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Abstract of Praxis

A Conceptual Framework for Increasing Innovation through Improved Selection of
Subject Matter Experts

Engineering managers involved in product development and manufacturing are
responsible for proposing and developing ideas and concepts that will benefit new or
existing products and processes. Improved methods are required to identify, prioritize,
and integrate the opinions, ideas, and concepts proposed by subject matter experts (SME)
into their existing product development and process improvement efforts. Identifying the
optimal SMEs and utilizing them for concept generation efforts can lead engineering
management working in the new product/technology development space toward an
improved idea/concept generation, increased innovation, and ultimately, superior
products and processes. Methods for locating, assessing, and ranking SMEs vary with
every organization, but in general, systematic methods and combinations of processes are
not considered, which results in the reliance on internal or very limited external experts.
This study aims to directly impact the engineering managers by bridging the gap between
the traditional business management and core engineering management, to provide
guidance and improve the way in which the practicing engineering managers deal with
new product development and management of technology. This experimental study is
derived using a real-world engineering problem, which is faced in the field of engineering
management, and the results support the implementation of a conceptual SME-focused
framework that provides an increased quality of the concept generation outputs, improved

preparation for future product development stages, and reduced costs.
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Glossary of Terms

Al - artificial intelligence — the study of "intelligent agents", whereby a device that

perceives its environment and takes actions, which mimic human minds, such as
"learning" and "problem solving", to maximize its chance of successfully achieving its

goals (Poole, Mackworth, & Goebel, 1998; Russell & Norvig, 2009).

CG — Concept Generation — a step in the development or improvement of products and/or

services that utilize customer needs, jobs to be done, constraints, and/or specifications to
produce ideas that can be developed into marketable, business worthy products or

services (Ulwick, 2002 & 2005; Ulrich, 2003; Ulrich et al., 2015).

CS - Crowdsourcing — a model, tool, or approach of sourcing used in an OI atmosphere,

where comments, finances, ideas, and concepts are gathered from external sources

(Howe, 2008).

EMBoK - Engineering Management Body of Knowledge — a reference book and guide to

the body of knowledge in the field of engineering management, developed to provide

reference to key literature, processes, tools, and techniques in the field (Shah, 2012).

INCOSE - International Council on Systems Engineering — a not-for-profit membership

organization founded to develop and disseminate the interdisciplinary principles and
practices that enable the realization of successful systems, designed to connect systems
engineering professionals with educational, networking, and career-advancement
opportunities in the interest of developing the global community of systems engineers

and systems approaches to problems (INCOSE, 2018).
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OI - Open Innovation — a standardized approach used in organizations to advance

technology which promotes an “open” use of external ideas and paths to markets in

addition to the typical internal paths to market (Chesbrough, 2003).

PMBOoK - Project Management Book of Knowledge — a widely accepted set of global

standards, developed and maintained by PMI, to provide guidelines, rules and

characteristics for project, program and portfolio management (PMI, 2018).

PMI - Project Management Institute — a membership organization founded to improve
organizational success and further mature the profession of project management through
development and maintenance of globally recognized standards, certifications, resources,
tools, academic research, publications, professional development courses and networking

opportunities (PMI, 2018).

SME - Subject Matter Expert — a person (internal or external to an organization) with

skilled knowledge of a given topic or field of study who can provide that valuable

information to a given organization.
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Chapter 1 - Introduction

1.1 Background

In order to develop great products and services, engineering managers must innovate.
Innovation has been defined in a multitude of ways by different groups and
organizations; however, it may be best simplified as “a multi-stage process whereby
organizations transform ideas into new/improved products, services, or processes, so as
to advance, compete, and differentiate themselves successfully in their marketplace”
(Baregheh, Rowley, & Sambrook, 2009). Learning to innovate within a technological
field and successfully driving teams to provide the desired business outcomes is a core
role of any technology-based organization. As such, engineering managers must have the
appropriate tools and techniques to conduct and refine the search for innovative concepts

and ideas to ensure actionable outcomes.

Engineering managers have a core responsibility to lead the product life cycle for the
organizational (Shah, 2012), and more specifically to manage the technological
generation of concepts and ideas to develop products to meet customer and business
needs. Morse, Babcock, & Murthy (2014) stated that, in almost every enterprise, the
engineering managers are uniquely qualified for the management of technical functions,

such as design or production.

Today, the field of engineering management is trending toward operating within
network-based relationships, forging partnerships, and implementing a more process-
based organization, where the creation and utilization of the optimal tools and techniques

play an important role for its success (Kotnour & Farr, 2005).



While organizations are boosting their investment in research and innovation
activities and the rate of knowledge transfer continues to increase worldwide, the output
(production of viable research) is in decline (Bloom, Jones, Reenen, & Webb, 2017). As
product design and manufacturing processes are becoming increasingly complex (Sheard
S., Cook S., Honour E., Hybertson D., Krupa J., McEver J., McKinney D., Ondrus P.,
Ryan A., Scheurer R., Singer J. (2015). and knowledge must be gained and leveraged to
positively influence product innovation performance, engineering managers need access
to the improved methods to gain and utilize the required knowledge from outside their
own organizations (Bianchi, Croce, Dell’Era, Benedetto, & Frattini, 2016; Oun,
Blackburn, Olson, & Blessner, 2016). Engineering managers, who look for these
solutions within their own organizations, must acknowledge the fact that not all the
people working for them are experts and have the knowledge required (Chesborough,
2006). As such, they must have the means to select subject matter experts (SME) who
can bring new knowledge to the given organizational challenge. For engineering
managers to be successful, it is important that they stay ahead of the competition and
maximize the generation of ideas and concepts, both internally and externally of the

organization.

Although recognition of the value of expert searches (Stockstrom, Goduscheit,
Liithje, & Jargensen, 2016), pyramiding (Hippel, Franke, & Priigl, 2009), or other
partnerships (Heidrick, Kramers, & Godin, 2005) used to gather knowledge from
externally based individuals for product development is well known and documented
(Chesbrough, Vanhaverbeke, & West, 2006; Elmquist, Fredberg, & Ollila, 2009; Fey et

al., 2005; Sloane, 2011), limited work has been carried out to combine and evaluate these



methods in a practical and systematic framework that enables engineering managers to
utilize these tools to improve idea generation. A multitude of tools and techniques which
allow for the advancement of innovation through improved product concepting are
available to engineering managers; however these tools and techniques are pieced-out
across a sea of literature, involve multiple frameworks or processes, and seldom are
shown working together in a systematic way. A systematic approach to find experts
throughout the stage gate processes can benefit the field of engineering and technology
management (Thamhain, 2013). A core responsibility and one of the 11 domains within
the engineering management body of knowledge (EMBoK) is in the research,
development, and management of technology (Shah & Nowocin, 2015). As a part of this
critical domain area, the stage gate process within the Engineering Book of Knowledge
(EMBoK) highlights concept development as a major step in the stage gate process
(Shah, 2012). The proposed framework herein can directly help engineering managers to
refine and navigate the concept development portion of a stage gate process by

augmenting the EMBoK.

1.2 Problem Statement

Organizations are limiting their ability to maximize concept generation outputs due to
their inability to search, select, profile, and partner with externally based subject matter

experts.

1.3 Thesis Statement

Organizations need to expand their selection and use of experts to encompass more

externally based professionals, allowing them to expand and increase their overall



organizational knowledge. A systematic framework for utilizing these tools together to
maximize concept generation would provide a framework and result in increased

innovation.

1.4 Research Objectives

The following research objectives were derived to support the final outcomes of this

study:

e To create a framework for concept generation that allows for expansion
beyond the current standard methods and incorporates a greater number of
tools and techniques.

e To compile a combined method for using external SMEs to increase the
quality of concept generation.

e To validate the proposed framework by carrying out a comparative study of

standard frameworks versus proposed frameworks.

1.5 Research Hypotheses

The following research hypotheses were proposed to evaluate the validity of the

study:

e Hj: The proposed framework will result in an equal or greater quality of new
ideas/concepts for the manufacturing process improvements.
e Ha: The proposed framework will result in an equal or greater quality of new

ideas/concepts for the redesign of existing subassemblies.



e Ha. The proposed framework will result in a ranked group of SMEs, which
can be utilized for future product development interactions.
e H4: The proposed framework will provide a more cost-effective means of

generating ideas and concepts.

1.6 Research Limitations

This research was constrained by the following factors:

e Research focused on the concept generation and evaluation processes, where
additional work could be done to expand this research into the full product
development process.

e Experimental work done in this study reviewed an organization in the product
development and engineering management field, where evaluation of a
service-based industry and/or non-profits may pose additional challenges
and/or modifications to approaches herein.

e Experimental results were limited to a singular experimental study.

e Profiling was evaluated, however statistically based theories could not be fully

confirmed due to the low sample size of those profiled.

1.7 Praxis Structure

This praxis is structured to present the research and experimental data to support the
integration and use of a framework which can be utilized by engineering managers to
increase the effectiveness and reduce the internal cost of concept development. The

praxis is structured into 5 distinct chapters:



Chapter 1 — Introduction; describes the background, problem statement, thesis
statement, research objectives and limitations, setting the stage for the goal and
significance of the research.

Chapter 2 — Literature Review; establishes the foundation on which the
framework has been conceived by defining innovation and including current
concept development processes, expert search methodologies, and existing
methods of identifying, prioritizing, and integrating SMEs into concept
development efforts. Gaps in the existing literature are highlighted.

Chapter 3 — Methods; the Subject Matter Expert Focused Framework is presented,
and methodology described. Details of the experimental setup are also discussed.
Chapter 4 — Results; presents statistically significant data from a real-world use of
the framework in comparison with current methods, summarizing the findings
from the experimental data and providing recommendations for implementation.
Chapter 5: Discussion and Conclusions; summarizes final deductions, draws

conclusions, explores contributions, and discusses areas of future exploration.



Chapter 2 — Literature Review

2.1 Innovation and Concept Generation

Innovation relies on identification of the right process, right individuals, and the
right focus on customer and business needs to generate concepts that can be utilized to
solve problems. It is widely accepted that the value of innovation to organizations is
paramount in the success of the organization. Organizations must employ effective
innovation techniques to be successful, as the rate of knowledge transfer continues to
increase worldwide, however the output or production of viable research is in decline
(Bloom, Jones, Reenen, & Webb, 2017). As product design and manufacturing processes
are becoming increasingly complex (Sheard et al., 2015) engineering mangers must
utilize the right set of innovation tools, techniques, processes, and people to be

successful.

2.1.1 Definition of Innovation and Concept Generation

Innovation has been defined in a multitude of ways by individuals, groups, and
organizations (Christensen, 2013; Drucker, 1985; Drucker, 2014; Skillicorn, 2016; von
Hippel, 1994; von Hippel, 1999; West 1996); however, it may be best simplified as “a
multi-stage process whereby organizations transform ideas into new/improved products,
services, or processes, so as to advance, compete, and differentiate themselves
successfully in their marketplace” (Baregheh, Rowley, & Sambrook, 2009). Baregheh et
al., (2009) utilize current literature to refine and discus the various attributes of the
definition of innovation. The findings point to a definition which contains six distinct

attributes, including stage; social; means; aim; type; and nature. Within the diagram



below, a term can be chosen from each of the six attributes to define any form of

innovation. Figure 2.1 shows a diagrammatic definition of innovation.

Organizations
Firms

Creation

IMheVaien Technology

PrO I SS lm(;i:enmcz:;:gnn T In::::’i’ls'mﬂ
Development Soclal aystona Creativity

Adoption Employees

Product
Service
Process
Technical

Succeed
Differentiate
Compete

Improve
Change

Figure 2.1 Diagrammatic Definition of Innovation. (Baregheh et al., 2009)

Innovation can further be defined by the type of problem that is in focus and or as
Satell (2013) describes, where the innovation may be best suited to take place. Satell
(2013) aligns the understanding of the problem alongside the domain, or location that
would be best suited to solve the problem, and further refines the definition of innovation
into four types, breakthrough; sustaining; basic; and disruptive (see Figure 2.2). In basic
research, problems are not well defined, and it is not well understood where the best
place may be to solve this issue at hand. Opposing, a problem that is well defined, or
known, which is coupled with a known understanding of whom and where the problem
would have the potential of being solved, would lend itself to a more sustaining type of
innovation. The remaining two sections of the innovation matrix correspond to well

defined problems, with unknown domains (breakthrough innovation) and undefined



problems with known domains (disruptive innovation). As known or unknowns of the
problem are understood and the location defined, engineering managers can look to more
accurately define the type of resources required (such as the right people, tools,

techniques, facilities, etc..) to more accurately predict the outcome of the innovation.

Breakthrough
innovation
& Skunkworks
% Mavericks
= Open innovation/prizes
i
o
z =
e Basic research Disruptive
z E Research grants innovation
i = Academic affiliations VC model
85 Innovation labs
x - 15%,/20% rule
-
=
§5
z
NOT WELL DEFINED WELL DEFINED

DOMAIN DEFINITION

Figure 2.2 Innovation Matrix (Satell, 2013; Satell, 2017).

In expanding the idea of innovation to the working level, concepts (which can be
ideas for products, processes, or services) can be thought of as the outputs of the
innovation process, or defined as an approximate description of the technology, working
principles, and form of the product coming out of a concept generation phase (Eppinger

etal. 2015).

2.1.2 Measurement of Innovation and Concepts

The nature of how innovation has been defined over time, as well as changing

measurement techniques (from formerly basic inputs to currently process indicators) have



made a holistically defined measurement of organizational innovation difficult to
achieve. Today, organizations typically define the measurement of innovation by internal
definitions, and seen as a gap, the literature has called out the need to better align around
a commonly accepted measurement technique (Bhattacharya, 2016). Table 2.1 highlights
examples of how generational indicators have changed over time, from a 1** generation
focus on inputs, 2nd generation on intermediate outputs, 31 generation on innovation

indicators, and current generation on process indicators (Milbergs & Vonortas, 2004).

Table 2.1 Evolution of Innovation Metrics by Generation - Examples (Milbergs et al.,

2004).
1" Generation 2" Generation | 3™ Generation 4™ Generation
Input Indicators Dutput Innovation Process Indicators
(1950s-60s) indicators Indicators (2000 + emerging focus)
(1970s-80s) (1990s)
* R&D expenditures * Patents *  Innovation *  Knowledge
o  S&T Personnel # Publications surveys + Intangibles
e Capital s  Products Indexing s Networks
e  Tech intensity *  Quality Benchmarking | ¢« Demand
. Change Innovation o Clusters
. capacity *  Management
. . techniques
+  Risk/Return
System Dynamics

Although common innovation metrics and measurement techniques are not readily
available in the literature, a typical organizational approach, as defined by multiple
leading researchers and practitioners in the field of innovation, has been to focus on the
output of the innovation by measuring how well the newly generated concepts and ideas
answer the following three significant questions: (1) Will the concept/idea fulfill the
customer/business’ unmet need(s)?, (2) is the concept/idea technologically feasible?, and

(3) will the result of the concept/idea meet the strategy and business goals of the

10



organization? (Blank et al., 2012; Eppinger et al., 2015; Ries, 2011; Silverstein, Samuel,

& DeCarlo, 2009; Ulrich, 2003; Ulwick, 2002 & 2005; Yock et al., 2015).

2.2 Concept Generation and Development Processes

Conceivably, the history of concept generation (CG) dates back to the days of early
man, and the need to find an easier way to get things done. As our distant ancestors were
tasked with everyday challenges, such as building a fire (something that we take for
granted today) they had to utilize what was available at the time, for example, wooden
sticks. As they refined the process and learned of new technologies, such as flint, they
could then start to explore alternative options to start a fire faster, in different types of

environments and under different circumstances.

Today, the current CG process attempts to answer the aforementioned innovation and
concept measurements questions from Section 2.1.2, where customer unmet needs or jobs
to be done, business or financial need, and technological knowledge, are used to define
the guidelines for developing problem statements to feed the CG process (Blank et al.,
2012; Eppinger & Ulrich, 2015; Ries, 2011; Silverstein et al., 2009; Ulrich, 2003;

Ulwick, 2002 & 2005; Yock, Watkins, Denend, & Kurihara, 2015).

The history of the modern concept generation process has its origins in the product
development process. Different names for CG and slight changes to the processes exist
across the literature, however in all accounts; the notion of a method to create new ideas
(concept generation) remains a major part of the process. CG has been found in parts of
the early upfront, or more commonly called the front-end process or pre phase-gate

process, (Cooper, 1990), such as in Figure 2.3.
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Figure 2.3 Front-End Process of concept Development Phase (Eppinger et al. 2015)

CQG is also seen in the more widely accepted product development process flows such
as those shown in Figure 2.4. In Figure 2.4, Eppinger et al., (2015) shows three distinct
product development processes, all containing the Concept Development phase,
immediately after the Mission Approval milestone and prior to the Concept Review

milestone.

; C Concept C System-Level : Detail C Testing and C Production C
Planning Development Design Design Refinement Ramp-Up
Mission Concept Preliminary Design Critical Design Production Project
Approval Review Review Review Approval Review

(a) Generic Product Development Process

Many Iteration Cycles
. Concept : System-Level - . Production
Planning C Development Design C Design | Build H Test Ramp-Up C

Mission Concept Cycle Plan Cycle Project
Approval Review Review Review Review

(b) Spiral Product Development Process

. : Concept System-Level
Planning Development C Design

Mission Concept
Approval Review

Integrate C Validation C

and Test and Ramp-Up
Production Project
Approval Review

(c) Complex System Development Process

Figure 2.4 Process Flow diagrams for three product development processes (Eppinger
etal., 2015)
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Additional concept development or CG approaches such as the Design Thinking
process shown in Figure 2.5 also highlight the importance of focusing on users or
customers (EMPATHAIZE), followed by understanding unmet needs or user centric
problems (DEFINE), and finally a concept generation phase (IDEATE). Design
thinking was coined in the 1990's by David Kelley and Tim Brown of IDEO, with Roger
Martin, and encapsulated multiple previously independent methods and ideas into one

process concept (Gibbons, 2016).

A% IMPLEMENT EMPATHIZE )
< E] — e e
X Put the vision into effect. Conduct research @
‘3‘ [ to develop an
A understanding of
X ur users.
= yo
v TEST DES I G N DEFINE
x —
= Return to your users T H I N K I N G Combine all your research
for feedback. and observe where your
1 0 1 users’ problems exist.
PROTOTYPE IDEATE @
Build real, tactile Generate a range of =
representations for a crazy, creative ideas.

range of your ideas.

EXPLORE

Figure 2.5 Design Thinking Process (Gibbons, 2016)
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Still another leading firm, IDEO, uses a similar approach to upfront product
development, where the users are observed, data is synthesized, and then visualized (see
Figure 2.6). The Visualization stage (where concept generation occurs) utilizes outputs
from the prior Understand and Observe and Synthesize stages to allow for the creation of

visible and tangible experiences or concepts (Moen, 2001).

Step 1 Step 2 Step 3 . Stepd Step 5
Understand and Synthesize Visualize Prototype, evaluate, Implement
. Observe i and refine i

L 4

Y

Scope the project.
i Learn first-hand

¢ about people and i Translating
¢ contexts of use. i research insights H
| into opportunities Creating visible
for design and tangible i
i experiences Improving design Supporting
: ideas by making i resolution of

them physical, so i human issues in
users can interact the first design
with them. :

Figure 2.6 IDEO 2011 Concept Generation and Development Process (Moen, 2001)

Development

Since 2000, Standford’s Byers Center for Biodesign has developed, refined, and
enhanced their approach to technology innovation. This process has been used and is
most prevalent within the healthcare field (Standford Byers Center for Biodesign, n.d.).
Figure 2.7 shows the Biodesign process. Yock et al., (2015) break up their process into
three distinct phases; identify; invent; implement. Identify phase includes activities that
work to understand the market, unmet needs of the customer, and to generally define the
problem at hand. Moving into the invent phase, true CG and screening begins, once

again showing the value and need for this across product development.

14



IDENTIFY INVENT IMPLEMENT

—

PHASES

§ 1. NEEDS 2. NEEDS 3. CONCEPT 4. CONCEPT 5 STRATEGY 6. BUSINESS
E FINDING SCREENING GENERATION SCREENING DEVELOPMENT PLANNING
E 11 Strategic Focus 21 Disease State 41 ldeation 41 Inlellectual 51 IP Stategy 6.1 Operating Plan and
E 12 Noads Sxploration Fundamentals 32 Il Concept Property Basics 52 RBD Stralegy Finencial Model
B 1.3 Nesd Statement 22 Bisfing Solufions Selection 42 Regulatory Basics 53 Clinical Stratogy Sirategy Integration
< Development 23 Stakeholder 43 Reimbursement Bl o siony Commurcafion
Analysis Besics Pl ool ek
5 Noaliee M ament
24 Market Analysis 44 Business Models _J” Uualiy Menagement ;
25 Needs Selection 45 Convapt 56 ﬁfgf:lz“,ﬂﬂall 64 Altemate Pathways
57 Marketing and
Stakeholder Shralegy
58 Sales and Distribution
Stralzgy
54 Comy

Figure 2.7 Biodesign Innovation Process (Yock et al., 2015)

In addition to these widely accepted methods, many additional models exist for
product development, and in particular the concept generation phase of product
development, such as models from Gravdahl, & French, (1985), Pahl, & Beitz, (2013),
Cross, & Roy, (1989), and Ullman, (2010); all of which have significant similarities in

number of steps and to those referenced above (Roozenburg, & Eekels, 1995).

Taking a step down into more detail of the concept generation processes discussed,
Eppinger et al., (2015), have developed a sub-process (which is also very representative
of those processes noted above), to detail out the specifics of CG. This model is shown
in Figure 2.8. The process starts with clarification and breakdown of the problem as seen

in past processes, however what is of particular note, are the internal and external
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breakpoints at step (2.) search externally, and (3.) search internally. The authors
highlight the fact that ideas and concepts can come from both internal and external
sources, by utilizing a number of different tools and techniques, including lead users (von
Hippel, 1986), experts, patents, literature, and benchmarking on the external search side
of the process (Figure 2.8, step 2.). It is also important to note that the goal for step (2.)
is to use external focus to identify existing concepts, versus step (3.) where the focus is
identification of new concepts. Although step (2.) points to the use of externally focused

searches, the individual or combined use of specific tools and techniques is not discussed.

1. Clarify the
problem.

* Understanding

« Problem
decomposition

= Focus on critical
subproblems

v Subproblems

' 1,

2. Search 3. Search

externally, internally.
* Lead users = Individual
= Experls = Group

* Patents
* Literature
= Banchmarking

Existing Concepts Mams
4. Explore
systematically.
* Classification tree
= Combination table

4 Integrated Solutions

5. Reflect on the
solutions and
the process.

= Constructive
feedback

Figure 2.8 Eppinger Concept Generation Process (Eppinger et al., 2015)
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2.3 Concept Generation Tools and Techniques

A plethora of CG techniques are presented in the literature and more seem to be
developed daily. The following are a high-level sampling of processes and tools
available for the engineering manager; however this should not be considered a fully
comprehensive list. The tools highlighted in this literature review can be implemented

for both internal and external teams.

One of the oldest and most known concept generation processes is Brainstorming,
coined in a book by Osborn, (1953), entitled Applied Imagination, where he focuses on
the general principles of creation and how methods used by famous creators can help one
to improve his own creation. Topics covered include "imagination in marital relations,"

nn

"the age factor in creativity," "ways by which creativity can be developed," "factors that

tend to cramp creativity," "the element of luck in creative conquests," "the value of

nn

thinking up plenty of hypotheses," "the effect of emotional drives on ideation," "creative

collaboration by teams," and many others (APA PsycINFO Database, 2016).

A valuable compilation of tools and techniques is reviewed and presented in
Silverstein et al., (2009); whereby the authors highlight various tools and techniques to
aid in defining the opportunity, discovering ideas, and developing solutions. Focusing on
discovery of the ideas, the authors review and highlight tools and techniques such as HIT
Matrix, SCAMPER, Brainwriting 6-3-5, Imaginary Brainstorming, Concept Tree,

Random Stimulus, Provocation and Movement.

Another pioneer in the world of innovative methods of concepting is Dr. Edward de

Bono. His Lateral Thinking technique, originally developed in the late 60s and early 70s,
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has been used over the last 40+ years. It is a set of processes that provides a deliberate,
systematic way of thinking creatively, resulting in innovative thinking in a repeatable

manner. Four main categories of Lateral thinking tools are defined in the list below:

e Idea-generating tools which break free your current thinking patterns from their
usual pathways.

e Focus tools that open your mind to new possibilities in the search for new ideas.

e Harvest tools that help maximize value is received from the idea generating
output

e Treatment tools that ground the creativity process by making the wild ideas and

make them fit the real world constraints, resources, and support

(De Bono, & Zimbalist, 2010)

De Bono further added to the world of innovative techniques and tools in 1985 with
the invention of his Six Thinking Hats. In six hats, de Bono introduces tools and
techniques to aid in group discussion and further refine individual thinking, whereby the
“hats” are used (at different times) as guidelines within the ideation session to structure
thinking in different ways. Figure 2.9 shows the six thinking hats and describes the

details of each hat.
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Edward de Bono's

SIX THINKING HATS®

BLUE HAT
Managing the Thinking
* "Control” hat
» Organizes the thinking
= Sets the focus and agenda
» Summarizes and concludes
» Ensures that the rules are observed

RED HAT

Feelings, Intuition, Gut Instinct

* Permission to express feelings

* Mo need to justify

+ Represcnts feclings right now

+ Keep it short

+ A key ingredient in decision making

BLACK HAT
Risks, Difficuliies and Problems
= The skeptical view
= Reasons must be given
* Points out thinking that does not fit the facts,
experience, regulations, strategy, values
= Points out potential problems

30354 Pablished by de Booo Thinking Systenms™. £ 208, The Mo(paig Group nc.

¢ WHITE HAT
" Information

« Information we know

» Information we need

+ How are we going to get that information?
+ Determines accuracy and relevance.

+ Looks at Other People’s Views (O.BV).

YELLOW HAT
Banefits and Feasibility

* The optimistic view

* Reasons must be given

* Needs more effort than the black hat

» Finds the benefits and values

» Considers both short- and long-term
perspectives

GREEN HAT
MNew |deas, Possibilities
* Creative thinking
+ Seeking alternatives and possibilities
+ Removes faults
* Doesn’t have to be logical
* Generates new concepts

o
-

G
" de Bono
Thinking Systems

Figure 2.9 Edward de Bono’s Six Thinking Hats (de Bono, 2017)
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The final concept generation tool and technique focused on in this praxis, is visual
mapping or more commonly called mind mapping. The theory and approach behind the
association of multiple sub-topics and their interrelationship to each other, under the
premise of a larger centralized topic is not a new approach, and was documented earliest
in the 3™ century from works by Porphyry of Tyre (Mind Mapping, n.d.). This pracgice
has been best described and refined to practice by Tony Buzan (Buzan, 2005). An
example of a mind map created as a template for the engineering design process can be

seen below in Figure 2.10.

_f'] = et tena ) | nang Die

I

Figure 2.10 Example of a mind mapping technique for engineering design process
(Biggerplate Blog, 2017)

2.4 Sources of Concept Generation

2.4.1 Internal Sources of Concept Generation

The most common technique for organizations performing concept generation

activities is to look internal to the organization for their own knowledge (Chesbrough et
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al., 2006). This is applied to two groups within the organization, R&D or innovation
workers, and employees as users. A wealth of focus in the field of knowledge
management points to the value of finding, accessing, and utilizing internal

organizational knowledge (Alavi, & Leidner, 2001; O'Dell, & Hubert, 2011).

Within R&D, engineering resources are commonly expected to exhibit the traits and
characteristics to extract user ideas and develop these into requirements and eventually
products or services that can be marketed by organizations (Roozenburg et al.,1995).
Additionally, those leading these R&D efforts, the engineering mangers, are further
expected to exhibit the skills of R&D (customer needs identification, development of
product specifications, concept generation, concept selection, concept testing,
prototyping, core design, and manufacturing readiness / development) in order to lead

the efforts of the team (Dreyfus, 2008; Shah, 2012; Ulrich et al., 2015).

Another internal group, which may also contain, but are not exclusive to, members of
the internal R&D teams are the employees as users group. This group can be thought of
as an internally based user group, who has experience with the products and services
commonly commercialized by the parent organization. These internal users may be a
great source of product innovativeness, due to their interaction with the product or service
on a regular basis (von Hippel, 1986). It is important to note that some biases may exist
due to organizational loyalty; however openness of thoughts and opinions may work to

offset this bias (Moorman, Zaltman, & Deshpande, 1992).
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2.4.2 External Sources of Concept Generation

The use of external sources such as consultants, specialty organizations, and
crowdsourcing has been growing and organizations plan to increase this trend in the
future (Deloitte, 2016). This increased use of resources external to organizations can be
attributed to a change in enabling technologies, resulting in a transformation in the way in
which organizations have access to information and data and use that data for their
benefits. The key reasons to outsource innovation include resource limits, specialist
talents, multiple risks, attracting talent, and speed (Quinn, 2000). The access and
availability of information, coupled with a higher propensity for managers to work
openly across and external to organizational boundaries (coordinate-and-cultivate
management) has resulted in this continued shift toward increased use of external

resources (Malone, 2004).

Of particular interest over the last 15 years Open Innovation (OI) has led to increased
innovation by focusing on pulling in external sources to aid various forms of innovation
activities, including concept generation (Chesbrough, 2006). Figure 2.11 shows the OI
process. Multiple points along the Ol model are available for influx of external experts,

including the external technology bases and technology insourcing.
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Figure 2.11 Open Innovation Model (Chesbrough 2006)

As use in OI has grown, experts in the process, such as Bianchi et al., (2016),
Carpenter (2011), Chesbrough, (2006 & 2013), Chesbrough et al., (2006), EImquist et al.,
(2009), Enkel et al., (2009), Gronlund et al., (2010), King, & Lakhani, (2013), Marino et
al., (2011), Meige & Golden, (2010 & 2011), Resnick, (2011), Simoes-Brown, D., &
Harwood, R., (2014), Simoes-Brown, Allington, & Harwood, (2017), Sloane, (2011), and
West (2017), have aided in further development of the process. These experts have
developed or added suggestions and refinements to the baseline OI process for increased
efficiency and effectiveness in the areas of scoping, resource management, and risk
identification/reduction. In addition to the baseline information and data, additional

guidance can be found in the literature around decision making for the use of OI.
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Gronlund, et al., (2010) published their Open Innovation Evaluation Criteria Decision
Tree (see Figure 2.12 below) to aid in decisions on pursing OI by linking the

organizational business case and value of the project (as previously discussed in section

2.1.2 above).
ls the NPD project aligned with
the current business model?
w Yes
-
oa u Y
m
- Does the MPD project Does the NPD project
utilize our core capabilities? utilize our core capabilities?
fes
Yes
Y
Should the business Should existing core
w maodel be redefined? capabilities be redefined?
-
']
oq
(0]
%)
Yes
Yes
A J
w . .
o Initiate a process Initiate a process
] to rethink current to rethink current
e business model core capabilities
¥ ¥ Y ¥ ¥
Export Import
Are there any external Consider importing know-haow
w companies or partners that and technology:
= might be interested in the - » To complete the product being
oq know-how and technology developed
b generated in the MPD project + To add value to the product
(ie. can it be commercialized being developed
externally)? -'- .
+ To speed up the innovation
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Albways = To reduce development cost
consider
Export
options
L

Figure 2.12 Open Innovation Evaluation Criteria Decision Tree (Gronlund, et al., 2010)
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2.5 ldentification and Prioritization of Subject Matter Experts

2.5.1 Traits of Subject Matter Experts

The right people resources are a critical requirement to drive innovation, and
identifying the right internal or external resources, by understanding their propensity for
innovation can be challenging to those leading innovation activities (McKee, 1992;
Mumford, 2000; Simoes-Brown et al., 2017). An example of finding the right people
with the right traits can be seen in Hasan & Koning, (2017). Within this literature, Hasan
et al., (2017) help to identify and suggest traits and environment to look for or create in
choosing team members that increase innovation:

First, managers should seek out team members who are more open. Our findings and

the findings of other scholars suggest that more open team members help the team

develop better ideas (Schilpzand, Herold and Shalley, 2011; Neuman, Wagner and

Christiansen, 1999). Second, innovators who are interested in developing new ideas

should seek out conversational partners who have traits that are correlated with

extroversion: large networks, higher verbal fluency, and a willingness to share.

Finally, if potential alters possess valuable insight and knowledge but are not

extroverted, then innovators should devise other strategies for communication besides

short interactions. Such alternative approaches to interaction—longer conversations,

perhaps over multiple occasions—may yield high value (Cain, 2013; Grant, Gino and
Hofmann, 2011).

A further example of finding the right skillsets for innovation can be seen from

McKee, (1992) in Figure 2.13 below.
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Figure 2.13 Innovation Learning Skills Framework (McKee, 1992).

Searching and identifying the right people with the right traits, both internal to

organizations as well as external to organizations are of critical importance to innovation

effectiveness (Chesbrough, 2006 & 2013; Drucker, 2014; Quinn, 2000; von Hippel et al.,

2009; Yock et al., 2015).

2.5.1 Search Techniques for Subject Matter Experts

Several methods have been employed to identify experts capable of supporting

externally based innovation activities. The three most frequently used methods include

mass (basic) search methodologies, pyramiding, and artificial intelligence based

programs (Al).

2.5.1.1 Mass Search Techniques

Mass or basic search methods are by far the most common and widely used of the

three methods evaluated in this literature review, and can include various tools,

platforms, and approaches (Sudman, 1985). In general, basic mass searches include 4



major steps, (1) identification of a search topic; followed by (2) determination of the
method of searching; (3) execution of the search; and (4) evaluation of the results (Burke,
& Kendall, 2005). Platforms used for open searching of experts can include websites
such as Linkedin and Facebook, while processes generally utilize Boolean based internet
searches, which are working to identify specific terms or phrases found in the site
database. Outcomes are then provided to the user (in most cases a prioritized list based
on number of hits), and the user is asked to make a decision on the final output. Basic
searches are the easiest and most common in the literature, yielding quick results and
valuable information, yet with increased variation in the output, and increased cost for

larger populations (Bozzon, Brambilla, Ceri, Silvestri, & Vesci, 2013; Sudman, 1985).

2.5.1.2 Artificial Intelligence Based Search Techniques

Artificial intelligence (Al) based impact on society has become increasingly popular
among investors, employers, in literature, and in university teachings. Its use across
multiple industries has provided insights and inroads to solve major problems, once
thought unachievable with standard technology (Gray, 2017). Multiple Al based search
techniques can be employed at this step, and much work has been conducted in the field
of information systems to develop and validate various search methods for resource
selection approaches. Methods of searching can include meta-databases, document
collections, referral webs, expertise retrieval algorithms, generative probabilistic models,
voting models, and network-based models, among others (Lin, Hong, Wang, Li, 2017)
(Thomson, 2017) (Wang, Ma, Liao, Du, 2017) (Yimam-Seid, Kobsa, 2003). Al searches
rely on the interface between machine or computer and user interface at the appropriate
time to screen and refine the output of the search. Malone and Bernstein (2015), have
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commented on this “collective intelligence” and its continued growth and importance as

man and machine are increasingly working together to solve complex problems.

Newer forms of Al based search methodology include the VentureRadar Discovery

Methodology and VentureRadar Custom Search Methodology, using a deep learning

recurrent neural network (DL-RNN) based search, as shown in Figure 2.14 and 2.15

(Thomson, 2017).

VentureRadar Discovery Methodology
3. Interpretation 4. Solutions

1. Data Sources 2. Data Collection and Structuring

»ag@ =

Open Data Crawling
Public Web Big Data Processing
Proprietary Algorithms

Data Partners
External APls

VentureRadar crawls more than 5 million
domains per month, ranking each on a
range of proprietary scores, which allow us
to locate new companies and monitor the
progress of already known companies.

We draw from millions of
sources of company
information including:
Directories, Trade Shows,
Conferences, Company
Websites, Science Parks, News
Sites, Industry Awards,
University Websites, Investor
Websites, Incubators, and
Accelerators,

Machine Learning
Natural Language Processing
Proprietary Algorithms
Expert Humans

We use a combination of proprietary
algorithms and Machine Learning/Natural
Language Processing to construct company
profiles and calculate a range of associated

metrics concerning those companies.

Our team oversees data quality issues and
enriches the data when required.
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Figure 2.14 VentureRadar Discovery Methodology (Thomson 2017)
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Figure 2.15 VentureRadar Custom Search Methodology (Thomson 2017)

A similar example of an advanced search methodology similar to VentureRadar
processes can be seen in Figure 2.16. The Presans model utilizes information retrieval
and machine learning to crawl the web, index and structure data, and finally to query and
output the data. Details of the this model and process can be seen in the Multistep

Dynamic Expert Sourcing developed by Presans Corporation (Meige et al., 2011).
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(1) The Expert Search Engine technology crawls tens of millions of scientific sources (scientific
literature, patents, research center websites etc.). (2) The engine indexes and structure the information into
expert profiles. (3) Sending a query (keywords or full-text description) from the search bar returns a list of
potential most qualified experts.

Figure 2.16 Presans Multistep Dynamic Expert Sourcing (Meige et al., 2010).

2.5.1.3 Pyramiding Search Techniques

Another commonly employed approach to search for subjects to aid in product
development is the “Pyramiding” approach, developed and coined by Eric von Hippel, et.
al., (2009) of the Massachusetts Institute of Technology. Pyramiding relies on a search
process which identifies people having a strong interest or knowledge in a given attribute
or quality, for example a particular type of expertise. These attributes are explored,
commonly through direct conversation and if carried out correctly, connections upward
within the “pyramid” will lead to additional people who know more about and/or have
more of that attribute than the original expert, eventually leading to an elite group of
experts in the field (von Hippel et al., 1999). Pyramiding is useful when a researcher

wants to efficiently identify the persons with higher levels of a given attribute in a
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population or sample — generally individuals near or at “the top of the pyramid” with
respect to that attribute (von Hippel et al., 2009). Figure 2.17 provides a depiction of the
pyramiding process, showing the theoretical steps one would take to go toward the apex

(highest level of subject expertise) within the pyramid.

Subject
expertise
F 3

Pyramiding (sequential search)

+ Determine starting point

+ Ask subject for referral

* Follow referrals until individual
with sought attribute is found

O 0.0 O Other subject

oY 00 o characteristics

{e.g. industry or
geographic location)

Screening (parallel search)

* Draw sample

* Analyze each subject for
attribute sought

* Select most appropriate

Figure 2.17 Pyramiding Search for Experts (von Hippel et al., 1999 & 2009)

2.6 Profiling of Subject Matter Experts

A massive volume of personality tests, profiling techniques, and psychological
characteristic evaluations are available within the literature. In the world of product
development and OI, Simoes-Brown et al., (2017) highlight that the need for successful
open innovation depends not only on efficient processes and win-win business models,

but it also depends on the mindset and attitude of participating individuals as they
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collaborate. Within their article, Simoes-Brown et al., (2017), highlight multiple authors
and researchers that have made significant contributions to the field of psychological
profiling and personality trait studies, comparing the 100%Open Collaboration Styles
Test (Co-Lab), to show their contribution, which can be utilized to increase innovation
efficiency and effectiveness. Table 2.2 provides a breakdown of their contribution to

other well-published and respected authors in the field.

Table 2.2 100%Open Collaboration Styles Test Contribution (Simoes-Brown et al., 2017)

Methodology

How the Co-Lab Test Builds

Belbin Team Role theory (1981) was designed to
enable individuals to be able to project and talk about
their behavioural strengths in a productive, safe and
non-confrontational way. Belbin is designed to give
individuals a greater self-understanding of their
strengths, which leads to more effective
communication between colleagues and managers.

The Co-Lab Test (2013) was designed to enable
individuals and teams to innovate collaboratively
within teams and across organisational boundaries.
Some of the Co-Lab test archetypes have
similarities to the Belbin roles although the latter
are more functionally descriptive e.g. The
Specialist.

The Myers-Briggs Type Indicator (MBTI), first
published in 1944, uses an introspective self-report
questionnaire - from origins of Carl Jung’s theories of
psychological types - with the purpose of indicating
differing psychological preferences in how people
perceive the world around them and make decisions.

Co-Lab expands on the individual characteristics,
preferences and 1:1 interactions of MBTI, to place
these in both a team setting and open innovation
context. This suggests where people are at their
most effective in the innovation phases.

The Spony Profiling Model (SPM) is a profiling tool
for individuals, teams and organisations. SPM reveals
motivations, preferences and flexibility, highlighting
areas of tension; key challenges and opportunities for
development. This is achieved by measuring
individuals” work values and how others see them at
work, manifesting their values through their
management style. It can be adapted to different
environments.

This delivers a similar individual profile assessment
as Co-Lab, the difference being in the specific
application of open innovation that Co-Lab is
designed for.

Six Thinking Hats is a parallel thinking process to learn
how to separate thinking into six clear functions and
roles. This enables people to focus or redirect
thoughts, conversations, or meeting discussion.

Rather than have everyone wear each “hat” to
obtain a holistic understanding of the issue, Co-Lab
recognises people’s individual preferences and
suggests how they work best in a team situation

Group Genius: The Creative Power of Collaboration
(Keith Sawyer, 2008) explores how an organization’s
future innovative success lies not only in the creation of
an internal collaborative culture, but also in the
organization’s willingness to move into the realm of
collaborative webs, where individuals and
organizations share their knowledge in the hope that
this will spark new ideas

Co-Lab uses the characteristics of its archetypes -
providing candidates an appreciation of preferences
on a individual level - to group situations. This
helps indicate group balance - strengths, weakness
and where they can deliver greatest effect in the
phases of open innovation.
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The Ten Faces of Innovation (Jonathan Littman, 2005) | Co-Lab adopts a similar approach in terms of
provides observations on a number of roles that people | assigning preferences on a individual level,

can play in an organization to foster innovation and however the Co-Lab framework provides further
new ideas while offering an effective counter to insight into how and where individuals best operate
naysayers. It details how businesses have used in the phases of open innovation

innovation and design thinking to transform customer

experience.

The 90-9-1 Rule for Participation Inequality in Social This philosophy, and the lessons and suggestions
Media and Online Communities (Jakob Nielsen, 2006) | from it, can be used in conjunction with Co-Lab to
proposes and explores reasons for the balance between | help create environments where contribution from
online contribution of users: never (90%), a little (9%), | all participants is optimised. Using the Co-Lab
almost all (1%). He suggests that the best approach to archetype preferences alongside the 90-9-1 insights
rebalancing this is to make it easier to contribute, make | into motivation offers the potential for a more
participation a side effect (of other deliberate actions), | diverse and potentially more balanced participation.
optimise participation through users editing other
content rather than creating from scratch, providing
(appropriate) reward, and promoting quality

contributors

Thinking Fast and Slow (Daniel Kahneman, 2011) Co-Lab uses the understanding of some of these
summarises research into different ways the brain innate characteristics in the development of its six
forms thoughts: ”System 1" is fast, instinctive and archetypes. This is then further expanded into their
emotional; "System 2" is slower, more deliberative, and | preferences, strengths and weaknesses in an open
more logical. It covers a number of experiments innovation team setting.

which purport to highlight the differences between
these two thought systems and how they arrive at
different results even given the same inputs.

In association, Figure 2.18 (pg. 34) displays the framework, including their 6
archetype profiles (connector, influencer, cultivator, activator, producer, and explorer),
corresponding contributions based on the innovation process step, the learning styles of
how each profile will typically respond to data, and the motivations of the individual

profiles. (Simoes-Brown et al., 2017).
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Figure 2.18 100%Open Collaboration Styles Framework (Simoes-Brown et al., 2017)

2.6 Gap Analysis of Prior Research

In detailed review of the prior literature, one can see that a significant amount of time,
effort, and work has been completed from early in the 1950s to now, in the area of
innovation and concept generation. Numerous processes have been developed and
refined, tools have been created and evaluated, and methods to identify people and unmet
needs have been explored. Additionally, the nature of how innovation is defined and has
been integrated into organizations has changed significantly over time. Finally, the
reliance on external knowledge, specifically for the purposes of increasing organizational
knowledge (i.e. to improve concepting) has not only increased, but is become increasing

important.
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With all of these changes in the world of innovation, gaps still exist in the literature.
In particular, although a concept generation process exists and numerous product
development processes have concept generation stages within their overarching process
no one has yet, to the author’s knowledge, incorporated the search, profiling, and
pyramiding processes into the expert identification portion of the process. Limited
information exists in the literature to detail out any interaction between various tools,

techniques, and information gathering techniques.

In addition to the interaction of the tools and search techniques described above, a
gap exists in the overarching framework of the concept generation process. The layout of
a systematic framework that works to incorporate all the tools and techniques of concept
development has not been defined for the engineering manager. Currently engineering
managers must have knowledge of the tools and search out the various tools and
techniques to use in their organization. The reliance is on the historical background and
knowledge that the leaders in the organization bring to the table. A systematic
framework, which incorporates models, works, tools, and techniques in a more holistic

framework, would benefit the engineering manager.

This work will act as a conceptual starting point for the creation of a framework to

accommodate the literature herein, as well as the experimental results provided.
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Chapter 3 — Methods

3.1 Research Goal

As defined in Chapter 2, a wealth of knowledge, experience, and contributions in the
field have been developed and utilized, however no clear systematic framework is
defined and presented in the literature. The goal of this research is twofold, (1) to present
this conceptual framework, backed by experimental data, which can be utilized to better
identify, profile, and rank SMEs for the purposes of improving the output of product
concepting, and (2) to generate a systematic framework that can be further developed and
expanded upon in order to refine and provide guidance to practitioners performing

product concepting.

3.2 Research and Experimental Approach

This research combines prior literature, backed by results of a real-world
experimental study to present a revised framework, the Subject Matter Expert Focused
Concept Development Process Framework (SMEF-F), shown in Figure 3.1. The SMEF-
F is compared to a Standard Concept Development Framework (STD-F). The STD-F is
based on currently available literature (see section 2.2 above) and although Eppinger et
al., (2015) provide a process which notes external team members in their concept
generation process, the general framework used for comparison (STD-F), as seen in
Figure 3.2, more accurately represents the current focus on internal experts. After the
theoretical comparison of the frameworks, data from an experimental study is presented,

which was conceived to evaluate and compare the outputs of the two frameworks in a

36



real-life engineering problem.

Input(s) Tem Silastion Idea Generation Idea Evaluation Output(s)
—_— —— - —_—
E & Refinement and Selection B
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Problem Define Search | pe:. Company |deas Concepts
Definition Criteria e Evaluation P

Community

l
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= Pyramid =
Search :
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Figure 3.1 Subject Matter Expert Focused Process Framework (SMEF-F)

Idea Generation Idea Evaluation

Input(s ———» Team Selection ——— —_— — Output(s
pULG) & Refinement and Selection PUt)
Internal Team Internal (Closed)
Problem _ Company
2 Selection Innovation Ideas/ Concepts
Definition Evaluation
Process Community

Figure 3.2 Standard Concept Development Framework (STD-F)

3.3 Description of the Subject Matter Expert Focused Framework (SMEF-F)

The SMEF-F is shown in Figure 3.1. This framework addresses the lack of focus on
the SME selection in the current STD-F approach and adds guidance to the concept
development process to allow for improved management of concepts and ideas. Once a

problem is defined within the input phase, the framework suggests a more detailed team
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selection process, where SME search criteria are defined and fed into a formal search,
followed by an expert pyramiding search. These search processes continue to inform and
improve each other’s databases to produce a smaller, refined SME list. The shortened
SME list is then vetted against a profiling process, where SMEs are reviewed for their
individual personality and collaborative nature, with intent to optimize the innovation
team. Feedback from the profiling step is also fed back into the search and pyramiding
processes to produce a final SME list. The goal is to allow for engineering managers to
identify and place the appropriate SMEs where they will have the best chance of
improving concepts in the idea generation & refinement phases. Following the team
selection phase, an open innovation crowdsourcing platform is utilized to generate and
refine ideas and then, similarly to the standard approach, ideas are evaluated and selected
by a organization-based evaluation. The final output is refined, evaluated, and ranked
ideas and concepts. Further, SMEs have been identified, profiled, and ranked (according
to their community contributions) enabling potential collaborations or consultancy

agreements to occur as the product is further developed.

The five individual phases below provide guidance to the engineering manager on
how to implement SMEF-F within their current process improvement or design related

concept development processes.

3.3.1 Phase I - Inputs

As a part of the input phase within the SMEF-F, engineering managers are asked to
generate clear and concise problem statements by evaluating the available data and by

deriving and affinitizing the critical needs of the users and business. Blank et al., (2012)
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and Ulwick (2002 & 2005) outlined the clarity and importance of these statements,
professing their criticality to ensure that a proper baseline of knowledge is transferred to
the participants. It is especially important to develop the problem statements concisely
since external SMEs will not know the inner workings of the business, like the internal

members of an organization-based team.

3.3.2 Phase Il - Team Selection

In the case of team selection, organizations that select only internal experts for their
teams hinder their organization’s capability to produce great ideas and solve highly-
technical challenges (von Hippel, 1994). Organizations must instead look outside their
internal walls to find subject matter experts who can help them solve challenging

problems.

To implement team selection, the SMEF-F process applies three critical steps, which
are searching, pyramiding, and profiling. These three steps work in conjunction with one
another providing information backward and forwards to each other. These three steps
aim to refine the SME database to a final group of SMEs that will interact in an open
innovation community during the ideation and refinement phases. Although described as
three separate steps, the three steps noted above should be viewed at as a compilation of
tools working together for the refinement of the SME list. Suggestions for tools and
techniques in these three phases are provided in the experimental section; however, it is
at the discretion of the engineering manager to apply the appropriate tool/technique for

their specific situation.
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In the first step, the search implements an appropriate method to find SMEs
externally. Multiple search techniques can be employed at this step, and much work has
been conducted in the field of information systems to develop and validate various search
methods for resource selection approaches (Lin, Hong, Wang, Li, 2017) (Thomson, 2017)
(Wang, Ma, Liao, Du, 2017) (Yimam-Seid, Kobsa, 2003). These search techniques
should cast a wide net across the industry and technology in question as well as adjacent

industries/technologies for potential SME inspiration.

The second step of the search, pyramiding, involves the application of a pyramid
selection process to the preliminary search results. Pyramiding involves use of experts
from the relevant fields making suggestions and recommendations for the proposed
engagement of other experts; followed by the refinement of contacts by way of working
upward to the apex of a “pyramid.” The process starts at the bottom and makes its way to
the top of the apex, where the most valuable contacts would be found. The pyramiding
approach was coined, developed, and recommended by Eric von Hippel et al., and has
proven itself as a highly effective approach for the identification of experts and customers
partaking in innovation activities (Poetz, Priigl, 2010) (von Hippel, 1986) (von Hippel,
Thomke, Sonnack, 1999). As the pyramid is defined, the approach continues to refine the
final SME list by working between the pyramiding results and search criteria results to
refine, research, and prioritize SMEs. This activity enhances the initial list and a refined

and nearly complete SME list is then transferred to the final profiling step.

In the third step, profiling, the SME list is further refined using personality trait-based
evaluation tools and techniques. In addition to providing an individual assessment, the

profiling tool(s) also assess the potential of the individuals to work together as a team in
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an open innovation environment. This is important as the next phase, idea generation &
refinement, benefits from this assessment. Successful open innovation depends both on
efficient processes, “win-win” business models, and on soft skills, such as the mindset,
attitude, attributes, and qualities of participating individuals as they collaborate in open
and complex innovation processes (Martino, Bartolone, 2011) (Simoes-Brown et al.,
2017) (Stock, von Hippel, Gillert, 2016) (Ulrich 2003). Engineering managers will be
more successful in their innovation endeavor if these characteristics are considered

(Silverstein et al., 2009).

Owing to the nature of the method in which the team selection is conducted in the
SMEF-F, especially in smaller industries with more specific challenges, it is likely that
multiple members know each other and, furthermore, could be competitors within the
same space. To achieve openness and the flow of ideas, an open innovation approach
should be utilized for the idea generation, refinement, and post team selection steps
where members of the community can remain anonymous yet still be motivated to share
in the community. Further suggestions for the engineering manager can be found in the

sections below.

3.3.3 Phase Il - Idea Generation & Refinement

The idea generation phase is the crux of both the SMEF-F and STD-F and adopts
appropriate efforts to generate ideas and concepts that are key to increased innovation.
For multiple reasons, such as the protection of proprietary information and ease of
finding resources and internal knowledge, the emphasis in product development has

traditionally been placed on teams internal to the organization (West & Bogers, 2017).
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Within the SMEF-F, the onus for the development of ideas is instead placed on the
external SMEs, which lends the framework to an open innovation approach (Howe,

2008).

Multiple authors have studied and documented the value of open innovation (OI) and
the detailed approach of crowdsourcing (CS) for product conception and development
(Chesbrough, 2006) (Chesbrough et al., 2006) (Elmquist et al., 2009) (Enkel, Gassmann,
Chesbrough, 2009) (Howe, 2008) (Simoes-Brown et al., 2017) (Sloane, 2011). Since a
large amount of documentation exists on the usage of OI and CS, the scope of this study
is to focus on the essential implementation details that should be taken into consideration
by engineering managers applying the new framework. These details will now be

described.

3.3.3.1 Participation Through Protection and Incentivization

Participants must be incentivized and their innovations protected (Howe, 2008). In
order to drive an optimal level of participation, participants must see the value and
benefit from the OI session (Carpenter, 2011). For internal teams, corporate programs,
points-based systems, and goals and objectives tied to pay for performance can be
utilized. For external participants, honoraria and the potential for future contracts or

consulting work can be utilized to motivate the participants to contribute.

As the Ol community is set up and increased engagement between the organization
and participants is experienced, the protection of proprietary information from the hosting
organization or the SME side needs to be implemented. Engineering managers can

manage the flow of this information by employing a non-disclosure agreement (NDA) or
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other protective measures between the organization and the participants (Resnick, 2011).
In the event that detailed proprietary information is requested from the community, a
method to allow for private submission from the community directly to the facilitator or
organization can be enacted, reducing the concern of competitors inadvertently obtaining

the data.

3.3.3.2 Open Innovation and Community Management

As the SMEs of the OI community are interacting with each other, it is essential to
have a facilitator to provide background, encourage conversation, ask probing questions,
clarify ideas, and answer logistical questions regarding the essential use of the
community. Ideally, the community will include participants both internal and external
to the organization to allow for the interaction and answering of questions across the
internal and external SME groups. For the purpose of this study, two individual
communities were made and managed separately to maintain the independence of

thoughts and to assess the frameworks.

As Ol is employed in the use of SMEF-F, a blend of crowdsourcing types can be
utilized to maximize responses. Geiger, Seedorf, Schulze, Nickerson, and Schader
(2011) suggested a crowdsourcing taxonomy involving five distinct process types. Two
of these five process types are proposed, by the authors, for use in the framework at
different times. The first suggested process type, “selective source with crowd
assessment” allows the selected participants to read and respond to each other’s responses
in the online community. By the nature of this process type, each participant shares their

ideas and refines the other’s responses with a goal to collaboratively refine and maximize
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responses. It is especially helpful toward the beginning of the OI session to broaden the
responses from the crowd and to allow for the synergistic effects on ideation. The second
suggested process type, “selective sourcing without crowd assessment,” allows
participants to individually respond to the crowdsourcing challenge in a private session in
which only the participant and the facilitator have access to the ideas. Using this process
type at the end of the OI session enables participants to provide private ideas while
protecting participants from delivering sensitive information or trade secrets in an open
community that may contain potential competitors (Geiger et al., 2011). Using these two
types of crowdsourcing in parallel and within a single community environment allows for

collaboration of open ideas as well as private ideas within the same OI session.

3.3.4 Phase IV - Idea Evaluation and Selection

Once the ideas have been collected, a review, rating, and judging system must be
adopted by the engineering manager to ensure that the final ideas and concepts can be
selected according to the organizational strategy and goals, technology, and environment.
Numerous tools and techniques exist in the literature and within the organizations, which
can be employed to review and select the process improvement and design ideas (Pillar &
Walcher, 2006). The framework works best with a review and ranking system that helps
answer the following three significant questions: (1) Will the concept/idea fulfill the
customer/business’ unmet need(s)?, (2) is the concept/idea technologically feasible?, and
(3) will the result of the concept/idea meet the strategy and business goals of the
organization? (Blank et al., 2012; Ulwick, 2002 & 2005). It is advised to choose judges
from varied backgrounds who know the technology, customer, and business strategy and

goals so as to provide a diversity of thought in the review process. For this reason, many
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of the individuals chosen to judge the final ideas and concepts will be leaders or senior

staff within the organization.

3.3.5 Phase V - Outputs

Two main outputs can be garnered from the use of the proposed framework, which
including (1) refined and prioritized ideas/concepts and (2) a refined SME list.
Engineering managers can utilize the first output for improvements in problem-solving
and design within their organizations while the second output provides a profiled, ranked,
and prioritized list of SMEs who can be utilized as consultants or suppliers for any

number of future product development or process improvement activities.

In summary, varying types and quantities of search methods can be utilized within
this framework; however, the key difference between the previous frameworks and
SMEF-F is the combined usage of the heightened team selection processes, which results

in novel ideas and concepts and a refined SME list.

3.4 Experimental Study

The experiment detailed below focused on the evaluation of the SMEF-F highlighted
in Figure 3.1. The approach reviewed and compared the performance and outputs of a
organization-based internal team or control group (G¢) and a team of experts external to
the organization, test group (Gr). Gc utilized a more traditional approach (STD-F, Figure
3.2) to support the concept generation/process improvement, while Gr utilized the
proposed SMEF-F (Figure 3.1). While the G¢ did not utilize the search, pyramiding, or
profiling approach, Gr used a combination of those processes for SME selection. Both

teams were asked to be a part of an online community and provide ideas and concepts
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that would have the potential to solve a set of challenging problem statements. The

problem statements are highlighted in the input—problem definition section.

To test the proposed hypotheses and to not introduce any bias, both groups were kept
separated and did not interact with each other. In an ideal situation, however, experts
from the external as well as internal groups would be allowed to interact to maximize

interactions and drive increased idea generation.

3.5 Research Hypotheses

The following research hypotheses were proposed to evaluate the validity of the
SMEF-F. As noted, the two primary goals of the framework were to: (1) evaluate the
value of the SME selection process for the generation of ideas and concepts, and (2)
provide a compiled list of SMEs that could be utilized for future product development

efforts. Below are the primary research hypotheses:

Hi: The proposed framework will result in an equal or greater quality of new

ideas/concepts for the manufacturing process improvements.

H,: The proposed framework will result in an equal or greater quality of new

ideas/concepts for the redesign of existing subassemblies.

Hs. The proposed framework will result in a ranked group of SMEs, which can be utilized

for future product development interactions.

H4: The proposed framework will provide a more cost-effective means of generating

ideas and concepts.
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3.6 Experimental Methodology

3.6.1 Input - Problem Definition

The problem statements identified in this experiment were derived from a real-world,
technically complex engineering problem faced within a design, development, and
manufacturing based organization. The nature of the problem spanned across the field of
material science, mechanical engineering, and electrical engineering, and accounted for
the customer returns of higher than 15% of sales. The organization had prior knowledge
and background of the issue and had previously performed root cause analysis to narrow
the problem to specific subassemblies within the design. The following problem
statements were defined and were provided to both the G¢ and Gt teams to guide the

scope of their concept generation:

e Customers desire a product that is reliable and can meet the advertised number of

cycles within the proposed shelf life period.

e Multiple customers (quantity and type) desire lower cost of use and high returns
while using the final product. Lower cost of manufacturing, reduction in scrap,

and manufacturing stability will aid in meeting these needs.

e The business must reduce complaints to avoid the loss of sales impacts on other

product lines.
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3.6.2 Team Selection

3.6.2.1 Team Selection — Control Group (Gc)

Gc was selected and led by a organization-based internal program manager (PM) who
would also be a member of the internal team. The PM was chosen based on the PM’s
knowledge of the technology, level of experience, and the positive experiences with other
program and project management activities in the organization. The PM was instructed
by a study manager (SM) to choose G, team members as individuals that would typically
be chosen when the PM was given a product or process development challenge within the
organization. The SM was a member of the organization with an in-depth knowledge of
the issue at hand, however, to remain independent, the PM was allowed to choose and
lead the G.. The PM chose individuals spanning design, manufacturing, and quality
expertise within the organization as well as choosing two long-term external consultants,
both with six or more additional months of direct knowledge of the products and services
of the organization. The process used was a general internal ad hoc type of selection
process, not using search, pyramiding, or profiling methods. The primary driving factor
for the selection of the members of the group was experience and availability. In total, 12
potential participants were invited, of which six joined and were active contributors to the
online web-based community. It should be noted that despite only six being active on the
online community website, all individuals were in working proximity and had prior
experience of working together as a team and as such various interactions happened

outside the online community. Table 3.1 highlights the G¢ team demographics.
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Table 3.1 G¢ and Gt Team Demographics

Team n Locations Estimated Certifications Professional Experience Co-Lab Profiles
participants Represented Years of Represented
(active) Industry (6 in total)
Experience
1 Six Sigma Green Mechanical Engineering,
G.— Belt Electronics Engineering,
Control 1 Six Sigma Black Chemical Engineering, 3 - Cultivator,
Group 6 United States 110 Belt Quality Engineering, Explorer,
(internal 1 PMI Project Project Management, Producer
team) Management Manufacturing/Process
Professional Improvement
Gr—Test s
Group g S[': Sigma Black Mechanical Engineering,
(external e i Electronics Engineering, .
team) ; 1 PMI Project B . 6 - Activator,
United Systems Engineering, X
Management ) . ) Cultivator,
States, - Physical Sciences, Quality
7 Canada 210 Professional Engineering, Project Explorer,
! 1 INCOSE ESEP ' Producer,
France, Japan Management,
(expert Systems . Influencer
. A Manufacturing/Process
Engineering
Improvement

Professional)

3.6.2.2 Team Selection — Test Group (Gr)

G was selected by utilizing a deep learning-based search process (Thomson, 2017)
(Goodfellow, Bengio, Courville, 2016), pyramiding (von Hippel, Thomke, Sonnack,
1999) (von Hippel, Franke, Priigl, 2009), and profiling (Simoes-Brown et al., 2017)

methodologies. These methodologies are described:

Search - To prepare for the specific search, the SM and external search organization
generated 68 keywords or phrases based on the direct manufacturing and design process
in review (e.g., metal stamping), 23 keywords or phrases related to adjacent industries
that utilize similar design and manufacturing technologies (e.g., military and aerospace),
and 9 general design, manufacturing, and process control keywords or phrases (e.g., six
sigma). A targeted search approach was chosen for this application to better align with

the OI method of concept generation. Multistep dynamic expert sourcing methods, such
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as DL-RNN based search methods, have been shown to provide more refined results and
ultimately can encompass a larger group of specialists in the initial search (Meige et al.,
2011). Machine learning, natural language processing, and algorithms were used with
the generated keywords to sort through multiple prioritized databases. Databases
included open data, public websites, and data partner websites, such as corporate
websites, directories, trade show and conference data, university websites, investor
websites, incubators, and accelerators. Crawling, big data processing tools, and external
application programming interfaces aided in comparing the databases using the keywords
to produce the results of the search. As a final step, human interaction validated the final
results. Thomson (2017) highlighted the significant steps in the DL-RNN based process
and further explained the human and machine interactions involved. Deep learning
approaches used to solve complex applications such as this search application are useful
owing to their ability to extract patterns or “acquire knowledge” (Goodfellow et al.,
2016). The resulting DL-RNN search yielded 161 high potential contacts from an initial

database of over five million records.

Pyramiding - To further refine the list, 161 high potential contacts were then inputted into
a pyramiding search process (von Hippel et al., 1999) (von Hippel et al., 2009) Experts
were contacted to review the final list and to suggest other lists that might help the future
search. Many of the responses required conversations on the topic and SM’s time. A
number of individuals already pre-identified were also identified during the refinement
process. When complete, 15 new individuals were identified through this approach. The
newly identified 15 individuals were contacted and asked to provide additional contacts,

whereby an additional five individuals were identified as high potential candidates. The
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low number of additional high probability potentials further shows the value of the DL-

RNN search output.

Details for all the 181 individuals (161 from the DL-RNN search and 20 from
pyramiding) were then entered into the Gt group and asked for consent and NDAs to
protect each organization and individual. Fall out due to the time commitments, concerns
about security of information or interference with competitors, and non-responders

affected the total number of participants, yielding a final total of 11 external consultants.

Profiling - As a part of the consent, individuals were asked to take an open collaboration
style profiling test (co-lab), which served to evaluate the collaborative mindset and
attitude of participating individuals. The co-lab test, developed by Simoes-Brown et al.,
(2017), assesses the attributes and qualities that are needed to collaborate in open and
complex innovation processes. The styles of the 11 participants were recorded. Specific
attention was paid to ensure co-lab styles that would be more prone to contribute to
innovative ideas and concepts, as noted by Simoes-Brown et al., (2017), however, due to
the final participant group size of Gr, none of the participants were eliminated from the
group. Upon review of the styles in the final participant group, it was noted that the
participant breakdown by co-lab style and output were much more diversely dispersed

(nearly 2x) in the Gt versus the G¢. (See Table 3.1)

3.6.3 Idea Generation and Refinement

For the idea capture and interface, an Ol approach was employed using an online
community website. Two online web-based communities were established utilizing the

same software, with the same user interface, look, feel, and data inputs. Participants in
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the G¢ and Gt were kept independent and the two groups did not interact with each other
throughout the experiment. In preparation for interfacing with the community, three
independent facilitators (not associated with G¢ or Gt) were used to improve the
participation and interactions within the groups. The three independent participants
included the SD, online facilitator (OF) (a representative of the online community,
focused mainly on the user interface of the community), and technical facilitator (TF) (an
internal expert in the organizational technology). Care was taken to provide similar
responses to each of the two communities, allowing each community to lead its own

conversations.

Each community was presented with three challenges, which are (1) what’s our
problem?; (2) the process improvement challenge; and (3) the redesign challenge.
Organizational documentation, such as engineering drawings, manufacturing process
flow documentation, past testing results, complaint information, and inspection criteria,
were provided to each group to more accurately define the problem statements. Identical

information was posted for each of the challenges for participants to review.

The problem statements were elaborated in each of the three challenges and
participants were instructed to post questions, comments, and ultimately ideas to solve
the challenges. The first of the three challenges, “what’s our problem?” was used as a
basis to gather deeper thoughts on the nature of the problem and to provide and introduce
all participants with data concerning the core problem facing the organization. The
“process improvement challenge” was established to evaluate the current process and
offer process improvements including new inline test methods, modifications to existing

manufacturing techniques, and ways to provide improved control of the current
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manufacturing processes. The final challenge, “the redesign challenge,” was created to
capture new design concepts using entirely new approaches to meet the design output
requirements of the current design. Responses and prompting from the SD, TF, and OF
to each participant varied depending upon the questions asked to the participant;
however, no process improvements, ideas, or concepts were generated or counted in the
study if they originated from the facilitators. The SD, TF, and OF were also not counted

in any demographics or calculations.

Participants in both communities were incentivized for ideation, comments, and posts
to the community. For the G¢ group, an internal organization-based incentive program
was utilized, which allowed for the conversion of points to prizes and gift cards. The
points were awarded based on participation through various phases of the study, response
engagement, and the quality of the responses, as defined by the SD. For Gr, a minor
honorarium was employed based on the number of posts and the quality of the posts (as
defined by the SD). Further motivation for the Gt group was generated by suggesting
potential future consultancy/supplier agreements as the next phase of a funded and
approved project. Basic knowledge of the ongoing and planned programs and projects in
the organization were shared with the external participants, including numerous cost
improvement, process improvement, and redesign efforts, where the participants might be
of future service. However, no promises of future employment were made to members of

the GT.

Over a period of approximately eight weeks, ideas were captured through the online
community in the form of posts, blogs, votes, and comments. Figure 3.2 provides a

tabulated and graphical breakdown of the responses over time from the online community
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activity. The data provided in Figure 3.2 shows all raw data collected over the full time
period of the study. Ideas and participation outcomes were reviewed for duplicates and
compiled to a final set of ideas, concepts, and participation, seen in Table 3.2. In the
event of a concern for a proprietary idea or manufacturing process, a private submittal
method was made available to all participants, which yielded 4 additional concepts that

were tabulated into Table 3.2

®\ote @ides @ Fost view @ Pags view

100

9

VOTE IDEA COMMENT POST VIEW PAGE VIEW

154 90 303 1523 201

Figure 3.2 Participation analytics from online community

Overall, 41 total independent ideas were collected, 19 from G¢ and 22 from Gr. A
breakdown of the participation in the community, idea/concept, type, and origin can be
found in Table 3.2. Upon completion of the idea collection phase, all ideas from both
communities were available for voting by creating briefs for each concept, randomly
serializing the ideas and concepts, and presenting the ideas and concepts to an

organization-based judging group (Gy).

54



Team

G — Control
Group
(internal
team)

G;—Test
Group
(external
team)

Table 3.2 Ideas / Concepts Generated

n Community Process Redesign
participants Participation Improvement
(active)

6 193 12 7

3.6.4 Idea Evaluation and Selection

Total

19

22

The Gj group consisted of executives, directors, managers, and senior technical staff

within the parent organization that were chosen to reflect the everyday organization

group participant makeup responsible for developing, reviewing, and approving strategic

focus on programs, projects, and significant technologies. Invitations were sent to 35

participants and 18 final surveys were collected. Demographics can be seen in Table 3.3.
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Table 3.3 Judging Group (GJ) Demographics

n participants Locations Estimated Estimated Associated Titles Associated Areas of
(active) Represented Years of Years of Responsibility
Industry Experience
Experience with the

Organization

Sustaining/Manufactur
ing Engineering, R&D
including New Product
Integration, Business
Development/M&A,

Europe, VP, Director, Quality, R lat
18 North 360 153 Manager, Principal uafity, Reguiatory,
. R Clinical, Marketing,
America Engineer .
Business
Develop/M&A,
Finance, Executive
Management

The Gy group performed a randomized single-blinded evaluation of the ideas and
concepts gathered from Gc¢ ad Gr for each of the 41 ideas and concepts. The order of the
ideas and concepts under evaluation was randomized for all participants. Special care was
taken to reduce the possibility of bias from the SD, so all the judges were provided with
each verbatim concept description, as posted by the original community participant, and
associated posts, questions, and comments to provide a context for the idea being

proposed.

Judges ranked each of the 41 ideas using the five fundamental questions and scoring
criteria described below, derived from Blank et al., (2012), Pillar et al., (2006), Simoes-
Brown et al., (2014), and Ulrich (2003). Questions were expanded to incorporate

specifics requested by the operating organization and SD, which are as follows:

PROPOSITION- How compelling is the idea or technology and how well is it
articulated? How dramatic an improvement do these changes have the potential to make?
What business benefits would this submission provide, e.g., to our overhead or

processing time to the manufacturing line?
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PIONEERING- How new and different is the idea or technology in particular how

different and interesting is this in comparison with our current processes?

POTENTIAL- How big is the market opportunity or impact of the idea or technology
and can this be tested, demonstrated, or proven? Bearing in mind how significant an
impact the current problem is to our organization, how much potential do you think this
solution has to solve it? How likely is it that this submission will resolve long-term issues

and bring added stability to the manufacturing line?

PRACTICAL- How easy will it be to implement the idea or technology? How well
developed is the idea or technology at the moment? How likely is it that these

improvements will aid in solving the organization problems?

PLAN- How convincing and realistic are the next steps to get the idea or technology

to market?

Each question was rated with the following 1-10 scoring criteria:

1 = Nothing: No answer given, or the answer is entirely irrelevant to the question
2 = Terrible: Very brief answer or only the slightest hint of relevancy.

3 = Very poor: Some attempt to answer the question, but the response falls far

short of what we require.

4 = Poor: Question may be fully answered but still falls somewhat short of what

we require.

5 = Satisfactory: Meets the basic level we require, although may still raise some

doubts.
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6 = Interesting: Meets the basic level we require without doubts.

7 = Good: Exceeds the basic level we require and/or hints at more significant
things.

8 = Very good: High-quality answer, complete and relevant in all respects.

10 = Exceptional: This is really exciting. We need to meet this idea owner now!

3.6.5 Output

Upon completion of the idea evaluation and selection phase, data was compiled and
final ideas and concepts were shared with the organization. An exit survey with 11
external participants (Gt) was conducted, and they were asked to evaluate their likelihood
to engage with the organization in the future endeavors. A further survey was conducted
with internal candidates (G¢) of the project team to determine their likelihood to engage
with members of the external participants for consultancy potentials. Table 3.4 shows the

results of this survey.

Table 3.4 Exit Interviews - Likelihood of Engagement and Impact

Surveyed Surveyed Likelihood to Engage Estimated Impact
(Responded)
G 10 (6) 83% of respondents 83% of respondents
G; 11(9) 67% of respondents 100% of respondents
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Chapter 4 — Results

4.1 Data Analysis

In this experiment, the primary goal of the data analysis was to evaluate if there were
any similarities or differences between the G¢ and Gr regarding the quality of process
improvement (PI) and redesign (RD) related ideas and concepts. The second goal was to
conduct a basic survey with SMEs and the internal team to determine the likelihood of
engaging in future research with the organization. Finally, the third goal was to evaluate

a basic cost analysis of G¢ versus Gr.

For the primary goal, differences and similarities between G¢ and Gt were evaluated
for the quality as rated by the Gj (reference H; & Hy, section 3.5). Surveys were used to
collect rating data from the Gj for each idea, resulting in the sample size seen in Table
4.1. An estimate of power for the samples provided using a pooled standard deviation, at
an estimated difference level (A) of 1.0, and a significance of 0.05 was also computed
and is shown in Table 4.1. As the values were greater than 0.8, the estimated power for
the test was deemed acceptable (Cohen, 1988). These values were then used to compare

means by statistical hypothesis testing using a two-sample t-test.
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Table 4.1 Statistical Results for Hypotheses H; and H,

Experimental p-value n Estimated Statement of Significance
Hypothesis (a= (total Power
0.05) ratings (a =0.05,
perG)) A=1.0,
pooled u)

H,: The proposed
framework will
result in equal or

t lity of Fail to reject the null hypothesis at 95% confidence, thus no
greater quality o

G.-150 @ G, -.999 | significant statistical difference in quality can be determined

new ideas / 787 between G.and G, for concept generation related to process
concepts for G, - 249 G,-.999 improvement.

manufacturing

process

improvements.

H,: The proposed
framework will
result in equal or

greater quality of Reject the null hypothesis at 95% confidence, thus a significant

G.-.999
new ideas / 010 G -111 ¢ statistical difference in quality can be determined between G
concepts for ’ and G, for concept generation related to redesign.
i G,-.994
redesign of G- 82
existing

subassemblies.

Hypothesis testing of the null hypothesis was calculated by observing the difference
between the two population means. The null hypothesis (Hy) is 4y or puy — Uy, the
hypothesized differences of population means Equation (1). The test statistic used is the
difference between the observed difference of the sample means and the hypothesized
difference of population means, divided by the estimated standard error. The test
statistic (Z,) was calculated using Equation (2), as follows, where X; — X, is the observed
difference of sample means, 4, or u; — p, is the hypothesized differences in population
means, o is standard deviation, and n observations. (Johnson, Kuby 2001) (Montgomery

2012).
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Null Hypothesis: Hy: py — i, = 4, (1)

Ly =—F7—"— )

For the purpose of calculating the probability distribution, a p-value for significance

at 95% confidence level was utilized.

For the secondary goal of determining the likelihood of engaging in future research

(reference Hs, section 3.5) basic arithmetic calculations were performed.

For the third goal of performing a simple cost comparison between G¢ and Gr (reference

Hg, section 3.5), data was compiled and subjected to basic arithmetic calculations.

4.2 Results

For hypotheses Hi and Hy, Table 4.2 provides the p-values and statement of
significance. Results indicate that no difference existed in the quality (p = 0.787) of PI
based ideas/concepts, however, a positive difference for the Gt group (SMEF-F based)
did exist in the quality (p = 0.010) of RD based ideas/concepts. Results suggest that
when performing the idea/concept generation phase for PI related challenges, either
framework (STD-F or SMEF-F) can be employed with similar expectations on the quality
of the output, however, when performing the idea/concept generation phase for redesign-
based challenges, although the quantity of the ideas generated may be similar, the quality
of those ideas of the SMEF-F proved to be superior. Results further suggest that concepts
generated by the Gt proved to be as good as or improved over Gg, highlighting that the

SMEEF-F process could be utilized as a substitute for the STD-F.
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For hypothesis Hs, Table 3.4 (pg.58), presented above, provides summarized data
from the two surveys taken after the concept generation activities. The internal project
team was asked about their likelihood to engage with external SMEs and if this would
result in a positive impact on the organization for future product development
engagements. From those who responded, 83% felt that they would engage with the
SMEs and that this engagement with SMEs would result in a positive impact. The
external SME group was asked if they were likely to engage and, if accepted, determine
whether joining them would result in a positive impact on the organization. Of those who
responded, 67% felt that they would engage and 100% felt they could make an impact.
Although these results were derived from the small sample sizes, the results tend to
suggest that both groups saw value in the future engagement of the selected and profiled
SMEs. This result provides further face validity and backing for the use of SMEF-F in

concept generation and development.
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For hypothesis Hy, Table 4.2 provides a detailed breakdown of the costs associated
with G¢ versus Gr. Costs were 2.6 times or $194,015 higher when generating ideas with
Gc over Gr. This difference was mainly driven by the staffing and facility costs of the

internal team. On a cost per idea basis, G¢ resulted in $16,486/idea, while Gt resulted in

$5,419/idea.
Table 4.2 Cost Comparison G, versus G
Team | Number of Type Average Cost | Time allocated to| Estimated Total
Participants (S per hr) Community (hrs) | fixed cost per
over 8 weeks / person over 8
person weeks
Internal Engineering
8 320 184,615
Staff §72.12 $ !
External Engineering
2 Consultants $200.00 36 $14,400
Sr. Technical Leader /
! Facilitator $96.15 128 pazsie
Sr. Technical Study
G,
€ 1 Coordinator $96.15 20 $1,923
Facility Costs / person
10 / 8wks 45000 $50,000
10 Equipment Costs $2000 520,000
$313,246
Open Innovation Online Commuplty Setup / DL-RNN Search $60,000
/ Honorarium
Sr. Technical Study
1 Coordinator $96.15 280 526,923
Sr. Technical Leader /
L Facilitator $96.15 e EEECE
Gy
2 Facility Costs $5000 510,000
2 Equipment Costs $2000 $4,000
$119,231
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Chapter 5 — Discussion and Conclusions

5.1 Discussion

The development of the optimal tools and techniques will play a vital role in the
future success of the engineering management field as it is trending toward operating
within network-based relationships and implementing a process-based organization
(Kotnour et al., 2005). Furthermore, literature has shown the value of using internally
and externally focused teams. This experiment and research adds to the engineering
manager toolkit and builds relationships between various tools and techniques that

increase innovation output in a cost improved manner.

In summary of the primary results, the experiment proves equivalency between the
SMEEF-F process and STD-F process when conducting challenges involving ideas and
concepts for improvement to a current process. Either process (framework) can be
utilized to provide a similar quality of results, when leading internal or external teams
through concept development in the process improvement space. The experiment further
provides an option to increase idea and concept quality in new concept generation by

using external teams in the OI environment versus a standard internal team and process.

In summary of the secondary results, the study shows that a final prioritized list of
SMEs can be generated and utilized effectively by this process. This list was not only
utilized for the existing experiment, but it can also be utilized for future development of

the concepts as experts would aid in further product development efforts.

64



Finally, the basic cost structure of the outcome proved to be lower in the SMEF-F
versus that of the STD-F. This improvement in cost can be utilized to aid in reducing

overall product development costs.

5.2 Conclusions

This research contributes to the area of new product development by investigating the
potential benefits of increased SME interfacing to concept generation. Although a
reliable and commonly used approach in the field, STD-F, neglects the full advantage of
using multiple approaches in unison to incorporate external SMEs into the development
process. In this work, qualitative and quantitative experimental data from a real-world
engineering challenge was utilized to validate the proposed SMEF-F framework. The
results obtained have proven that this approach is equivalent and/or will significantly
improve the quality of ideas and concepts for redesign efforts in comparison with the
standard STD-F. In addition, it aided the identification and profiling of SMEs for
potential use in future product development functions. The model further shows its value

from a cost perspective with a 2.6x lower overall cost.

Implementing the appropriate search methods and criteria are critical for finding and
selecting the optimal SMEs. When selected, the ideal SMEs and process will lead
organizations toward an improved quality of ideas at a lower overall cost. The further
exploration and expansion of SMEs and external ideas hold the key for increasing
innovation, and the SMEF-F framework is the first step toward providing a systemic

method to increase the output of the concept development efforts.
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5.3 Contributions

A key insight for engineering managers practicing in this field is to evaluate the use
of alternative techniques and tools when performing concept generation activities. The
findings of this study add to the current knowledge of engineering management by
providing a new framework, which when incorporated into the engineering manager’s
current concept development process, will result in positive gains. Specifically, the
framework can increase the quality of the redesign-based ideas or be used as a substitute

for traditional process improvement idea generation methods.

In addition to the base findings, another key learning touches on the cost of internally
based concept development. The experimental results of the SMEF-F versus STD-F
reveal that engineering managers can utilize this approach in place of a heavily resourced
internal project team providing alternate methods to combat organizational resource
constraints. Although one might see this as a potential cost-cutting activity, the ultimate
goal of concepting is to bring in a diversity of ideas and thoughts by extending the
internal team through the introduction of external SMEs. By creating a team with diverse
backgrounds, engineering managers create the potential for synergistic effects. Thus, the
actual value of this study to engineering managers is to highlight that concept
development can be improved by drawing on a diversity of ideas and thoughts from

varying internal and external backgrounds and experiences.

5.3 Limitations and Areas of Future Research

The primary limitation of the literature is in the lack of a defined and detailed

framework for early research and development, and more specifically, CG. Several
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studies have focused on individual innovation-based tools and techniques to create new
ideas and even to measure outputs, yet no study has reported a framework that attempts to
compile and define this fuzzy front-end process more systematically. The author proposes
that a more systematic approach, such as the SMEF-F is used and further refined, as it
allows for the input and evaluation of tools and techniques which could benefit the
outcomes significantly. Although the SMEF-F is defined as a base framework, it is a
starting point and clearly not comprehensive of all tools and techniques available to the

engineering manager. More detail into the framework can be incorporated.

To further expand upon the SMEF-F, as noted above, researchers and practitioners
could expand and detail out phases pre and post to team selection, such as problem
definition (pre) and idea and concept selection (post). As pre and post phases to team
selection were not part of the detailed scope of this research, only team selection was
heavily focused upon. Much literature exists in the other phases of this framework, such
as in problem definition and concept selection, and it is the authors belief that with
detailed review and efforts to highlight interactions an innovation ontology may be
formed with the framework as a backbone, allowing for practitioners of engineering
management to utilize the tools, techniques, and processes, bringing much needed light to

the fuzzy front-end process.

Another step toward the improvement in this area could be the incorporation of a
front-end process into a more robust and structured system such as the INCOSE Systems
Engineering Book of Knowledge (BKCASE Editorial Board, 2017) or the EMBoK

(Shah, 2012). This study and research is an exploratory starting point for the refined
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development of a comprehensive framework and the author believes that increased

studies in this area will help bring a holistic guideline to practitioners in this field.

The secondary limitation of this research is the limited statistical exploration of the
profiling step, mainly due to the low number of participant in the two groups. Ideally, a
stronger and statistically viable sample of participants, with appropriate power would
have been acquired to explore more of the similarities/differences between styles. The
author desires to further expand the use of profiling and exploration of how profiling
methods such as Co-Lab (Simoes-Brown et al., 2014) fit into product development

Processes.

Lastly, although a simple cost breakdown was generated, the detailed project
management of this experiment, such as timing and resource usage, was not heavily
tracked and scrutinized against the current project management models. Further linkage
to the PMBOoK’s tools and techniques regarding project management would round out and
further verify the model, resulting in an increase in value to the engineering manager,

when full implementation into the CG process is achieved (PMI, 2018).
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