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Abstract

User-centered approaches to design can guide teams toward an understanding of users and aid teams in better posing design
problems. This paper investigates the role of user-centered design approaches in design process and outcome within the
context of design team projects. The value of interaction with users is examined at several stages throughout the design
process. The influence of user-centered design on the performance of design teams is also explored. Results suggest
that the quantity of interactions with users and time spent interacting with users alone is not linked with better design out-
come, but that iterative evaluation of concepts by users may be of particular value to design prototypes. Suggestions are
made based on the reflections from the authors after conducting this study.
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1. INTRODUCTION

A well-conceived problem is thought to be one key to the effec-
tive development of a successful design concept. When a prob-
lem is poorly conceived, efforts to execute and deploy the pro-
ject may be in vain. Buxton (2007) calls this distinction
“getting the right design” versus “getting the design right.”
For many years, user-centered design has been recognized as
an approach that focuses on the needs of end users to guide
the design of products, services, and systems (Gould & Lewis,
1985; Norman & Draper, 1986; Griffin & Hauser, 1993).
Designers may think of user-centered design as a strategy pri-
marily for creating design requirements. In reality, designers
should consider both the problem definition and solution gen-
eration simultaneously as they work on a design problem
(Cross, 2007). The motivation of the teaching methodology
in this research is to encourage designers to formulate a more
nuanced view of users to ensure that design problems are posed
appropriately so that real design needs may be addressed. This
view of users focuses on deeply understanding those for whom
products are being designed by exploring the underlying moti-
vations of a user, rather than merely “the process of writing the
requirements document” (Young, 2008a, 2008b). For situa-
tions where new design opportunities are sought, this approach
may help in uncovering new, latent problems.
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User-centered design may also offer benefits for overall de-
sign team effectiveness. Researchers who study team effec-
tiveness posit that a clear understanding of a team’s goals
is critical for effective team performance (Katzenbach &
Smith, 1993). By establishing a shared set of team goals, teams
“develop direction, momentum, and commitment.” Hey et al.
(2008), describes the different paths that design teams can
take in developing a shared frame with users. The process of
better defining problems and requirements may lead to more
thoughtful, shared team goals. In this way, user-centered de-
sign approaches may help teams formulate these requirements
and goals, thereby helping them perform more effectively.

User-centered design has been incorporated in many uni-
versity design curricula in product, software, and user interac-
tion design. The focus tends to be on teaching specific user-
centered techniques and strategies so that they may be applied
to design experiences both in and out of the classroom. The
studies conducted in this paper take this approach further by
carefully evaluating student use of these techniques to formu-
late a better understanding of their design process. However,
little assessment of user-centered design methods used in de-
sign projects exists. This paper examines the role of a user-
centered design approach in both design process and outcome
in a semester-long, graduate-level course on product design
and development, and considers the following questions:

1. Is there a link between the quantity and nature of inter-
actions with users and the design outcome? One ap-
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proach to measuring user-centered design is through the
quantity of interactions between designer and user.
These interactions may take various forms, such as sur-
veys, interviews, or observations. It is hypothesized that
teams interact more frequently with the user may in-
crease the likelihood that they understand their needs
and therefore have a better chance at creating a good
product.

2. Is there a link between the quantity and nature of inter-
actions with users and team effectiveness? It is hypoth-
esized that teams who spend more time with users have
a more complete understanding of the problem given to
them. Teams with a better sense of their requirements
may work more effectively together.

3. What is the nature of the relationship between team ef-
fectiveness and design outcome? In general, team effec-
tiveness is not necessarily linked to stronger performance
outcomes (Katzenbach & Smith, 1993; Hackman, 1998).
However, specific aspects of team effectiveness might
play arole in how well a product is assessed by reviewers
in the end.

The terms “designer” and “engineer” can have multiple
meanings, some of which overlap. For clarity, throughout
this paper, the students in the course will also be referred to
as designers even though their backgrounds are diverse.

2. BACKGROUND

2.1. Needfinding

At the core of user-centered design is the notion of needfind-
ing, which utilizes various means to determine what it is
that users need or desire. For product design projects, “the pre-
sence of a genuine need” can be essential to success as it can
“provide guidance during the design process and criteria for
judging the success or failure” at the end (Faste, 1987).

McKim described needfinding four decades ago (1972) as
a “qualitative research approach to studying people to identify
their unmet needs” in order to “help designers get closer to
their end users” (Sheppard et al., 1997; Patnaik & Becker,
1999). Uncovering the needs of others requires the difficult
task of gaining empathy with people. First, designers must ac-
curately perceive and recognize those needs to the best of
their abilities (Sanders, 1992). Second, people may or may
not express their needs explicitly or accurately. One cannot al-
ways trust that what a user says matches with what the user is
really thinking or whether the user is aware at all of his or her
true inclinations. Designers need to be in tune at all levels
while they try to gather relevant information from people.
Sanders (1992) talks about the levels of need expression: ob-
servable, explicit, tacit, and latent.

e Observable needs can be seen by the research from ob-
servations.
e Explicit needs can be expressed verbally by the user.
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e Tacit needs are known to the user but cannot be ex-
pressed verbally.

e Latent needs are subconscious, possibly unknown and
inexpressible by the user.

One of the pioneers of user-centered design recently noted,
however, that perhaps many of the products that are created
are actually filling “necessary holes” and “essential voids”
(Norman, 2008). Needfinding is a messy, complex process
that if not done carefully, can be a waste of resources but if
done properly, can be fruitful for designers.

2.2. User-centered design methods

There are a variety of methods to use when interacting
with relevant stakeholders for the given product or system
(see Table 1; Courage & Baxter, 2005). For instance, surveys
are an expedient way to obtain an aggregate response from
many people to discover trends on a subject. It may be diffi-
cult, however, to determine the rationale behind a large num-
ber of responses to a set of questions. Interviews and observa-
tions can provide rich data and insights from spending time
with individuals. The resources required, however, can out-
weigh the potential benefit in these more in-depth methods.
Lead users are often used as a representation of the target mar-
ket because their current strong needs may be a forecasting of
future needs for all (von Hippel, 1986; Urban & von Hippel,
1988; Lin & Seepersad, 2007). There may be limitations,
however, to how representative a small sample of advanced
users may be of the full potential user population and to the
resources it takes to carefully execute the personal interac-
tions well. Many other methods and protocols exist to guide
user-centered design process, whether in industry or in the
classroom (Beyer & Holtzblatt, 1997; Laurel, 2003; Sanders,
2008; Ulrich & Eppinger, 2008).

Table 1. User methods presented in class

User Methods Presented in Class

Interviews
Surveys

Talking with a user using a set of prepared questions
Giving a questionnaire to a large number of people
to gather data quickly

Wants and needs Brainstorming with a group of users to distill wants

analysis versus needs
Card sorting Having the user sort cards with attributes of product
in order to develop mental model
Group task Working with a group of users to analyze the use
analysis of the product

Meeting with a group of potential users to discuss
concerns with the product or concept

Observing users “in the wild” as they use the product
in the real environment

Focus groups

Field studies

User feedback Bringing prototypes of various fidelities to the user
testing to elicit feedback
Bug list Enumerating challenges a user group faces in their

daily activities; not a software bug
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2.3. User-centered design applied

Techniques for the identification of customer needs and their
translation into functional requirements are widely taught in
product design and development curricula (Otto & Wood,
2000; Ulrich & Eppinger, 2008; Ullman, 2009). Based on
the lessons learned from alumni of New Product Develop-
ment classes at UC Berkeley over several years, Hey et al.
(2007) showed that students value the importance of “gather-
ing and analysis of customer and user needs.” Goodman et al.
(2007) examined why designers would prefer certain user
needs over others. It is important to determine not only whether
a method is effective but also why a designer would choose to
employ a particular technique. In the software industry, Vren-
denburg et al. (2002) considered the practice of user-centered
design processes to characterize how methods are used.
Yang (2007) surveyed designers and engineers to understand
the methodologies they used in practice, and found that the ma-
jority of respondents considered needfinding useful.

Although there has been much research in what user-centered
design is, its importance, and how practitioners use it, there is
little work on measuring the quality and quantity of user analy-
sis and their links to outcome and on team performance.

3. METHODS

The study undertaken in this research was based on a product
design and development class of 72 midcareer professionals
as part of their graduate program in Systems Design and Man-
agement at MIT. Eighteen teams of three to five students each
had one semester to identify an unmet, compelling need and
develop a demonstrable prototype of a novel product that ad-
dressed this need. Teams were given a budget of $800 to spend
on materials and manufacturing. Students had backgrounds in
engineering and science and had worked in industry for sev-
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eral years in areas such as defense contracting, military, and
software. Figure 1 shows the average time students spent in
industry, time since last degree, and years of experience in
particular aspects of the product development process.

Milestones, or “stages,” were set throughout the 3-month
semester to simulate deadlines in the real world:

Determine potential market/user groups.

Select a market/user group.

Assess customer and user needs.

Propose three concept ideas.

Select a concept.

Implement the concept and present a business plan.

SN S

Lectures covered pertinent information on the product de-
velopment process, and in particular, instructed students on
the basics of user-focused methods described in Table 1. Ex-
amples of projects included a reusable container for transport-
ing specialty beverages and tools for improving the home
woodworking experience. Several teams have continued to
seek patents and further commercial development of their
projects beyond the course.

Data from surveys on user interactions, team effectiveness,
and reviewer rankings were collected through a combination
of forms and surveys administered to the teams and reviewers.
The data are described in the following sections. The relation-
ships between data sets were assessed using Spearman corre-
lation for nonparametric populations, because most data were
non-Gaussian. These were deemed statistically significant at
p < 0.05.

3.1. User interaction reports: Design action

To facilitate and track teams’ interactions with users, teams
were asked to complete a brief form about each interaction

Average Amount of Experience * 1 SD

18 7

16 -

14 1

12 1

Years
-
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na

Years since Years at
last degree work

Marketing User Needs Prototyping Business

[ 10.2
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1 49 52
O 1 - - - " - -

Team
projects

Type of Experience

Fig. 1. The average amount of experience for each student. [A color version of this figure can be viewed online at journals.cambridge.

org/aie]

https://doi.org/10.1017/50890060410000211 Published online by Cambridge University Press


https://doi.org/10.1017/S0890060410000211

306

with potential users and customers throughout the semester.
An “interaction” was loosely defined as any information-
gathering experience with one or more users, such as an inter-
view, survey, or focus group. This form accounted for the
number of people interacted with, time spent doing so, and
the nature and details of the interaction. These forms draw
on Schon’s (1983) idea of reflection in action. Practitioners
must think about what they are doing to truly learn from their
experiences. This framework is composed of a three-stage
cycle in Figure 2:

e Prepare (thoughtful action in asking): “What do I want
to get out of this interaction?”

e Interact (being in the moment): “How do I best listen to
my correspondent(s), both in their actions and speech?”

e Respond (thoughtful reflection): “Now what do I do
with this information that I have found?”

Teams were first asked to prepare before the interaction with
the user by stopping and thinking about what they wanted to
learn from the interaction. Next, teams were asked to document
their interaction. Finally, they summarized their findings from
the meeting, whether they wanted to meet with the user again,
and how their overall strategy had changed. Teams submitted
reports and presented the latest findings at each milestone.
The text of the user interaction is the following:

Preparation

e Why did you decide to meet this person or group of peo-
ple?

e How did you get connected with them?

e How much time and what did you do to prepare for this
interaction?

Interaction

Who did you meet?

Where did you meet?

When did you meet?

How long was the meeting?

What was the nature of the meeting? Include supplemen-
tal materials as needed.

Response

e What is the takeaway message from this interaction?

framework for understanding
and performing
user-needs analysis
prepare

(

respond interact
Y—
2 7

Fig. 2. The framework for user-needs analysis.
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e Are you planning to meet with them again? Explain.

e Were there any unexpected findings from this inter-
action?

e How does this affect the decision making process for
your team?

3.2. Team effectiveness survey

To assess each team’s performance, students completed team
effectiveness evaluations four times in the semester. A 10-
question team effectiveness questionnaire adapted from Alex-
ander (Alexander, 1985; Webne-Behrman, 1998; Distiller &
Thatcher, 2002; see Table 2) along with several other ques-
tions to assess team performance adapted from a question-
naire developed by Professor David Wallace for a senior cap-
stone design course at MIT. The questionnaire considers both
social and task dimensions of teamwork. The aggregate sur-
vey results for each team were shared with the team itself with
individual identities removed. Teams could then gain a sense
of their overall effectiveness as judged by its own members.

3.3. Reviewer ratings: Design outcome
One standard for assessment of a consumer product is its per-

formance in the marketplace, but this is difficult to evaluate in

Table 2. Team effectiveness survey

Team Effectiveness Survey

Adapts goals The team is able to think critically about its goals
and adapt those goals accordingly.

The team takes advantage of all resources
available and looks for opportunities to
improve efficiency.

The team makes sure conflicts are clearly
resolved.

The team allows different people to control
activities where they excel.

All team members know what is going on and
what they should be doing.

The team realizes that different problems may

Uses resources well

Resolves conflicts
Shares leadership
Understands tasks

Make decisions

flexibly require different approaches.
Provides help when Team members are willing to help out by doing
needed whatever needs to be done.

Thinks creatively The team is open-minded and willing to consider
new ideas or change plans as needed.

Team members are aware of how their actions
affect the team.

Team members are strongly committed to doing a
good job.

Team members feel listened to and respected, and
they listen to and respect others.

The team’s effort and meetings are efficient.

Team communication is good, focused on the
project, and not driven by personal agendas.

Team members receive appropriate feedback on
how they are doing.

Each team member considers her/himself to be
effective in a team.

Is self-aware

Is committed

Is built on respect

Is well organized

Communicates
professionally

Provides feedback

Self-assessed
effectiveness
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the context of the academic classroom. Instead, reviewer rat-
ings were used as a proxy for the design outcome.

Each project was assessed by an external review panel of
six designers and engineers. This review panel consisted of
professionals with experience in consumer product and sys-
tem design. The panel watched 15-min live presentations
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Products may be considered from a number of per-
spectives. The goal was to encourage reviewers to assess
the products on a range of qualities, from user need to mar-
ket and business considerations to its desirability. The re-
view form consisted of questions designed to evaluate the
following:

by each team on their project and gave feedback via a review
form (Fig. 3 for short version). Ratings were on a scale of 1 to
5: 1 meant that the reviewer thought not really in response to

e whether the product concept was anchored in the man-
date of the class ( products must meet a compelling, un-

the question and a 5 indicated absolutely. The presentations in- met need ),
cluded a description of the user need, a demonstration of the e the team’s understanding of the potential market and
product itself, and an assessment of market viability. At the business potential,
end of the presentations, the top ranked team was awarded e the concept based on Sanders’ (1992) three perspectives
$1000. It should be noted that the teams’ class grades were de- on products (useful, usable, desirable),
pendent on their performance throughout the term, primarily e how well the teams implemented and executed the pro-
focused on their design process. Thus, the ratings they received totype based on their concept, and
by the reviewers were not part of their final semester grades. e the teams’ presentation of their work.
Category | # Question
User 1 Is this user need compelling, unmet, and idea
Need clearly defined?
) Is there an understanding of where the e
product fits in with its competitors?
Market
Need
3 | Is there a viable market for this product? idea
4 Usefulness - How well does the concept i
meet the user need?
Product Usability - Can a user easily figure out | . ’
Concept 5 how io use it? implementation

6 Desirability - Does this product make a i
user think, “| want this!"?
Business 7 Is the a business case for the product
Case plausible?
8 Does the prototype communicate the implementation
product concept convincingly?
Prototype
Do users respond positively to the : :
9 product? implementation
Deli 10 Was the presentation well structured and
R delivered?
Potential | 11 Do you believe this project could become

a successful product?

Fig. 3. The reviewer rating criteria.
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4. RESULTS
4.1. User interaction and reviewer ratings

Figures 4-6 show the quantity of user interactions by each
team at each stage of the class. Stage 2 is omitted because
that milestone was dedicated only to market research. The fig-
ures show the number of interactions, people, and the amount
of time each team spent in their user interactions over the
course of the project. The number of forms submitted repre-
sents interactions over time. The number of people represents
people over time from each interaction.

In Figures 4-6, the darkest (red, online only) solid lines in-
dicate teams that were in the top third of the reviewer rankings
(teams B, E, J, K, N, and Q), the lighter (blue, online only)
solid lines indicate teams that were reviewed in the middle
third (teams C, G, H, I, O, and R), and the dashed lines denote
teams that were reviewed in the bottom third (teams A, D, F,
L, M, and P).

It was expected that the proportion of interactions would be
highest at the beginning of the project, when teams are start-
ing to identify user groups and needs, and then gradually ta-
per off until a concept is selected. It was also hoped that there
would be a slight increase in the amount of user interaction
later on as teams tried to get user feedback on their developing
prototypes. Figures 4—6 show this is the case, with one excep-
tion at the end of stage 2 when no user interaction takes place.
At the end of stage 2, teams generated three concepts and
would presumably be focused not on users but on coming
up with possible product ideas. After stage 2, teams do return
to talking with users, possibly to get feedback on their con-
cepts before selecting a final concept to pursue in stage 3.

In Figure 4, it can be seen that one team each of the top and
middle thirds (teams I and N) had a noticeably higher (>20)

25
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number of interactions with users during stage 1 when com-
pared to the remaining 16 teams who are more closely clus-
tered together (<15 interactions). More notably, in stage 5,
the only activity takes place among teams in the top and mid-
dle thirds (teams K and O), although there is no activity by
teams in the bottom third. These two teams had medium to
higher activity earlier in the project. In stage 6, there was ac-
tivity by both a top third and a bottom third team (teams A
and B), although these two teams tended to have a lower num-
ber of interactions in the earlier stages of the project.

These figures also show a few outlier teams that illustrate
that it can be relatively easy to boost the quantity of user in-
teraction, although not necessarily the quality of it. Figure 5
shows a spike in number of people interacted with during
stage 3 for team F. This team surveyed 55 respondents, far
more than other teams. Figure 6 shows team I spending al-
most three times as much time with users as any other
team. Three of the interactions for team I were interviews
that occurred over the course of series of long meetings that
totaled 10 out of 25 h for stage 1 for team I. Patterns similar
to those for Figures 4 and 5 were found in Figure 6.

Table 3 shows the Spearman correlations between outcome
and user interaction. Reviewers’ judgment of teams’ proto-
types (Q8) had a significant positive correlation (0.48) in
stage 5. Only two teams contributed any user interaction re-
ports at this stage, including the second most highly reviewed
team. Qualitative analysis for these two teams who spent time
going back repeatedly to the same user(s) during the latter
stages suggests that perhaps in certain contexts, it may be
valuable to establish and maintain a dialogue with user(s)
to gain feedback. In other words, the same users who provide
context for needs may also provide valuable validation of the
design concepts that address those needs.

——h— Team A
—49—Team B
——ar——Team C

20

@ Team D
—B—Team E
——@— Team F

15

——Team G
——@—Team H

10 4

——@—Team |
——Team J
—l—Team K

Number of Interactions

—{3— Team L
= Team M

—®—Team N
—HE—Team O
=)= Team P

Stage 1 Stage3  Stage 4

—>—Team Q

Stae 5 Slae 6 et ean B

Stage of Process

Fig. 4. The number of interactions (user interaction forms submitted) versus the time (stages of the process). [A color version of this figure

can be viewed online at journals.cambridge.org/aie]
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Team A
—&#— TeamB
= Team C

——@— Team D
g 60 A =tz Team E
© 50 ~——@— TeamF
= \
g / —l— Team G
o 40 \ /’ \\ =@ TeamH
[
= 30 / \ ~——@— Team |
8 —at—— TeamJ
% 20 - =il Team K
5 e J==  Team L
-g 10 A ~@— TeamM
= : s
Z o — ¢ Team N

Stage1 Stage3 Stage 4

Stage of Process

=g Team O
Team P
—>é— Team Q
—>— Team R

Stage 5 Stage 6

Fig. 5. The number of people (from all interactions) versus the time (stages of the process). [A color version of this figure can be viewed

online at journals.cambridge.org/aie]

We also observed that many of the correlations are negative
(although generally not significantly so), which suggests that
more interaction with users tends to correlate with poorer rat-
ings. This unexpected result may suggest a few possible rea-
sons. First, quality rather than quantity of the interaction is
important in some situations. Second, any group of users
may have widely divergent opinions, which are difficult for
design teams to distill into a single framework for a design
concept. This effect may be exacerbated by larger numbers
of users. Interaction with users appears to play some role,

but not a dominating one. Deeper understanding of the data
requires a closer look at the details of these interactions.

Figures 7-10 plot the measures of design outcome via the
average reviewer rating across all questions for a given team
against measures of user interaction. In addition, the user
need reviewer rating (Q1) is plotted against interactions. On
a given figure, each point represents a team. All four figures
show that there is no correlation between the quantity of user
interaction (interactions, people, time) and the design out-
come.

M~ Team A
—&@—TeamB
—d—Team C

——&— Team D
—tF—Team E
@ Team F

20 \
15

—l—Team G
—4—TeamH

o\

—@®—Team |
e~ Team J

——Team K
—{3— Team L

Amount of Time Spent in
Interactions (Hours)

Stage 1 Stage 3

Stage 4
Stage of Process

—— Team M
—8@—Team N
——tt——Team O
—>&— Team P
—é——Team Q
——é——Team R

Stage 5 Stage 6

Fig. 6. The amount of time spent in interactions versus the time (stages of the process). [A color version of this figure can be viewed online

at journals.cambridge.org/aie]

https://doi.org/10.1017/50890060410000211 Published online by Cambridge University Press


https://doi.org/10.1017/S0890060410000211

310

Table 3. Correlation between user interaction and outcome

J. Lai et al.

Reviewer Ratings

Stages of Process Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Ql1 Idea Implement.
Stage 1: user opportunities
Interactions —0.21 0.09 0.09 0.00 0.11 -0.04 -031 0.10 -0.03 -0.02 -0.13 0.02 —0.01
People 0.00 0.04 -008 -0.03 -037 -0.04 -032 —0.01 —0.14 0.12  -0.10 —0.05 —0.22
Time —0.06 0.11  —0.15 0.15 0.14 0.06 —-027 —0.04 0.22 0.13  —=0.01 0.08 0.09
Stage 3: user need
Interactions 0.27 0.35 0.36 0.19 —0.07 0.10 0.18 042 -0.01 0.33 0.40 0.26 0.10
People 0.14 0.14 0.11 0.08 —040 —0.20 0.01 0.11  —0.18 0.19 0.17  —=0.01 —0.22
Time 0.11 0.37 0.07 0.03 —-020 —0.08 0.07 0.18 —0.12 0.09 0.27 0.07 —0.15
Stage 4: preliminary concepts
Interactions 0.26 0.31 0.35 026 —0.28 0.26 0.26 0.40 0.31 0.26 0.33 0.35 0.35
People 0.26 0.31 0.35 026 —0.28 0.26 0.26 0.40 0.31 0.26 0.33 0.35 0.35
Time 0.26 0.31 0.35 026 —0.28 0.26 0.26 0.40 0.31 0.26 0.33 0.35 0.35
Stage 5: concept selections
Interactions 0.10 0.41 0.37 030 —041 0.12 0.30 0.48 0.07 0.15 0.35 0.32 0.21
People 0.10 0.41 0.37 030 —0.41 0.12 0.30 0.48 0.07 0.15 0.35 0.32 0.21
Time 0.09 0.41 0.36 029 —0.41 0.10 0.29 0.48 0.05 0.14 0.34 0.31 0.19
Stage 6: product contract
Interactions —0.02 0.10 —0.09 0.05 0.24 0.03 022  -0.19 0.14 0.07 024 —0.03 0.00
People 0.01 0.11  —0.06 0.08 0.26 0.06 024 —0.17 0.14 0.10 025 —0.01 0.02
Time —0.04 0.10 —0.11 0.03 0.22 0.01 021 -020 0.13 0.04 023 —0.06 —0.02
Total
Interactions 0.08 0.30 0.24 0.19 0.04 0.14  —0.10 0.33 0.14 0.28 0.20 0.23 0.17
People 0.10 0.03 -0.10 004 -051 -0.11 -024 -0.10 -0.17 0.18 —0.03 —0.06 —0.32
Time 0.02 027 —0.06 0.17 0.06 0.13 —0.16 0.13 0.26 0.18 0.15 0.17 0.15
Types of interaction overall
Interview 0.02 0.30 0.22 0.14 0.10 0.11  —0.12 0.31 0.11 0.21 0.16 0.21 0.16
Brainstorm -0.26 —0.09 —0.05 —0.33 031 -0.07 -0.19 0.14 0.00 -0.16 -0.19 —0.12 0.21
Observation 0.11 0.00 —0.11 032 -0.16 —0.02 —0.03 0.22 0.09 0.24 0.11 0.03 0.09
Survey 0.41 0.03 -0.02 0.28 —0.30 0.17 0.06 0.12 0.14 0.44 0.20 0.15 0.11
Prototype 0.12 0.30 0.29 0.33 0.06 0.17 0.35 023 —0.05 0.22 0.33 0.26 0.11

Note: Q1, user need; Q2, competitors; Q3, viability; Q4, usefulness; Q5, usability; Q6, desirability; Q7, business case; Q8, prototype; Q9, user response;

Q10, presentation delivery; Q11, potential.

4.2. User interaction and team effectiveness

Table 4 shows the Spearman correlations between interac-
tions with users and each of the team effectiveness questions.
The statistically significant correlations are in bold. In stage 5,
there is a significant negative correlation between flexibility
in decision making and user interactions. This stage is con-
current with selecting a concept to pursue and may reflect
overall team anxiety about making a choice. In stage 6, there
is a significant positive correlation with being committed to
the team and project. This occurs after the concept is selected,
and may indicate that teams have committed to their choices.
It is also observed that in Tables 3 and 4 there are significant
correlations in the middle to late stages for the relationships
between user interaction with outcome and user interaction
with team effectiveness. In this particular dataset, this sug-
gests that user interaction at the beginning of a project played
less of a role than user interaction later on. At the start of a
project, user interaction tends to focus on gathering needs
and defining requirements, but at the end of the project the
emphasis shifts to user testing and evaluation of concepts.
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The implication is that the user testing aspect of user-centered
design is critical.

4.3. Team effectiveness and reviewer ratings

Table 5 shows the Spearman correlations between reviewer
ratings with users and each of the team effectiveness ques-
tions. The table shows that several measures of team effec-
tiveness have significant correlations with the implementa-
tion of the product, but only one, provides feedback, is
correlated with generating good quality concepts. A dichot-
omy between idea and implementation is made to understand
the tension that often occurs in the construction of a product.
In the early stages, it is important to spend adequate time
scoping the problem. Designers must, however, at some point
start creating the artifacts to meet deadlines. Fabrication
of a design concept can be a more challenging task than de-
signers anticipate because it requires a great deal of inte-
gration of physical components. Only teams who work to-
gether well will be able to execute well. Note that teams
that provide feedback and share leadership tends to under-
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Fig.7. The design outcome (overall rating, scale = 1 to 5) versus the number
of interactions (user interaction forms submitted). [A color version of this
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stand the market better, suggesting the importance of collab-
orative teamwork.

There is a significant correlation between how reviewers
perceived usability, “Can a user easily figure out how to
use it?,” and many of the team effectiveness categories. Be-
cause building skills and expertise were varied across all
the teams, the final prototypes were at different levels of fin-
ish. A prototype that is more developed is more likely to be
perceived as usable. Those teams that were able to reach a
critical stage in the development of their prototype perhaps
had more team cohesion, as represented by the higher values
from the team reviews.

4.4. Reviewer ratings

Multiple criteria were used to assess the products, and these
criteria ranged from market considerations to product desir-
ability. To better understand if any specific criteria might
be a leading predictor of an overall reviewer evaluation, cor-
relations among all the criteria were calculated. Table 6 shows
correlation coefficients Rs among each of the review ques-
tions listed in Figure 4. Coefficients in bold are statistically
significant (p < 0.05). Many correlations were found among
the questions. In particular, it can be seen that projects with
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Fig. 8. The design outcome (overall rating, scale = 1 to 5) versus the number
of people from all interactions. [A color version of this figure can be viewed
online at journals.cambridge.org/aie]
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the highest ratings for desirability (Q6) and an understanding
of how they fit in with their competitors (Q2) tend to have
higher scores for other questions as well, suggesting that these
two aspects were leading indicators of a product’s assessment
by reviewers. In other words, teams that tended to be rated
well on these two questions tended to perform well overall.
“Desirability” may be thought of as an underlying, generic
user need in the sense that it makes the user “want” the
product, but it is not an explicit, specific user need in the tra-
ditional sense. An understanding of the competitive land-
scape is somewhat more relevant to user needs because it
demonstrates an understanding of the marketplace and, pre-
sumably, how existing products address user needs.

The individual reviewer questions were divided into idea
and implementation when applicable. The first relates the
quality of the product idea in Q1—4 and Q6. The second cat-
egory focuses on the implementation of that concept, includ-
ing the physical embodiment and fit and finish of the final
prototype in QS5, Q8, and Q9. The ratings for questions in
each of these two categories were averaged, and correlated
and listed as idea and implementation in the far right columns
and bottom two rows of the table. Projects rated as highly de-
sirable (Q6) were also very highly correlated with both idea
(0.93) and implementation (0.79). An understanding where

I
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Fig. 10. The user need (rating for “does this meet a compelling need?”, scale

= 1 to 5) versus the amount of time spent in interactions. [A color version of
this figure can be viewed online at journals.cambridge.org/aie]
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Table 4. Correlation between user interaction and team effectiveness

Team Assessment of Effectiveness

Self- Individual

Stages of Process Goals Resources Conflict ~ Leadership Tasks Feedback Flexibility Help Creatively Aware  Committed  Respect Organized Professional Effectiveness
Stage 1: user opportunities

Interactions —0.50 —0.02 —0.27 —0.26 0.01 —0.32 0.09 —0.22 —0.25 —0.41 0.12 0.09 —0.29 0.09 -0.29

People —0.48 0.08 —0.01 0.01 0.02 —0.18 —0.10 —0.25 —0.50 -0.27 —0.15 0.00 —0.34 0.09 —0.11

Time —0.24 0.16 —0.02 -0.17 0.18 0.22 0.19 —0.06 0.03 —0.23 0.10 0.31 —0.16 0.08 —0.25
Stage 3: user need

Interactions —0.41 —0.13 —0.18 —0.19 —0.30 0.26 —0.30 —0.40 —0.20 —0.18 —0.25 —0.34 —0.06 —0.44 —0.28

People —0.52 —0.20 -0.29 —0.30 —0.41 0.02 —0.34 —0.49 —0.32 —0.35 —0.34 —0.51 —0.24 —0.61 —0.41

Time —0.45 0.10 -0.22 —0.25 —0.12 0.21 —0.19 —0.11 -0.19 —0.08 —0.15 —0.21 0.04 —0.25 -0.19
Stage 4: preliminary concepts

Interactions -0.19 —0.21 0.12 0.17 0.00 0.19 —0.31 —0.21 —0.31 0.10 0.00 —0.26 —0.02 —0.24 0.07

People —0.19 —0.21 0.12 0.17 0.00 0.19 —0.31 —0.21 —0.31 0.10 0.00 —0.26 —0.02 —0.24 0.07

Time —0.19 —0.21 0.12 0.17 0.00 0.19 —0.31 —0.21 —0.31 0.10 0.00 —0.26 —0.02 —0.24 0.07
Stage 5: concept selections

Interactions —0.43 —0.39 —0.06 0.03 —0.24 0.13 —0.51 —0.41 —0.51 —0.07 —0.21 —0.28 —0.13 —0.34 —0.12

People —0.43 —0.39 —0.06 0.03 -0.24 0.13 —0.51 —0.41 -0.51 —0.07 —0.21 —0.28 0.13 0.34 —0.12

Time —0.44 —0.40 —0.07 0.02 —0.26 0.12 —0.51 —0.42 —0.51 —0.09 —-0.22 —0.28 —0.14 —0.34 —0.14
Stage 6: product contract

Interactions 0.29 0.40 0.09 —0.23 0.47 0.24 0.29 0.36 0.16 —0.18 0.48 0.34 0.33 0.33 0.29

People 0.30 0.41 0.08 -0.23 0.47 0.24 0.30 0.36 0.17 —0.18 0.48 0.33 0.34 0.33 0.30

Time 0.28 0.40 0.09 -0.22 0.46 0.24 0.28 0.37 0.14 —0.18 0.48 0.36 0.32 0.32 0.28
Total

Interactions —0.13 -0.26 —-0.35 —0.07 —0.11 —0.06 0.03 0.14 —0.23 —0.28 0.06 —0.04 —0.09 —0.22 —0.13

People —0.33 —0.36 -0.19 —0.15 —0.38 —0.39 —0.39 —0.09 —0.47 —-0.49 —-0.22 —0.36 —0.33 —0.43 —0.39

Time —0.11 -0.23 —0.11 0.03 —0.16 —0.28 0.06 0.19 —0.22 —0.21 0.07 0.20 —0.01 —0.11 —0.13
Types of interaction overall

Interview —0.10 —0.25 —0.32 —0.09 —0.11 —0.06 0.06 0.17 —0.21 —0.28 —0.05 0.00 —0.07 —0.17 —0.11

Brainstorm 0.16 0.12 0.40 0.40 0.35 —0.16 0.12 0.30 —0.02 0.16 0.35 0.40 0.33 0.35 0.30

Observation —0.03 —0.35 —0.07 —0.05 —0.35 —0.19 —0.14 —0.35 —0.04 —0.20 -0.29 —0.04 —0.18 —0.33 —0.32

Survey —0.05 —0.11 0.00 0.08 —0.03 0.00 —-0.22 —0.08 —0.25 —0.12 0.00 —0.13 —0.01 —0.18 —0.02

Prototype —0.03 —0.06 —0.14 —0.31 0.00 0.06 —0.03 —0.03 —0.10 —0.12 —0.06 —0.19 0.00 —0.03 0.00

(453

12 W7 T
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Table 5. Correlation between team effectiveness and outcome
Reviewer Ratings
Team Assessment
of Effectiveness Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Idea Implement.

Goals 0.13 0.29 0.27 024  0.56 0.33 0.14 0.07 0.48 023  0.16 0.30 0.44
Resources 0.10 0.26 0.19 0.02 0.34 0.15 024 —-021 022 0.11  0.13 0.15 0.09
Conflict 0.28 0.39 0.02 020 0.38 0.42 0.04 0.11  0.46 0.19 0.20 0.36 0.40
Leadership 0.29 0.51 0.20 031 0.26 0.38 0.02 023 0.60 032  0.25 0.44 0.51
Tasks 0.27 0.39 0.20 0.19  0.57 0.42 0.16 0.19  0.54 023 0.24 0.37 0.52
Feedback 0.43 0.56 0.47 036 0.45 0.44 0.31 045 045 034 045 0.53 0.54
Flexibility 0.19 0.30 0.30 0.15  0.69 0.36 0.33 0.14 041 026  0.45 0.33 0.44
Help 0.22 0.19 -—0.13 0.04  0.62 026 —022 0.07 0.37 0.15  0.00 0.16 0.32
Creatively —0.13 —0.04 020 —0.10 045 —0.09 024 —015 006 —006 0.06 —0.08 0.06
Self-aware 0.28 0.46 0.12 029 0.44 0.42 0.18 0.19  0.59 0.20 0.28 0.40 0.50
Committed 0.23 021 -0.13 0.09 0.55 032 —0.07 0.15  0.47 0.12  0.08 0.21 0.44
Respect 0.11 024 —0.03 0.14  0.68 0.37 0.04 021 0.65 0.14 0.24 0.26 0.63
Organized 0.31 0.26 0.00 024  0.61 039 —0.07 0.15  0.47 0.32  0.06 0.31 0.46
Professional 0.08 0.12 0.00 —0.06 0.70 0.28 0.08 —0.09 0.39 0.04 0.03 0.12 0.34
Individual effectiveness 0.17 0.23 0.12 0.03  0.61 0.28 0.09 0.17  0.37 0.13  0.08 0.22 0.43

Note: Q1, user need; Q2, competitors; Q3, viability; Q4, usefulness; QS, usability; Q6, desirability; Q7, business case; Q8, prototype; Q9, user response;

Q10, presentation delivery; Q11, potential.

a product fits in with competitors (Q2) also demonstrated
strong correlation with idea (0.85), although not with imple-
mentation (0.53), and not as high as for Q6. This analysis
shows that desirability of a product may be important in
how a product is perceived by external reviewers. The way
that reviewers see the product may bias the ratings they put
down.

The two questions most directly identified with user-cen-
tered design were user need (Q1) and usability (QS5). User
need (Q1) showed several statistically significant correlations
with other reviewer questions. Usability (Q5) showed only
one statistically significant correlation. One possible reason
for this lack of correlation is that usability is often a quality

Table 6. Self-correlation between reviewer ratings

that is apparent in products that are noticeably more refined
than prototypes developed in the class. Given the time and re-
source constraints of the course, most teams were able to pre-
sent prototypes that could demonstrate basic functionality
typical of a preliminary design rather than a full working pro-
totype with a higher degree of finish. In addition, it is difficult
to assess usability without interacting with a functional proto-
type.

Another possible explanation may be due to the way in
which the products were presented to reviewers. The product
presentations were generally formulated along the lines of an
investor pitch, which may have little to do with the way a
product might be used in a real-world application. If the

Reviewer Ratings

Reviewer
Ratings Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Ql1 Idea Implement.

Ql 1.00 0.50 0.27 0.73 0.28 0.82 0.30 0.26 0.69 0.90 0.60 0.78 0.55

Q2 — 1.00 0.66 0.72 0.05 0.65 0.52 0.50 0.59 0.58 0.80 0.85 0.53

Q3 — — 1.00 0.42 0.12 0.50 0.71 0.45 0.27 0.39 0.63 0.67 0.43

Q4 — — — 1.00 0.08 0.77 0.38 0.41 0.73 0.84 0.70 0.86 0.60

Q5 — — — — 1.00 0.47 0.09 0.25 0.46 0.23 0.15 0.29 0.62

Q6 — — — — — 1.00 0.51 0.39 0.85 0.80 0.73 0.93 0.79

Q7 — — — — — — 1.00 0.14 0.36 0.37 0.81 0.54 0.34

Q8 — — — — — — — 1.00 0.32 0.30 0.39 0.53 0.72

Q9 — — — — — — — — 1.00 0.73 0.66 0.79 0.82

Q10 — — — — — — — — — 1.00 0.71 0.81 0.58

Ql1 — — — — — — — — — — 1.00 0.80 0.58

Idea — — — — — — — — — — — 1.00 0.76
Implementation — — — — — — — — — — — — 1.00

Note: Q1, user need; Q2, competitors; Q3, viability; Q4, usefulness; QS, usability; Q6, desirability; Q7, business case; Q8, prototype; Q9, user response;

Q10, presentation delivery; Q11, potential.
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mindset of reviewers is to see the presentations as elevator
pitches, the questions dealing with the idea would then be rated
better than those questions dealing with implementation.

5. CONCLUSIONS

1. Is there a link between the quantity and nature of in-
teractions with users and reviewer ratings? Results of
this study show that more interaction with users does
not correlate with better outcome. Sheer quantity of in-
teraction may not be as important as one might think,
although quality of interaction might be more impor-
tant. Findings also suggest that later stage interaction
with users may be critical, in particular, getting feed-
back on specific concepts from the same user(s) over
a period of time. By getting feedback from the same
users as a design evolves, designers can form a richer
understanding of users’ needs and validate design
directions. In effect, the process can become more of
a codesign process in which the user is a more active
participant.

2. Is there a link between the quantity and nature of inter-
actions with users and team effectiveness? Interaction
with users is linked to flexibility in decision making
and commitment to the team only in the middle stages
of design. This may be due to the anxiety of selecting a
concept and renewed team commitment that occurs
after a selection has been made. In this context, user
feedback becomes a strategy for validating team deci-
sion making.

3. What is the nature of the relationship between team ef-
fectiveness and reviewer ratings? Findings suggest that
aspects of team effectiveness are linked to the imple-
mentation of a concept. This may be because of the
way the building of prototypes forces the integration
of components and, by extension, the team members
who construct those components.

5.1. Limitations

This study has several potential limitations that may affect re-
sults. First, all surveys and questionnaires given to design
teams relied on self-reporting and assumed that individuals
were able to give accurate responses, although in reality, peo-
ple may under- or overestimate. Second, every effort was
made to encourage teams to engage with users in a thoughtful
manner to benefit their projects. The risk is that teams would
submit user interaction reports simply to fulfill a requirement.
However, a review of all the user interaction reports suggest
this is not the case, and that teams took their reporting duties
seriously. Third, a continuing challenge of design research is
a consistent, viable measure of design success. Reviewer rat-
ings are a common, although not perfect approach. Fourth,
many of the relationships between datasets were found
through correlation, and it is important to recall that this is
not the same as causation. Fifth, these findings were based
on a classroom design task. Conclusions for real-world de-
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sign environments should be made with caution as they in-
volved different designers, design goals, and overall contexts.

5.2. Reflections from the researchers

The following is a list of qualitative reflections of this study. It
is hoped that these conclusions and reflections can serve as
starting points for future research, whether it relates to exper-
imental design or the teaching of user-centered methods in
product design and development courses.

5.2.1. Requirements versus real interest

In the classroom, students may view the use of methods as
“just another assignment,” regardless of their expertise level.
Some students were more worried about the details of the as-
signment rather than finding an understanding of the tasks given
to them. Students may also care only about their grade and not
believe that these methods can be useful. Educators should try to
structure courses to motivate students to try the methods on their
own. If there is no insistence from the instructors, however, then
the students might not try the new methods at all.

5.2.2. Methods for design

Students may think that the instructors imply that there is a
“right” and “wrong” way to approach designing products and
systems for people. The user-centered approach taught in the
study is meant for situations where designers want to seek out
new opportunities for design and may not have any precon-
ceived notion of the concept they want to pursue. In showing
data from studies such as this, students can see that you cannot
just blindly follow instructions put forth in class. Methods
and procedures can provide a solid first step to the process.
They can also see the variety of products and instances in
which certain methods will and will not work. The students,
however, must be in tune with what they learn along each step
of the process and be prepared to adapt.

5.2.3. Documenting and quantifying the process

Although the very documentation of the design process, such
as the user interaction forms, may impede progress on the pro-
jectitself, it is beneficial to have a record of the design activities
and decisions. Good record keeping can help teams manage all
the information they have gathered. Students and researchers
alike can look back on the processes and perhaps see where
things may have broken down. What if a team had a good con-
cept early on but ended up choosing a different idea to follow?
What if there was something in the implementation of the con-
cept that prevented the prototype from being successful? Main-
taining an archive of their work can answer these questions.

6. FUTURE WORK

6.1. Richer data through intercollegiate studies

A number of higher learning institutions teach user-centered
design methods in engineering and design courses. Future
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work should compare and contrast data regarding types of de-
sign methods, quality, and quantity of user interaction, team
effectiveness, and design outcome measurement with some
of these universities to form a more comprehensive view of
how to best teach the material. How does product design cul-
ture vary at different universities both in the same country and
around the world?

6.2. Assessing qualitative aspects of user-centered
design

The conclusions in this paper were drawn largely from mea-
surable data, such as ratings, gathered from teams and review-
ers. Clearly, the quality of user-centered design practice must
play a key role as well. The challenge is gathering such data
on a suitable scale while still remaining tractable to analyze.
Future work should consider how to thoughtfully assess the
qualitative aspects of user-centered design. To what extent
can value be placed in subjective, qualitative assessments
of designer action, and outcome?

6.3. Partnership with industry

The literature in user-centered design tends to emphasize in-
dividual cases in which methods are applied. Future work
should formulate a strategy for assessing user-centered
methods on a larger, more quantitative scale within the con-
text of industry. Do the experiences in the classroom prepare
students at all for what they may encounter in actual practice?
What can we do as educators to improve that preparation?
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