as well as proposing what it ought to be

(c.f., [25–28]). Recognizing Downey’s influential
framing, we have explored whether PDS is suffi-

cient, specifically whether it is sufficient simply to

teach our students to engage more in problem

definition, without also contextualizing engineers’

past, current, and potential domains. Our students

are often ambitious, creative problem solvers, but

we hope that our contextualization of the structures

in which they learn and work will allow for more
flexibility and promote more humility, while also

producing greater impact across their careers. Criti-

quing how and why engineers have been given the

jurisdiction of ‘‘problem solver’’ and, more

recently, ‘‘problem definer’’ opens dialogue about

individual and disciplinary opportunities and lim-

itations. We hope that framing PDS with our

faculty and students will provide fodder for
thoughtful engineering education reform.

Our reform efforts ultimately aim to reconsider

what engineering judgment could be by expanding

engineers’ jurisdiction from problem definition to

problem framing. By drawing attention to engineer-

ing’s particularities – including but not limited to a

preoccupation with objects/artifacts, specific forms
of pragmatism, and quantitative approximation –

our programming allows for engineering decision-

making to follow a more holistic approach. If

engineers are aware of how traditional disciplines

frame and approach problem solving, they might

just be able to circumvent tired problem definitions

and solutions, making way for true innovation in

engineering work and more holistic forms of under-
standing engineering problems. By exposing our

students to how traditional forms of problem

definition and solution have fallen short, we seek

to inspire and empower them to reimagine new

futures.

Similarly, we see ourselves as critical participants

in engineering education reform through program

building ([29], pp. 219–43), yet at the same time, we
boast a department with the highest density of

engineering studies scholars anywhere [15]. This

combination leads us to argue that thoughtful

program building that is engaged with scholarly

debate is itself a form of scholarship. We aim to

empower other program faculty and staff to see

their work as critical participation in STS, engineer-

ing education research, and/or an act of engaged
scholarship in their own disciplines.

Future work by this author team will consider

engineering judgment’s interpretive flexibility as it

enables actionable change in curricular develop-

ment and assessment opportunities, which will

also highlight the judgment required for teaching

and assessing problem framing and the implications

of various problem definitions and solutions. Our
conceptual engagement with engineering judgment,

paired with our roles as critical participants in

engineering education reform, has reaffirmed our

commitments to sociotechnical integration, design-

based pedagogies, and educational interventions in

engineering and beyond. This expansion of engi-

neers’ formation, knowledge, and expertise can

have generative and humbling effects on future
generations of engineers.
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