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Design tool subway map for undergraduate design projects

Abstract

Engineering curricula featuring senior design experiences may be the first time students have an
opportunity to experience a team-based, open-ended authentic design. The curriculum at a small,
urban, private school is centered around a series of hands-on, client-based design courses in each
of the four years of the plan of study called the DesignSpine®. Projects are completed over the
course of a full academic year. Clients for these student projects are mainly external industry
partners, with some internal faculty or departmental clients and a small number of competitions.
Faculty serve in multiple roles, including technical consultants and project team coaches
throughout the program.

While historically successful, semester evaluations and team status reports often referenced
uncertainty among student teams for next steps or appropriate tools to progress the design
process. A faculty committee tasked with the responsibility to review, develop, and implement
design course work was inspired by the Agile subway map to provide students with a
comprehensive representation of the school’s design process, and alleviate uncertainty. The
faculty converted curriculum topics into a subway map representation of the project
management, product development, and design tools covered in the course curriculum. All tools
and resources have been mapped to the core concepts of the school’s design process: Ask, Plan,
Imagine, Research, Create, Test & Evaluate, and Communication. The subway map is intended
to guide student teams through any problems during the design process that correlate to a
particular core concept. In addition to the map, faculty have compiled summary resources for the
tools and topics along the core concepts.

This paper will present the DesignSpine® subway map for design, and the development process
of the map and its accompanying resources. This resource should be of interest to programs with
product/process design and capstone experiences.

Introduction

The 2020 National Academy of Engineering report “Educating the Engineer of 2020: Adapting
Engineering Education to the New Century” describes the need for our engineering education
system to produce graduates that are not only technically strong, but innovative and
entrepreneurial enough to prepare for a rapid pace of change and an intrinsic lack of
predictability in projects, challenges, and employment [1]. Engineering programs face challenges
of high attrition, a lack of opportunity for students to transfer into programs, and, in many cases,
pedagogies that have remained in place for decades.



Successful engineering students should see curricula beyond a rigorous discipline-specific series
of courses. The holistic engineering plan of study should include leadership, effective teaming,
strong technical skills, and a focus on societal, ethical and environmental effects of engineering
decisions. Students in such programs who build a strong ‘engineering identity’ are typically more
successful [2]. A strong engineering identity is tied to student retention, stronger self-efficacy,
and higher motivation [3]-[6]. Integrating hands-on, authentic projects into the classroom is
beneficial to engineering students. This is especially important as this more closely resembles
what the graduate will do in industry [7]-[10].

Engineering curricula has, in many ways, remained unchanged for decades. In fact, a description
of engineering from the literature posits:

1) Most of today's freshmen engineering students will never graduate as engineers.
2) Most of those who drop out do so during their freshman year.
3) Most of these dropouts could become good engineers-great assets to our society-if they

were properly motivated.

The question “How can we address these issues?” is posed in the manuscript. The authors
describe their proposed approach:

“We believe that one answer to this problem is to get the student personally
involved in a realistic engineering experience and, to us, this means a design
experience. To be realistic, the design experience should take the form of a project
which involves a genuine human need which is not solved satisfactorily today
[11].”

While this description could conceivably be from a recent manuscript, this particular manuscript
was written in 1966. In the past 50+ years, we have seen pedagogical innovations designed to
improve first-year engineering programs and the introduction of problem-based learning, but
efforts to incorporate authentic engineering designs into the curriculum are nearly always
focused in the senior year. This makes sense, since ABET requirements imply a senior capstone
experience in their accreditation criteria, but simply maintaining a senior design course fails to
address the need for team-based, real-world, open-ended design experiences throughout the
curriculum.

Background of the DesignSpine® Program

The curriculum of the DesignSpine® Program at the University of Indianapolis was developed
around real-world design experiences. The goal is to produce graduates with strong technical
knowledge, project management skills, a strong engineering identity, an exceptional ability to



communicate, and experience in real-world, relevant engineering design. Students receive a
traditional, technical engineering education centered around a DesignSpine® course each year
[12]-[15].

In the DesignSpine® course, each student is placed in an interdisciplinary team, and each team
has an authentic project, for a real-world client. The project spans the entire academic year.
Teams work with faculty to create a project charter, documenting the constraints and
requirements of the project and describing the criteria for success. Teams then embark on the
iterative design process to develop preliminary designs, test and evaluate design alternatives,
develop and test prototypes, and compose detailed documentation of final designs.

Like many of our student designs, our curriculum has undergone a number of iterations in effort
to continuously improve our system and the learning experience of our students. Table 1 outlines
the four phases in our design curriculum [12], along with the primary goals to be accomplished
by the end of each phase. To accomplish the goals in each of these phases various design tools
can be used. The table also represents a timeline of the design process in our curriculum. Since
the implementation of these changes, teams have consistently been on-schedule or significantly
closer to the planned schedule than in previous years and client satisfaction during project
handoffs have been positive and engaging, which has also resulted in repeated client interest.

Table 1 - Phase definitions along with key phase goals.

Phase I Phase II Phase III Phase IV

Identify
Requirements

Develop Preliminary
Design

Develop Detailed
Design

Final System Design

● Confirm scope
● Develop requirements
● Identify challenges
● Identify resources

● Present the
preliminary design
and proof of concept

● Identify relevant
resources needed to
develop detailed
design

● Present detailed
design and
engineering prototype

● Explain design
insights and decisions
obtained from testing

● Present final system
design, including
validation testing and
demonstration of
product

● Communicate the
solution and transfer
deliverables

What we are doing in our School of Engineering is neither unheard of nor new. There are many
design programs within the various engineering education programs and disciplines that have a
design methodology and course structure to support student teams. The question we pose in this
work is, “how do we best communicate design methodology information to students so that they
can apply it to their projects autonomously?”



Student Feedback and Confusion of “What to do next?”

Each student team in the DesignSpine® courses are assigned a faculty team coach (FTC) to
provide project guidance ranging from technical insight to project management strategies. The
FTC is a coach for the team, and our faculty have various coaching styles, but provide a
consistent and primary resource for the team. FTCs are a central figure in the team to solicit
feedback on project status and planning. The projects are, in general, student owned but the
coaching of faculty members provides the institutional support and guidance toward success,
particularly in an environment where undergraduates are engaging with clients external to the
School of Engineering.

The structure of the FTC also provides an avenue for curriculum management, with faculty in the
position to receive candid and informal feedback from student teams. These messages are then
able to be relayed to program coordinators and curriculum committees in real-time, rather than
waiting for the end-of-semester evaluations. We have benefited from this access to informal team
assessments as real-time feedback to support our continuous improvement of the DesignSpine®
course coordination.

The (often candid) interactions between students and FTC allow for low stakes communication
between student teams and faculty to present work, tackle hurdles, and propose ideas. The focus
of this work is relevant to faculty and student reporting of incidents when student teams are
uncertain about next steps in the project, are behind in their planning and execution, or have no
structured plan for their design process. The resulting actions of such teams have been observed
to either (1) seek out additional support from DesignSpine® faculty/staff or the FTC or (2)
remain silent and make little progress within their project. The latter has been of primary concern
for our curriculum review and course planning.

Further feedback is available through end-of-semester evaluations and through a “DesignSpine®
Comment Box” shared document allowing anonymous feedback. Feedback through these
mechanisms tended to be focused toward the ‘big picture’ of the organization of the course or the
DesignSpine® curriculum. All of the feedback is discussed and considered at the end of each
semester during a course review.

The faculty feedback and candid remarks of the student teams led the faculty to question, “how
can we improve the resources available to students to support student-lead problem solving and
project progression?”



DesignSpine® Committee Structure and Purpose

Through the DesignSpine® curriculum, students are instructed on design processes and lead
through a number of tools and resources that can be applied within design phases. From the
student feedback and faculty observations, it was apparent that some students were not
connecting the instruction with the application when it came to client-based projects. The
question of how to improve resources for student-lead problem solving and project progression
landed in the hands of the DesignSpine® Committee.

The DesignSpine® Committee was created to provide leadership and unifying structure for the
effective development and implementation of the DesignSpine® sequence of courses, which are
a core component of the School of Engineering’s curriculum at the University of Indianapolis.
Primary responsibilities of the committee include:

1. Recommending strategies and methods for enhancing the achievement of student
outcomes.

2. Developing strategies for effective implementation of the DesignSpine® framework

The committee is composed of faculty members across the disciplines offered in our School of
Engineering. This issue of teams struggling with the strategies of the design process fell into
category one of the committee’s purpose, which led to the development of the Design Tool
Subway Map.

The committee hypothesized that students may be missing the links or the flow of how all these
design processes and tools can connect with the stages of a design project. The committee’s
solution was a visualization to help teams when they hit a hurdle, to filter through the available
resources and identify the appropriate tool to use. In the past, some courses in the DesignSpine®
curriculum required all teams to use all design tools covered, which was not always appropriate
for every project. In addition, this became overwhelming and exhausting to student teams,
lowering morale and motivation, due to the overload of work (student quote, “busy work”). The
important and necessary tool was sometimes lost in the vast array of tools being worked on
simultaneously; again, emphasizing the importance of a visual and comprehensive view of how
these tools can support a design process.

Design Tool Subway Map Development

The committee began its review of how the tools were currently presented to students in the first
course of the DesignSpine® curriculum. Figure 1 shows an early design tool chart that was
shared with students. This chart could be overwhelming for students. It listed many tools and
limited specific tools to specific categories, which may have discouraged students to use tools



whenever they needed them. This is similar to other tool guides which list potential tools and
methods for specific design process steps [16].

Figure 1 - Early Design Tool Chart - Categorized and listed design tools available to students.

Figure 1 represents the original visualization of the tools covered within our design courses.
Although there is organization and categorization, it is not clear how one tool may influence the
information needed or developed to be utilized in another tool, or how the categories align within
the process of design.

The next stage of our visualization development process was to (as a committee) review these
tools and previous projects to identify the frequency of use for each tool as well as the tools that
students and FTC struggled to apply appropriately. This became an identification of importance
for the various tools and allowed us to develop a prioritization list as we reorganized and
investigated alternative materials to support the tools. The committee relied heavily on the
experiences with previous team successes and struggles, and subject matter experts within the
committee in the fields of design and project management.

After the filtering and prioritizing of design tools, the committee was inspired by the Agile
Subway Map [17] as a natural visualization of this interrelated, connected, and often non-linear
journey through design. On a subway map the different destinations are stationed along routes or
lines. The committee needed to identify the DesignSpine® routes or how it was later phrased the



core concepts of our design process. The core concepts listed align with the design thinking
presented in other instructional bodies [18], [19]:

Ask, Plan, Imagine, Create, Test & Evaluate, Communication, & Research

With the filtered and prioritized tools and core concepts, a new visualization for the design tools
was developed to help students understand what tools to use and when (Figure 2). Like riding a
subway, you do not necessarily need to stop at each stop (use each tool). It depends on the
project needs. Also, there is no specific order for using the tools; the map is not a sequential map
of tools, but you can go back and forth, or skip tools. One important concept and visualization of
this map is that many tools can be used in multiple aspects of the design process. For example
Design Notebooks, Flow Charts, and Block Diagrams are tools that can be used for Imagining,
Creating, and Communicating. When pictured, the engineering design process often shows a ring
of each step in a circle, flowing in a specific order through the steps, repeating the circle. This
map illustrates that there are different ways to arrive at the same destination, you do not need to
stop at every station, and often you may need to return to the same stop. This academic year the
Design Tool Subway Map has been unveiled to the students as a visualization of appropriate
tools, a taxonomy, not a process or new pedagogy, but in all sense of the word a map for teams.



Figure 2 - Design Tool Subway Map. This map shows a taxonomy of key tools and how they
can be used in various steps of the design process.

While our subway map resembles a design process, it is not a visualization of a design process,
but a visualization of the tools used within a design process. It is not a graphic showing a
procedure, but a map showing the relationships between specific tools and design steps. While
this may seem like a fine distinction, it is a crucial difference.

Currently, the DesignSpine® Committee and faculty at the School of Engineering are creating an
open access repository for templates, how-to instructions, and brief definitions of each of the
tools in the map. True to our school’s agile nature, we are reacting to student feedback from their
design experiences that “[teams] get different information from different faculty about the same
question.” The committee is taking the opportunity of this tool visualization to pair with
resources that all students and faculty can reference when applying the design tools rather than
mixing up multiple interpretations. This (ongoing) process has included faculty review and
composition of materials of various tools divided and assigned across the FTCs. Material is
being presented at bi-weekly lunch and learn sessions and finalized documents are approved at
the monthly faculty meetings to be added to the open access repository.



The outcomes of this map development have led to a visualization of the design tools and a
repository of consistent school defined tool references. Our goal is to utilize these assets to
promote consistency of understanding across students, faculty, and years of projects.

Discussion and Future Work

The implementation of the Design Tool Subway Map launched with a soft rollout of the map
both in digital format for all DesignSpine® course materials and learning management system
pages, plus an oversized wall decal within our ideation space this academic year (2023-24). At
present the visualization is there as the intended map to direct students along their core concept
path during the design process. The distribution of school approved resource material is ongoing.
However, students do still have course textbooks and material sources to supplement their review
of tools as well. A projected full rollout of the map and accompanying repository of tool
materials is projected for Fall 2024.

Annual review of the Design Tool Subway Map and the corresponding tools will be included
within the school’s annual curriculum review. Evaluation of frequency of use of tools by student
teams and faculty will continue to be considered. Map adjustments can be made as a result of the
annual reviews and evaluations.

Student feedback is collected throughout the year and through end-of-semester student
evaluations. Data on the use of the subway map, from student and instructor perspective, will be
collected and analyzed. We will assess whether and how the implementation of the subway map
enhances the overall effectiveness of the design curriculum.

Our team believes this map concept could be useful for any program with an open-ended design
project within its curriculum, whether limited to the senior year or any project-oriented course or
program. The map was developed specifically for our design program, and it is our expectation
that other programs may wish to adapt the map for their own processes.
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