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ABSTRACT

This study sought to determine whether there exist identifiable patterns for how ideas are
generated using rapid prototyping and sketching tools during a talk-aloud protocol. Three
designers' work, as they engaged in a hands-on design activity, were tracked in this experiment.
Recordings of their activity were reviewed, and revealed that certain themes are prevalent in the
way people design: memories, context, familiarity and innovation. As well, patterns for
brainstorming were uncovered: the first identifiable pattern began with the designers drawing
from memory, and the other was anchored in the designers' quest to innovate. Finally, the format
of the experiment itself seemed to have played a role in the design process. This was observed in
the number of designs created by each participant, and by the timing of each breakthrough
thought or idea.
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1. INTRODUCTION

The creative process is often unique to each individual. The way they think, their methods
for generating new ideas, the tools they use, the time they need, and the space they perform in
are all distinct from person to person. Indeed, in Sketches of Thought, Goel posited that
designers manipulate the world to arrive at their breakthrough work [1]. The experiment
conducted here will further explore this affirmation.

For this study, three experienced designers were asked to create a remote control for an
entertainment setting. They were given a set of instructions for the design task, and asked to
speak out loud during the entire process. They were also limited to a single design tool to use
during the task, relevant to the design method employed. Here, the two design methods observed
were prototyping using blue foam, and sketching.

The experiment was setup such that the designers were seated at a desk with all of the
materials they needed. Two cameras in the room recorded the process, and a microphone also
recorded the sound. Video and sound analysis were then performed in order to capture the data.

The sections below describe the experiment in its entirety and the results obtained after
analysis of the three data sets gathered.

2. BACKGROUND INFORMATION

Factors that influence ideation have been identified through previous research in product
design and development. Such results have been used here to establish a framework for the
analysis of the results obtained through the talk-aloud protocol.

First, the design task environment is known to influence the design results [1]. Indeed, in a
given environment, it can be difficult to determine whether a designer would be guided by
external factors, and what those factors could be. Doing so would mean clearly categorizing such
external factors and identifying members of the determined categories. Conversely, every aspect
of the design task environment has some bearing over a designer's work. However, an elaborate
understanding of the extent of these influences would warrant the selection of a set of criteria by
which what matters and what does not can be ascertained.

Second, the design tools used also have the ability to direct the generated design concepts
[2]. In the case of sketching, the speed at which ideas can be conceptualized affords the
flexibility to explore multiple concepts, often more than other methods may allow. This can lead
not only to the multiplicity of ideas, but also to discoveries during the design process and to
adjustable transformations. Computer-aided design tools, on the other hand, tend to encourage
extensive ideas. This usually leads to the early commitment to one idea and its further
development, instead of a continued exploration of ideas. Finally, physical prototypes also add
some value to the design experience. Unlike the other tools, prototypes provide a physical
understanding of a given design concept. They usually cause the designer to consider where and
how to modify their design to affect the user experience in addition to the design concept's
functionalities.
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In conducting this study, the factors identified above have served as means to better
extrapolate the design task observations.

3. EXPERIMENTAL DESIGN

Participants were tasked with redesigning an everyday object through rapid-prototyping
using blue foam or sketching. The designs - up to three per participant - would then be evaluated
to determine the best design, which would be given a token monetary award.

For this study, it was required that the designers be professionals [3] with at least two years
of experience in an engineering or design-related field.

3.1 Design Task

The designers were asked to design a remote control that would be used in an entertainment
setting using materials provided to them. Two design methods were used: prototyping using blue
foam, and sketching. When prototyping, the main design tool was precut blue foam. Other tools
included a foam-cutting machine, glue, sandpaper, a saw, toothpicks, and a marker. When
sketching, the participants had access to white paper, pens, pencils, and erasers. Only the
materials provided to them were acceptable for use in their design process.

The participants were instructed to produce at least one design, but encouraged to consider
multiple. If they chose to create more than one, up to three could be entered into a contest in
which the best design would be awarded a prize in addition to their compensation for
participating in the study.

Throughout the experiment, the participants were asked to say out loud what they were
thinking, so that their thought processing could be analyzed as part of the study. This was the
most important part of the data-gathering process.

3.2 Experimental Methods

The experiments were conducted in a room, free from outside distraction, where the
participants could focus on their task.

3.2.1 Setup

In the room, two cameras were set up to capture the work that was being done. A
microphone was also in place to record the thoughts as they were being spoken. The researchers,
were seated away from the participants, and only spoke to remind them of the time left, to
prompt them to speak their thoughts aloud is they fell silent, or to conduct short interviews
between design stages.

3.2.2 Procedure

The experiment consisted of three distinct design sections that lasted forty minutes each.
During those sections, the designers were free to work using any of the tools provided. They
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were reminded, as needed, to loudly state their thoughts. They were also reminded of the time at
ten and five minutes from the end.

A short pre-interview was conducted with the designers before the first round. During this
interview, questions were asked to assess their experience level, their comfort with the design
process, and their confidence in their skills. As well, they were reminded of the protocol for the
experiment, and of their right to end the experiment at any time.

Similarly, after the first two design rounds, mid-experiment interviews were conducted.
Participants were asked to talk about their designs and what they were looking to accomplish, as
well as the specific design method used (here, prototyping using blue foam, or sketching) and its
effect on their ability to design comfortably. These short intermissions were also opportunities
for them to take a break [3].

Lastly, at the end of the third round, a final interview was conducted to gather more data on
the designer's thought process, satisfaction with the design(s) produced, confidence in their
entry(ies) for the contest, and the experiment itself.

3.3 Data Analysis

Two participants were assigned the prototyping method, and one the sketching method. For
clarity, the participants will be referred to as P1 and P2, for the prototyping method, and SI for
the sketching method. The data gathered from the three experiments was analyzed by one
researcher in two distinct ways.

First, the video footages were reviewed to follow the visual details of the experiment -
design process, tools used, and participants' body language. Cues that were of particular value
were indicators of the reasons why a participant was starting their design as they did, or why they
were moving in a particular direction, and considerations they made while designing. For
example, participant S I said:

"This is a luxury product. Size wise. You want it to be. fAn] Adult needs to hold it [in] the
hand and a kid needs to be [able] to hold it too."

This suggests that the designer was acknowledging the targeted user for this product. By
questioning whether a child or an adult would be using it, participant SI was able to think about
dimensions and to consider a size that would be suitable for both categories of users, an
indication of the aim for practicality.

Then, the sound recordings were used to pay more careful attention to the thoughts stated
aloud, the short interview responses, and keywords or phrases mentioned. This was done to help
better contextualize the findings of the video reviews, and to add a layer of certainty to the
observations made.

Together, they were used to capture those moments during the experiment that revealed
important data points.



4. RESULTS AND DISCUSSION

The information gathered from this process yielded data that revealed several patterns for
how designers generate ideas. Similarly, several factors that also affect the design process were
identified.

4.1 Observed Themes for Idea Generation

The following themes were the major areas based upon which ideas were generated over the
course of the study. In general, participants have designed based on their experiences, their ideas
for improvement, their ideas for the manner in which the object could be used, and their
memories of the object. These themes were analyzed qualitatively.

A. Memories
Considering that the participants were familiar with the object to be designed, and

considering that they have all had experiences using a remote control, many of their ideas were
based on their memories of using one.

a. First, they usually state their familiarity with the object
b. Then, they proceed by mentioning memories they associate with the object
c. Finally, they design an object that seeks to recreate those memories

Participant P2 designed an object that drew heavily from their memories of watching
television with family members:

"The fact that there are a lot of people trying to use one remote normally. And around a
given space, the object gets transferred a lot between the mom and the son and things like
that. So at least in the case of my family, more often than not, the remote is getting thrown
across the room, so I went with a form factor that lent itself to being thrown, so I started
modeling a ball."

B. Context
It has also been apparent that the context in which the object would be used was an

important theme. Most of the participants have expressed the value of context in creating a new
product.

a. Designers start by recognizing that the object can serve multiple purposes
b. They then explore those thoughts and decide on the context for which they are creating
c. Once they've established a context, they seek practicality within that context

Participant P2 paid special attention to the different types of remotes one might use in an

entertainment setting and redesigned the remote for such occurrences.

"For most people, they have at least three different remotes, especially if it 's a system like
this where this is a stereo, a DVD, and that kind of stuff [...] So for this design, I tried to
create... capture what's nice about having different remotes, but have it be in one object."
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C. Familiarity

Whether the designer had some experience with the object prior to the study also factored
into the idea generation themes. Indeed, when that was the case, the designers usually tackled the
new design with goals of improving the current remote control.

a. First, they explicitly state what they know about the object and its use
b. Then, they identify the areas in which they feel it fails
c. Finally, they base their design on improvements they believe should be made

Participant P1 mentioned the need for a remote control that is more ergonomic:

"I'M just looking at this right now, I have a pretty medium to big sized hand so, I'm probably
at the 70-80% of the scale, so I gotta think about people who are a bit smaller than me. I can
reach my thumb about hafivay to three quarters of the way up. I think this would be a really
good opportunity to cut this down.

D. Innovation

The final theme that seemed to affect idea generation was the need for innovation. Each
participant has recognized the lack of uniqueness in a remote control and has sought to transform
this ordinary object into one that reflects the evolutions in the way it is used.

a. Designers first identify the stagnancy of the object in time
b. From their experiences, they then focus on areas where change is warranted
c. Finally, they use their assumptions to recreate this object

Participant Si said:

"So I imagine like it's completely black. Like a very black screen. And it's almost like
browsing HBO Go. But you're swiping back and forth with your fingers, so instead of the
screen from the TV, [it] becomesjust a large screen and you can select your shows like you
would with gestures. So you can go left and right with your fingers. And so it's a much more
natural swiping of shows. Perhaps there were times, it seems the way you scroll on cable is
pretty generic, itsjust lists. Let's go back here, it's a different look."

Figure 1 below illustrates the sketch that was generated by participant S1.
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Figure 1: A sketch by participant SI, on which the large screen allowing for a fluid swipe
can be observed.

4.2 Brainstorming Patterns for idea Generation

While the number of ideas to be generated wasn't precise, all participants chose to work on
three different concepts. Two patterns were identified as the general progression of thoughts for
participants when working on one distinct idea.

The first pattern identified during a brainstorming activity began with memories of using the
object.

The participants started by putting themselves back in situations in which the object was
relevant. From there, they recalled ways in which they've used it and interacted with it, whether
alone, or in a group.

Once memories were established, participants were interested in designing for practicality in
the context of that memory. One major question posed was: if I were to think about using this
remote control in that context again, how would the experience be enhanced?

Finally, that led to them making an effort to innovate on the current design. All of them
agreed that the standard remote control had not changed in years, and that it didn't necessarily
meet current needs. There, the major question posed was: how can I change this design to
preserve functionality while improving on form?

Participant P2 thought about times when other factors had affected the experience of using a
remote control:

"I just got the ilea to do some sort of wearable, AKA, almost like a lanyard, and you can
have the object right here (gesturing to the chest area), so if you're reclining in a chair, or
something, what happens a lot is that, the remote, ,f you put it next to You, it'll sink behind
you in the chair, so instead have it someone reliablv around here (again gesturing to the
chest area).
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Another brainstorming pattern observed started with the need for innovation on an object of
everyday use.

The first step there was for the participants to identify the need for innovation on the object.
Very similarly to that step in the previous pattern, they sought to recreate an everyday object
with improved form factor while preserving functionality.

Once the intent to innovate was made clear, the designers then sought to create based on
practicality. And as above, that meant drawing from a remembered experience, and a context of
use, in order to design a product that would be suitable to the situation.

Participant SI considered the current features and functionalities of the standard remote
control, while also considering additional features that would provide new user experiences. The
annotations in Figure 2 below serve to demonstrate those features.

7")
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Figure 2: An annotated sketch by participant Si detailing the features of the design. On the
top left, standard remote control features are accounted for, such as the Power and Volume
buttons. On the far right, innovative features, such as the ability for the device to detect
which hand it is being held in, are shown.

4.3 Efffcts of the Experiment Setup on Idea Generation

Aside from recurring themes and brainstorming patterns, the experiment setup itself seemed
to have affected idea generation.

First, subdividing the experiment into three sections caused participants to infer that they
needed to design three remote controls. It was indicated that they could enter one to three designs
in a contest after completion of the experiment, but they were not given any suggestion about the
number of designs required of the experiment. Still, two of the three participants thought it best
to use each time period to work on one design, ensuring that they would have three entries in the
contests, the maximum allowed. The other participant chose to work on two designs.
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Second, timing seemed to have also affected the brainstorming process [4]. Depending on
whether a forty-minute session had just begun or not, the goals for the design in progress were
different. For example, earlier in the design process, participants tended to navigate towards
memories and recreating them. That required more of their attention and of their time because
they were not only looking to improve on an outdated object, but they also seemed to want to
recreate the most accurate version of that product for the context in which they wanted to use it.
Participants P1 and P2 for example, chose to create elaborate designs, based on their past
experiences using a remote control at their first round. Their last design round, however, showed
more flexibility and less attachment to specifics about their ideas.

The themes around which ideation occurred, the brainstorming methods by which ideas
were conceived, and the environment in which those ideas were generated were seen to have had
the most influence on the designers themselves, and in turn, they have greatly affected their
designs.

5. CONCLUSION

As seen in this study, although it might be difficult to predict an ideation model for any
particular individual, there are factors that may be considered influential in one's design process.
Some of these factors are: the general approach taken by the designer, the pattern they follow
throughout their work, and the manner in which the experiment itself is designed.

It was found that the general approach taken involved the following: memories of interacting
with the object, the context in which the object is to be used, the familiarity of the designer with
the object, and the need for innovation in the area.

The patterns followed by designers as they worked followed two trajectories. The first began
with recalling memories, which lead to seeking practicality, then to aiming for innovation. The
second patterned consisted of two steps: first, the need to innovate, then the commitment to
practicality.

In addition, design was affected by the manner in which the experiment was presented. Time
played a role in the approach taken with the design and in the brainstorming pattern adopted. The
interpretation of the given instructions also influenced the design process by causing the
participants to make assumptions about expectations, whether their own or those of the
researchers.

6. FUTURE WORK

In line with the results of this experiment, it would be appropriate to expand the research to
a larger number of test subjects. A larger sample size would solidify the results obtained, and
could even help in establishing ideation trends.
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Similarly, evenly distributing the design tools used over the course of the project would
allow for the results to reflect the type of tool used [2]. From there, some conclusions might be
drawn about the subject's comfort level with the design tool, whether that affects the ideation
process, and whether the themes identified above are still prominent.

ACKNOWLEDGMENTS

The author would like to acknowledge the invaluable contribution and assistance of Anders
Haggman.

REFERENCES

[1] Goel, V., 1995, Sketches of Thought, The MIT Press, Cambridge, MA

[2] HIggman, A., Tsai, G., Elsen, C., Honda, T., and Yang, M. C., "Connections Between the
Design Tool, Design Attributes, and User Preferences in Early Stage Design." ASME Journal of
Mechanical Design, 137(7), 071408, 2015

[3] Yang, M. C., and Cham, J. G., (2007) "An Analysis of Sketching Skill and its Role in Early
Stage Engineering Design." ASME Journal of Mechanical Design. 129(5): 476-482

[4] Yang, M. C., (2005) "A Study of Prototypes, Design Activity, and Design Outcome." Design
Studies. 26 (6): 649-669

1


