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Workshop: Building Informed Designers with
Engineering Problem Framing Tools

Introduction

In introductory engineering courses, both at the high school and college levels, instructors often
rely on a design process framework to guide students through contextualized projects. With a
tendency to immediately embark on ideating potential design solutions, coupled with the
prominence of “making” as a means to capture the interest of novice designers, students may
skim through (or completely ignore) the initial phase of design. In other words, fully defining the
problem to address may not be prioritized.

In this workshop, presenters will provide tools to help instructors guide burgeoning engineering
students through the oft-overlooked “problem framing” phase of design. Problem framing
encapsulates a number of critical aspects of design, including the identification of a) a need or
opportunity, b) stakeholders, including direct users, who can influence key design decisions, c) a
deliverable’s form and function, d) information to gather to more comprehensively understand
the problem, e) design constraints which limit design options, and f) metrics that will allow for
potential design solutions to be evaluated for quality.

As part of a multi-year investigation within a diverse school district that supports multiple high
schools (including traditional and engineering-focused programs), the presenters have generated
problem-framing support tools. These tools, and their accompanying activities, will be
disseminated at the workshop for those interested in improving students’ practices from
“beginning designers” to “informed designers,” as defined by Crismond and Adams [1].

Intended Audience

While intended for instructors of first-year engineering design courses, the workshop can provide
a framework for any educator employing a design process as part of a class project. The
presented materials can benefit those who currently facilitate, or are interested in facilitating,
open-ended projects that necessitate problem identification and/or opportunity recognition at the
outset, but may be challenged to do so by any of the following obstacles:
- Students electing to pursue identical/similar design solutions as classmates in an open-
ended project (i.e., lack of creativity)
- Students generating design solutions that do not address the most critical aspects of a
problem (e.g., “fun” projects that do not actually serve a purpose)
- Students failing to take into consideration the viewpoints of all of those affected by an
issue (i.e., lack of empathy)
- Students presenting solutions without justification for design decisions and/or without a
clear method for evaluating the quality of their own projects (e.g., no basis for
comparison)

In addition, educators with research interests in the high school/college engineering threshold are
encouraged to attend. The presented project affords a viewpoint of this critical juncture of the



engineering career pathway, when students are first introduced to the design process. Student
sample answers will demonstrate separation across a spectrum of students with and without
engineering course experience, shedding light on opportunities to better align introductory
coursework with professional engineering viewpoints. Constructive feedback for the presenters
on the problem-framing tools and activities is highly encouraged.

Provided Materials

Presenters will facilitate an abbreviated version of a multi-day classroom intervention designed
to systematically break down key components of the problem framing process. Attendees will be
tasked with participating in activities to identify stakeholders’ impacts and the ensuing research
that would further inform future design decisions. Attendees will also be introduced to four
problem-framing tools (detailed below), and will receive these tools and supporting activity
instructions for use in their own classrooms.

Problem Framing Canvas

This multi-layered worksheet is intended to help students organize their broader thoughts about
the problem framing process. Sections of this worksheet include space for identifying a specific
opportunity to address (with consideration of stakeholders) and to reflect upon current
alternatives in the market. Students are also compelled to explicitly state future research
questions, how they will evaluate the quality of their forthcoming designs, and the broader
impacts their work might have on society.

Opportunity Recognition Canvas

Again, thinking about their key stakeholders, students use this worksheet to consider particular
contexts in which others might face obstacles. As part of their information gathering activities,
students are asked to rate each stakeholder’s severity (how significantly they are affected), utility
(the extent that they affect our design choices), and capability (our ability to obtain their
feedback).

Stakeholder Profile Canvas

This worksheet compels students to take a deeper dive into each key stakeholder’s needs, wants,
and pains, among other characteristics about the particular context. This worksheet is intended to
foster empathy and discover opportunities in which students, as engineers, might be able to
improve the lives of stakeholders.

Specification Source Model

Largely adopted from the Constraint Source Model [2], this tool was designed to elicit deeper
consideration of various facets influencing a design project. For a given scenario, students are
expected to judge the broader implications with respect to areas such as environmental concerns,
maintainability, and ergonomics. This directed reflection is intended to compel students to
consider different viewpoints of their projec, and can reveal key design aspects that may have
otherwise been overlooked.



Workshop Timeline

The hour-long workshop is intended to

serve as a mutually-beneficial session for attendees to

gain insight into novice designers’ approaches towards problem framing and to receive

immediately deployable classroom tool

s. The anticipated workshop timeline is shown below in

Table 1 (each topic will last ~5 minutes).

Table 1. Anticipated Workshop Timeline

Topics

Purpose

Workshop purpose,
Summary of previous project iteration,
Introduce Problem Framing Canvas

Establish importance of problem framing in engineering design,
Identify common student misconceptions and instructor challenges,
Overview of organizing key problem framing elements

Introduce Opportunity Recognition Canvas,
Stakeholder Profile Canvas

Framework for establishing opportunities to address,
Identify environmental factors that may influence stakeholders

Breakout g

roups — Stakeholder Profile Canvas

Debrief — Stakeholder Profile Canvas

Participants share ideas & perspectives

Revisit Opportunity Recognition Canvas

Identify stakeholder severity, utility, and capability,
Guide students towards an “opportunity statement”

Breakout groups — Opportunity Recognition Canvas

Debrief — Opportunity Recognition Canvas

Participants share ideas & perspectives

Problem Framing Canvas “Market” section

Note any obvious answers (in practice, this section requires more
research time)

Problem Framing Canvas “Assumptions,”
Specification Source Model

Format to guide students towards filling in information gaps,
Elicit considerations about design limitations & evaluation methods

Breakout g

roups — Specification Source Model

Debrief — Specification Source Model

Participants share ideas & perspectives

Problem Framing Canvas “Constraints,”
“Metrics,” and “Broader Impacts”

Discuss purposes and challenges of establishing pre-determined
evaluation methods

Closing thoughts & questions

Provide feedback on project and discuss deployment in own
classrooms
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