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Student Practices Developing Needs Statements for Design Problems
Abstract
Needs statements are concise articulations of design problems that indicate what changes are
necessary for the problem to be resolved. Engineering students are increasingly participating in
design projects during which they are developing needs statements based on stakeholder and
contextual data; however, few studies have investigated student conceptions about developing
needs statements. For this study, we followed an undergraduate student team as they completed
training on developing needs statements and then developed initial needs statements for future
design projects. While participants consistently described how needs statements should Balance
breadth and specificity and Avoid embedding solutions, participants struggled to apply these
conceptions in practice. Participants also did not discuss incorporating measurable outcome
criteria into needs statements, even though this recommended practice was emphasized in the
team’s training. Based on these findings, we recommend that design instructors supplement
needs statement pedagogy with concrete examples of effective and ineffective needs statements
and use visual tools to illustrate different levels of needs statement breadth and specificity.
1. Introduction
The identification and subsequent definition of design problems is an important part of design
processes [1]–[3]. The way that a design problem is defined establishes the project direction and
delimits a range of acceptable solutions [4]–[6]. A key aspect of problem identification and
definition is the development of “needs statements” (also known as “How Might We” statements
[7], [8]) that concisely articulate the design problem and indicate what changes in outcome or
conditions are necessary for the problem to be resolved [5], [9]. Needs statement development
may be informed by several different types of information, including data gathered from
stakeholders, contextual research, and academic literature [2]–[4], [9].
Gathering information from stakeholders to explore and define previously identified design
problems is a core component of many undergraduate capstone design experiences [10], [11].
However, undergraduate engineering students are increasingly participating in co-curricular
design projects that additionally involve the identification of design problems experienced by
partner communities [12], [13]. While the development of needs statements represents one key
way that engineering students can communicate and compare the design problems that they have
identified [9], [12], few studies have explored how engineering students may approach needs
statement development in practice as part of their projects. The goal of this study was to
investigate undergraduate engineering students’ conceptions about needs statement development,
how their conceptions were impacted by training and practice related to developing needs
statements, and challenges encountered by students while developing needs statements.
2. Background
2.1 Recommended practices for developing needs statement
Design textbooks [3], [9] and design guides [7], [8], [14] provide several recommendations for
needs statement development. One common recommendation is that needs statements should
specify what change should occur but not how that change should happen (i.e., the needs
statement should be “solution neutral”) [3], [8], [9]. For example, the needs statement “A way to

reduce instances of waterborne illness in the community” emphasizes a specific desired change
without committing the designer to any single solution in advance. As such, this statement
provides space for the designer to explore a variety of solutions during ideation. By comparison,
the needs statement “A need for new water filtration equipment in the community” pre-commits
the designer to a specific solution while also failing to convey the underlying stakeholder need
that may be motivating this solution choice. The latter statement might thus lead the designer to
develop a solution that does not solve an actual problem [9], [14].
Another common recommendation is that needs statements should balance breadth and
specificity to ensure that resulting solutions are as broadly impactful as possible while still
addressing the intended primary needs [3], [7]–[9]. A needs statement that is too specific might
over-constrain the design problem and lead the designer to develop a solution with limited
impact [8], [9]. For example, a designer working with the needs statement “A way to reduce
instances of waterborne illnesses from E. coli infections” might fail to develop a solution that
also addresses other types of waterborne illnesses that may be more relevant to stakeholders. By
comparison, a needs statement that is too broad risks overgeneralizing the problem and may fail
to emphasize the most pressing needs experienced by stakeholders [8], [9], [14]. For example,
the statement “A way to clean water in the community” may be too vague about the necessary
change that needs to occur: a designer might develop an effective means to remove sediment
when the true problem is waterborne bacteria. The right balance of breadth and specificity is
context-dependent; design textbooks and guides thus recommend that designers explore multiple
problem framings to identify the optimal balance for their project [8], [9], [14].
A third recommendation is that needs statements should include measurable outcome criteria that
designers can use to evaluate whether the design problem has been addressed by a solution [9].
For example, in the case of the needs statement “A way to reduce instances of waterborne illness
in the community,” it is possible to measure the degree to which instances of waterborne illnesses
have been reduced. By comparison, the statement “A way to fight waterborne illness in the
community” does not specify measurable criteria; it is unclear how to evaluate the degree to
which waterborne illnesses have been “fought.” Designers working with the latter statement
might struggle to determine how well potential solutions address the identified need.
2.2 Needs statements in the context of student problem identification and definition processes
Previous studies have described several challenges that engineering students may encounter
while identifying and defining design problems that could impact needs statement development.
For example, Wood and Mattson [15] in a meta-analysis of Engineers Without Borders (EWB)
projects found that many student teams made inaccurate assumptions about stakeholder needs
when identifying and defining design problems. Common factors that may lead students to make
these inaccurate assumptions include cultural differences between the students and stakeholders
[13], [15], lack of student-stakeholder interactions [15]–[17], and student difficulties soliciting
relevant information from stakeholders [10], [15], [18]. Inaccurate assumptions about needs
could cause students to develop needs statements that do not align with true stakeholder needs.
Furthermore, other studies have shown that engineering students may struggle to collect and
analyze qualitative stakeholder data as part of their problem identification and definition
processes [10], [13], [19]. These data collection and analysis challenges are partially related to

student difficulties encountered while planning information gathering interactions with
stakeholders [10], [13], finding and accessing stakeholders who can best provide needed
information [10], [13], and translating conflicting or ambiguous stakeholder responses into
specific needs and/or requirements [10], [18], [19]. Problem identification and definition
processes also generate large amounts of qualitative data that engineering students, who rarely
receive formal training related to qualitative analysis as part of standard engineering curricula,
may struggle to process effectively [12], [13], [19]. Challenges encountered while collecting and
analyzing qualitative data could thus lead students to use fewer and less varied sources of
information when identifying and defining their design problems [10], [13], [19].
However, an initial literature review did not reveal prior studies that had directly investigated
student conceptions or processes related to developing needs statements based on stakeholder
data. As such, we do not know what challenges students may encounter when synthesizing
qualitative data that are unique to needs statement development. We also do not know what
conceptions students may have about developing needs statements or how these conceptions
compare to recommended practices. The goal of this study was to address these knowledge gaps
to inform future design pedagogy around needs statement development.
3. Methods
3.1 Research questions
This study sought to investigate undergraduate engineering students’ conceptions about
developing needs statements and how their conceptions were impacted by training and practice
related to needs statement development. We also wanted to explore the challenges that
engineering students encountered while developing needs statements based on stakeholder data.
Our study was thus guided by the following research questions:
1. What do engineering students think are recommended practices for translating
stakeholder data into needs statements? How do these conceptions change as a result of
relevant training and practice?
2. What challenges do engineering students encounter when translating their data into needs
statements?
3.2 Design context
Data for this study were collected from a team of twelve students who conducted a needs
assessment in a rural South American partner community. Qualitative research often focuses on
deep exploration of specific cases to identify elements of experiences that may be transferrable to
other design contexts [20]–[22], and previous longitudinal qualitative studies of student design
processes have similarly focused on the experiences of individual teams [13], [23]. The needs
assessment team that participated in our study was part of a co-curricular organization
specializing in medical device design for low-resource settings. During their needs assessment,
the team spent seven weeks (hereafter referred to as the “pre-assessment phase”) at their home
university preparing to gather data in their partner community and one week (hereafter referred
to as the “assessment phase”) in the partner community conducting interviews and observations
with local stakeholders [13]. Participants then used these interview and observational data to
develop initial needs statements for future design projects. This study was approved by the
university’s Institutional Review Board.

During their pre-assessment phase, the team completed training modules related to conducting
observations, conducting a needs assessment, and developing needs statements through the
University of Michigan’s Center for Socially Engaged Design (C-SED) [24]. These modules
were completed individually and included review of recommended practices as well as in-person
practice and coaching [25]. Each module took about five hours to complete. The team’s needs
statements training drew heavily from recommended practices described in Zenios et al. [9] and
the Stanford d.school design thinking bootleg (previously known as the bootcamp bootleg) [7].
3.3 Participants
Demographic information for the 12 members of the needs assessment team are shown in Table
1 (names are pseudonyms). Participants generally had one to three semesters of curricular design
experience and/or 6 to 18 months of co-curricular/internship design experience, depending upon
their year and program. Although several participants had previously worked on design projects
with clearly defined needs statements, only Emma had experience developing needs statements.
Table 1. Participant demographics
Pseudonym

Year

Sex

John
Emma (Lead)
Isabelle
Sophie
Jill

Freshman
Master's
Sophomore
Freshman
Sophomore

M
F
F
F
F

Stephanie

Junior

F

Chloe
Maria
Emily

Freshman F
Freshman F
Sophomore F

Melissa
Arya
Alli (Lead)

Freshman
Freshman
Junior

F
F
F

Race/
Ethnicity
White
White
Asian
Asian
White
Asian &
White
White
Hispanic
Asian &
White
Asian
Asian
White

Primary Major
Public Health
Biomedical Engineering
Chemical Engineering
Biomedical Engineering
Industrial Engineering

Secondary
Major/Minor

Biomedical Engineering

International Minor
for Engineering
American Culture

Biomedical Engineering
Public Health
Mechanical Engineering

Spanish
Music

Biomedical Engineering
Electrical Engineering
Mechanical Engineering

Creative Writing
Business
Multidisciplinary
Design

3.4 Data collection
We sought to collect deep detail about participants’ conceptions relating to needs statement
development to facilitate the identification of elements from these conceptions that might be
transferrable to other engineering students [20]–[22]. As such, we interviewed each participant
three times over the course of the study: at the beginning of the team’s pre-assessment phase, at
the end of the team’s pre-assessment phase, and at the end of the team’s assessment phase (see
Figure 1). We conducted beginning and end of pre-assessment phase interviews in four groups of
three team members (same groups for both) so that participants could elaborate on each other’s
responses. We conducted end of assessment phase interviews individually to allow more
opportunities to explore individual conceptions and experiences.

Figure 1. Data collection timeline
We developed protocols for each interview following recommended practices for protocol
development [20], [26], [27]. Sample questions are shown in Table 2. While these questions
served as a starting point, the semi-structured interview format helped us explore interesting
responses and gather deep detail about participant conceptions. Interview recordings (11 hours of
audio) were transcribed to facilitate data analysis. We also collected additional data generated
during the team’s pre-assessment and assessment activities. Additional pre-assessment phase
data included C-SED training module deliverables such as prior knowledge reviews, content
quizzes, application tasks, and reflections. Additional assessment phase data included a list of
initial needs statements, recordings of nightly meetings, individual reflection journals, and
individual field notes. These additional data were used to help verify that participant interview
responses accurately reflected participant conceptions about developing needs statements.
Table 2. Examples of protocol questions pertaining to needs statement development
Questions
Beginning of
pre-assessment
phase interview
End of preassessment
phase interview

End of
assessment
phase interview

1. What prior experiences do you have with creating needs statements?
2. What would you say are the qualities of a good needs statement?
3. How about the qualities of bad needs statements?
1. Based upon your preparation, how do you think you might approach
crafting needs statements after collecting stakeholder data?
2. What do you think are the qualities of a good needs statement?
3. What challenges do you anticipate encountering when crafting needs
statements?
1. Could you tell me about the needs statements that you have produced?
2. Could you describe the process of crafting a needs statement?
3. What would you say are aspects of your needs statement that make it a
good needs statement?
4. Do you think there is anything about your needs statement that might
be improved?

3.5 Data analysis
Our analysis focused on identifying and describing participant conceptions of recommended
practices for developing needs statements, as well as key challenges that participants
encountered. First, two members of the research team reviewed the transcripts of participant
interviews several times to familiarize themselves with the data. They then, following an
inductive coding approach, identified distinct participant responses to the questions in Table 2;
similar responses were grouped together to form key themes that represented participant
conceptions of recommended practices for developing needs statement and challenges that
participants encountered while developing needs statements [27]–[29]. After identifying this
initial list of themes, the two researchers discussed their respective interpretations of these
themes and settled on shared definitions for each theme. They then reviewed the transcripts again
to identify any remaining responses that had been missed during the first round of coding and
that aligned with one of the identified themes. This process of iterative review and consensus
building, as well as comparison of interview responses to additional data submitted by
participants, helped us establish the validity and reliability of the identified themes [20]–[22]. By
the end of our analysis process, the two researchers reached full negotiated agreement on the
definitions and prevalence of identified themes in our data set [30].
4. Findings
Findings are presented according to the timeline shown in Figure 2. Section 4.1 describes key
conceptions of recommended practices for developing needs statements expressed by
participants, as well as the evolution of these conceptions over time. Section 4.2 describes key
challenges experienced by participants during needs statement development.

Figure 2. Key conceptions of recommended practices for developing needs statements and
challenges encountered by participants over time
4.1 Key participant conceptions of recommended practices for developing needs statements
During the beginning of pre-assessment phase group interviews, all four groups discussed how
needs statements should Balance breadth and specificity, i.e., accurately describe the design
problem without narrowing the range of potential solutions. As one group explained:

Have [the needs statement] be concise and clear… I think it shouldn't obviously lead one to
think of a design. [The needs statement] should keep it open-ended for multiple designs and
solutions. (Melissa & Arya)
In other words, participants began the study with basic conceptions that need statements should
clearly communicate the design problem without limiting the range of solutions. However,
discussions of this conception tended to be vague since participants had limited prior experience
developing needs statements.
All four groups continued to emphasize Balance breadth and specificity as an important practice
during the end of pre-assessment phase group interviews, which occurred after the team
completed their training on developing needs statements. At this point, participants began to
elaborate on the factors that might determine breadth and specificity in needs statements. As
John described while discussing the team’s training:
Walking that fine line of not being too specific or too broad was kind of difficult for me. It
helps if I keep it in context 'cause I know for one of my needs I could have made it more
broad, but in the context of the situation it made sense to keep it as specific as it was. The
needs statement is very difficult 'cause you have to hand choose every single word. (John)
Here, John pointed out that design context can help designers evaluate the right balance of
breadth and specificity when developing needs statements. However, incorporating that balance
into needs statements can be difficult. Designers should carefully consider how to word their
statements to communicate the right balance of breadth and specificity.
During the end of pre-assessment phase group interviews, all four groups also discussed for the
first time the need to Avoid embedding solutions in needs statements, such as by specifying a
need for a specific object. For instance, Jill described how
We'll have to focus on who the need is for and why the need is present because that'll help us
not focus on the solution and not be implanting a solution into our statement. (Jill)
In other words, Jill highlighted how the team should focus on aspects of the need, such as who
was experiencing the need and why, rather than solutions when developing needs statements.
Finally, participant discussions during the end of assessment phase individual interviews also
centered around Balancing breadth and specificity and Avoiding embedding solutions, with nine
out of twelve participants citing the former and eight out of twelve participants citing the latter.
In addition, descriptions of these two practices frequently converged. For example:
I think the balance between being general and specific, because it's very easy to say, "We
need to do this," and have a solution there, … but not putting solutions in makes [the needs
statement] so much better, even though it may seem more helpful if you have it more specific,
it's actually so much better if you don't… It gives you more opportunities for solutions and
stuff and a broader place to start, because then if the one solution that you were thinking of
doesn't work out, you have so many other options if you're looking at it that way. (Emily)

Here, Emily started by describing how designers should Balance breadth and specificity when
developing needs statements. Emily then discussed embedding a solution as an example of a
needs statement being too specific because the embedded solution removes opportunities for
exploring other options. This quote thus shows how participants developed specific and closely
related conceptions of Balancing breadth and specificity and Avoiding embedding solutions
through their needs assessment experiences.
4.2 Key challenges encountered by participants when developing needs statements
Although participants were able to describe two specific conceptions related to developing
effective needs statements, they struggled to apply these conceptions in practice. For instance,
eleven out of twelve participants in the end of assessment phase individual interviews indicated
that, given their limited experience with developing needs statements, they struggled to identify
what an ideal needs statement should look and/or feel like. As Alli pointed out:
We all wrote our [needs statements] a little bit differently, and each person had their own
personal structure that they liked. I don't know if there's one that's technically correct, or
if they all work? I guess I just don't even know what a needs statement is supposed to feel
like when you read it. That was something that I was unsure of. (Alli)
Alli highlighted a fundamental knowledge gap experienced by participants: beyond applying
recommended practices, how could participants verify that they had effectively communicated
the needs that they had identified? Seven out of twelve participants further elaborated that
uncertainty about how to communicate needs effectively also hindered their ability to develop
needs statements according to their conceptions of recommended practices. For example:
I don't think any of the [needs statements] I wrote are correctly formatted. I tried not to
embed a solution… They just ended up being very broad. (Isabelle)
In other words, Isabelle felt that her struggles with communicating needs also made it more
difficult for her to Balance breadth and specificity properly while developing needs statements.
In addition to participant descriptions of challenges encountered while developing needs
statements, we also collected a list of initial needs statements from the team. These needs
statements were developed individually by participants before being compiled into a full team
list to compare and evaluate. The following list presents the initial needs statements developed
by participants related to water quality:
1. A need for easy access to a safe source of water.
2. A way to access clean/treated/potable water to decrease health consequences like severe
diarrhea.
3. Need convenient way to treat water and educate population about the benefits of treated
water.
4. A way to supply or collect clean water for drinking and cooking.
5. A need for access to clean drinking water.
6. A need for easily accessible water.
7. A need for easy access to clean water.

8. A need to decrease the incidence of water-borne illness.
9. A way to access drinking water that is safe to drink, shower, and cook with because it can
reduce dehydration and illness.
10. A need for clean, accessible, and affordable drinking water.
As discussed by participants, this list of needs statements represents a variety of different formats
(e.g., starting the needs statement with “A need for…” vs “A way to…”) and levels of detail.
Without additional information about the community context, needs statements 1, 6, and 7 seem
too broad to accurately communicate the design problem, while needs statement 9 may be too
specific in describing the preferred impact of the solution. In addition, statements that
specifically referenced access to clean drinking water, such as needs statements 1, 2, 4, 5, 7, 9,
and 10, may not fully and clearly communicate the fundamental needs of the community (i.e., is
the fundamental need more related to water access or water cleanliness?). As such, this list of
initial needs statements seems to reflect the challenges with developing needs statements that
participants described during their interviews. The team ultimately chose needs statement 8 as
their preferred needs statement related to water quality because they felt that it best reflected
their conceptions of Balancing breadth and specificity and Avoiding embedding solutions.
5. Discussion
In summary, participants described two key conceptions of recommended practices for needs
statement development: Balance breadth and specificity and Avoid embedding solutions.
Participants had initial ideas about Balancing breadth and specificity that became more specific
following training and practice developing needs statements. Participants also learned to Avoid
embedding solutions (i.e., specify what change should occur but not how that change should
happen) as a result of their training. Both of these conceptions were consistent with
recommended practices for needs statement development [3], [7]–[9].
While design textbooks and design guides often describe specifying the what not the how and
balancing breadth and specificity as separate recommended practices for developing needs
statements [3], [7]–[9], participant conceptions related to these two practices tended to converge
during end of assessment phase individual interviews. In other words, participants frequently
mentioned embedding solutions as a way to make needs statements too specific. Given the
frequent conflation of these two practices by participants, it is unclear to what extent participants
were aware of other ways to make needs statements too specific aside from embedding solutions.
Similar to previous accounts of engineering students struggling to synthesize qualitative data
while developing stakeholder requirements [10], [19], we found that students encountered
difficulties developing needs statements based on their stakeholder data. Although training and
practice helped participants describe the importance of Balancing breadth and specificity and
Avoiding embedding solutions when developing needs statements, participants were still unsure
how best to apply these conceptions in practice to help them effectively communicate the needs
they had identified. These findings are consistent with previous studies [31] and frameworks
[32], [33] related to design skill development, all of which have emphasized that student
knowledge may be context dependent and that being able to describe recommended practices
does not necessarily mean that students will be able to apply these practices in their design work.
Participants may also have struggled to avoid embedding potentially inaccurate assumptions

about stakeholder needs in their needs statements [13], [15]; participants recognized that
Avoiding embedding solutions was one way to avoid making assumptions about needs but were
unsure how to make their needs statements specific enough without making other assumptions.
Furthermore, participants did not discuss how they might incorporate measurable outcome
criteria into their needs statements [9], even though this recommended practice was emphasized
in the training that the team completed. This omission may represent an additional knowledge
gap; while several (but not all) needs statements developed by the team seem to incorporate
measurable outcome criteria, it is unclear if participants incorporated these criteria intentionally.
Unfortunately, our data do not allow us to explore why participants did not describe this
recommended practice during their interviews.
One limitation of our study was that our last interview with participants occurred immediately
after participants had developed their initial needs statements. As such, it is unclear how
participant conceptions of recommended practices for needs statement development might have
continued to evolve as the team continued to iterate on the needs statements they had developed
and reflect on their process of developing need statements. Another limitation was that it is
unclear which learning gains from the team’s training and practice related to developing needs
statements remained salient over time, given that participants may not have had consistent
opportunities after this experience to keep practicing what they had learned [34].
The findings from this study have three main implications for future engineering design
pedagogy. First, our findings suggest that engineering students need additional support for needs
statement development that goes beyond instruction about recommended practices. A common
request that we heard from our participants was a desire for more examples and frameworks that
they could use as inspiration when developing needs statements. We have since used this
feedback to inform iterations on our pedagogical content related to needs statement development.
Anecdotally, we have found that providing multiple examples of both effective and ineffective
needs statements for students to compare has helped students comprehend and apply
recommended practices related to specifying the what not the how and describing measurable
outcome criteria. However, more work needs to be done to validate these initial observations and
to determine what other types of pedagogical support might be helpful.
In addition, engineering students also need tools that can help them apply recommended
practices for needs statement development, especially balancing breadth and specificity. The
challenge with teaching this recommended practice is that evaluations of specificity are contextdependent; a statement that is too specific in one design context could be too broad in a different
context and the optimal balance between breadth and specificity may vary depending on the
project. “Why-How Laddering” is one pre-existing tool that is meant to help designers identify
the right level of breadth and specificity when describing needs [7]. Anecdotally, we have found
that laddering needs statements according to the Why-How framework (see Appendix A for an
example provided by C-SED) can help students identify the degree of specificity that best aligns
with their project scope. However, more work needs to be done to validate “Why-How
Laddering” as an effective tool for developing needs statements and to identify other types of
tools that could also support student approaches to needs statement development.

Finally, design instructors can use the descriptions of recommended practices in Section 2.1 to
develop pedagogy related to needs statement development. Zenios et al. [9] provides the most indepth descriptions of these recommended practices that we have found thus far, albeit in the
specific context of medical device design. Our study, as well as the examples of needs statements
in IDEO’s Field Guide to Human-Centered Design [8] and the Stanford d.school’s design
thinking bootleg [7], suggest that these recommended practices for needs statement development
are likely transferable to other engineering design contexts as well.
6. Conclusion
This study explored engineering student conceptions related to needs statement development,
how these conceptions changed following relevant training and practice, and challenges
encountered by engineering students while developing needs statements. Participants emphasized
two main practices for developing needs statements, Balance breadth and specificity and Avoid
embedding solutions, both of which were consistent with recommended practices from design
textbooks and guides. Although participant descriptions of these practices increased in specificity
following training and practice, participants struggled to apply these practices effectively when
developing needs statements from stakeholder data. Participants also did not describe
conceptions related to incorporating measurable outcome criteria into needs statements even
though this practice was covered in the team’s training materials; this omission may represent an
additional knowledge gap. Our findings suggest that students need additional pedagogical
support and tools that can help them apply recommended practices when developing needs
statements. The detailed descriptions of student conceptions and challenges described in this
paper can help support the shaping of this pedagogy.
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Appendix A – An example of how to apply “Why-How Laddering” to needs statements
The following Why-How Laddering diagram was developed by Tallie Ritter, Jessica Kahn,
Tanner Jones, and Christian Casanova as part of a recent student design project affiliated with
the University of Michigan’s Center for Socially Engaged Design and is shared with the design
team’s consent. This approach to comparing needs statements is based on an adapted version of
the Why-How Laddering tool described in the Stanford d.school design thinking bootleg [7] and
demonstrates how this tool may help engineering students balance breadth and specificity when
developing needs statements for their design projects.

