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ABSTRACT

Concept screening is one of the gatekeepers of innovation process and thus is
considered a vital component of engineering design. Yet, we know very little about how
decisions are made during concept screening or the factors that inform these decisions.
This is due in part to the fact that most prior work on concept screening in engineering
design has focused on student populations or on industry professionals in an experimental
setting which is not indicative of the risks and consequences professionals face in their
daily work — particularly when it comes to innovative design process. Thus, the current

study was developed to identify how the environmental settings (i.e., experimental versus
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naturalistic) and the role of the professionals in the design process (i.e., idea generators
versus executives) impacts the criteria used to screen design ideas. Two studies were
conducted including a workshop study with 45 design professionals from two companies
in an experimental setting and a participatory ethnographic study with seven design
professionals from a small electromechanical company in a naturalistic setting. The
results showed stark differences in the criteria used to screen ideas between naturalistic
and experimental practices and between idea generators and company executives. In
addition, the results showed differences in the factors considered during concept
screening between naturalistic and experimental environments. These results are used to
identify opportunities for tools and methods that encourage the consideration of creative
ideas in the engineering design industry and encourage appropriate risk-taking in

engineering design.

Keywords: design theory, design evaluation, design theory and methodology, conceptual

design

1.0 INTRODUCTION

US companies spent nearly $310 billion on Research and Development (R&D) in
2018 alone, which accounts for nearly 37% of the R&D expenditures in the world [2].
Importantly, this US investment in R&D has continued to rise over time in an effort to
boost US innovation capacities [3]; between the years of 2007 and 2016, US companies

invested an additional 23% in R&D [4]. This is due, in part, to the fact that successful



Journal of Mechanical Design

innovations often lead to significant payoffs [5] and market leadership [3]. For example, a
longitudinal study conducted by McKinsey&Company with 300 publicly listed companies
over a five-year period showed a clear link between good design performance, high
revenues, and high Total Returns to Shareholders (TRS) [6].

Because of the role of innovation (successful implementations of creative ideas) in
economic success, companies have been focusing on creative idea generation by
encouraging their employees to generate a large number of creative ideas and by
incorporating Design Thinking into the workplace [7]. However, innovation is often said to
be stunted not by the inability of companies to come up with good ideas, but by the
inability to move these highly innovative concepts through the design process [8]. This is
mainly because imperfect human decision makers in the innovation process often block
truly original concepts from moving forward [9-12]. This obstruction has been postulated
to be attributed to the risk or uncertainty associated with creative ideas [13, 14]. However,
taking sensible risks is viewed as an imperative part of the creative process [15, 16];
without taking these risks there is no potential for innovation.

While the importance of selecting creative ideas is an important facet of the
design industry, there has been limited investigation of concept screening practices with
design professionals. This has been attributed to the challenges of conducting research
on professional designers in situ such as setting the boundaries between the researchers
and the objects of investigation, and the difficulty of collecting and analyzing data [17].

For example, many companies are fearful of disclosing trade secrets (e.g. intellectual
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property) or additional expenses to the company in terms of the extra time needed for
employees to partake in the research study.

Because of these challenges, researchers have relied largely on studies of
professional designers in an experimental setting (see for example [11, 12, 18]) or utilized
students to study concept screening behaviors [19-22]. Specifically, this previous research
indicated that both internal factors (e.g., individual evaluation styles [23], cognitive biases
[11, 12, 18]), and external factors (e.g., usability, looks, and feasibility) [18] could influence
professional concept screening practices in the experimental setting. Although this prior
work helps us begin to understand professional concept screening [11], the types of
experimental challenges presented in these studies do not necessarily involve real-life
consequences or risks that affect design decision-making or ensure the design challenge
fits in the expertise of the participants [24]. In addition, recent research on engineering
students has linked individual attributes, including the big-five personality traits, financial
risk aversion and ambiguity aversion [19, 21], and ownership bias [22, 25] to engineering
students’ concept screening practices. However, we do not know if these same findings
transfer to a professional setting or what differences exist. Moreover, professionals
playing different roles in the design process often have different responsibilities [27, 28],
biases [10, 29], and preferences for risk [30, 31]. Nevertheless, limited research has
explored the relationship between the role of the professionals in the design process and
the discussion topics focused on when making screening decisions.

Based on previous work, the purpose of the current paper was to identify how

environmental settings (i.e., experimental versus naturalistic) and the role of the
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professionals in the design process (i.e., idea generators versus executives) were related
to the criteria used to screen design ideas. In addition, these criteria identified were also
compared to those used by student teams. This was achieved through two studies,
including an experimental workshop and a participatory ethnographic study that was
conducted in a naturalistic setting. The results of this study can be used to identify
opportunities for decision support tools that encourage appropriate risk-taking in the

concept screening process.

2.0 RELATED WORK

Before we can begin to discuss the similarities and differences in concept screening
practices between professionals and students and between naturalistic and experimental
settings, it is first important to understand the concept screening process and its role in
design innovation. Concept screening often occurs at the beginning of the design process,
when dozens of ideas are evaluated and the ideas with the most promise are moved
forward in the design process [32]. This process forms the very first stage and gate in the
Stage-Gate system developed by Cooper [28]; see Figure 1. While good decisions in this
process help companies select the right projects to appropriately allocate their resources,
expedite the speed of products to market, and maximize their return from R&D
investments [28], poor decisions during this process result in great expense, including
redesign costs, production postponement, and even product failure [33]. Howeuver,

decisions made in the early phases of the design process are especially difficult to make
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due to the limited information about these early-stage ideas and their future potential for
success [34].

One factor that greatly inhibits successful decision-making in the fuzzy front end
of the design process, or the period between when an opportunity for a new product is
first considered and when the productidea is judged ready to enter “formal” development
[35], is that there are no “ideal” concept screening practices. For example, a recent study
that investigated the design process of eight companies from California supported this
idea, indicating that there was no concept evaluation procedure found to choose the best
concept [36]. This is not surprising since formal concept evaluation tools developed in
academic research that provide frameworks or criteria to guide concept screening (see for
example [37-40]) are usually not preferred in this fast-paced industry due to their time-
consuming and not easy-to-use nature. Because of this, these formal concept evaluation
tools are often criticized due to their disconnection with the requirements of the industry
[41, 42]. Instead, the concept evaluation and screening process in the engineering design
industry often rely on informal methods, such as design review meetings [43], voting [44],
and informal team discussions [42]. For example, Maurer and Widmann (2012) [36] found
through interviews with and observations on professionals from 8 companies in California
that “creativity” and “gut feelings” were frequently mentioned features in
“brainstorming” meetings. However, we know very little about how decisions are made in
this process.

There has been some recent work that has begun to answer this question. For

example, a recent study with engineering design students in an experimental design
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setting showed that students selected ideas primarily based on their technical feasibility,
how they compared to other generated ideas, and how they compared to products
already on the market [26]. In addition, research has also demonstrated that students
often discarded novel ideas during concept screening for conventional alternatives,
leading to a loss of creative capital [45]. In addition, work with design professionals in an
experimental setting has demonstrated that their decision making may be influenced by
factors such as individual evaluation styles [23], cognitive biases [11, 12, 18], and idea
properties including usability, looks, and feasibility [18]. However, these experimental
studies do not necessarily involve real-life consequences or risks that affect design
decision-making. This is problematic because other factors such as social risks (e.g., the
possibility of criticism, rejection, and failure [46]) and cognitive traps (e.g., halo effect [47]
and social loafing [48, 49]) are note captured in these environments.

In addition, while previous research has identified factors that are important to
consider in the early conceptual design stages in order to cultivate successful products
such as safety and durability [50-52], market and technological fit [53], aesthetics and
ergonomics [54], reliability [55], compatibility [56], reusability [57], customer demand
[58], and technical feasibility and cost [38][59], we do not know how these factors impact
the screening process. Finally, since a company’s sustainable growth is largely decided by
its ability to innovate [60], creativity (or how feasible and original an idea is [23, 61, 62])
has been regarded a fundamental component in the new product development process

[63].



Journal of Mechanical Design

In addition to comparing the criteria used to make screening decisions during
informal concept screening in different settings (i.e. experimental versus naturalistic), it
is also important to explore how the criteria used might differ by the role of the
professionals in the design process. For example, members of R&D Teams often serve as
idea generators and the first “gatekeepers” in the design process, as they must screen
dozens of ideas generated through the process to a few key ideas to present to design
executives [27]. In fact, the primary responsibilities of R&D units are undertaking research
and developing new technological innovations for the market place [64], which require the
employees’ engagement of creative behaviors including both ideation and implementation
[65]. However, the key decision makers need to make Go/ No Go decisions based on the
deliverables presented by the idea generators [28]. In addition, professionals could exhibit
biases, such as ownership bias [11, 12, 18, 29] and various levels of preference for risk [66-
68] associated with their roles in the design process. For example, a previous study found
that professionals showed biases towards their own ideas and exhibited a preference
towards highly feasible ideas, yet against highly original ideas when evaluating self-
generated ideas in an experimental setting [29]. Similarly, managers who initiate a project
are less likely to realize that it is failing and are more likely to continue funding it than
managers who assume the leadership after the project has started [10]. What’s more, a
research study found that entrepreneurs who made the commitment to become business
owners had a high degree of optimism on business success, which could be because they

committed more hours on the company than employees [30].
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3.0 Research Questions
The purpose of the current paper was to identify how environmental settings (i.e.,
experimental versus naturalistic) and the role of the professionals in the design process
(i.e., idea generators versus executives) were related to the criteria used to screen design
ideas. Specifically, our study was developed to answer the following questions:
RQ1: What are the main discussion criteria used during professional concept
screening? Does this differ between experimental and naturalistic settings?
We hypothesized that user needs, technical feasibility, and cost would be
the most frequently mentioned topics since these were typical design
considerations adopted by companies that have been found in previous
research [36, 58, 69]. In addition to the frequently mentioned topics
identified in the experimental setting, we hypothesized that professionals
would also consider factors related to technology, market, cost, and
company resources in a naturalistic setting since these factors were found
to be related to the Go/ No Go decisions [53].
RQ2: In a naturalistic setting, are idea generators and executives selecting ideas
perceived to have high market potential?
This research question was developed to understand if idea generators and
executives made similar screening decisions on whether to further
consider an idea or not regarding the market potential of the ideas. This

question serves as a first step to understand the relationship between the
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role of the professionals and concept screening. We hypothesized that
both idea generators and executives would be able to select ideas
perceived with high future market potential in a naturalistic environment.
This hypothesis was partially based on the previous research finding that
professionals showed a preference for ideas perceived with high future
value in a workshop setting [29].

RQ3: In a naturalistic setting, what factors predict the screening decisions of the

idea generators and the executives individually?
This research question was developed to understand if idea generators
and executives screened the ideas based on similar design criteria
regarding the perceived feasibility, originality, overall creativity, and
riskiness. We hypothesized that idea generators and executives would use
different design criteria when making screening decisions due to their

different responsibilities [27, 28].

4.0 Methodology

In order to answer these research questions, two studies were conducted with
design professionals. Specifically, Study | was conducted in the form of design workshops
in an experimental setting and Study Il was conducted in the form of a design workshop

based in a naturalistic environment.

4.1 Study I: An Experimental Design Challenge

10
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In Study I, two workshops were conducted with design professionals from two

companies. The following sections explain the details of the methodology used in Study I.

4.1.1 Participants

A total of 45 participants (8 females and 37 males) were recruited from two
companies to participate in the workshops. Specifically, 15 professionals from a large (>
30,000 employees) global automotive parts design and manufacturing company were
recruited in the first workshop and 30 professionals from a small (< 200 employees)
hardware and software media support company were recruited to participate in the
second workshop. These companies were selected because they have a mission to provide
groundbreaking and innovative products within their respective industries. The average
age of the participants was 38.53 years old (SD = 11.97 years) with an average of 11.05
years of design-related professional experience (SD = 9.74 years). The participants held a
variety of educational degrees, including associates or high school (N = 5), bachelors
(N=17), masters (N = 8), and doctorate (N = 5). The participants’ job titles included
engineers, scientists, managers, and other positions, such as technical specialist and

programmer.

4.1.2 Procedure

To recruit individuals for the study, an invitation email was sent to potential
participants by a company representative. In the invitation email, individuals were
encouraged (but not required) to participate in a company-wide design thinking

workshop. Two workshops were then scheduled onsite at the two companies with
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individuals who were willing to participate based on their schedule, availability, and
interest. Because the workshops were scheduled during work hours, no monetary
compensation was provided. However, participation was completely voluntary; there was
no consequence from the company for not attending the workshop, and participants were
able to quit the workshop at any time. The procedure introduced next was used at both
companies:

The workshop was held in a room provided by the company. At the beginning of
the workshop, the demographic information of the participants was collected through a
paper-based survey. Then, a 30-min lecture on design thinking and the importance of
creative idea development was given to the participants. Next, the participants were
grouped into three- or four-member teams, which were formed by the research team
prior to the workshop. All managers were put on the same team in order to minimize the
pressure that might exist if a manager was present in a team with subordinates, which
could discourage other participants from expressing their genuine feelings during the
activity. There were 12 teams studied throughout both workshops. Participants were
provided with a design prompt, which was “to develop concepts for a new, innovative
product that can froth milk in a short amount of time with minimal instruction”. The full
design prompt can be viewed in Appendix A. This task was selected through a conversation
with a representative from each company, where a variety of design prompts used within
the literature were discussed. This task was selected with consultation with upper
management at the organization in order to represent a task that the participants would

be equally familiar with while also utilizing their expertise to develop solutions to the

12
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problem without violating company intellectual property. Once the design problem was
understood, participants were given 20 min to generate ideas for this design problem
individually by sketching ideas on index cards and providing a short-written description of
each idea.

Following this brainstorming session, participants were asked to assess all ideas
generated by their team without talking to their team members using an individual idea
assessment sheet available at
(https://www.engr.psu.edu/britelab/resources/Concept%20Screening%20Sheets.pdf).
After the individual concept screening, the teams were instructed to categorize all the
generated ideas into “Consider” and “Do not Consider” piles, rank the ideas, and conclude
with a final idea through informal discussions. Specifically, the participants were asked to
categorize each concept into “consider” if they felt the idea would most likely satisfy the
design goals or if they wanted to prototype and test these ideas immediately or “do not
consider” if they felt the idea had little to no likelihood of satisfying the design goals or if
they felt there was minimal value in the idea. The final idea could be one of the ideas, a
combination of several ideas, or a completely new idea. This discussion was audio-
recorded. Finally, the teams were asked to perform a 60-second “Elevator Pitch” to
introduce and promote their final idea to the rest of the workshop participants. The
workshop then concluded with a discussion on decision-making biases in the engineering
design process.

4.1.3 Qualitative Data Coding Procedure — Experimental Study
During the concept screening practices, professional teams generated a total of

216 minutes of audio dialogue that was transcribed and coded by two independent

13


https://www.engr.psu.edu/britelab/resources/Concept%20Screening%20Sheets.pdf

Journal of Mechanical Design

coders. One of the raters was the first author and the other rater was an undergraduate
research assistant. Then the transcripts of the team dialogues were analyzed sentence-
by-sentence following principles of deductive content analysis [70] in NVivo v.11 [71]. The
deductive qualitative research approach was selected because prior research had
identified discussion topics during student teams’ informal concept screening discussion,
therefore the coding schemes generated in previous research [26] were adopted in Study
I. Then, the two raters identified instances of discussions (defined as a block of dialogue
between the team members on a particular topic). Both raters coded 20% of the team
discussions (2 teams) individually. The raters were allowed to add new topics to the
coding scheme, however, no new topics were identified. Interrater reliability was
composed for the two raters across all child node using Cohen’s Kappa and found to be
0.69. This is considered to be an acceptable level of agreement according to Landis and
Koch (1977) [72]. Any disagreements were settled in a conference between the two raters.
After that, the author coded the rest of the audio dialogue alone. The number of instances
of discussion topics was computed. Similar categories were grouped together in order to
reduce the number of categories and appropriately describe the types of topics

professional teams focused on.

4.2 Study II: A Naturalistic Design Problem

In order to compare the discussion topics that professional teams focused on when
working on an experimental design problem and a naturalistic design problem, a study

was conducted with a four-person design team and three executives at a small

14
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electromechanical company with less than 50 employees. The following sections explain
the details of the procedure followed in the study.
4.2.1 Participants

A total of 7 participants (1 female and 6 male) participated in this study. Four of
the participants were members of the design team (idea generators) working on
redesigning existing products for a new target audience. The design team had been with
the company around two years and had bachelor’s degrees in Computer Science, Electrical
Engineering, and Marketing. The three executives were the CEO, president and COO, and
VP of operations at the company each with more than 25 years of experience in the
industry. The executives were from an older generation than that of the target audience
of the project.
4.2.2 Procedure

In order to recruit a design team for the study, an invitation email was sent to local
electromechanical companies with less than 100 employees through email recruitment.
While no compensation was provided to the company or the individual participants, the
company and participants both benefitted from a design thinking workshop that was
provided through the study free of cost. Once a company and the design team were
identified, each participant individually signed the consent form. After that, the
researchers investigated the conceptual design process of the design team working on
redesigning existing products for a new target audience from a younger generation. The

timeline of Study Il is shown in Figure 1.
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Semi-Structured Interviews: A semi-structured interview was completed individually with
three of the design team members and a member of the executive team. The interview
was conducted to understand the company culture and the background of the project,
especially on whether the project was considered risky. Each interview was recorded and
lasted about 30 minutes. The interview began by collecting basic demographic
information about the participant and their role in the organization. Next, the participants

were asked a series of questions related to the creative climate and risk-taking nature of the
organization. In order to minimize response bias, questions were asked in a neutral form.
Example questions include: “Do you feel your company values more creative or more
traditional ideas? Why?”, “How would you define risk taking in the fuzzy front end of new
product development?”, and, “Within the NPD process at your current company, would

you consider yourself a risk taker?” The interviews were transcribed and the responses to
guestions that were directly related to the design project were used to support the
findings of the current study.

Next, a four-hour workshop was designed for the team in order to provide training
on design thinking. Prior to the workshop, the design team members had conducted some
research on their target customers and existing solutions on the market. The workshop
then took place in two consecutive days in a conference room provided by the company.
Design Thinking Workshop — Day 1: On the first day, a researcher gave a design thinking
lecture to the design team. Then the researchers and the design team spent half an hour
together doing research online and discussing the current solutions being used in the

target customer group. After that, the researchers instructed the design team to build
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personas to represent the characteristics and needs of their primary, secondary, and
tertiary customers. Then the participants were asked to sketch out their ideas on the idea
generation sheets provided by the researchers following a few “How might we” questions
in order to boost the idea generation process. An example of “How might we” questions
was “how might we solve this problem if money and resources were not an issue”. A total

of 37 ideas were generated.

After idea generation, each participant was provided with a stack of ideas from
one of their team members and then individually assessed the ideas using the
categorization and evaluation sheets provided by the researchers; see Figure 2. Specifically,
participants were asked to categorize the ideas into three consideration categories: 1)
Primary, if an idea has great future value and company funds should be expended to
pursue the idea; 2) Secondary, if an idea may have some future value and should be
funded only if there are extra resources available; 3) Do Not Fund, if an idea should not be
financially supported. The participants were asked to pass their stacks of ideas until each
member completed the categorization of all the ideas generated by the team. The
completion of categorization marked the end of the first half of the workshop on the first

day.

Design Thinking Workshop - Day 2: On the second day, participants were guided to follow
the same procedure with the categorization of ideas to individually evaluate the riskiness,
originality, and feasibility of the ideas based on their perceptions using a three-point scale
(not at all, somewhat, and extremely); see Figure 2. Specifically, riskiness indicates the

uncertainty surrounding whether or not positive outcomes will be realized if company
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resources are expended on developing the ideas; originality indicates how unique or
surprising the idea is; feasibility indicates how logical, useful, valuable, or understandable
the idea is. It needs to be stated that one of the team members did not participate in the
second part of the workshop; therefore, there were three categorization and evaluations of
the ideas collected from the design team. This sequence (first categorization and then
evaluation) was designed to not prime the design professionals to think about the specific
properties of the ideas when making categorizations. After that, the design team members
were asked to discuss which ideas to recommend to management as a team. Specifically,
the participants categorized the ideas into consider and do not consider and evaluated the

ideas during the discussion, which was audio-recorded for further analysis.

Concept Screening by Executives: After the workshop, the ideas were redrawn by a
researcher (in order to anonymize the ideas, so that the executives could not identify the
creator of the ideas based on the drawing skills or handwritings), and a Qualtrics survey
was created for the executives to first categorize and then evaluate the ideas. In the survey,
the ideas were presented in random order for both the categorization and the evaluation. If
an idea was categorized as a Do Not Fund type, the executives were asked to provide
comments on why an idea was not considered. In the evaluation process, in addition to
riskiness, originality, and feasibility, the executives were also asked to estimate the market
potential of the ideas, where a high market potential indicated a high possibility to achieve
future market payoff once launched. See Figure 3 for screenshots of the survey. The
aggregated executives’ ratings on the market potential of the ideas were used as a baseline
measure of the value of the ideas. The market potential was included in the assessment in

order to translate the value of the ideas into return on the investment, allowing executives
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to evaluate the ideas from a benefit point of view in addition to the costs. Only executives,
but not the idea generators, were asked to evaluate the market potential. This was not
assuming that the executives did a perfect job in evaluating the ideas. This was rather
because, in many companies, the ideas selected by the executives are the ideas that actually

will be considered further [11].

4.2.3 Metrics — Naturalistic Study

Perceived Properties: Or the perceived riskiness, feasibility, originality, and market
potential. The three-point Likert-scale ratings of the perceived properties were coded into
numerical values. Specifically, 1 indicated that the idea was perceived as not at all risky/
feasible/ original/ with no market potential; 2 indicated that the idea was perceived as
somewhat risky/ feasible/ original/ with market potential; and 3 indicated that the idea

was perceived as extremely risky/ feasible/ original/ with market potential.

Concept Screening: The three consideration categories were coded into numerical values
as well. Specifically, 1, 2, and 3 indicated that the idea was categorized into the Primary,

Secondary, and Do Not Fund consideration category, respectively.

Aggregated Market Potential Score: Since mid-range levels of differentiation and
integration within top management teams are associated with the improved performance
[73], we did not expect a high level of agreement among the executives on the perceived
future market potential of the ideas. Fleiss' kappa indicated that there was no significant
agreement among the executives’ (N=3) evaluations on future market potential of the

ideas, k =-0.114, 95% CI [-0.260, 0.031], p = 0.124. Therefore, the executives’ evaluations
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were aggregated to indicate the level of the market potential of an idea. Specifically, an
aggregated market potential score rated by the executives was calculated for each idea as
an indicator of the idea’s possibility to achieve future market payoff. The coded values of
different levels of perceived market potential by the executives were summed up to
achieve the aggregated score for each idea. Six ideas had an aggregated score market
potential of 5, twenty-two ideas had an aggregated market potential score of 6, and nine
ideas had an aggregated market potential score of 7. The range of this aggregated market

potential score was [3, 9].

4.2.4 Qualitative Data Coding Procedure — Naturalistic Study

During concept screening, professional teams generated 90 min of audio dialogue
that was transcribed and coded by two independent coders. One of the raters was the
first author, who had conducted content analysis in previous research, and the other rater
was an undergraduate research assistant, who completed training on how to conduct
content analysis. The audio recording was first transcribed using AWS transcribe service
and then proofread by an undergraduate research assistant. The coding scheme
developed by Toh and Miller [26] was found not suitable on the discussion data in Study
Il since the discussion was developed around criteria in the naturalistic setting, while the
discussion was developed around ideas in the experimental setting. Therefore, the
transcripts of the team dialogue were analyzed sentence-by-sentence following principles
of inductive content analysis [70] in NVivo v.12 [74]. Then, general themes regarding
discussion topics were identified and similar categories were grouped together to

appropriately describe the types of topics the professional teams discussed. The two
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raters coded the entire audio dialogue individually and achieved a moderate level of
agreement with a Cohen’s Kappa of 0.57. Disagreements were settled in a conference

between the two raters, then the word counts of discussion topics were computed.

5 Results

In order to answer the research questions, the data from the generated concepts
and the coding of team discussions were analyzed. SPSS V. 25 [75] was used for the
guantitative analysis with a significance level of 0.05, and NVivo 12 [74] was used for the
gualitative analysis. The results of our analysis are presented in order of our research
questions.
5.1 What are the Main Discussion Topics Used during Professional Concept

Screening? Does This Differ Between Experimental and Naturalistic Design
Challenges?

The first research questions focused on identifying and comparing discussion
topics used by teams during concept screening in an experimental and naturalistic setting.
In order to answer this research question, the audio recordings from the informal team
discussion (N=13 teams) in Study | and Il were analyzed. Figure 4 provides an overview of
the high-level discussion topics and relative frequency of these topics across these
settings. Specifically, these results demonstrate that in an experimental setting, the teams
focused on the technical feasibility (61%) of the idea, and comparing the ideas to existing
products (18%) and other generated ideas (11%). However, teams in the naturalistic
setting showed distinctive focuses on user needs (40%), followed by technical feasibility

(22%), marketing (15%), and company resources (13%). The remainder of this section
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provides details on these discussion topics and discussed the similarities and differences

in different conditions.

Technical feasibility

Technical feasibility, which included discussions about “the ease of execution and
effectiveness of a concept in satisfying the design goal” [26] was an area of focus in both
the naturalistic and experimental settings. However, the two settings emphasized
different sub-topics of technical feasibility; see Figure 5. For instance, in the experimental
setting, the teams focused on the sub-topics of mechanics (50%), ability to satisfy design
goals (39%), pricing (4%), and maintenance (3%). This indicated that in the experimental
setting, the teams spent a large amount of their discussion on how the idea would be
realized with specific mechanical structures or based on physics. For example, a
participant in Team T-1 explained the mechanics of an idea by introducing the mechanical
parts, “So it could be connected to a steel shaft and as it shakes, the rubber gives it the
ability to move.” In addition, the teams also discussed the ability to satisfy design goals,
including explicitly stated design goals in the description of the design problem (e.g.,
vigorous motion, heating element, efficiency, and easiness to use) and inexplicitly stated
goals (e.g., safety). For example, a participant in Team 4 recommended to reject ideas
since they did not fulfill all the design requirements, “l will put my two here (“Do not
Consider”) because | didn’t consider the stirring element, just the heating element.” In

this experimental setting, the teams also briefly mentioned the pricing and maintenance

22



Journal of Mechanical Design

of the future product.

However, in the naturalistic setting, the teams focused more on pricing (36%) and
manufacturing factors (14%), in addition to the ability to satisfy design goals (52%). For
instance, participant 4 in Study Il proposed a method to produce, or “manufacture” the
product package while considering the pricing, “... for low quantities | mean within ten
times of what we’re doing right now, you could probably just do it with a [a lower cost
system].” This finding suggested that in a naturalistic environment, teams shed more light
on factors closely related to later design stages, such as the manufacturability regarding

the production of the product and the market performance of the product.

Comparing to Existing Products

In addition to technical feasibility, comparing ideas to existing products was
another discussion topic that was shared the experimental and naturalistic settings. In the
experimental setting, the teams primarily compared generated ideas to existing products
so as to explain the ideas (56%), to identify similarities (31%), or to use existing products
as proof of concept (13%). For example, in Study |, a participant in Team T-1 explained an
idea that used effervescent tablets to generate bubbles and heat by referring to “Coke and
Mentos”. In addition, a participant in Team V-2 proved the effectiveness of the heating
effect of an idea by referring to her past experience of accidentally using warm milk to
make butter in a butter churner. Though not heavily emphasized, the teams in the
naturalistic setting compared new ideas to existing products for competitor analysis (30%)

in addition to explanation (74%). For example, in Study I, participant 2 provided an
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example from Apple to explain the unboxing experience, and participant 3 analyzed a
potential competitor and identified an opportunity to develop a product dedicated to a
specific market, “there are things out there that say, ‘works with [a website], but it’s not

dedicated for [the same design market]”.

Comparing to Other Generated Ideas

In addition to comparing to existing products, the design teams also compared
new ideas to other generated ideas. Specifically, the teams compared and contrasted ideas
to identify similarities between generated ideas in the experimental setting. For example,
a participant in Team T-1 identified a similarity between two ideas and said, “So these two
are kind of similar —injecting air through the aerator.” In the naturalistic setting, the teams
only occasionally compared generated ideas to identify the similarities among the ideas
and used that information to group the ideas. This could be due to the fact that the team
in the naturalistic environment followed a different discussion pattern than teams in the
experimental environment. Instead of evaluating and making decisions on the ideas one
by one in the experimental setting, the teams developed their discussions based on the

high-level criteria in the naturalistic setting.

Inspire New Ideas and Creativity

While teams in the experimental setting spent some of their attention on inspiring
new ideas and judging the creativity of the ideas, loosely using adjectives such as

”

“creative”, “original”, “novel”, and “innovative”, they did not focus on these topics in the
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naturalistic setting. In addition, in both environments, the designers rarely discussed the
originality of the ideas during the discussions, even when the design task explicitly asked

them to generate creative ideas.

User Needs, Marketing, and Company Resources

New topics emerged in the professional team discussion in the naturalistic setting.
Specifically, these discussion topics included user needs (40%), marketing (15%), and
company resources (13%). User needs referred to needs that were beyond the basic
functionality requirements in the design hierarchy of needs [77] such as ease of use (16%),
personalization (58%), and customization (42%). For example, participant 3 suggested the
product should be easy to use and said, “It’s like pretty much so that the user doesn’t have
to worry about all of the parts that are necessary to go into the solution.” Participant 4
qguestioned an idea due to its lack of customization since, “... if people like customization

then bundling might not be the best options.”

In addition, in the naturalistic setting the teams extensively discussed marketing
strategies, especially how to achieve certain ideas through advertising (23%) and building
sales channels (81%). For example, participant 2 suggested “to use Google AdWords and
SEO to drive awareness around the project” and participant 4 pointed out the lack of sales
channels, “... right now, our channel is distributions or one-source and they’re not going
to be hitting the market at all. So, we really don’t have a channel to sell this through right

4

now.
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On the other hand, in the naturalistic setting the professional team also focused
on company resources. For example, participant 4 mentioned the limited budget that the

“"

company had for redesigning the hardware, “... we want to do these things, but our
budget is not going to allow us to create a new device.” When a participant proposed to
sell the product on Amazon, participant 2 requested information on the development
time, “What does it take to get another product on Amazon? What’s the process?
Timeline?” In addition, participant 2 brought out the necessity of a new hire in order to

further develop an idea, “We’d have to bring someone to do the online store. | don’t think

anyone has the expertise.”

As a summary, both the experimental setting and the naturalistic setting) shared
discussion topics such as technical feasibility, idea and product comparison, while also
showing a lack of attention on building on generated ideas and the creativity of the ideas.
However, topics such as user needs, marketing, and company resources only emerged in
the discussion in the naturalistic setting. These results confirm that the environmental
settings were related to the discussion topics that the teams focused on.

5.2 In a Naturalistic Setting, Are Idea Generators and Executives Selecting Ideas
Perceived to Have High Market Potential?

The analysis in the first research question indicated that in a naturalistic setting,
professional teams focused on marketing, a factor that was omitted by the teams in the
experimental setting. This suggested that the market performance of the ideas is an
important consideration in concept screening. Aligning with this finding, the second

research question looked at the individual concept screening practices and was designed
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to determine whether idea generators and executives selected the “right” ideas with high
future market potential. We hypothesized that both idea generators (N=4) and executives
would (N=3) select ideas perceived with high future market potential in a naturalistic
environment. This research question was based on the ideas generated and the
evaluation of the ideas in the naturalistic design environment (Study 1), where the design

team (idea generators) generated a total of 37 ideas.

In order to answer this question, a two-way ANOVA was calculated with the
dependent variable being the aggregated market potential rated by the executives, and
the independent variables being the role of the participants and the consideration types.
As a reminder, the range of the aggregated market potential was 3 (low market potential)
to 9 (high market potential). The results revealed a statistically significant main effect of
the consideration type, F(2, 215) = 24.19, p < 0.001, partial n? = 0.18. Mean scores for the
aggregated market potential of ideas categorized into the Primary, Secondary, and Do
Not Fund categories were 6.26 (SD = 0.59), 6.11 (SD = 0.56), and 5.45 (SD = 0.56)
respectively. Specifically, pairwise comparisons showed that ideas categorized in the Do
Not Fund category had significantly lower aggregated market potential than the Primary,
-0.81, 95% CI [-1.09, -0.52], p < 0.001, and Secondary categories, -0.66, 95% Cl [-0.94, -
0.38], p < 0.001. See Figure 6 for the comparison of the means of the aggregated market
potential in consideration categories determined by idea generators and the executives.
There was no significant main effect of the role of the participants, F(1, 215) <0.001, p =
0.99, partial n> < 0.001. The interaction effect between the role of the participant and the

categorization of the ideas was also not statistically significant, F(2, 215) =0.32, p =0.72,
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partial n? = 0.003.

These results support our hypothesis that ideas with high market potential would
be primarily considered by both idea generators and executives. These results indicated
that both idea generators and executives were more likely to reject ideas with relatively
low future market potential, yet there may be variability both within- and between-
groups on the design criteria that informed these screening decisions.

5.3 In a Naturalistic Setting, What Factors Predict the Screening Decisions of the Idea
Generators and the Executives Individually?

While the results of the second research question indicated that both idea
generators and executives filtered out ideas with low market potential, it was still unclear
what other properties of the ideas were related to these screening decisions. Therefore,
the third research question was developed to explore if and how perceived properties of
ideas (i.e., riskiness, originality, feasibility) were related to the categorization of ideas and
if this was different between idea generators (N=4) and executives (N=3). We
hypothesized that the idea generators and the executives would use different design
criteria since professionals with different roles have different responsibilities [27, 28],

biases [10, 29], and preferences for risk in the design process [30, 31].

In order to answer this, Cohen’s kappa was first used to explore the level of
agreement on the perceived properties of the ideas between the idea generators and the
executives. The results indicated that there was fair agreement on the perceived riskiness

of ideas, k =0.295, p < 0.01, and poor agreement on the perceived feasibility of ideas, k =
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0.144, p = 0.042, between idea generators and executives. However, no significant
agreement was identified on the perceived originality between the two groups, k = 0.021,
p =0.76. These results suggested that idea generators and executives had fair agreement

on the perceived riskiness but not on the perceived feasibility and originality of the ideas.

Next, the dataset was split into two sub-datasets based on the role of the design
professionals being idea generators or executives in order to investigate the design
criteria used by each group separately. The multi-collinearity of the independent variables
was tested and the requirements suggested in Kennedy (1998) [78] were met. Then,
cumulative odds ordinal logistic regressions with proportional odds were run to
determine the effect of perceived properties of ideas on the categorization of the ideas
respectively for the idea generators and the executives. All independent variables in this
analysis were treated as ordinal variables. For idea generators, the assumption of
proportional odds was met, as assessed by a full likelihood ratio test comparing the fit of
the proportional odds location model to a model with varying location parameters, x?(3)
=3.332, p = 0.343. The deviance goodness-of-fit test indicated that the model was not a
good fit to the observed data, x’(37) =61.002, p = 0.008, and many cells were sparse with
zero frequencies in 38.1 % of cells. However, the final model statistically significantly
predicted the dependent variable over the intercept-only model, x%(3) = 12.106, p =
0.007. Only the perceived riskiness had a significant effect on the prediction of the
categorization of the ideas. An increase in the averaged perceived riskiness (expressed in

3-point Likert scales) was associated with an increase in the odds of categorizing the idea

29



Journal of Mechanical Design

into the Do Not Fund consideration category, with an odds ratio of 2.024, 95% CI [1.082,

3.781], Wald x(1) = 4.875, p = 0.027.

For executives, the assumption of proportional odds was met, as assessed by a full
likelihood ratio test comparing the fit of the proportional odds location model to a model
with varying location parameters, x%(3) = 1.593, p = 0.661. The deviance goodness-of-fit
test indicated that the model was a good fit to the observed data, x?(31) = 38.195, p =
0.175, but most cells were sparse with zero frequencies in 37 % of cells. However, the
final model statistically significantly predicted the dependent variable over and above the
intercept-only model, x?(3) = 32.199, p < 0.001. The perceived riskiness and the perceived
feasibility had significant effects on the odds of the categorization of the ideas. An
increase in the perceived riskiness was associated with an increase in the odds of
categorizing the idea into the Do Not Fund consideration category, with an odds ratio of
2.959, 95% CI [1.514, 5.789], Wald x?(1) = 10.072, p = 0.002. An increase in the perceived
feasibility was associated with a decrease in the odds of categorizing the idea into the Do
Not Fund consideration category, with an odds ratio of 0.450, 95% CI [0.208, 0.972],

Wald x?(1) = 4.123, p = 0.042. See Table 1 for the full results.

These results support our hypothesis that idea generators and executives
considered different criteria when making screening decisions. Specifically, both idea
generators and executives agreed that perceived riskiness was a key factor when
screening ideas, but the perceived feasibility only played a significant role only in the

executives’ concept screening practices.

30



Journal of Mechanical Design

6.0 Discussion

The purpose of the current paper was to identify how environmental settings (i.e.,

experimental versus naturalistic) and the role of the professionals in the design process

(i.e., idea generators versus executives) related to the discussion topics and design criteria

used to screen design ideas. The main findings of this paper are:

In the naturalistic setting, concept screening decisions were made primarily based
on user needs, technical feasibility, marketing, and company resources. This
differed from the experimental setting where the professional primarily focused
on technical feasibility, comparing ideas to other generated ideas and existing

products.

Idea creativity was not a significant factor of discussion during concept screening

in either of the environments explored.

Idea generators screened ideas with low market potential and screened ideas
based on their perceived risk.
Executive screened ideas with low market potential and screened ideas based on

their perceived risk, and their perceived feasibility.

The following section summarizes the implications of our main findings for

concept screening and identifies opportunities for supporting the concept screening

practices using these findings.
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6.1 Importance of Design Environment in Concept Screening and
Opportunities for Decision Support Tools

The first contribution of this paper was the identification of similarities and
differences in the discussion topics that were focused on by professional during informal
concept screening in different environmental settings. First and foremost, the results
showed that regardless of the design environment or task, creativity was rarely discussed
in the concept screening process. This is problematic because while “mere novelty is not
enough for creativity, and most agree that at least ‘utility’ should also be evaluated (p51)
[79]”, the idea still needs to have originality in order to be creative. In other words, only
fulfilling the basic requirement of functionality is not enough; it is the ability to
differentiate from and outperform competitor products that leads to the payoff to

stakeholders and the potential to gain market leadership [3, 80].

In addition, these results showed that different environments may result in
different research findings. Specifically, while teams in the experimental setting focused
on technical feasibility, comparing ideas to other generated ideas, and existing products,
the team in the naturalistic setting also discussed user needs, technical feasibility,
marketing, and company resources. The attention on marketing related topics could have
been due to the informational diversity or “differences in knowledge bases and
perspectives” that members brought to the team [81], which may have promoted more
diverse discussion topics. While the focus on company resources might be due to the fact
that a naturalistic design problem provided the professionals with more realistic

restrictions on company resources, such as investment money and development time.
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However, such restrictions were not provided in the design prompt in the experimental
setting. These results highlight the need for tools that support the analysis of early-phase

decisions based on user needs, marketing, and the use of company resources.

While the lack of focus on creativity during concept screening aligns with prior
work conducted with engineering design students using the same empirical setup and
design task [26], it lays in contrast to prior work with professionals. Specifically, this prior
work found that professionals mentioned “creativity” and “gut feelings” during the
conceptual design phase. This could be due to the fact that Maurer and Widmann (2012)
[36] primarily studied companies in California, where there was an innovation culture. In
addition, the conceptual design phase investigated in this study included not only the
concept screening process, but also the idea generation process, where generating a large
number of creative ideas was the typical goal. This lack of attention to creativity is
problematic, since creativity is a fundamental component in the new product

development process [63].

Perhaps most importantly, these results highlight the need to explore how
concept screening in naturalistic environments. However, considering the challenges of
conducting in situ studies, the design community must be willing to accept research
studies that have smaller sample sizes but greater depth of information, or those paired
with experimental studies to triangulate findings. Such studies will ultimately lead to
decision support that better translates to industry needs and thus have a larger chance of

adoption and impact.
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6.2 Criteria Used in Individual Concept Screening and Opportunities for
Design Tools

The results of this study also highlight the relationship between the role of
professionals and decision-making practices within an organization. Specifically, the
results indicate that both idea generators and executives were able to filter out ideas with
low future market potential in the naturalistic environment. In addition, the riskiness of
ideas outweighed originality in the concept screening practices of both idea generators
and the executives, which might lead to the filtering out of risky ideas regardless of their
originality. The similarities of design criteria used by idea generators and executives could
be related to the shared company culture and the realistic restrictions that were put on
the project, such as limited company resources. Interestingly, this preference against risky
ideas was not consistent with the interview responses of the idea generators where most
of them indicated that the company provided a receptive culture where risk-taking was
encouraged. For example, one of the idea generators, participant 3, mentioned that the
company provided a “sandbox” for him so he did not “feel the hesitation that | do in my
personal life with risks”. This could be because the idea generators primarily referred to
personal risks in the interview, while they considered company risks when rating the
riskiness of the ideas. These company risks might regard investment money, development
time, labor, and the uncertainty surrounding whether or not positive outcomes will be
realized when company resources are expended. On the other hand, the executive
indicated that part of the uncertainties in the fuzzy front end of the design process could
be due to the market or if the customers would like the product [53], rather than the

development of the technology or the embodiment of the technology.
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In addition, the executive also showed a clear preference for highly feasible ideas,
which the idea generators did not. This difference of the high-level design criteria used
between idea generators and the executives could be due to their different roles in the
design process and their different levels of familiarity to the new market. Even though the
executives each had more than 25 years of experience, they were from an older
generation, and the new market targeting the younger generation might seem foreign to
them as mentioned by multiple idea generators. However, the idea generators could
understand the new market better and have different perceptions of what ideas could be
possible in the new market, since they belonged to the same generation. These results
suggest that in order to keep the creative potential in the design process longer, more
actions might be needed to be taken to encourage appropriate creative risk-taking at the

individual level.

7.0 Conclusions, Limitations, and Future Work

The purpose of the current paper was to identify how environmental settings were
related to the discussion topics that professional teams focus on when screening design
ideas, and how the role of the professionals might be related to the design criteria used
when making screening decisions in the naturalistic environment. Specifically, the results
showed that regardless of the design environment, idea creativity (especially the
originality component) was not a main topic discussed in the concept screening practice.
In addition, the results highlight differences in concept screening discussion topics
between naturalistic and experimental settings, and provide evidence on the types of

tools needed to support decision-making in this process. Finally, the results highlight the
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relationship between the role of the professional within the organization and the concept
screening practices. While both idea generators and executives rejected ideas with low
market potential and screened ideas based on their perceived riskiness of the ideas,

executives also screened ideas based on their perceived feasibility.

While the current study contributed to the understanding of the professional
concept screening practices and provided future research opportunities, limitations still
exist. First, the sample sizes of the two studies were small. Researchers should expand this
work with a larger sample. Second, the current investigation only examined the early
conceptual design stages of the project, since the project did not make it to market. It
would be beneficial to investigate more R&D projects in the naturalistic environment in
order to gain insights from all conditions to identify the “best practices”. These conditions
may include projects that are killed in the conceptual design stage, projects that are

launched but fail, and projects that are launched and succeed.

Next, while the current study focused on the impact of technical, financial, and
marketing considerations on the design process, these decisions may be driven by other
hidden emotions and/ or desires of decision makers. For example, executives closer to
retirement may be less likely to embark on risky new ventures, the financial reward
structure in place for executives may impact decision making, or the timing of the decision
within the fiscal quarter - e.g. decisions may impact decisions be made with reference to

short term gains like stock performance. In addition, the culture of the organization or the
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types of individuals within the organization may also impact decision making. As such,

further work is needed to identify how these types of factors impact decision making.

In addition, while both studies explored small-electromechanical companies, the
type of project being explored may also have impacted the discussion topics and criteria
used to screen design concepts and the importance of those concepts. For example, the
naturalistic study used a natural prompt for the company while the experimental study
focused on a specific device and user group. This difference in task selection was due to
intellectual property rights within the respective organizations. This represents some of

the challenges of conducting research with engineering design companies.

There were also differences in the context of the design prompts/ design tasks that
may have led to differences in the data that should be further investigated, including the
amount of time span of the workshop and the type of market research apparent in the
design challenges. As such, while the results provide evidence of differences between
these two environments, further work is needed to expand the depth and breadth of
discussion topics in the screening process. This future work should be geared at studying
a wider range of design companies over multiple projects within the same organization.
However, do to the innate difficulties of studying naturalistic design teams, the

methodologies employed in these studies may need to be modified.
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Appendix A A Milk Frother Design Task

Upper management has put your team in charge of developing a
concept for a new innovative product that froths milk in a short
amount of time.

Frothed milk is the warm, pourable, virtually liquid foam that
tastes rich and sweet. It is an ingredient in many coffee
beverages, especially espresso-based coffee drinks (Lattes,
Cappuccinos, Mochas). Frothed milk is made by incorporating very
small air bubbles throughout the entire body of milk through
some form of vigorous motion. As such, devices that froth milk
can also be used in a number of other applications, such as for
whipping cream, blending drinks, emulsifying salad dressing, and
many others. Importantly frothed milk should be between 150°
and 160° because above 160° the proteins in the milk start to
breakdown causing sugars to be released which ultimately
changes the flavor of the milk.

The design your team develops should be able to be used by the
consumer with minimal instruction. It will be up to the board of directors to determine if your project will
be carried on into production.

Once again, the goal is to develop concepts for a new, innovative product that can froth milk in a short
amount of time. This product should be able to be used by the consumer with minimal instruction.

IDEA GENERATION INSTRUCTIONS

Sketch your ideas in the space provided in the idea generation sheets. As the goal of this design task is not
to produce a final solution to the design problem but to brainstorm ideas that could lead to a new
solution, feel free to explore the solution space and focus on both the form and function of the design in
order to develop innovative concepts. In other words, generate as many ideas as possible- do not focus on
the feasibility or detail of your ideas. You may include words or phrases that help clarify your sketch so
that your concept can be understood easily by anyone.

For clarity, please use the provided pen to generate your concepts (ie: do not use pencil). Your participant

number is included on each of the provided idea generation sheets. Generate one idea per sheet and
label the idea number at the top of the sheet.
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Table Captions List

Table 1 Parameter Estimates of the Ordinal Logistic Regression Model
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Table 1 Parameter Estimates of the Ordinal Logistic Regression Model

Role Est. Wald | df | Sig. | Exp B Lowe9r5% ICJi)per
[Type < Primary] | 1.104 | 1.001 | 1| 0317 | 3.016 | 0.347 | 26.180
Threshold 1 Secondary] | 3.198 | 7.787 | 1| 0.005 | 24.484 | 2.591 | 231366
Idea Riskiness 0.705 | 4.875 | 10.027 | 2.024 | 1.082 | 3.781
Generators —
Location | Originality 0231 | 0586 | 1|0.444 | 1260 | 0.697 | 2.280
Feasibility 0317 | 1259 1]0262] 0728 0419 | 1.266
[Type < Primary] | -0.859 | 0.346 | 1| 0.556 | 0.424 | 0.024 | 7.411
Key Threshold o < Secondary] | 1944 | 1.722 | 1]0.189 | 6.987 | 0.383 | 127.358
Decision Riskiness 1.085 | 10.072 | 1]0.002 | 2.959 | 1.514| 5.789
Makers | [ ocation | Originality 0.162 | 0.197 | 1]0.657 | 0.850| 0.416| 1.738
Feasibility 0799 | 4.123 | 1]0.042| 0450 | 0.208| 0.972
Link function: Logit.
The bold text indicated significant results.
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Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure Captions List

Timeline of Study Il and Corresponding Data Collected

Categorization and Idea Evaluation Sheets Used by Design Team Members

in Study Il

Example Questions in the Qualtrics Survey for Executives in Study Il

Relative Frequency of High-Level Discussion Topic

Relative Frequency of Sub-Topics of Technical Feasibility

Aggregated Market Potential of Ideas Categorized by Professionals
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Team
Ideas Idea Ratings Idea Ratings Informal Discussion

| } I I
Design User Individual Individual Design Individual Team
Thinking Research & Idea Idea Thinking Idea Assessment .
. . h X Selection
Lecture Personas Generation Assessment Discussion cont'd

Day 1 Day 2

/

Figure 1 Timeline of Study II and Corresponding Data Collected
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Your Participant Color: (Pink, Blug, or Purple)

Idea # Is this idea worth considering for further estimate what percentage of OTHER professionals in your
design? company would endorse each area (should sum to 100%)
Primary Secondary Do Not Primary Secondary Do Not Consider
Consid
90% 5% 5%
! v
30% 60%
2 7 10%

6l . ™ - 50 6 0

62 | ¥ i i 8o 15 5

b2b | ¥ . ; 70 20 lo

¢» | ° * e 20 50 %

oY h = o S0 15 5

kel oF s
How Risky do you think the Idea is? | How Original do you think the Idea is? | How Feasible do you think the Idea is?
Notat All  Somewhat Extremely | Notatall Somewhat  Extremely | Notat All Somewhat Extremely

idea# |  Risky Risky Risky Original __ Original __ Original | Feasible  Feasible _Feasible
L1 D B o =] = [a] B 5] o
L2,) 5] ] o =] -] [a] [a] [s] ) §
G1b u] B o o B o =] o B
(% =] a ] u] = =] =] 5 =]
I, u] B o o =] = =] B s]

Figure 2 Categorizatioi'l and Idea Evaluation Sheets Used by_Desigr_l Team Members in
Study II

49



Journal of Mechanical Design

Modules
Idea 38
HDW Ethernet
e ﬂu ’
y Module
Audio

‘Any hardware interface

Modular Cube
o Module: any hardware interface (HDMI, Ethernet, Wi-Fi, USB)

What funding consideration should this idea be given?
(Q Primary (The idea has great future value and company funds should be expended to
pursue the idea).

(O Secondary (The idea may have some future value and should be funded only if there are
extra resources available).

(O Do Not Fund (The idea should not be financially supported), Why?

Not at All Somewhat Extremely

Riskiness: the uncertainty surrounding

whether or not positive outcomes will be O O O
realized if company resources are

expended on developing the idea.

Originality: how unique ar surprising the
idea is. o o o

Feasibility: how logical, useful, valuable,
or understandable an idea is. o o o

Market Potential: The idea has a high

potential to achieve future market payoff (3] @] o]
once launched.

Figure 3 Example Questions in the Qualtrics Survey for Executives in Study II

50



Journal of Mechanical Design

Technical Feasibility 61%

Compare to Generated Ideas

Compare to Existing Products

Inspire New Ideas

Creativity m Pro Naturalistic

m Pro Experimental

. & Std [Toh & Miller, 2015]
Idea Decomposition

40%
User Needs 0%

Marketing 0%

Company Resources 0%

0% 25% 50% 75% 100%
Reletive Frequency of Discussion Topic

Figure 4 Relative Frequency of High-Level Discussion Topic
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Ability to satisfy design goals
64%

36%

Price factors or cost efficiency

14%
Manufacturing factors 1%
2%

0% m Pro Experimental

Maintenance 3% @Std [Toh & Miller, 2015]
27%
Efficiency considerations 4%
10%

0%

m Pro Naturalistic

Mechanics

50%
0%

0% 25% 50% 75% 100%
Reletive Frequency of Discussion Topic

Figure 5 Relative Frequency of Sub-Topics of Technical Feasibility
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%
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Primary Secondary Do Not Fund

M |dea Generators M Key Decision Makers
** Indicates a significant result with p < 0.001. Error bars were calculated based on 95% CI.

Figure 6 Aggregated Market Potential of Ideas Categorized by Professionals
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