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Abstract: This work outlines an Innovation Gap in technology commercialization 

and presents a novel tool, the Advanced Technology Innovation Mapping (ATIM) tool to 

address this gap. The tool aims to support technology commercialization in early stages 

of & prior to the New Product Development Process. The dissertation includes a detailed 

rationale, description, history, similar and originating methods for this tool based on 

Value Engineering and Function Maps for Design. This work also demonstrates on 

several example studies the use of the tool and evaluates via an exploratory study the 

usefulness of the tool. Research tests the tool in educational and training programs at the 

University of Texas at Austin and finds that the tool improves user understating of 

majority of important factors for technology commercialization (customer, technology, 

development activities). User feedback supports these conclusions. In the future the tool 

could be further expanded, more standardized and improved. Additionally, the work 

proposes further ways to study the tool in different settings and with groups of different 

sizes beyond this early exploratory study. 
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1 
 

BACKGROUND & MOTIVATION 

Chapter 1:  Innovation Gap as a Research Area 

This chapter sets the background area for the research work and identifies the 

need to develop new tools to support bridging the “Innovation Gap” existing between 

technology and a market need. 

MOTIVATION FOR RESEARCH 

The societal progress and advances in the quality of life over the last two hundred 

years and in the past decades, along with the improvement of Human condition, have 

been primarily achieved due to the application of science through technology 

(engineering). Science and technology have been vital and will continue to drive the U.S. 

economic growth [National Science Board 2003, p.1; Bush 1945].  At the heart of this 

progress and economic growth lies Innovation and Technology Commercialization (TC) 

– the development of new products and services based on technologies: “Innovation is 

essential to continued economic growth and prospects for employment” [National 

Science Board 2012, p.3]. “Leadership in innovation is essential to U.S. prosperity and 

security. In a global, knowledge-driven economy, technological innovation—the 

transformation of new knowledge into products, processes, and services of value to 

society—is critical to competitiveness, long-term productivity growth, and an improved 

quality of life.” [Duderstadt 2005, p.V]. 

But what is “innovation”? The definition of “innovation” itself is unclear even in 

the use by authors in peer reviewed journals [Garcia and Calantone 2002]. Dorf and 

Byers [Dorf and Byers 2004] define innovation simply as “commercialized invention”. 

Garcia concludes that essence of innovation is best captured overall in the OECD Report 
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[Garcia and Calantone 2002; Organisation for Economic Co-operation and Development 

1991] definition: “Innovation is an iterative process initiated by the perception of a new 

market and/or new service opportunity for a technology based invention which leads to 

development, production, and marketing tasks striving for the commercial success of the 

invention.” This definition which is how the word “innovation"1 is adopted in this work, 

shows that innovation combines technology invention with market introduction 

(commercialization) and that the process is iterative in its nature, implying succeeding 

reintroductions of improved innovations [Garcia and Calantone 2002]. Similarly, Alois 

Schumpeter [Schumpeter 1964] speaks of innovation as an invention having at least some 

market success. See Garcia [Garcia and Calantone 2002] for a detailed discourse on the 

topic and innovation nomenclature. Note: For definitions of some of the commonly used 

terms, please review the Glossary Section at the end of this work. 

Figure 1 shows how technology invention is created through an invention 

(creative process) from a “pool” of scientific knowledge and later progressed. Matching a 

technological invention with a customer need results, via the technology 

commercialization process, in a new product applied to the marketplace. Thus an 

innovation is born.  

Figure 1 highlights the definition and also shows a broader starting point of 

innovation that includes connecting a scientific knowledge with a market/customer need. 

Because the innovation process is iterative it may consider inventions based on different 

pieces of scientific knowledge for market application. Technology Commercialization, as 

defined by Jolly (Figure 2), is a subset process included under a broader term of 

“Innovation.” 

                                                 
1 Glossary section at the end of this work summarizes definitions of several frequent terms in this work. 
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Figure 1: The creation of Technology-based Product/Service from Scientific Knowledge. 
Scientific Knowledge+Creativity [via inventive process] = Technology 
Invention; Invention + Market Need  [via NPD/Technology 
Commercialization] = Product/ Service. 

  

To apply an invention/technology in the market (innovation) means to satisfy a 

customer (market) need. This involves a technical or know-how part (scientific 

knowledge) that has been related in a useful way (invention) to an existing problem. 

Innovation is therefore inherently embedded in new product development and 

engineering design [Garcia and Calantone 2002; Otto and Wood 2000]. Applied 

technologies create innovative products that advance human health, quality of life, and 

improve the human condition overall.  
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Technology Commercialization Model 

 

Figure 2: The Jolly Model of The Process of Technology Commercialization. While 
majority of this work focuses on the red oval area in pre- NPD phases, it is 
illustrative to see the entire process in perspective with other metrics displayed. 
1-2-Tech, 3-4 Customer, 3-4NPD, 7-9-PLM. Original Figure from [Jolly 1997, 
p.7] 

Jolly [Jolly 1997] outlined the process of Technology Commercialization as a 

series of sub-processes and bridges (circles and intersects in Figure 2). This process starts 

with creating a cognitive connection between a market need and a technology (1. 

Imagining). Following this step, model goes through further technology development up 

to a full implementation in a technology-based product, process, or service.2 The Jolly 

                                                 
2 For readability, this work will from here on utilize a broad definition of “product” as encompassing a 
technology-based product, service, or a process. New services are subject to commercialization as noted by 
Skiba [Skiba and Herstatt 2009], and Cooper [Kleinschmidt and Cooper 1991; Cooper and Kleinschmidt 
1995]. 
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Model of Technology Commercialization has five value-building stages – 1.Imagining, 

3.Incubating, 5.Demonstrating, 7.Promoting, and ending in 9.Sustaining – with four 

bridging – mobilizing stakeholders – steps 2, 4, 6, 8. Development time (un-scaled) is on 

the horizontal axis. The steps and distinctions are not uncommon in literature. Below the 

Jolly Model are corresponding Department of Defense (DoD) and National Aeronautics 

and Space Administration (NASA) Technology Readiness Levels (TRLs) classifications 

[Graettinger 2002; Sauser et al. 2009]. Similarly, one could include the trademarked 

“Stage-Gate Process” [R. G. Cooper 2001] or another similar step-gate type distinction in 

the innovation or technology management field (e.g. [Kim and Wilemon 2002] Fig1., or 

[Brem and Voigt 2009], Fig1.).  

After sub-process 5, the new product must cross the “chasm” from early adopters 

to early majority as described by Moore [Moore 1999] and finally, established product in 

the marketplace enters the sustaining phase. At this stage, companies use conventional, 

well-established market research tools, (re)design tools and marketing strategies. Some 

relevant tools will be briefly reviewed in Chapter 2. Beyond the model and within the 

sustaining process, the Product Lifecycle Management (PLM) focuses on managing 

product lifecycles and series/portfolios of products in the marketplace, including 

introduction of new, and retirement of older products into and from the sustaining phase 

[Stark and Ebooks Corporation Limited 2011]. 

According to Jolly (pp. 16-17), more traditional Schumpeterian and Traditional 3-

way classifications of TC will include:  

1. Concept development,  

2. Product development, and  

3. Market development;  
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When Jolly [Jolly 1997, pp.16–17] compares his model to the 8 stages by Bright, [Bright 

1973, p.7], 5-7 stages in Cooper New Products Stages [Cooper 2008], 6 stages  in 

National Society of Professional Engineers Stages [Howard 1992, p.62] and 5 stages by 

DuPont, the overall linearity – even by different authors – of the process is apparent. 

While the names may change, the general progress of the technology commercialization 

process breakdown is into ~4 key phases, and overall similarities among these steps 

(idea [prototype] development  market  market support) remain.  

Often, this is portrayed in general sense as a “funnel” in the New Product 

Development (NPD) Process as Figure 3 depicts. 

Figure 3: NPD Funnel from Ideas (Concepts) to Products. This figure shows the process 
of New Product Development Process as a narrowing funnel with various 
phases that reduce the number of many concepts to few prototypes down to 
a single product. Figure from Shepherd [Shepherd and Ahmed 2000, p.162]. 
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Fuzzy Front End (FFE) and Front End of Innovation (FEI) 

Blue arrows in  Figure 2 (Jolly Model) roughly depict the New Product 

Development (NPD) process [Koen et al. 2001; R. G. Cooper 2001; Otto and Wood 

2000] where the star  corresponds to a documented, important, and well-known, 

defining transition from the pre-NPD phases to NPD process. The focus of this work lies 

primarily in the area covered by the red oval including the star, i.e. pre-NPD stages. This 

area directly overlaps with what is referred to as the “Fuzzy Front End” (FFE). For a 

visual depiction of FFE in NPD, plese see Appendix VII. 

This pre-NPD/NPD transition and boundary is important in that it separates the 

two more distinct parts of bringing a product to market where different paradigms apply. 

The first three steps of the Jolly model (early steps in the innovation process) are in 

general characterized by high uncertainty about the market, customer(s), the need, and 

even the technology and its capabilities. In fact Brem and Voigt [Brem and Voigt 2009] 

recognize two names for the former, the “Fuzzy Front End” (FFE) [Koen et al. 2001; 

Khurana and Rosenthal 1997; Reid and de Brentani 2004] which was first introduced by 

Smith and Reinertsen [Smith and Reinertsen 1997], or “Front End of Innovation” (FEI) 

[Kim and Wilemon 2002]. Many authors [Khurana and Rosenthal 1997; Herstatt et al. 

2006; Kim and Wilemon 2002; R. G. Cooper 2001; Murphy and Kumar 1997]  identified 

the “Fuzzy Front End” (FFE) of product development as a critical step in product 

realization.  

This “creating opportunity” or “techno-market match” is one of the key 

components/steps of the innovation process [Jolly 1997]. It is also one of the most 

difficult as clearly the FEI is more undefined, “fuzzy”, whereas in the later stages, the 

NPD process becomes more engineering-oriented, systematized, well-understood, 

structured, and better defined. Cooper [R. G. Cooper 2001; Cooper and Kleinschmidt 
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1988] points out that although the early stages generally require relatively small amounts 

of capital, disproportionately small resources are devoted to them when considering the 

major impact these steps have on a success or failure of a future product. The importance 

of the early stages cannot be underestimated because by the time later, more capital 

expensive stages arise, the major decisions affecting the product will have already been 

committed [Khurana and Rosenthal 1997; Herstatt et al. 2006]. Thus it is of paramount 

importance to focus on these early, pre-NPD, FFE, or FFI activities [Cooper and 

Kleinschmidt 1988; R. G. Cooper 2001]. Herstatt and Lettl note that the pre-development 

or pre-project phase is important because quality, costs, and timeframes greatly depend 

on decisions made early on [Herstatt and Lettl 2004]. The cost grows significantly once 

the decision to proceed to NPD has been made and correspondingly, the cost of a failure 

of a product increases. 

Engineering and New Product Development (NPD) 

It is important to note that uncertainty about the customer, product, market (and 

even about some elements of the technology) is characteristic of the first three steps in 

the Jolly model. Relative to the FFE, the defined New Product Development (NPD) that 

follows FFE is well-documented in commonly practiced areas of Engineering Design & 

Manufacturing, Re-design and Re-engineering. Designers and engineers are well 

prepared on how to transform a specified set of customer needs into specifications and a 

final product [Otto and Wood 2000; Pahl and Beitz 1995; Pahl et al. 2005]. Once a 

decision to proceed with commercialization is made around Jolly step 4, those who 

commercialize technologies have many ready aids, methods, kits, and processes tools at 

their disposal. Overall, these tools include New Product Development (NPD) Processes 

[Herstatt et al. 2006] and a multitude of Engineering Design tools and systematic design 
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methodologies described in textbooks [Otto and Wood 2000; Pahl and Beitz 1995]. One 

specific methodology, for example, is the Stage-Gate™ Process described by Cooper [R. 

G. Cooper 2001]. All of these tools can serve well in the later innovation stages. 

Technology Push and Market Pull 

The literature, in part empirically [Chidamber and Kon 1994; Schwery and 

Raurich 2004; Herstatt and Lettl 2004; Brem and Voigt 2009], distinguishes between two 

distinct strategies in the new technology-based product development: 1) Technology Push 

and 2) Market Pull (Demand Pull) – see Table 1.  

In a case of Market Pull, a known market problem exists and there may be several 

market players attempting to satisfy this need. This understood problem is “asking” or 

“searching for” a solution. The solution may come from another, often very different area 

(e.g. vortex vacuum from sawmill dust operations, basis of Dyson vacuums) or be later 

developed deliberately to solve this particular problem. Generally in this case the market 

is defined, the possible products are known, and the potential customers are recognized. 

In case of Technology Push, the situation is reversed. The technology is seeking a 

societal need3 to fill and the market has to be created4. The technology is often under-

developed with (full) capabilities not demonstrated yet, market is unknown, products are 

undefined, and customers and their value chains [Porter 1998] are also unidentified [Friar 

and Balachandra 1999; Moore 1999].  

                                                 
3 Broadly speaking, and almost by definition of human users, the needs commercial technologies fulfill are 
societal; however, most literature focuses on them from the commercial, or business perspective as that 
defines a clear application. 
4 As Jolly points out, this creation via a technology-market match is critical. Market definition in this sense 
and as used in this work (later) is that of Moore [Moore 1999, p.28]: Market is a set of actual or potential 
customers for a given set of products or services who have a common set of needs or wants and who 
reference each other when making a buying decision. Creating a new market then refers to identifying such 
a unique set of (potential) customers that fits the definition.  
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Research in technology intensive ventures (semiconductors) showed that the firms 

pursuing the strategy of creating a market for new technologies (i.e. technology push) 

tend to perform better than those emphasizing demand-pull strategies [Newbert et al. 

2007]. Technology push creates new products and services out of the new technology. 

Although a technology may be developed and invented with a particular purpose in mind 

(i.e. de facto a market pull), often a variety of additional opportunities arise beyond 

intended application(s) or the technology later becomes unfit for the first envisioned 

purpose. Ultimately, one could argue that successful technology push in fact identifies 

customer “latent needs” [Otto and Wood 2000], or discovers a “dormant need” [Souder 

1989, p.24] and eventually converts to and results in market/demand pull. This  happens 

once the benefits of the product are defined in a given market – even where at the onset 

seemingly no market existed.  Pure technology push is rare and exceedingly difficult and 

Nagel argues for balancing the two [Nagel 2003]. Ultimately, commercially successful 

innovations often result from a combination of both [LaZerte 1989] and the distinction 

becomes blurred as successful technology push leads to market pull. However, 

technology push presents significantly more challenges and uncertainty than market pull 

with corresponding rise in opportunity (and risk). 
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 Market/Demand Pull Technology Push 
Problem/Customer Need Recognized Latent 
Customer Known Unknown 
Market Defined Undefined 
Technology Offers an existing 

technology-based 
solution 

Not proven, underdeveloped 

Product Requirements known Functions undetermined 
Approach Traditional marketing 

methods can be used 
Unclear, non-systematic, 
missing tools 

Internal Known required 
expertise (often core to 
the company) 

Outside company’s core 
expertise 

Innovation type Incremental Disruptive 
Potential impact Limited Revolutionary 
Risk/reward Low/medium High/high 

Table 1. Some Differences between Market (Demand) Pull and Technology Push.  
Market pull and Technology Push strategies are different, because of the 
uncertainties that accompany Technology Push. Sources – citations in this 
section: [LaZerte 1989; Friar and Balachandra 1999; Souder 1989; Danneels 
2007; Walsh et al. 2002; Nagel 2003; Chidamber and Kon 1994; Schwery and 
Raurich 2004; Herstatt and Lettl 2004; Brem and Voigt 2009]. Last three rows 
logically flow from the previous discussion. 

The case of technology pull is more complex, more challenging and certainly very 

similar with the “fuzziness” of the FFE. It also provides unrealized opportunities for 

companies to leverage and capitalize on their technology portfolios outside their core 

expertise [Danneels 2007], when referring to adjacencies. Technology Push is also 

important to universities or national labs as they try to disseminate knowledge and fulfill 

their societal mission by technology transfer supported by the Bayh-Dole Act [Mowery et 

al. 2001; Golish et al. 2008]. Not surprisingly, Roininen and Ylinenpaa show that 

ventures coming from academia use technology push strategy while non-academic 

ventures focus on market-pull [Roininen and Ylinenpää 2009] 

Thus the focus on Technology push is only natural as it: 
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 Follows the increasing rate of scientific discovery [Carlson 2004] 

 Allows for technology leveraging outside core competence [Danneels 

2007] 

 Provides additional income sources [Lichtenthaler 2010; Lichtenthaler 

2005; Lichtenthaler 2008a] 

 Aligns well with the strategy of Open Innovation from outside a firm 

[Chesbrough 2003] (in- or out- licensing), and 

 Is applicable to research universities [Roininen and Ylinenpää 2009; 

Mowery et al. 2001], Bayh-Dole Act). 

 

Brem identified an interesting type of push [Brem and Voigt 2009] strategy driver 

for commercialization, the Regulatory Push. In Regulatory Push, for example in eco-

innovations, government or policymaker regulations push certain technologies onto the 

market, often via subsidies (solar, wind, renewable credits, mandated emission standards 

achievable by a limited number of technologies, etc.). 

Levels of Innovation  

Since not all innovations are “created equal”, the literature often distinguishes 

among various innovation levels each of which requires a different commercialization 

and NPD approach [Garcia and Calantone 2002; Bower and Christensen 1995; Walsh et 

al. 2002]. Different levels of innovation follow a different path to success as is apparent 

in Christensen’s work on hard drive industry and others [Christensen 2003; Song and 

Montoya-Weiss 1998]. Authors in general develop a distinction based on their research 

and vary [Garcia and Calantone 2002] from 8-level, 4 level [Henderson and Clark 1990] 
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to a dichotomous (2-level) classification with decreasing “newness”. The dichotomous 

classification appears the most frequent and is summarized in Table 2. 

 
Dichotomous (2-level) Innovation Classification Terminology 

(Left to right is decreasing “newness”) 

Terms used Reference 

Discontinuous/continuous  [Robertson 1967]  

Revolutionary/evolutionary  [Utterback 1996; Walsh et al. 2002],  

Radical/incremental [Lee and Na 1994; Balachandra and Friar 1997] 

Disruptive/sustaining [Christensen 1997] 

Really new/incremental  [Song and Montoya-Weiss 1998]  

Breakthrough/incremental [Rice et al. 1998] 

Radical/routine [Meyers and Tucker 1989] 

Table 2. Dichotomous Innovation Classification. Based on references within and Garcia 
[Garcia and Calantone 2002]. 

Garcia [Garcia and Calantone 2002, pp.121–125] concludes to propose three 

levels based on two criteria for marketing-discontinuity and technology-discontinuity 

applied on micro and macro level to the firm (4 dichotomous criteria, 8 total). Those 

three levels are:  

1. Radical (discontinuous on all 4) 

2. Really New (discontinuous on 2-3 out of 4) and  

3. Incremental Innovations (discontinuous on 1-2 out of 4). 

Thus, assuming a uniform distribution, a percentage of Radical innovations in a sample 

would be relatively small (1/8) since they show discontinuity on all four criteria out of all 



 14

8 permutations. Other authors [Schwery and Raurich 2004] try to define discontinuous in 

different terms such as performance/cost criteria [Leifer 1997].  

Moreover, these multiple innovativeness levels could be related for example to 

different levels of invention or problem-solutions as described by Altshuller [Altshuller 

1984], or related to time period of the S-curve (Appendix VI) of technical 

development/technology evolution [Otto and Wood 2000; Garcia and Calantone 2002; 

Foster 1986] – where radicalness decreases over time while quantity of incremental 

inventions increases until technology reaches maturity. For the purpose of this discussion 

suffice it to say that there is a distinction and that employed TC & NPD strategy will vary 

with innovation level. 

Because identifying and strategically developing disruptive technologies underlies 

companies’ competitive advantage, Walsh et al [Walsh et al. 2002] look at disruptive 

technology commercialization by existing firms and new companies. Based on a MEMS 

technology, they model four (2x2) technology/market typologies based on permutations 

of market push/pull and continuous/discontinuous. They support their argument that 

established firms are more focused on evolutionary technologies and market pull. On the 

contrary, new firms focus on disruptive technologies and technology push strategies while 

also having shorter time span from R&D to market [Walsh et al. 2002] – yes, it does 

seem that smaller firms are more “innovation-efficient”. 

THE INNOVATION GAP 

The engineering new product design process begins with known customer needs 

(usually considered as given) and can follow a systematic methodology [Otto and Wood 

2000; Pahl and Beitz 1995] to effectively address the creative problem solving task of 

engineering or re-engineering.  Unlike in engineering product design or New Product 
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Development (NPD) process, where an organized  methodology, established  theory, and 

systematic approach exist [Otto and Wood 2000; Pahl and Beitz 1995; R. G. Cooper 

2001], the early stages of innovation (Jolly 1.Imagining-3.Incubating = Defining 

Commercializability) are very ambiguous, especially in a technology-push strategy case.  

In technology-push innovation the “problem” is less defined and more “nebulous” 

because a technology itself “has no inherent value” [Boer 1999, pp.71–75] and 

correspondingly no inherent application5 to start with. Indeed, some authors [Souder 

1989] enumerate the many problems teams face when pursuing technologies through 

technology push (starting with a technology and no known market need). 

Lichtenthaler and others (Lichtenthaler 2008a; Lichtenthaler 2005; Elton, Shah, 

and Voyzey 2002; Tschirky and Escher 2000; Henkel and Jung 2010), emphasize that 

identification of opportunities for Technology Commercialization remains a major 

difficulty. This is apparent not only in universities but also in industry; companies indeed 

face a similar challenge [Elton et al. 2002]. The market insight that results in successful 

innovation is often “lucky”, not systematic, and frequently relies on surprise, luck, or 

“alertness” [Kirzner 1997], prior experience [Shane 2000; Shane and Venkataraman 

2000], etcetera. These approaches are not structured and Fiet shows his systematic 

approach tends to perform better [Fiet et al. 2007]. It also exposes the existence of an 

“Innovation Gap” between a technology as a product of research and a market 

opportunity [Evans et al. 2008]. Figure 4 depicts this “unmet need”. 

                                                 
5 One could successfully argue that technological knowledge indeed has a scientific and intellectual value 
but in terms of a market or societal value, it does not exist at that point. 
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Figure 4: The Innovation Gap. The Innovation Gap between scientific knowledge and the 
“traditional” product development, which is well established. Figure based on 
Evans [Evans et al. 2006]. 

The Innovation Gap lies between research and NPD Process, and encompasses the 

FFE. Bridging the Innovation Gap between a technology or invention and a market is the 

first step in successful new product development and key to the success of a technology 

firm [Danneels 2007; Henkel and Jung 2010; Newbert et al. 2007; Cooper and 

Kleinschmidt 1987; Cooper and Kleinschmidt 1988]. This work focuses on the 

Innovation Gap. 

In this Innovation Gap, characteristically: the market need is undefined, the 

customers and their needs (if any) are unknown [Herstatt and Lettl 2004], the application 

of technology is not known [Herstatt and Lettl 2004], and the future development of 

technology tends to be uncertain or undefined and not tailored to the market. To form a 

solid foundation for technology commercialization into new products and services, a 
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connection to a market need must be created. Although in a successful innovation when 

viewed retrospectively, this step may appear deceptively simple and linear, the 

innovation process early-on is anything but – it presents a non-linear, highly ambiguous, 

and unstructured problem solving challenge.  

In the Innovation Gap, traditional Market Segmentation may be over-emphasized 

[Franke and Piller 2004]. To identify customers for a technology, conventional market 

research (focus groups, written surveys, concept tests [Rice et al. 1998] with its short-

term focus), is not very helpful [Herstatt and Lettl 2004; Deszca et al. 1999] or of limited 

suitability [Herstatt and Lettl 2004]. Additionally, the current market segments based on 

demographics, product characteristics, etc. do not necessarily match the customer needs 

[Lichtenthaler 2010]. Interestingly, markets defined by “jobs”6 (customer wants a “job” 

done, not “a product”) can often be larger than traditional market segments [Lichtenthaler 

2010; Christensen et al. 2007]. Moreover, novel innovative products are often created in 

absence of a defined market [Herstatt and Lettl 2004; Schumpeter 1934] or require 

developing a new market, and thus bridging this gap is important. 

Rationale for Research Focus on the Innovation Gap 

Addressing the Innovation Gap is important for at least 3 practical reasons. 

Besides importance for modern economic growth & society, the literature explains that 

bringing new technologies from lab to market provides companies a clear competitive 

advantage [Newbert et al. 2007; Barney 2006; Francis and Bessant 2005; Jolly 1997; 

Lichtenthaler and Ernst 2007]. 

                                                 
6 Although Lichtenthaler and Christensen use the term “job”, “function” may be a more defining 
description as the customer wants to have certain function accomplished (customer wants function “create a 
hole”) that is not product-specific (vs. customer needs a “power drill”) 
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Secondly, although ultimately majority of new product ideas never make it to 

market, success in new products has also large payoffs for companies [R. G. Cooper 

2001; Cooper and Kleinschmidt 1995]. 

Thirdly, because the lifecycles of products have decreased significantly7 – 

increasing speed to market is of paramount due to competitive pressures, higher 

profitability and fewer surprises (lower risk) [R. G. Cooper 2001]. Customers obviously 

benefit from new products (e.g. with increased performance) that better meet their needs. 

Additionally, from the academic perspective, Nichols [Nichols and Armstrong 

2001] argue that supporting entrepreneurship and commercialization of new technologies 

falls under the public-service mission of research universities that have teaching, 

research, and service missions: It is one way of completing the circle of funding and 

fulfilling the service mission of the institutions in return for the society’s investment in 

fundamental research. This overlap/intersection of societal need with scientific 

knowledge is included in engineering responsibilities [Nichols and Weldon 1997].  

Unfortunately, although much scientific knowledge is advanced by and generated 

at universities, only a certain fraction of firms – “open innovation firms” tend to look to 

universities for technological innovations [Laursen and Salter 2004]. Overall, moving 

technologies from the lab (be it university or industry lab) to market and capitalizing on 

technology portfolios is essential to industry [Lichtenthaler and Ernst 2007], universities  

(as a result of Bayh-Dole Act) [Mowery et al. 2001; Golish et al. 2008], and ultimately 

the society at large. 

                                                 
7 Over a factor of 4 from ~1960-2000 [R. G. Cooper 2001, p.10] 
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Trends Pushing the Innovation Gap 

Current trends exacerbate the needs for successful commercialization in terms of 

technology push. Increasing rate of scientific discovery [Carlson 2004] drives this need. 

Additionally, technology leveraging of existing – often already commercially successful 

– technology or portfolio of technologies in other areas [Danneels 2007] can provide 

valuable benefits to companies (or other IP-owning entities such as universities) if 

successfully commercialized in various other fields of use. A technology often has a 

function, or several functions it provides, and many technologies are underutilized 

[Danneels 2007] since they could be applied in many other areas. However, sometimes in 

a company, and nearly always in the case of university licensing, the applications of the 

technology may lie completely outside the “core business” or expertise. Thus companies 

shift – as a more recent trend – to more open “innovation boundaries” by accepting  

innovation from outside – “Open Innovation” [Chesbrough 2003]. To be more 

competitive today, many companies have adapted to the knowledge and innovation based 

economy by opening their boundaries to technologies from outside [Lichtenthaler and 

Ernst 2007] as well as licensing their own non-core technologies to other players in the 

marketplace. 

Overall, the acceptance of external innovations or licensing and 

commercialization outside of company’s core competence are a relatively new 

phenomenon but will remain [Chesbrough et al. 2008]. Because the NPD process became 

better understood and manageable, academic research on innovation naturally tends to 

shift to earlier, more challenging, pre-NPD, or FEI/FFE stages.  Newbert also contends 

[Newbert et al. 2007, p.459] “that though linking technologies to buyers remains a 

challenging problem [sic], its solution may not necessarily lie in identifying existing 

demand before founding a new firm.”  
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Herstatt [Herstatt et al. 2006] emphasizes that identification of  technology 

applications which occurs in this phase is of paramount. While literature proposes several 

methods for new and unique sources of product/service ideas such as consulting 

engineering firms [Kalogerakis et al. 2010], there appears no clear systematic method of 

generating these ideas and insights. In fact, Schwery [Schwery and Raurich 2004, p.543] 

states: “In sum, a procedure has to be found which systematically identifies and 

successfully links potential markets with the given technology. Its further development 

and its market introduction should result from this.” In the ideal scenario, tools would, as 

Schumpeter predicted, reduce innovation to a routine8 [Schumpeter 1947].  

Need for Solution 

All the reviewed literature leads to a defined need to address the Innovation Gap. 

There exists a need for tools and methods that can support and help in this Fuzzy Front 

End, FFE, (or Front End of Innovation, FEI) pre-NPD stage of the process. Literature has 

struggled to develop systematic and structured tools to support the commercialization and 

NPD efforts. Some of these attempts are briefly overviewed in Chapter 2. The arguments 

to date suggest that that the tool or method has to be flexible enough to encompass and 

adapt to a variety of innovation (business model, process, technology) and market 

strategies – both technology push and market pull, for example, as well as various 

innovation types, levels (radical, really new, incremental), and fields (industries). The 

need is unlike anything else; the need lies in developing practical tool(s) to aid systematic 

innovation not systematic design, nor market research, but tool akin to systematic design 

methodologies. 

                                                 
8 Such tools would have an impressive impact on society but possibly also on the current patent system that 
views inventions – some of which could be created by this “routine innovation” – as “extraordinary,” not 
“routine”. 
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One of the aims of this work is to develop, introduce, and evaluate a new tool 

based on value engineering and engineering design tools (function analysis) to support 

the innovation process. The premise for the proposed work lies in realization that for a 

successful match between a technology and market need to develop a new product, one 

must understand: 

1. The Customer (potential customers) and their buying decision 

2. The Technology: its functioning, capabilities, limitation, and features 

3. The necessary additional development (Value) of the technology for a given 

application 

4. Strategic and business issues surrounding the technology development 

SCOPE OF THE WORK 

Creating new products and opportunities based on technologies involves problem-

solving under ambiguity. Looking at pre-concept, pre-product stage in the Innovation 

Gap, no systematic tools exist to date to aid in matching technology capabilities and 

needs in a market place while also addressing strategic questions of NPD. This presents a 

challenge in creative problem solving under large ambiguity. Identifying this fact, it may 

be amenable to use some form of previously developed engineering design and value 

engineering techniques. Of particular interest are relevant techniques created to address 

ambiguous problems with a large possible solution space (not one defined solution). 

Technology Innovation Mapping (TIM)9 

Evans [Evans et al. 2008] identified a gap in engineering education between 

research results from universities and innovation. Evans also implied a link between 

engineering function maps and general problem solving structures. Engineers analyze 

                                                 
9 [Evans et al. 2010; Evans and Nichols 2010a; Evans and Nichols 2010b] 
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complex systems and products by decomposing them into individual elements. This 

method can be also applied to markets, and a functional diagram depicting the individual 

functions and their relationships is a useful/productive tool to support this analysis [Evans 

et al. 2008] 

To that extent, Evans in series of 3 papers [Evans et al. 2010; Evans and Nichols 

2010a; Evans and Nichols 2010b] proposed and described the Technology Innovation 

Mapping (TIM) tool while demonstrating some limited education-oriented work done 

using the TIM tool. Evans’ TIM tool is based on engineering design function maps [Otto 

and Wood 2000; Pahl and Beitz 1995] and on well-established Engineering Design [Otto 

and Wood 2000] and Value Engineering (VE) theory [Miles 1972; Miles and Boehm 

1967; Bytheway 1968]. The maps themselves support analysis, while their evolution 

supports synthesis [Evans et al. 2008], and creativity.  The TIM tool was originally 

developed to be extended using systematic problem solving techniques, namely Theory 

of Inventive Problem Solving, TIPS or TRIZ10 techniques (see a more detailed overview 

in Chapter 2). This mapping tool has been used in classes at the University of Texas at 

Austin. Evans proposed that students gain added insights when using the tool. However, 

Evans’ tool was not very systematic, nor rigorously tested and the published examples are 

not quantified. 

The Advanced Technology Innovation Mapping Tool (ATIM) 

Moreover, the TIM tool as proposed by Evans was not sufficiently structured, 

standardized, or practical. For example, whereas Evans tried to create one large map and 

used less-structured techniques, this dissertation research decided to split the map in 

                                                 
10 TRIZ is an acronym from Russian: теория решения изобретательских задач, Teoriya Resheniya 
Izobretatelskikh Zadatch was originally developed by Genrich (Henrik) S. Altshuller [Altshuller 1984] in 
the former Soviet Union 
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sections that are conceptually-related, include additional elements, and formalize the 

maps’ structures as well as overall map creation process. This work builds upon the early 

work of Evans, significantly extends it, includes more structured maps and incorporates 

over 4 years of teaching and consulting experience with early stage teams in the NPD 

area. The result is an improved tool – the “Advanced Technology Innovation Mapping” 

(ATIM). 

One of the aims of this dissertation work was to advance, broaden, introduce, and 

ultimately evaluate (via exploratory study) the new Advanced Technology Innovation 

Mapping (ATIM) Tool to Support Technology Commercialization/Innovation efforts.  

The ATIM is anchored on Functional Models from Design Engineering and Function 

Analysis Systems Technique (FAST) Diagrams from VE [Kaufman and Woodhead 

2006]. ATIM is more formalized than Evans’ tool, and thus retains structure, yet more 

flexible than VE. ATIM is also broad enough to accommodate variety of innovation 

levels and fields. The application of ATIM is to span and encompass all possible 

technology areas: from information technology (IT), through biomedical to energy and 

engineering oriented; in different scales – nano- as well as large- scale; and different 

levels of innovation – radical, really new, and even incremental. ATIM also serves as a 

communication tool to help users to abstract a problem, therefore problem solve. 

Premise of Advanced Technology Innovation Mapping (ATIM) 

After working with hundreds of users of technology innovation mapping, 

teaching, modifying, evolving the tool, and review of teaching experiences, the Advanced 

Innovation Mapping, ATIM, significantly improved on former work. The use of the new, 

advanced tool is to aid in very early stages of innovation. The extended development for 
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the function analysis tool (initially TIM and now ATIM), its simplifications, and sets of 

rules rest on fundamental insights that understanding:  

 Customer(s) & Market, 

 Technology, and 

 Value Development Activities (technology and business strategy) 

are useful for successful technology commercialization [Jolly 1997; Balachandra and 

Friar 1997; Utterback 1996; Carlson 2004; Souder 1989; Fleming and Sorenson 2004]. 

Above and beyond improving the tool, one of the goals of this work is to systematically 

document the ATIM tool methodology and to evaluate its effectiveness via an 

exploratory study. ATIM consists of 3 maps of functions based on the above innovation 

success premises: Customer(s) & Market, Technology, and Value Development 

Activities (CTV). This dissertation discusses result from the use of the improved tool 

(ATIM) as described in in detail on an example of Selective Laser Sintering Technology 

in Chapter 3, applied & demonstrated in four case examples in Chapter 4 and one Biotech 

example in Appendix II. 

Impact of the Work 

Engineers as well as technology entrepreneurs and intrapreneurs11 alike are tasked 

with creating new products and services based on technologies. Innovation/Technology 

Commercialization inside established firms faces its own execution-related challenges 

[Govindarajan and Trimble 2010]. In a university setting, a question often arises to a 

potential use of a given technology. Because alone, “Technology does not have intrinsic 

value.” [Boer 1999, p.75] and also no “inherent application”, the activity of inventing an 

                                                 
11 Those tasked with ‘entrepreneurial’ efforts within an established company because 
innovation/technology commercialization happens inside larger companies as well – example may be 
product line directors, managers, or technology managers. Technology commercialization is not always 
external and as many examples show [Souder 1989] has been happening within companies for a long time. 
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application and finding a market for a technology adds or creates value while 

simultaneously solving an engineering problem and opening a business opportunity.  

The purpose of ATIM is to address the challenges presented by the Innovation 

Gap. As such, ATIM could help the professional staff at university Technology Transfer 

Offices (TTOs) to expand this highly concentrated science knowledge base and to diffuse 

university technologies to the benefit of society. Additionally, there are many other 

professionals on which the proposed tool could have profound impact including: Venture 

Capitalists (VCs), staff at TTOs, companies (entrepreneurs, intrapreneurs), technology 

managers, product designers and engineers, policy makers, angel investors and even 

science/engineering researchers. 

Research 

This research shows that the ATIM has been of value users and also quantitatively 

and systematically tests the ATIM. The tool, once expanded, tested, and proven effective 

could be disseminated for more general use in technology commercialization (venture 

capitalists, entrepreneurs, technology managers, etc.). 

The ATIM is designed to help (usually interdisciplinary) teams commercializing 

technologies – be they composed of researchers (engineers, scientists), business people, 

IP attorneys, and/or serial entrepreneurs to find a common ground, understanding, and 

consensus. The tool helps teams understand several broad areas:  

1.  The customers and their reasons behind purchasing a product/service 

2. The technology itself – its limitations, features, advantages, and needs for 

improvement as well as relevant IP issues 

3. The process of bringing the proposed product/service to the market (Strategy) 

4. Relevant strategic issues. 
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The ATIM encompasses those four core areas. By understanding these 4 elements 

on a deeper level, commercialization teams can be more successful in identifying and 

selecting favorable opportunities, thus saving resources by not pursuing the less attractive 

ones. 

 Focusing on technology-push strategies tends to benefit the firm. Newbert  

[Newbert et al. 2007] showed that in high-technology (semiconductor industry), 

technology push firms tend to perform better: “firms emphasizing technology-push 

strategies perform better than firms emphasizing demand-pull strategies” [Newbert et al. 

2007, p.438]. These firms outperform at lifespan and best year’s sales as metrics 

compared to demand-pull strategies. The focus of this work is on supporting technology 

push with the ATIM tool by helping connect and analyze the technology with a potential 

(dormant) market pull.  

The ATIM can support initially technology-push driven technology 

commercialization. The tool will primarily help in three areas: 1. Defining and 

understanding the technology, 2. Defining and understanding/Creating a customer and 

their value chain, and 3. Defining and understanding the process, steps, Business Model 

(BM), and Technology/Product development steps and business functions necessary to 

bring the technology to the customer. The tool also helps increase knowledge for strategic 

decisions with regards to a commercialization path. As a byproduct of the tool, there can 

be advances in IP protection for the technology, better business strategy, and a more 

nuanced as well as more supported decision to proceed into next NPD stages or to “kill” a 

technology for an application in a given market.  

The hypothesis of this research is focused on the improved understanding ATIM 

provides to users:  
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HYPOTHESIS, RESEARCH QUESTIONS &GOALS 

 

Hypothesis Proposition 

I.       Hypothesis: Advanced Technology Innovation Mapping Tool (ATIM) aids in 
technology commercialization efforts 

II.    Research questions: 

A.       Does ATIM increase users’ understanding of the customers and their buy 
decision? 

B.        Does ATIM increase users’ understanding of the underlying technology and 
interactions of its components? 

C.       Does ATIM increase users’ understanding of necessary technology development to 
bring the technology to market? 

D.       Does ATIM increase users’ understanding of strategic and organizational fit of the 
technology? 

E.       (Optional) Does ATIM increases users’ understanding of IP issues as relevant to 
the technology? 

Some Relevant Elements evaluated: 
F.       Does ATIM increase number of users’ ideas (quantity, relationships/links)? 

G.      Acquire appropriate case study data elements to help answer the questions above. 

Table 3. Hypothesis. 

SUMMARY OF CHAPTER 1 

Innovation is a process that iteratively applies a scientific knowledge to a market 

need. As such it contributes both to success of companies and societal progress. Early 

stages of this process (the Innovation Gap), especially in the case of technology push 

(starting with a technology and no known market need) are undefined and hard to 

perform systematically & in a structured way.  The focus of this research is in the 

creation of opportunity stages: 1.Imagine-3.Incubate, where the key is creation of a  

techno-market match (as defined by [Jolly 1997]). The problem one faces is problem 

solving under ambiguity with only a few factors known (about technology) and many 
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unknowns (customers, future, products, and necessary development steps).  This problem 

is unlike anything encountered in design literature and only tangentially addressed in 

NPD literature. Thus, there is a need for tools to address this missing piece. Based on 

some fundamental insights and some previous work, this research proposes the Advanced 

Innovation Mapping (ATIM) tool. The remainder of this work explains, defines, and 

evaluates the ATIM tool. Although developed in a university setting, as a useful tool, the 

ATIM tool has been used by professionals in multiple technology areas and disciplines. 

OUTLINE OF THE WORK 

Chapter 1 provides basis, trends, definitions, motivation and sets stage for the 

work undertaken. Chapter 2 reviews methods used to address the gaps identified and 

highlighted in Chapter 1. Chapter 3 describes the Advanced Innovation Mapping Tool. 

Chapter 4 looks at four case studies of use of the ATIM. Chapter 5 discusses the 

experimental design for evaluation of ATIM, reviews and analyzes the results and adds 

other observations supporting the main hypothesis. Finally, Chapter 6 summarizes the 

results and concludes the work while proposing next steps in this research. Appendices 

include survey questions, examples from Chapter 2, data tables, and other pertinent 

information as referenced in appropriate places. 
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Chapter 2: Background and Literature Review 

The objective of this chapter is to make the reader familiar with selected 

techniques used to support the innovation process. The last section provides an overview 

and foundation for techniques that originated current work to form a basic use of the 

Advanced Technology Innovation Mapping (ATIM) tool which itself will be described in 

detail in Chapter 3.  

Chapter 1 demonstrated (based on the literature) that early stages of technology 

commercialization or pre-NPD development are challenging and critical. Because this 

need is recognized, researchers and practitioners proposed & implemented various 

methods to address the Innovation Gap. This chapter provides an additional background 

in some of the existing methods as well as techniques that served as a source to develop 

the novel ATIM (CTV12-based) Innovation Function Mapping Technique. 

Since the primary application envisioned for the tool is in developing new 

products and services based on technology inventions, the background review of existing 

tools will appropriately focus, albeit broadly, on this area. For completeness, the 

overview includes also some more generic and general use “creative” tools. 

CLASSIFICATION OF EXISTING TOOLS 

The literature recounts numerous tools that researchers use(d) to address the 

Innovation Gap problem as outlined in Chapter 1. Based on the review, the tools 

currently in use or proposed to support technology commercialization can be grouped in 

several general overarching categories (however, some overlap between categories 

exists). To begin classifying the tools, one can examine the development timeline of a 

new product (phase in NPD) or service and the methods that are applicable and 

                                                 
12 Customer(s)&Market, Technology, and Value Development Activities (CTV) 
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distinguish the tools based on the development stage. One can also review the rigor of the 

method, whether it is external or internal to the user, and how well established it is. 

Another classification methodology may distinguish between generic (all applicable 

methods) and some more specific (or systematic) ones. Yet another way is to distinguish 

between engineering and non-engineering (e.g. Technology Management, Marketing) or 

IT-driven, and non-IT methods.  

This work classifies the specific tools in the functional (the type of use) groups 

and divides the tools in two distinct groups based on development stage use, pre-NPD 

and NPD (which encompass Design/Engineering tools) separated by tools that are used in 

making a go/no-go decision whether to proceed in commercialization. 

The overall three classifications here are Pre-NPD, Design/Engineering, and 

General with Pre-NPD tools further subdivided into strategy, empirical, IP/Software, and 

evaluation tools. 

1) Pre-NPD Tools 

a) Strategy Tools 

b) Empirical Tools 

c) IP/Software Tools 

d) Evaluation Tools 

2) General Tools & Other 

3) Design & Engineering tools 

The following sections will look at each in more detail. Figure 5 gives a rough 

overview of the described and used tools based on technology development time on x-

axis (Jolly Model Stages) and how systematic each method is (y-axis). 
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Figure 5: Classification of Select Existing Tools. ATIM, although designed for earlier 
stages, is applicable across all development steps. This figure depicts some 
of the existing tools described in Chapter 2. Please refer to it as the Chapter 
visits each methodology in more detail.  

Although the literature review described in this work was extensive, it is by no 

means comprehensive, complete, or fully descriptive and references are given in each 

section to learn more about given specific technique(s). There certainly exist other, more 

obscure methods used or at least tried in specific cases that are not included. 

For ease of overview, the particular visual examples of the following tools are all 

included Appendix I in the order in which they appear. 

PRE-NPD TOOLS 

Strategy Tools 

These tools tend to focus on a strategic, long-range view of technology 

commercialization process and technology management.  
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Technology Roadmapping 

Technology RoadMapping (TRM) is a form of technology planning, describing a 

“Process that, with help from experts via workshops, anticipates future development in 

technology and products systematically and that can be visualized with the aid of 

temporal paths (the roadmaps)” [Herstatt and Lettl 2004, p.163]. Roadmaps attempt to 

capture technology evolution and predict (or forecast) the direction of the emerging 

technology in light of products and future markets. This can help product and technology 

managers identify and examine strategic steps to take as displayed by the roadmap. 

Appendix I includes general structure of roadmaps. 

Roadmaps take on hybrid forms [Phaal 2004; Phaal et al. 2010; Farrukh et al. 

2004; Lichtenthaler 2008b], sometimes the method is described as structured 

brainstorming13. Technology Roadmapping (TRM) has been used since 1990s in 

semiconductor and other industries [Garcia and Bray 1997; Semiconductor Industry 

Association 1997]. More recent examples are Smart Grid Roadmaps developed by 

International Energy Agency (IEA) as well as National Institute of Standards and 

Technology (NIST)14. Literature on TRM is extensive, and roadmaps have been used 

widely in many areas and fields. Some of the roadmaps and unifying elements were 

formalized at Sandia National Laboratories [Garcia and Bray 1997] and for 

Semiconductor Industry [Semiconductor Industry Association 1997].  

Industries used roadmaps for various areas as “exploratory” [Beeton et al. 2008], 

hybrid use with other methods [Phaal 2004], or as Value Roadmapping [Dissel et al. 

2006] to value emerging technologies using roadmapping workshops. Möhrle and 

Isenmann [Moehrle et al. 2013; Moehrle 2004] describe possible inclusion of systematic 

                                                 
13 Brainstorming will be described under General Tools. 
14 Those roadmaps are available on respective organizations websites. 
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problem solving using TRIZ – which will be described later – in conjunction with 

roadmapping. As “Technology Roadmapping is driven by a need, not by a solution” 

[Garcia and Bray 1997, p.10], TRM falls in a category of market-pull tools. 

Disadvantage of TRM is that the roadmaps rely on existing markets and tend to 

narrow creative perspective [Kappel 2001]. Kostoff agrees there is also no independent 

objective to test quality of a roadmap [Kostoff and Schaller 2001; Kostoff et al. 2004]. 

Kostoff further argues about the usefulness of roadmaps in technology transfer (TT) as 

paths to application are many and often not “uni-directional.” Roadmaps are also visual 

display aids. Kostoff highlights that roadmaps should be flexible to adjusting and 

integrated with other tools. 

There are issues with roadmaps because they are both used for forecasts and 

planning  [Kappel 2001]. Kappel points out some shortcomings of TRM based on ten in-

depth cases. Roadmapping is weak for anticipating technology and market disruptions, or 

encouraging creativity. Often roadmaps are not sufficiently clear enough. However, 

Kappel continues, roadmaps are useful for complex systems with many “moving parts” to 

establish a common coordination and communication. TRM is good for predictable 

change, not so for discontinuities [Kappel 2001, pp.49, 39].  

Lichtenthaler [Lichtenthaler 2008b] suggests “extended roadmaps” can overcome 

some other more traditional tools (portfolio analyses, roadmaps, scenario analyses). Phaal 

[Phaal, C. Farrukh, et al. 2003; Phaal, C. J. P. Farrukh, et al. 2003; Phaal et al. 2005] 

classifies “levels” of RoadMapping (RM) to Market/Product/Technology. Phaal then 

identifies 8 types of RMs based on purpose and 6 based on format. Issue that companies 

using TRMs face is that there are so many types or roadmaps, they have to be 

“tailored”/or customized to a particular issue and business context. Phaal et a. 

standardized the RM techniques into a “T-Plan”[Phaal et al. 2005]. 
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Lichtenthaler [Lichtenthaler 2008b] reviews roadmaps as a tool and consensus 

view of the future technology landscape important in todays’ complex environments). He 

proposes extended technology commercialization roadmap based on existing roadmaps. 

The map lists technologies and their commercialization inside and outside the company 

along with a timeline. Example of the “integrated commercialization roadmap” is in 

Appendix I. 

To summarize, “The literature of roadmapping in general and technology 

roadmapping in particular is extensive. As a tool for strategic innovation planning, 

technology roadmapping has been mentioned in several practice based publications 

(Barker and Smith, 1995; Bray and Garcia, 1997; Galvin, 1998; Groenveld, 1997; 

Strauss et al., 1998; Willyard and McClees, 1987). This well-known tool was used more 

and more in the last years, while the terminology is not always used in the same way. 

Meanwhile many provisional documents are called roadmap.” [Schwery and Raurich 

2004, p.544]. 

Functional Market Concept 

The Functional Market Concept (FMC) provides an interesting strategic tool is 

[Pfeiffer 1997; Weiss 2004; Brunswicker et al. 2010]. Functional market concept uses a 

three-step process consisting of Exploration, Valuation (Assessment), and Strategy 

Development [Weiss 2004]. It is mainly aimed at creating a concept “that allows firms to 

master the challenges of innovation-related opportunities and threats in hypercompetitive 

environments.” [Weiss 2004, p.323] The goal is to help identify market threats early 

enough to strategically exploit them as opportunities; thus to develop new business areas. 

It focuses on functional considerations of technologies and tries to connect problems with 

solutions on a more abstract (i.e. functional) level. It can guide – as described in 
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[Brunswicker et al. 2010; Pfeiffer 1997] – search for technologies for a given market 

problem. FMC uses a functional abstraction of the market and then searches the domain 

and organizations in this domain as potential partners/customers.  

This concept is not applicable for a technology push where emerging or recently 

developed technologies have no market predefined and in fact the market must first be 

defined, and then created15. However, experience with the Functional Market Concept 

showed that it helps “comprehend the experts’ opinions during decision-making process” 

[Weiss 2004, p.328]. Inadequate assumptions going into the functional market concepts 

or unforeseen development of the markets renders the tool and developed plan less 

useful. The Functional Market Procedure is in Appendix I.  

Technology Choice Tool  

Technology Choice Tool (TCT) [Schwery and Raurich 2004; Meyhack et al. 

2002] is a strategic tool developed by [Meyhack et al. 2002] in collaboration with 

Siemens AG. Its goal is to help decide whether (and when) a technology out of a given 

set of available technologies should be commercialized. Although this tool could also fall 

under category of evaluation tools, its complexity for more than a few technology options 

makes it more useful as a strategic tool. TCT reviews a potential of a given technology 

and product based on set of seven strategic criteria:  

 Potential of Acquisition (Accessibility , Human Resources (HR), Infrastructure) 

 Potential of Implementation (Fit with company) 

 Potential of Use (Internal, Quality, Performance difference, etc.) 

 Potential of Diffusion (Improve cost-benefits, Competition, Costs, Customers) 

                                                 
15 i.e. Identify the new unique set of customers with needs that are similar and who reference each other. 
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 Potential of Securing (Technological barriers, Partnerships, HR, Resources, 

etc.) 

 Future Potential (Performance, Partnerships, Price…) 

 Potential of Technological Impact (Market, Regulations, Society) 

The tool uses Analytic Hierarchy Process (Appendix I) to create rankings of 

alternatives and relative strengths to each other. The TCT process starts with identifying 

the criteria and alternatives, valuating, and then making the decision. The results can be 

displayed on a “spider-web” or a radar plot. The Technology Choice Tool has been 

applied to a Powerformer technology of ALSTOM Power Hydro [Schwery and Raurich 

2004] but starting with SWOT16. Ultimately, Schwery decided on a combination of 

several methods in conjunction with TCT as most useful in the particular case. 

Unfortunately, the tool is primarily focused on market pull – although it does 

enlighten technology push [Schwery and Raurich 2004] – it does not consider lifecycle 

challenges, and leaves out many other possibly important factors. Furthermore, authors 

admit this tool would perform well with many criteria, but that inclusion makes it 

significantly more time consuming [Meyhack et al. 2002, p.12]. Thus it is best used for a 

narrowed down selection of a few potential technology candidates. Ultimately, it can also 

lead a company to divert its resources away from core competence and to reduce its 

flexibility, and thus increase risks. Example of the tool is in Appendix I. 

Technology Foresight, Forecasting, and Assessment 

Carlson [Carlson 2004] introduced Technology Foresight. It provides a process 

and perspective to identify new technology opportunities and to “develop coherence 

between short- and longer-term R&D” [Carlson 2004, p.51]. Technology Foresight 

                                                 
16 Strengths, Weaknesses, Opportunities, and Threats analysis – a business strategy method described 
briefly in later section 
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process is based on strategy of the firm and includes two parts – insight and foresight. 

The insight identifies company’s current “power zone” (core business, expertise) while 

looking at the future (new opportunities, driven by outside of a company divergent 

thinking). Combination of the insight and foresight enables the company to change, or 

reformulate strategy. The process is performed in a series of workshops [Carlson 2004, 

p.53]. Ultimately the result for the “power zone” is to extend, enhance, or identify new 

technology opportunities to address specific market needs. Carlson uses technology 

interaction matrix [Carlson 2004, p.58] to identify these opportunities. However, 

Carlson’s work does not state where market insight and customer information comes 

from. 

Porter [Porter 2010] reviews and describes different types of general “Technology 

Foresight” types and methods. One practical aspect of Technology Foresight can be to 

exploit this insight for commercialization [Porter 2007]. Technology Foresight is relevant 

to technology commercialization but it does not necessarily seem to be its primary 

purpose (unlike its focus for policy planning, technology development, etc.). Examples 

are in Appendix I. 

Technological Forecasting (TF) [Coates 2001; Coates 2003] has a goal of 

predicting future technology, products, or processes. It includes several forms such as 

national foresight studies, roadmapping, and competitive technological intelligence. As 

defined by V. Coates [Coates et al. 2001], it also encompasses Technology Assessment. 

These tools may be used to set priorities for R&D, make strategic technology decisions, 

or create plans for new products. Noting that forecast are often wrong and as these tools 

are more focused on public policy, they are not directly relevant to this work  but 

interested reader is referred to the extensive work of Joseph F. and Vary T. Coates 

[Institute for Technology Assessment 2013]. 
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International Association for (Technology) Impact Assessment (IAIA, iaia.org) 

and their methods falls under the subset of Technology Forecasting; the focus are policy 

studies that systematically examine effects on society from an introduction of a 

technology (focus on unintended, indirect, or delayed consequences). 

Technology Intelligence 

Mortara [Mortara, Clive I.V. Kerr, et al. 2009; Kerr et al. 2006] describes 

Technology Intelligence (TI) as a capability companies use to identify technologies for 

exploitation. Technology Intelligence Systems are sets of solutions to accomplish that 

goal. Kerr established the original TI framework [Kerr et al. 2006] that includes: 

Approaches (top-down and bottom up), Intelligence Streams, Decision makers, Actions, 

and Types of information.  The TI system includes 4 activities: trawl, scan, mine, and 

target.  

Mortara et al. [Mortara, Clive I. V. Kerr, et al. 2009] studied TI based on 8 

selected cases of established UK companies and how they analyze technologies and 

concludes that in practice, these firms analyzed their technological information along 

with key elements of Kerr’s model. However this tool deals with previously identified 

technologies in the “scan” step. Based on these studies, Mortara developed a toolbox to 

build TI Systems. The main goal of this toolbox is to help identify the TI modes company 

has significantly invested in and the weaknesses. The focus of these tools is more of 

strategic and internal to the firm while a successful technology commercialization is only 

a secondary objective. Example of TI is in Appendix I. 

SWOT Analysis, Porter’s Five Forces Analysis  

The Strengths-Weaknesses-Opportunities-Threats (SWOT) Analysis [Hill and 

Westbrook 1997; Barney 2006] is a classical business technique attributed to A. 
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Humphrey [Koo and Koo 2007]. SWOT is well-documented, and is frequently used in 

business settings. The focus of SWOT is on: 

 Internal attributes of the organization: Strengths & Weaknesses, and  

External attributes to the organization: Opportunities & Threats.  

The strengths are related to the competitive advantage of the firm, the weaknesses 

to a disadvantage; opportunities could be turned into advantage and threats could cause 

trouble for the project or business proposal. 

On a high-level, SWOT is somewhat applicable on the strategy side for new 

technologies. However being very broad, it can easily overlook many aspects unique to 

technology commercialization which by itself presents many unknowns. 

Porter’s Five Forces [Dorf and Byers 2004; Barney 2006] is framework 

developed by Michael Porter of Harvard Business School [Porter 2008]. It is frequently 

taught in business schools and well-established to analyze industry and business strategy 

development. The five forces are: 

 Threat of new entrants 

 Threat of Substitutes 

 Bargaining power of customers 

 Bargaining power of suppliers 

 Intensity of competition 

Dorf and Byers [Dorf and Byers 2004, pp.87–89] add a 6th element to the five 

with focus on technology commercialization, the: 

 Bargaining power of complementors. 

The “bargaining power of complementors” factor seems relevant for technology 

ventures, as often there are several options (and competitors) for the customers to choose 

from especially at the beginning where the “standardized” product that fills all customer 



 40

needs in the best way has not been established. Then the intense rivalry within the 

market, the core of creative destruction [Schumpeter 1947], becomes the most important 

driver. 

Dorf & Byers [Dorf and Byers 2004] take an interesting new approach in a 3D 

cube of taking a new/existing dichotomy in 3 dimensions:  

1. Approach to customer,  

2. Products,  

3. Customers.  

This can clearly delineate how “innovative” (and risky) a startup is. The riskiest of the 8 

(2x2x2) possible permutations will be to take a new product to new customers with a new 

approach (channel). The “one new” approach is usually, and often successfully, taken by 

more established companies – new approach – sell online instead of phone sales in the 

case of Dell Computer in 1990s. Amazon.com sold an existing product (books) to 

existing customers (book buyers) through a new medium (online) to start but then 

expanded to different customers (both sellers and buyers through Amazon), and even new 

product (Amazon Could Services). However, most of these tools are very much business-

strategy focused and although applicable on a macro scale, not necessarily as useful when 

a specific technology is under consideration. Examples of SWOT and Porter’s 5-Forces 

Analysis as well as the cube graphic are in Appendix I. 

Cross-Industry Innovation 

Cross-Industry Innovation (CII) is a name of framework (tool) and a goal of 

Brunswicker [Brunswicker et al. 2010] that combines several tools to help address a 

problem shared among many companies. Its main goal is to help enable transfer of 

solutions and technologies across industries [Brunswicker et al. 2010, p.684]. Realizing 
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that innovation frequently comes from a combination of different pieces often across 

industries, Brunswicker combines functional market concept approach with analogical 

problem solving, and proposes a two-stage process that starts with search and selecting 

information sources. Second stage interactively generates ideas in the scope of space 

defined by the first phase. These published studies were very rudimentary and in an early 

phase to provide any significant results yet. Example is again in Appendix I. 

Empirical Tools 

The following section will focus on “empirical tools” – tools that derive their 

power from experimentation or direct interaction with the marketplace. Overall, besides 

traditional market research, the empirical set of tools classification stems from their focus 

on existing markets which is also their major drawback.  

Lead User Method and its Variants 

Von Hippel  [Eric von Hippel 1978; Eric Von Hippel 1986] proposed Lead Users 

(LUs) as sources of novel product concepts: “Lead users are users whose present strong 

needs will become general in a marketplace months or years in the future. Since lead 

users are familiar with conditions which lie in the future for most others, they can serve 

as a need-forecasting laboratory for marketing research. Moreover, since lead users 

often attempt to fill the need they experience, they can provide new product concept and 

design data as well.” [Eric Von Hippel 1986, p.791] 

This idea has been extended since, most recently by Henkel [[Henkel and Jung 

2010] draft unpublished]. LU premise stems from an insight that there exists a subset of 

users of a new product, the “lead users” who use the product in ways that other users 
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have not (yet envisioned).17 This framework has been extended to toolkits given to users 

to develop custom products [von Hippel 2001], starting with markets , trends, and lead 

users to starting with a technology, using trends, and then “markets and lead users” to 

develop product concepts. Similarly, “analogous extreme users” [Herstatt and Lettl 2004] 

could identify markets for technologies from analogous industries but operating in 

extremes because their needs encompass special technologies [Herstatt and Lettl 2004, 

p.173]. 

 The Lead User Method developed over time, most recent work proposes a 

“Modified Lead User” [Henkel and Jung 2010] – an Adaptation of Lead-User. Because 

the lead-user theory and evidence support is strong, it can be very powerful. However, 

finding the lead-users can be a challenge. Part of LU have been extended in terms of 

finding relevant information or relevant lead users from experts by a method of 

pyramiding [von Hippel et al. 2009]. In addition, even existing technologies may be able 

to find additional applications via lead-users [Henkel and Jung 2010]. However, lead 

users have constraints given by their own organization [Lynn, Morone and A. Paulson 

1996; Lynn, Morone and A. S. Paulson 1996]. Henkel proposes to short-circuit the value 

chain and focus on the customer while leaving out the intermediary manufacturer link. 

Also, Henkel claims that supporting multiple trends is acceptable (within resources). 

Moreover, Henkel recognizes that complexity of technologies is a barrier to finding 

applications [Henkel and Jung 2010]. 

                                                 
17 It is interesting to compare LU with what Moore calls “Innovators” and “Early Adopters” (EAs) of 
technology products. Whereas Innovators may be seeking technology for technology’s “coolness” or for its 
own sake, LUs are more pragmatic in their uses – they use the technology product to solve their own 
problem, rather than to test drive it. A bit closer may be Moore’s “Early Adopters”, however based on von 
Hippel’s definition, LUs can come from almost any level adopter because the distinction is in the way LUs 
use the product, not necessarily when they purchase it.Early adopters of innovation in one field may 
actually represent new LUs in that market. Thus LU and EA may or may not coincide. 
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For additional literature overviewing the lead user ideas and applying these 

concepts see: [Franke et al. 2006; DeMonaco et al. 2006; Skiba and Herstatt 2009; Lüthje 

et al. 2005; Franke et al. 2006; Von Hippel et al. 1999; Lilien et al. 2002]. 

Alertness and Systematic Entrepreneurial Search 

Fiet [Fiet et al. 2007] in his work describes a new way of identifying 

entrepreneurial opportunities. Entrepreneurial alertness has been a previous framework of 

the entrepreneurial process for opportunity discovery by Kirzner [Kirzner 1978] 

characterized by receptiveness, surprise, luck and “alertness” to available opportunities 

[Kirzner 1997] as well as prior knowledge [Shane 2000; Shane and Venkataraman 2000] 

or effectuation [Sarasvathy 2001]. Fiet [Fiet et al. 2007] describes his systematic search 

method that performs better than “alertness”. Fiet’s model is based on the acquisition of 

information [Fiet 1996] – entrepreneurs optimal behavior increases with information 

[Hey 1987]. As that limits (reduces) the search parameters, then in return, “the chances 

for entrepreneurs of making discoveries are greater within a consideration set than in the 

rest of the world” [Fiet et al. 2005]. Thus limiting search within certain information 

channels (previously proven reliable and valuable) can actually have positive outcomes. 

The premise of systematic search depends upon observations that successful serial 

entrepreneurs do not search randomly but rather narrowly focus and search in few areas 

of their expertise and competence. There is no relevant example to show in Appendix I 

because the technique is not visual per se. The systematic search techniques are described 

by Fiet’s Book [Fiet 2002].  

Probe & Learn 

Probe&Learn is an empirical technique described by Lynn et al. [Lynn, Morone 

and A. S. Paulson 1996; Lynn, Morone and A. Paulson 1996]. Lynn’s ideas come from a 
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focus on the case of 4 successfully commercialized discontinuous innovations: General 

Electric’s Computer Tomography (CT) scan, NutraSweet, Corning’s fiber-optic cables, 

and Motorola’s cell phones. Lynn argues that a large advantage is built through more 

discontinuous forms of innovation. The ones in question, however, are not amenable to 

traditional processes of market research (concept testing, customer surveys, conjoint 

analysis, focus groups and discounted cash flow, market diffusion analyses,…) because 

the technology is evolving, market is ill-defined, and infrastructure for this as-yet 

undefined market is non-existent. Timing presents another issue, as does government 

regulation and technological competition.  

The long-term focus required for new technologies often contrasts with shorter 

term company goal(s). Some questions remain: “How should opportunities be evaluated 

and screened when facing uncertainties (market, technology, and timing)?” and “How 

was successful understanding developed?” Based on these arguments, Lynn concludes 

that since conventional market analysis did not guide the understanding in these cases, 

success was simply a result of a “Probe&Learn” approach (series of trial & 

error/corrections). So rather than being a pre-mediated method, the results of 

Probe&Learn are more ad-hoc, unplanned, and reactive rather than pro-active. Innately, 

Probe&Learn is an iterative process that aims to get a winning combination of market and 

product by trial & error.   

Lynn ultimately suggests developing a new product development methodology 

more based on experimentation. In some cases, this approach can be successful. The 

examples of large companies (GE, Motorola, and Corning) clearly show the depth of 

resources that were available to repeat and iterate until market success came, but for a 

small technology startup probing and learning multiple times becomes too expensive and 
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unfeasible. Again, no demonstrable example is applicable and thus none is in the 

Appendix. 

Corporate Imagination and Expeditionary Marketing  

Hamel et al. [Hamel and Prahalad 1991] state that the keys to unlocking new 

markets are corporate imagination and expeditionary marketing, which is similar to 

Probe&Learn. Hamel adds that it is important to think of markets in terms of needs and 

functionalities while innovative product concepts [Hamel and Prahalad 1991, p.83] come 

from adding important functions, developing novel form to deliver well-known 

functionality, and delivering new functionality through new product concepts. Standard 

market analysis will not help in these cases. Having the vision, companies can focus on 

their vision and venture “an expedition” into newly envisioned markets to identify and 

exploit opportunities. The companies should aim their future focus on opportunity 

horizons as opposed to past served markets. Again, by its own virtue, this method may 

require vast resources and is not easily applicable to smaller enterprises. A figure of 

“Stretching the Corporate Imagination” is in the Appendix I. 

IP/Software Tools 

The next set of tools described use computer or software algorithms to analyze 

technologies or IP to help with market applications. 

Keyword-based Morphology Analysis 

Yoon in 2005 [Yoon and Park 2005] proposed a technology dictionary and a 

relevant tool that provides a morphology analysis on technologies. Morphology Analysis 

(MA) breaks down a subject into several dimensions/subsystems that can be described in 

detail. Their work focuses on decomposing patents, then defining the morphology and 

performing the analysis. The decomposition defines the entire “solution space” conceived 
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while analysis identifies permutations of this space not yet considered. It appears that the 

tool can be quite useful in identifying companies’ own Intellectual Property (IP) portfolio 

space to compare its alignment and differences with competitors’ IP portfolios for 

strategic IP decisions. The entire method is based on text mining. 

TechPioneer 

Yoon [Byungun Yoon and Sungjoo Lee 2008; Yoon 2008] develop TechPioneer 

software tool that extracts keywords, builds “technology vectors” from patents, and 

performs analysis (morphological matrix). The system analyzes the data and proposes 

opportunities for technology development, but not necessarily commercial applications of 

a technology.  The tool may be useful in planning technology development and was also 

developed with the intent to help value technologies. Although TechPioneer may provide 

a systematic approach for technology development, it has limitation in the way the data is 

provided to the software and score calculations depend on expertise of external 

evaluators. The tool itself has its roots in the keyword-based Morphology Analysis (MA) 

tool mentioned previously. 

Automatic Patent Classification based on TRIZ 

Cong and Tong [Cong and Tong 2008] developed a software that used a reduced 

version of 40 TIPS/TRIZ Inventive Principles (in next section)18, while reducing the 

number and reclassifying it down to 22 classes. The goal was to “push frontiers in 

automatic patent classification”. Although this goal is laudable, it may not be directly 

applicable to technology commercialization just yet. TRIZ, although already briefly 

alluded to, will be described in more detail under “Engineering Tools” section below. 

                                                 
18 TRIZ and the idea of finite set of inventive principle will be described at the end of the next section on 
Design & Engineering Tools 
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This automatic classification is in early stages and although demonstrated basic 

functionality, it is so far mostly applicable as an automatic classifying attempt. 

In general, as amounts of structured  or data-mining of useful unstructured data 

grows, one may see more automated software and artificial intelligence (AI) tools that 

could help complement work of technology managers. Realizing the number of factors 

and experiences that go into making successful entrepreneurial opportunities (techno-

market matches), however, these tools may reduce some more mundane task or flag 

interesting options for further evaluation but will most likely remain very much a subject 

to human expert evaluations.  

Evaluation Tools 

The below series of tools are used for technology evaluation or for evaluation of 

different opportunities, and as such fall more under Technology Management area.  

Technology Radar 

Rohrbeck [Rohrbeck et al. 2006] introduced Technology Radar (TR) used by 

Deutsche Telekom Group.  The TR identifies technologies (scouting), selects (by using 

input from directors and expert group) them, and then assesses & disseminates the 

information company-wide. The tool uses market impact and technology realization 

potential to evaluate the opportunities. Sub-sections of “market impact” are potential 

market size, disruptive potential, and cost savings. For technological realization, 

complexity, implementation risk, and costs are used. The end result is a plot similar to a 

radar plot (along 6 directions of company’s core 7 branches). The authors claim that the 

radar gets attention of top management, stimulates innovation, shortens some corporate 

pathways, and increases company’s absorptive capacity for innovation. The authors tout 
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the TR as a significant improvement over the previous use of newsletters in the case 

study company, Deutsche Telekom Group). 

Quicklook® 

After facing a need to quickly and efficiently evaluate market potential of large 

amount of NASA technologies [Harbert et al. 2011], Brett Cornwell of NASA was faced 

with a dilemma. Many of the technologies in question did not have a clear market 

application after initial analysis. However, there was no formalized way to document this. 

Thus, to document the research process and to capture the voice of the market, Cornwell 

created the formalized Quicklook® [Cornwell 1999] Methodology to help systematically 

evaluate intellectual property. Once developed, Cornwell realized that the resulting 

Quicklook® could also be used to support commercialization efforts [Harbert 2012].  

However, being more of a report and as its name indicates, being an early 

examination of commercial potential, this approach has its own limitations as it explores 

only a limited space of available markets. Logically, a large focus of the Quicklook® is 

on primary market research. Quicklook® is in use at the IC2 Institute and in teaching at 

the Master of Science in Technology Commercialization (MSTC) Program at the 

McCombs School of Business at the University of Texas at Austin. 

Quad Charts 

U.S. Department of Defense (DoD) supported research creates a large amount of 

technologies. Consequently, DoD has a need to properly evaluate and screen potential 

market opportunities of the promising technologies quickly and efficiently. To that 

extent, DoD developed and uses “Quad Charts” [Combating Terrorism Technical Support 

Office CTTSO 2013]. Quad Charts are rigidly structured: 

 Top Left Quadrant has graphical depiction of the solution/prototype 
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 Top Right Quadrant shows operational and performance capabilities 

 Bottom Left Quadrant includes technical approach, phases in development and  

 Bottom Right Quadrant lists cost and schedule 

Overall, Quad Charts can be a useful tool to help quickly and at-a-glance evaluate 

innovation opportunities; as such, QuadCharts are used at different levels in government 

outside DoD. They fall under evaluation of opportunities applicable to later stages or 

portfolio management. Obviously, a supporting case for each technology must be 

developed prior to creating a Quad Chart. Many samples and templates of Quad Charts 

are available on university and government sites on the Internet and one sample is in 

Appendix I.  

GENERAL USE TOOLS, COMMERCIAL TOOLS, PATENTS 

Before moving into the most important part of engineering tools, it is in order to 

mention some other, general tools that can be and have been used in technology 

commercialization such as brain storming, concept maps, and mind-mapping. This 

section will also address some patent applications in the innovation space and available 

commercial tools. 

Brainstorming 

Brainstorming was developed and popularized by A. Osborn [Osborn 1979]. It is 

a creativity technique that attempts to problem solve. Key to brainstorming is to suspend 

criticism of ideas and collect randomly-generated (or semi-randomly, since there is a 

problem in question) individuals’ ideas in a group setting. Despite its widespread use, 

popularity, and ubiquitousness, research shows that the technique is not as effective as 

individuals generating solution ideas alone [Mullen et al. 1991]. However, combining 

brainstorming with a visual capture technique for the generated ideas – such as 
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mindmapping [Buzan and Buzan 1996] – into a “structured brainstorming” indicates a 

performance improvement [Shih et al. 2009]. That research indicates that combination of 

(generic) methods can improve results. 

Mindmapping 

Mindmapping is a technique used in the past under many different names but 

popularized by T. Buzan [Buzan and Buzan 1996] and thought to promote creativity. 

Mind maps are diagrams that emanate from a central idea and branch out into different 

sections. Mind maps have many different uses from supporting engineering design 

techniques [Wood and Linsey 2006], to aid in learning [Farrand et al. 2002], memory, 

and recall. A. Harbert showed that a mind map can be used to describe the Quicklook™ 

methodology [Harbert 2012]. There are many free and commercial software packages – 

such as NovaMind, Mindjet Manager, Mindmapper, MindMeister, CMAP,… – that allow 

users to create mind maps on a personal computer (PC). 

Concept Maps 

In contrast with mind maps where there is only one central idea, concept maps are 

used to show relationship between a multitude of various ideas. The graphical 

representation of these relationships between concepts shows logical pathways and thus 

can help make sense and support education [Novak 1990]. One major proponents of 

concept mapping is Joseph Donald Novak [Novak and Cañas 2006].  

Commercial Tools 

Pretium LLC (Guided Brainstorming LLC) created a structured innovation 

software, the Guided Innovation Toolkit (GIT) based on TRIZ that is available for 

purchase. The process uses software which allows mapping of a problem in blocks and 

the built in logic uses TRIZ principles to resolve contradictions and propose solutions. A 
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screenshot is in the Appendix I. Leverage Point produced a value-estimating tool that 

uses a version of waterfall charts to display increases in value to help companies value 

their products and services.  

The area of Product Lifecycle Management (PLM) [Karniel and Reich 2011; 

Staresinic 2007; Wasmer et al. 2011] has grown in importance in recent years, and there 

are many consulting firms and commercial firms (Kalypso, Oracle, Dassault Systems, 

Siemens, IBM, etc.) that offer software products to address new product development 

needs and product lifecycle management resources. 

Patent Applications 

The patent search for technology commercialization yielded several relevant US 

Patent Applications on Technology Commercialization – methods, not tools: 

 2011/0078036A1 (Systems and methods for the assessment, protection, 

marketing and commercialization of technology-based ideas),  

 2008/0201193A1 (Method of Commercializing Technology From 

Research Entities), and  

 PCT/US2002/018072 (Method for accessing, developing and 

commercializing academic technology research). 

Because none of the above patents have been issued and given the time since 

filing are unlikely to be issued, the discussion on these patent applications would be 

premature. 

DESIGN & ENGINEERING TOOLS 

Because developing new products and improving existing ones (re-engineering, 

reverse engineering) is included in the engineering discipline, engineers have developed 

useful methodologies to aid in this process. Although early engineering design process 
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was thought of as an art and at first seemed difficult to understand and explain until 

relatively recently [Horvath 2004], by the 1970-80s, systematic methodologies have been 

established [Pahl and Beitz 1995; Horvath 2004] with the discipline also established as a 

topic of scientific research inquiry. Product design methodologies start with given 

specifications or/and customer need(s) [Horvath 2004; Hsu and Woon 1998]. This lies in 

stark contrast to the challenge the Innovation Gap presents because to advance new and 

emerging technologies into products and services, no such specifications yet exist. 

Function Analysis Systems Technique (FAST), TRIZ, Quality Function 

Deployment (House of Quality), and other Engineering Product Design methods have 

been successfully used to advance products in the concept stage, improve or redesign 

existing products, and beyond.  However, largest part of the product cost and value is 

created at or before this point [Kaufman and Woodhead 2006; Dan A. Seni 2004; Cariaga 

et al. 2007; Hsu and Woon 1998]. 

The paragraphs below contain a brief discussion on several useful, prominent, and 

widespread techniques to create products based on defined customer needs, using 

engineering design methodologies. Because there are many techniques and tools that 

support design methodologies the following sections will only focus on some of the more 

commonly known or used tools and the ones directly relevant to this work. 

House of Quality (HoQ, QFD) 

Quality Function Deployment (QFD) originated in a Japanese methodology 

[Hauser and Clausing 1996, p.63] is often referred to as House of Quality (HoQ) because 

of the way the charts resemble a house. House of Quality [Hauser and Clausing 1996; 

Hauser and Clausing 1996] is a practical, systematic, step-by-step approach and name for 

a widely used design technique. Modified QFD(=HoQ) has been applied to decision 
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making for new product development [Yung et al. 2006]. House of quality is useful in 

establishing engineering requirements [Otto and Wood 2000] that are quantifiable to 

relate to more qualitative customer needs because it effectively maps customer needs into 

design attributes. House of Quality puts customer needs first and shows relationship 

between customer requirements, the actual functional requirements, their relative 

importance, their mutual interactions, & benchmark comparison to competition. Sample 

of HoQ in Figure 6 and in Appendix I shows the high-level overview of the House of 

Quality – note the similarity to a sketch of a House, coining the name. From a higher 

level perspective, it becomes clear that HoQ maps customer needs into design attributes. 

 

 

Figure 6: House of Quality – An Example of a Higher Level Overview. Figure 1. from 
Hauser [Hauser 1993, p.62] 

Based on the relationship matrix (roof of the “House”) between the functional and 

customer requirements, engineers can identify strong/weak relationships and importance 
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of each factor. Competitive benchmarking to competing products on the right provides 

additional insight. It also shows technical difficulty thus allowing designers to uncover 

the “low hanging fruit” to focus on when designing new product or 

redesigning/improving an existing product. For more detailed discussion and some 

examples, one can for example review Otto&Wood or the works by Hauser&Clausing 

[Otto and Wood 2000; Hauser and Clausing 1996]. 

Systematic Design Methodology 

Pahl & Beitz, based on their experience with designers, developed a relatively 

linear and sequential approach to design and general problem solving [Pahl and Beitz 

1995; Pahl et al. 2005]. It goes from Task (Clarification of Task) Specifications 

(conceptual Design) Concept (Embodiment Design)  Definitive Layout (Detail 

Design) Documentation & Solution as shown in Figure 7. This design methodology is 

iterative, has feedback loops and covers the entire traditional design process. Most 

systematic approach to design follows a similar linear approach, for example see 

Otto&Wood [Otto and Wood 2000, chap.1].  
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Figure 7: Systematic Design Methodology. From Malmqvist [Malmqvist et al. 1996, 
p.4]. 

In the entire engineering design process, there are various tools used along the 

way [Otto and Wood 2000]. Some of them are described below.  

Functional Modeling for Design  

Functional Modeling [McAdams and Wood 2002; Otto and Wood 2000; Stone et 

al. 2000; Hirtz et al. 2002]  looks at a platform or product architecture not on a physical 
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(apparent) level but rather on an abstract, functional level [Dahmus et al. 2001; Otto and 

Wood 2000]. Developing functional structures helps engineers to abstract and review a 

product without a bias towards embodiment because of the focus on functions. Thus 

developing a functional structure for a product has become an important & integral part 

of design methodology [Otto and Wood 2000]. Product design, redesign, product 

architecture, and portfolio design can all benefit from developing these functional 

structures. In the simplest case, one would start with a black box model, Figure 8. 

 

 

Figure 8: Generic Black Box Model. Product function transforms inputs to outputs 

In engineering design, what completely describes a function of a product are 

interactions with the outside world – the flows and changes in energy, signals, and 

materials and thus engineering design function models incorporate those as in Figure 9. 

 

Figure 9: Energy, Material, and Signal Flows. A simple black box model of a 
screwdriver showing energy, material, and signal flows. From [Stone et al. 
2000, p.363]. 
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The high level model of Figure 9 can be broken down into its sub-functions to 

create a more complete (and more useful) functional description of a power screwdriver. 

To do this, one first creates function flows for each input (human force, hand, bit, screw, 

direction, on/off, etc.) on a more detailed level. Those together will form a set of function 

chains. These function chains can then combine to produce a full functional model as in 

the example of a power screwdriver in Figure 10. 

 

 

Figure 10: Power Screwdriver Engineering Function Model. A complete functional 
model of a power screwdriver from [Stone et al. 2000, p.364]. 

To standardize and simplify the creation of product function structures, 

researchers [Stone et al. 2000; Hirtz et al. 2002] proposed a unified and complete set of 
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“functional basis” terms that offers a common design language. According to the 

researchers, it can be used to describe the entire space of mechanical design (and thus 

products). The functional basis also encompasses terms used in TRIZ [Stone et al. 2000; 

Little et al. 1997]. The hope is that with a complete and unified set, this basis will be 

more amenable to computational methods. It also allows designers to share information 

more effectively [Stone et al. 2000]. Stone and Wood also anticipate that the functional 

basis set for design will make design methods more systematic and repeatable to support 

product innovations. 

Morphological Analysis  

Morphological Analysis and Matrices [Otto and Wood 2000; Fargnoli et al. 2006] 

supports novel and creative design [Fargnoli et al. 2006, p.5]. Morphological analysis 

lists each product function in a first column, then in the second column how is the 

function currently performed and each subsequent column identifies another way to 

perform the same function. A row in a morphological matrix may read similar to the 

following [Otto and Wood 2000, p.458]: |Convert to large force|fulcrum&lever|scissors 

lever, nutcracker lever|wedge|linkage| or as in Table 4.  

 
               Energy   
ꜜSub-function 

Mechanical Fluid Miscellaneous 

Capture Energy Linear Spring, Torsional spring, 
Pendulum, Elastic, Mass/spring 

Air: propeller, vanes, 
cup; Water: hydraulic 
head, turbine, float 

Solar cells, Batteries, 
Fuel, Chemical reaction, 
diffusion 

Transform Energy Crank shaft, Gears, 
Belt/sprocket, Four bar, Cam, 
Rack&Pinion 

Pneumatic/Hydraulic Electrical/Mechanical 

Table 4.  Morphological Matrix Sample. This table shows how morphological matrix 
shows different design solutions to a function. Simplified from [Otto and 
Wood 2000, p.464]. 
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A morphological matrix can systematically explore and cover a design space of solutions 

based on different operating and physical principles (mechanical, electrical, hydraulic,…) 

The matrix abstracts functional needs into specific design elements. 

Inventive Analogies  

Kalogerakis [Kalogerakis et al. 2010] describes experiences from engineering 

consulting firms that often use inventive analogies in the product design process. Many 

instances fall in the category of transferring a technological solution or a functional 

principle from another product category. These results mimic the “design by analogy” 

[McAdams and Wood 2002; Linsey et al. 2008] technique that often choses inspiration 

by nature and biological systems. 

Other Design Methods 

There are many other design techniques that are used in the ideation stage; some 

may possibly be applicable in technology commercialization but since they are primarily 

used in developing product concepts, they are only briefly mentioned here. These include 

Brainsketching, C-sketch (6-3-5) [Linsey et al. 2011; Linsey 2007], and Word 

Morphologies [Linsey et al. 2008]. Although these methods have shown promise in 

design, they seem to be too narrow and focused on solving a well-defined technical 

problem and thus less applicable for use in the Innovation Gap. 

Process Flow Charts 

To make a distinction and show some first-look resemblance between a structure 

used for a part of the ATIM tool, this section will address a tool often used by engineers 

in many areas and for many processes – Flow Charts (FC), Flow Charts [Gilbreth 1921] 

were first introduced by F. B. Gilbreth to American Society of Mechanical Engineers 
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(ASME) and later standardized by ASME (1947). Implicit in the use of Flow Charts is 

the goal of process improvement. 

Any process however complex may be broken down to components and 

interpreted with a process chart. It has been used in manufacturing processes for nearly a 

century and in information processes for more than 50 years. Ultimately, the goal of 

using this tool is to improve, optimize, or engineer a work process. The general 

methodology [Graham 2004] will: 

1. Select the process to study,  

2. Gather facts,  

3. Challenge the current method and review step by step, 

4. Develop improvements, and  

5. Apply those improvements. 

 

The process flow charts are often named cause-and-effect diagrams, fishbone 

diagrams, process maps, etc. depending on the field of use and focus. The standardized 

Process Flow Charts Symbols are in a table below: 
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Table 5.  Process Flow Chart Symbols. From [The Ben Graham Corporation 1998]. 

The process flow charts (and various variants of system design tools) are useful 

for paperwork systems & procedures and when considering linear, sequential processes. 

They do incorporate action points. Figure 11 shows a sample of a process flow chart in 

action. 
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Figure 11: Sample Flow Chart. Sample Process Flow Chart from Graham [Graham 2004, 
p.45]. 

For data and information processing, ISO/ANSI standard 5807 describes a set of 

standard symbols [American National Standards Institute. 1985, pp.7–17] and flow lines, 

including decision making and branching points. The symbols are different and the 

several dozen specialized (such as magnetic disc storage, punch card symbol, or 

communication link) process symbols include: 

 parallelogram to represent input/output function  

 rectangle box as a “process symbol” 

 diamond to represent a decision in the process 

 hexagon - represents preparation 

 circle - represents a connector, etc. 
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Ultimately, the shape convention in Function Maps and ATIM as described in this 

work is not related in any way, shape, or form to the two above mentioned flowcharting 

processes. 

THEORY OF INVENTIVE PROBLEM SOLVING (SYSTEMATIC INNOVATION) 

In prior sections, this work briefly mentioned TRIZ as another systematic problem 

solving method. TRIZ acronym comes from Russian (теория решения 

изобретательских задач, Teoriya Resheniya Izobretatelskikh Zadatch) which was 

sometimes translated to English as “Theory of Inventive Problem Solving” (TIPS). TRIZ 

(TIPS) is based on work done by Altshuller [Altshuller 1984; Sushkov et al. 1995] in the 

former USSR. Altshuller observed that many patents19 and thus inventions can be 

categorized in certain groups or levels from the routine ones (simple “basic parametric 

advancement”) to the inventive ones that may take years of experimentation or even new 

science to be development for a solution. In parallel, Altshuller also noticed that there are 

patterns of technological innovations and evolutions of technical systems and formulated 

the Laws of Evolution of Technological Systems. For example, systems tend to move 

from simple to more complex and from mechanical to being controlled by “fields” (most 

commonly electromagnetic fields). 

In addition, Altshuller realized that inventive opportunities arose when problem 

solver faced contradictions. Whereas engineering approach to contradictions may be to 

optimize parameters, TRIZ approach would try to eliminate the contradiction and thus 

increase the overall system ideality. Ideality becomes one of the laws of evolution, 

meaning that systems tend to get more ideal over time. Ideality can be defined as: 

 

                                                 
19 Since intellectual property was treated differently, the Soviet equivalent of patents were “certificates of 
invention” 
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. 

 

Given the geographical and political division between USA and USSR at the time and 

different historical circumstances, TRIZ most likely evolved independently from Value 

Engineering (VE). Despite this fact, the ideality concept is not dissimilar to Value 

Engineering (section below) goal of minimizing cost and maximizing function.  

Moreover, Altshuller’s insight was that a certain set of a limited number of 

“inventive principles” are used to solve many classes of problems in diverse industries. 

Thus one could generalize the problems (contradictions) and identify and categorize the 

most common solution principles. While having a generalized problem space, a particular 

problem can be mapped onto this problem space. Having a database of useful principles, 

often from very different fields, that were previously used to solve similar category of 

problems, one can attempt to apply any of these principles to the problem at hand. 

Interestingly enough, often the solutions may include a special (often lesser known) 

physical effect. These more obscure physical effects also became part of the larger TRIZ 

technical problem solving database. After many years of analysis, Altshuller and his 

colleagues summarized these observations in a set of approximately 40 Inventive 

Principles. 

TRIZ and its principles are used in design [Otto and Wood 2000; Malmqvist et al. 

1996] by identifying contradictions from a functional model (or a QFD interaction 

matrix). This generalized contradiction problem becomes open to application of 

design/inventive principles with the aim to resolve the contradiction and thus arrive at a 

new or improved product concept.  
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Fully detailed description of TRIZ goes beyond the scope of this work but suffice 

it to say that it has been applied to many areas, many problems and often with success 

[Cerniglia et al. 2008; Cavallucci and Weill 2001; Bariani et al. 2004; Long-Sheng Chen 

et al. 2008].  The literature includes many references to TRIZ [Fey and Rivin 2005; 

Hongwu Chen et al. 2008; Rantanen and Domb 2002; Cortes Robles et al. 2009; 

Borgianni et al. 2011] as well. Although the amount of peer-reviewed literature is not as 

large, overall it seems but it seems that TRIZ methodology has not become as 

mainstream as Value Engineering. 

VALUE ENGINEERING/VALUE MANAGEMENT20 

History of Value Methodologies, Value Engineering (VE), dates back to WWII 

when faced with scarce resources, engineers had to create new solutions to adapt to the 

limitations of war effort. Engineer at GE, Lawrence Miles [Miles 1972; Bytheway 1968] 

used”…an active verb and a measurable noun in combination to characterize the benefit 

that a part’s function provides.” The method was first used for specific problems, later on 

to improve conceptual design. In 1959, the Society of Value Engineers was incorporated 

in Washington DC.  

Value methodology seeks to improve value, i.e. to accomplish same function in 

alternate ways (with different resources, smaller part count, less expensive components, 

etc.) to meet specs. The objective is to maximize value, i.e. increase functionality and/or 

decrease cost in the following equation: 

 

.	

 
                                                 
20 Reference for this section is: SAVE Value Standard and Body of Knowledge (2007) from save website 
(www.value-eng.org), the brochure contains minimum value standard to be expected. 
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 Function Analysis (FA) is key foundation to the value methodology and its 

distinguishing factor. In the value analysis, the basic or critical function(s) must be 

preserved. Although a value study has a job plan, it can also be supplemented with other 

business improvement techniques. The methods can be applied anytime but greatest 

benefits are early on (concept generation stages) because the means of performing the 

basic function has not been yet determined. Value studies are applicable to business 

processes and systems as well.  

Function Analysis Systems Technique (FAST) Diagrams 

FAST diagrams [Kaufman and Woodhead 2006; Miles and Boehm 1967] have a 

long history dating back to early work of Miles. They focus on defining, analyzing and 

understanding product and process functions, their mutual relationships, and try to focus 

on functions that are important to increase product value. The FAST Diagrams follow a 

logical sequence. The early steps begin with the definition of what a product does, not 

what the product is [Otto and Wood 2000]. The function names should be as broad as 

possible (1. shape material, 2. generate light, 3. produce torque as opposed to more 

specific and limiting: 1. file edges, 2. heat filament, 3. turn wheel, respectively). FAST 

Maps are built from left to right and logically tested from right to left.  

Within FAST, the function tree is strictly established by asking How is [X-

function] achieved?” in  direction and “Why does product [X-function] “ in the left 

()direction. On the Mousetrap example, Figure 12, this would be: “How is strike 

mouse achieved?” – Answer (to the right) is: ”By release striker”. Similarly, “Why 

release striker?”- Answer (to the left):”To strike mouse”. 
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Figure 12: Mouse Trap FAST Diagram Example. Mouse trap FAST diagram from 
[Kaufman and Woodhead 2006, p.8]. 

In Value Analysis, functions are later decomposed and assigned cost values. Then 

engineers can (usually in a large spreadsheet) quantitatively compare components and 

respective functions performed part-by-part with the corresponding costs to investigate 

whether those can be redesigned, rearranged, or number of components and their costs 

reduced to overall improve (i.e. reduce) the Function/Cost relationship. For a classical 

example of VE redesign of a flare timer, that reduced parts count from 22 to 5 (!), see 

Bytheway [Bytheway 1968]. 

Value Methodology  

Value Study as described by SAVE International has 3 phases:” 1. Pre-workshop 

(preparation); 2. Workshop (execution of the six phase job plan); 3. Post-workshop 

(documentation and implementation)”. About 5 days are spent on the workshop phase 

although the times vary. Large scope and complex problems may require 10-15 days.  
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Pre-workshop goals are to understand what needs to be addressed and what the 

strategic priorities are while workshop activities include many of the design techniques: 

Information Phase: QFD, Voice of Customer (VoC), SWOT, Benchmarking, 

Tear Down Analysis, Pareto Analysis (80/20 rule), Design for Assembly, … 

Function Analysis Phase: Random Function Identification, FAST, Function 

Tree, Cost to Function Analysis (Function Matrix=?Morphological Matrices?), Failure 

Mode and Effects Analysis (FMEA), Performance to Function Analysis, Relate Customer 

Attitudes to Functions, Value Index, etc. 

Creative Phase: Creativity “Ground Rules”, Brainstorming, Gordon Technique, 

Nominal Group Technique, TRIZ, Synectics 

Evaluation Phase: T-Charts, Pugh Analysis, Kepner-Tregoe, Life Cycle Costing, 

Choosing by Advantages (CBE), Value Metrics, … 

The results of ensuing Development Phase are several low-, medium-, high- risk 

scenarios. Presentation Phase follows and it will typically include: Briefing, Risk 

analysis, cost vs. worth comparison, Present worth analysis, advantages vs. 

disadvantages. 

Post-workshop phase includes Implementation, where project stakeholders 

determine what will be changed or implemented as a result of the study and identify 

future course of action. Value-Study Follow Up & Review, conclude the Value Study. 

Value Methodology emphasizes “customer need”. Conceptual stage identifies the real 

needs vs. wants; later, the methodology focuses on design.  

Woodhead [Woodhead and Berawi 2007] proposed to use VE to enhance 

education in innovation. Value should be considered as part of the engineering process 

(both in education and in the application) as well as in products, designs, systems or 

services [Fallon 1980]. Some authors advocate VE “as a tool to guide team-thinking” 
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[Woodhead et al. 2004, p.6]. Kaufman & Woodhead [Kaufman and Woodhead 2006] 

observe that one often understands part of the phenomenon but not holistically and 

VE/FAST abstraction helps with full understanding. While economy helps/stimulates 

motivation for humans to advance technology and achieve progress. “… value is that 

which enables customers to prefer one ‘thing’ to another.”[Woodhead et al. 2004, p.338] 

ROLE OF ABSTRACTION FOR PROBLEM SOLVING 

One common thread that many design and problem solving techniques have in 

common is abstracting a problem (to a higher level). Figures by Seni [Dan A. Seni 2004] 

capture this phenomenon well. First, Figure 13 shows a more traditional, model approach 

to engineering design.  The designer develops a model (often intuitively, implicitly in her 

or his head), then solves the problem, and finally embodies the new solution model into a 

“physical thing”.  

 

 

Figure 13: Modeling Relation in Design. From Seni [Dan A. Seni 2004, p.7]. 
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Function Analysis (and similar design) techniques aid this model by increasing 

the level of abstraction to scan a much larger set of possible solutions, a broader solution 

space. Thus, arguably, the method will arrive at a more optimal (higher ideality, higher 

function/cost) solution as shown in Figure 14. Although this figure is proposed with 

value engineering in mind, it certainly applies to Functional Models for design and could 

explain the usefulness of ATIM, FAST, and other visual techniques. 

 

 

Figure 14: Abstracting Function. Note, that when facing a technology commercialization 
problem, or an Innovation Gap problem, the word “object” could be 
replaced by “technology” and this is the task of the ATIM tool. Figure from 
Seni [Dan A. Seni 2004, p.8]. 

This idea of this simple process: DecomposeAbstractProblem Solve (in 

abstract domain)  Embody (concrete implementation) is a unifying component of many 

above described techniques varied from morphological matrices to FAST and TRIZ. 

Additionally, showing graphically the relationship between functions (ideas) can help 

visualize and/or remember the situation and problem faced.  
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REVIEW OF TECHNOLOGY INNOVATION MAPPING (TIM) TOOL 

This section briefly reviews the Technology Innovation Mapping tool (TIM) 

[Evans and Nichols 2010b; Evans and Nichols 2010a; Evans et al. 2010], a rough 

predecessor of the Advanced Innovation Mapping tool. With TIM, Evans et al (see 

references above) proposed, established, and demonstrated use of Function Maps in the 

Innovation Gap for education [Evans et al. 2008]. The full and complete description of 

the major improvement ATIM tool represents is in the following chapter; this section 

primarily teases out some major differences between TIM and ATIM. Some are also 

summarized in Appendix VIII. 

TIM Wood Pencil Example 

Evans et al. [Evans et al. 2008] highlighted the “Innovation Gap” existing 

between a technology and a techno-market match followed by a commercial 

demonstration. They introduce the TIM tool and describe use of function maps for 

increased understanding of a technology in order to address this gap. The three phases of 

the map creation authors described are technology focus, market focus, and informed 

iteration. The examples include mapping a technology of wooden pencil (Figure 15) and 

of a targeted nano-sized drug delivery device. On a single example, authors show an 

increased and improved understanding of a technology by a team in a graduate class that 

used the map. Evans’ clear goal was to identify contradictions in the maps by analyzing 

the negative functions to later apply TRIZ (Pretium’s GIT) to eliminate contradictions 

and develop a better product- or techno-market match. 
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Figure 15: Wooden Pencil Example – TIM. This figure illustrates early attempts with 
Technology Innovation Mapping (here focused on technology of wooden 
pencil). From [Evans et al. 2008]. Red are value negative functions. 

 

The ATIM improves TIM and rests on a fundamental insight that there are at least 

3 important levels of understanding – market, technology (remain the same), but the 

technology development process (Value Adding Activities, VAA) is additional, new, and 

important for strategic decision making. Iteration step in ATIM remains. The ATIM 

brings together years of experience from 100+ team sessions – it is designed not only for 
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educational purposes. ATIM is a more systematic, developed, structured methodology 

that promotes deeper understanding. 

TIM Concrete Rheometry Example  

Evans [Evans and Nichols 2010b] focused on “linking technology features to 

specific customer needs” [pp. 169]. The focus in the rheometry example is on the value 

chain around a customer and its importance to the technology commercialization process. 

Evan’s tool was proposed and described but often only applied post-mortem. The main 

and only connection to strategy is when Evans introduces the concept of “value chains” 

(based on [Porter 1998]) to describe the customer side of the map. Value chain may 

include customer’s customers, suppliers, users, beneficiaries or contractors. In this work, 

Evans focuses on the value chain and on the process of applying the technology. The 

steps of linking “customer demands” (needs) to the technology are a predecessor of 

ATIM’s Value Adding Activities (VAA). The authors populated the maps of the tool 

based on technology and market research already done. In this case, it appeared that the 

map revealed an interested player that may be willing to pay for the technology that was 

not considered at first. 

The ATIM advanced the work to form an improved understanding of customer 

needs and rational causality for a customer to buy a product/service.  The process remains 

iterative as teams’ understanding of customer needs and technology improves. The links 

from technology benefits to customers are more abstract – to seek&create a match 

between them. Although Evans recommended starting with technology, ATIM is 

customer- and market-first focused but could potentially include a “virtual” or ideal 

customer concept (more in line with [Henkel and Jung 2010]) to help abstract the key 

benefits of the technology and to broaden the search. Evans’ Customer Value Chain 
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(CVC) is now in ATIM but as a subset of a more complete Customer Buy Decision 

(CBD) map that Evans does not include. In ATIM, the CBD aims at defining customer 

demands. Value Adding Activities (VAA) for commercialization map is not in this work 

but is part of the improvements of ATIM. Understanding the value chain of customer is 

important to the extent that it affects the Customer Buy Decision. Competition, which is 

completely overlooked in Evan’s work, is (albeit indirectly) encompassed in ATIM 

because of customers automatically “benchmarking” their buy decision and defining their 

own demand based on competing product specs. 

ATIM realizes that what drives the innovation is “the customer buy decision”. 

The decision can be influenced by the value chain. Although value chains make it easier 

to understand a more complex definition of “customer”, they also remove focus from the 

customers that ultimately pay. In ATIM, broadly, several important questions should be 

asked that Evans does not address directly – Who decides? Who writes the check? Who 

benefits? and Who uses the technology/product/service? 

TIM Silicon Carbide Example 

Evans [Evans and Nichols 2010a] states that unlike in engineering design, 

emerging technologies may have undefined customer needs and undefined customers. 

The linking however can be done [Evans and Nichols 2010b]. Focus of that work is on 

the customer search and Evans highlights the Useful/Harmful functions as value 

positive/negative. The first step again is to create a technology map with goal to create 

links to potential customers. The details of technology workings are less important, the 

goal Evans seeks is to understand the technology components (unique elements) and 

benefits. To reduce and help define a customer set, at least one benefit must be valuable.  
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However, finding customer from a value chain map is different in contrast to 

finding a customer for emerging technology which essentially precedes application 

identification for a technology in a particular market. Often the reason why and with what 

purpose in mind a technology was developed is not the reason why it is used by a 

customer outside of that field (i.e. post-it “non-adhesive”). TIM here was applied to a 

search after the search has been done by the students. In this case, needs and benefits 

matching is a first order estimate/assessment. The paper describes adding additional 

knowledge in “boxes” (nodes) as understanding deepens. The links in this paper create 

and identify an opportunity in bringing technology to market and do communicate it well. 

TIM Cancer Treatment Example 

In this work, Evans et al. [Evans et al. 2010] summarize the TIM tool and present 

it in its full form. The authors show (large) complete maps for a targeted nano-size drug 

delivery container technology, Figure 16, and insights gained from TIM exercise. The 

authors describe the necessary detail that the map can provide in the value chain creation 

on the example of FDA trials. These are complex, requiring multiple steps and outlining 

several options such as “fast track” status. Evans writes that “Further, the path to 

reaching customers must begin with the current technology and depending on the 

technology will include technology research, regulatory hurdles, product development, 

manufacturing and methods of distribution.” Evans writes that “over time the team 

developed an understanding of how the technology could reach customers…”[Evans et 

al. 2010, p.1024].  
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Figure 16: NANOTaxi™ Maps. Figure shows a  Nano-sized drug delivery device map 
[Evans et al. 2010] for manufacturing and FDA trials steps. The hexagonal 
(and red) nodes represent negative functions. 
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ATIM in Comparison with TIM 

Although Evans shows that TIM tool helped a team better understand the risks 

and opportunities, this dissertation research (ATIM) extends and simplifies the tool 

further by using a separate VAA map; realizing how critical it is to understand 

development activities for the commercialization process. Despite Evans’ claims, it is not 

clear how the team developed an increased understanding. Moreover, limitations of TIM 

are apparent when one considers the small sample size and less formal methodology, 

basically 3 mini case studies. 

While linking Evans’ maps is where users of TIM spend much effort, ATIM 

eliminates this less-productive step. ATIM creates three distinct and separate maps. 

ATIM highlights and focuses critical understanding of the major components and the four 

core areas (customer, technology, technology value development, and strategic choices) 

over simply trying to appropriately link the maps.  In ATIM, the links should flow 

naturally to a human mind and the abstractions should easily be understood by even a 

laic. ATIM highlights that quantifying (as in Value Engineering) the information in the 

maps and inside the functions is extremely useful. Besides adding new functions, ATIM 

includes other variables such as time, $ needed (i.e. costs), or milestone value increase 

[(valuein) – (valueout)]. The ATIM could be extended to Intellectual Property issues, 

strategy, and to support IP creation but that has not yet been accomplished and will be 

proposed as future research. 

In addition, the advantage of using counteractions (to eliminate results of a 

negative function) has not been fully harvested as the counteracting functions often call 

for creative technology or process modifications and solutions. TRIZ can aid in those 

respects with problem solving, however this is less useful for teams that are only just 

getting familiar with their technologies, markets, customers, and development processes. 
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ATIM maps can point a commercialization team not only to identify the sum of activities 

(costs, time required and risks encountered) that need to take place for successful 

commercialization, but also to pick the ones that the team ought to focus on. ATIM can 

help the team to strategically decide on the most optimal path to market (license, develop 

in-house, open-license, separate startup, etc.) for given customer(s) and technology. 

Overall, the Advanced Technology Innovation Mapping (ATIM) tool builds upon 

and borrows from Value Engineering FAST Diagrams [Kaufman and Woodhead 2006; 

Bytheway 1965; Bytheway 1968; Bytheway 1975], as well as function analysis in 

engineering design [Otto and Wood 2000; Pahl and Beitz 1995; Stone et al. 2000; Hirtz et 

al. 2002]. 

SUMMARY OF VARIOUS METHODS 

In summary, the tools fall in different categories on the spectrum with respect to 

the development time and the tool structure. No tool encompasses all of the pre-NPD 

through NPD process, and some are very specific and rigid in their rules. Although this 

chapter includes a broad and diverse cross-section of relevant tools, methods, and 

processes to support new product development based on technologies, this list is certainly 

not all-exhaustive. Given the scope and focus of this dissertation, going into minute 

details of each method would be unnecessary. Thus for more information on any of these 

methods, reader should refer to the sources cited within each section.  

CHAPTER SUMMARY 

This chapter summarized and classified various tools that were or are used in new 

product development with focus on innovation. It also described Value Engineering, 

visual design techniques, and Technology Innovation Mapping tool (TIM) that form basis 

for the undertaken work, the Advanced Technology Innovation Mapping (ATIM) tool. 
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The ATIM will be the focus of the remainder of this work Next chapter will introduce the 

Advanced Technology Innovation Mapping tool on an example of Selective Laser 

Sintering (SLS, 3D printing) technology followed by case studies the investigation of its 

effectiveness and use in Chapters 4.  
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ADVANCED INNOVATION MAPPING (ATIM) TOOL21 

Chapter 3:  Building a Function Analysis Map for Selective Laser 
Sintering Technology 

INTRODUCTION 

This section will introduce ATIM in more detail and demonstrate how to use the 

Advanced Technology Innovation Mapping (ATIM) principles to build three separate 

Function Analysis Maps on an example of Selective Laser Sintering (SLS) technology 

[K. Cooper 2001]. The maps and their conceptual relation are shown in the Figure 17 

below. 

 

Figure 17: Overall Relationship and Layout between the Three Maps of ATIM. Numbers 
depict the order in which the maps should be constructed: 1. Customer Buy 
Decision (CBD), 2. Technology Function Map, and 3. Value Adding 
Activities (VAA). 

                                                 
21 Another possible and shorter acronym for the new tool is AIM – Advanced Innovation Mapping 
(because the term “technology” is included in the definition of “innovation”). 
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THE TASK IN BUILDING OF ATIM 

Overall goal of the ensuing description is to create a set of three separate maps 

that are conceptually connected in the following way: The Customer Buy Decision Map 

(CBD) on the right shows the functions that drive customer buying decision and traces 

these decisions back several levels to identify a set of “benefits” that the customers seek. 

The Technology Map on the left focuses on the technology itself, how it functions, and 

how its independent elements interact to produce the resulting technology “Features”. 

The Value Adding Activities (VAA) Map (Step 3, in the middle) can be summarized as a 

“Technology product/service development description”. The VAA map shows the value 

adding steps in proposed or envisioned commercialization efforts to bring the technology 

(Technology Map) from its current status (“Features”) to market (customer’s seeking 

“Benefits”). In other words, what functions/activities need to be performed (and at what 

costs, time delay and with what risk level) to convert features of the technology into 

benefits (CBD Map), that will cause a rational customer to purchase the product or 

service. Thus, the VAA Map bridges the technology and customer as apparent in Figure 

18. Together, the three maps form the Advanced Technology Innovation Mapping Tool. 

 

Figure 18: Overall Structure of ATIM – More Detailed Relationship of the 3 Maps. 
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Anatomy of a Function 

The typical “anatomy of a function” is in Figure 19 below. It is based on different 

elements of previous work in Value Engineering and Design [Kaufman and Woodhead 

2006; Bytheway 1965; Bytheway 1975; Miles 1972; Stone and Wood 2000; Pahl and 

Beitz 1995; Pahl et al. 2005]. The rectangular function=node, or “box”, has incoming 

arrow(s) that show how is the function produced from preceding function(s). To the left, 

one asks “How” and to the right one asks “Why”. The structure of the function is 

predominantly subject-verb-object with a few exceptions described later, and whenever 

possible includes a quantifying element – “quantifier” (time, costs, performance metric, 

etc.). The origins of this function setup are in combination of function maps for design 

[Stone and Wood 2000; Hirtz et al. 2002; Otto and Wood 2000; Wood and Linsey 2006; 

Pahl and Beitz 1995] and function maps (Function Analysis Systems Technique, FAST) 

used in Value Engineering [Kaufman and Woodhead 2006; Bytheway 1965], both 

described in more detail previously. The most recent published relevant work was done 

by Evans [Evans and Nichols 2010a; Evans and Nichols 2010b; Evans et al. 2010]. 

 

Figure 19: Anatomy of a Function, Function as a Building Block. Based on different 
elements of Kauffman, Bytheway, Miles, Evans, Stone/Wood, Pahl&Beitz 
[Kaufman and Woodhead 2006; Bytheway 1965; Bytheway 1975; Miles 
1972; Stone and Wood 2000; Pahl and Beitz 1995]. 
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To create function maps for ATIM, since the application and use is for a unique 

purpose (supporting innovation), the classical idea of functions is somewhat different 

from that of engineering. Just as Evans proposed [Evans and Nichols 2010a; Evans and 

Nichols 2010b; Evans et al. 2010] and in line with FAST – Function Analysis Systems 

Technique [Kaufman and Woodhead 2006; Bytheway 1965] – diagrams, the function 

nodes should be concise and contain a descriptive, ideally subject-verb-object 

combination with relevant specifications, such as performance metrics, effectiveness, 

energy, costs, time, and risk. Subject can be implied ([product] provides 10 L/s flow) in 

the function node. The reason for a limited description in the function nodes is to at a 

glance visually provide key actions and specifications without too much extraneous 

details. This way one can keep the large picture and relationships in mind without 

decoding long descriptions. 

 Additionally, it is useful to evaluate and think of the functions in terms of 

“function/cost”. One would like to make this ratio as high as possible to deliver a superior 

product or service at a favorable margin or value added. In VAA map, that may be the 

difference of “valuation” before and after a function is executed, divided by the 

time/costs/risks involved. Although the first few steps of creating the function maps will 

be hypothetical or mere educated guesses, the work does not end here – primary market 

research will verify, validate, and adjust these initial assumptions. As such, the map will 

be a continuing, iterative work in progress. 

SELECTIVE LASER SINTERING (SLS) TECHNOLOGY 

Selective Laser Sintering (SLS) is a technology that was originally developed by 

graduate students and then young faculty at the University of Texas at Austin in 1980s. In 

more traditional manufacturing processes, shapes are formed in solidification, 
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deformation, or by removal from a previously produced shape [Schey 1999]. Solid 

Freeform Fabrication (SFF) is a general class of techniques that builds a shape 

incrementally in layers, without need for dies based on a 3D model that computer “slices” 

into incremental thin 2D layers. Additional details about SLS are here below and in 

references within this work. A great summary of the history, growth, and development of 

SLS at the University of Texas at Austin is o the Mechanical Engineering at UT – Austin 

website [Mechanical Engineering Department, The University of Texas at Austin 2012]. 

Figure 20: Machining. An example of a subtractive manufacturing technique (lathe). 
Image from Schey [Schey 1999, p.616]. 

Unlike traditional manufacturing methods such as milling that remove material to 

create a finished part (Figure 20), SLS is one of the additive manufacturing methods and 

was a predecessor to and, now is comparable to 3D printing. Because SLS was one of the 

first (for example: Stereolithography, STL, existed before SLS) of these modern 

technologies, a pre-cursor of the true 3D printing market, the following discussion will 

focus on it. In SLS, the final part is built in consecutive layers, by controlled laser-guided 

melting and solidification of one layer of polymer powder at a time on top of another. 
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Materials used are often polymers such as nylon.22 The excess powder is then removed 

making the final part ready.  

Using this technique and SFF in general, parts with very complicated shapes can 

be built and even parts not available to conventional, subtractive, manufacturing methods 

can be made (such as part with parts inside them made in one piece) – Figure 21. The 

parts are formed based on a 3D computer model via precise targeting and control of the 

laser beam. The entire SLS manufacturing process takes on the order of hours, cooling 

about a day, and with pre- and post- processing, most parts could be produced on the 

order of days.23 

Figure 21: SLS Product, Polymer Material. An example of a part made using SLS – note 
that there are a total of four progressively smaller parts nested within each 
other, all made in one piece and one run using additive manufacturing. 
Material was most likely nylon. Scale is in centimeters (photo by author). 

Although this technique cannot manufacture large quantities of products as fast as 

other manufacturing methods such as die casting, injection molding, or rapid machining, 

it may be quite suitable for making “one of” or low-run products, models, and iterative 

                                                 
22The original research used Acrylonitrile butadiene styrene, ABS and later Nylon powder. 
23 Author has experience working with Laboratory for Freeform Fabrication at UT Austin and they 
successfully produced prototypes on request in less than a week, even on a short notice. 
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models (prototypes) for rapid successive designs (rapid prototyping) [Schey 1999] as 

well as making highly-custom parts. Another limitation of SLS may be the size of the 

final shape due to laser control limitations, tolerances, sintering chamber size (few cubic 

feet), and other physical limits. This is enough of the necessary background on the 

technology to proceed to create ATIM function maps for this technology but for 

interested reader, there are plethora of detailed references and resources, especially 

through UT-Austin ME [Mechanical Engineering Department, The University of Texas 

at Austin 2012]. 

BUILDING A SET OF ATIM FUNCTION MAPS 

Knowing the basic information about the SLS technology, one can start building 

the ATIM set of function analysis maps. The following sections will describe 

construction of the three map components and application of the Advanced Technology 

Innovation Mapping (ATIM) Tool to the SLS Technology. It will start in line with first 

focus on the Customer Buy Decision Map (CBD), continuing with Technology Map 

(Tech Map) and concluding with the Value Adding Activities Map (VAA) which will 

also address some strategic points. 

CUSTOMER BUY DECISION (CBD) MAP 

Because the objective in any new product development is for the customer to 

ultimately make a decision to purchase24, that is the appropriate start of building CBD 

map: a “buy” or desired result function: such as “Customer A buys product”. Specificity 

in terms of the customer and proposed product aids teams in focusing their research 

efforts. This map is built from right to left although the arrows connecting the functions 

                                                 
24 In this work there is an important distinction between selling to customer and customer making a buy 
decision. Whereas the former may often be sales driven, the latter should be a rational decision based on 
value a product or service delivers/offers.  
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will have left-to-right direction terminating in the buy decision. This is a direction of 

reading the buy decision story (right to left) while causality goes from left to right. 

However, the buy decision certainly can (and should) be presented, analyzed, and 

discussed in both directions. Ultimately, the map should demonstrate why a rational 

customer will buy the product or service and the functions should point logically into the 

final buy decision as described below.  

The customers have a problem or a need that they are trying to solve or fulfill. 

They are looking for a solution, benefit, in the product to help them solve their “pain” 

better than what they currently do (even if today they “suffer quietly” and do “nothing”). 

The map elucidates the benefits/solution and the key demand factors in customer 

purchase decision. 

The node to the left of the first “Customer Buys” function shows how to keep 

building and expanding the map. The customer(s) demand specifications/attributes the 

product must satisfy before they will buy. These may be price, effectiveness, operating 

costs, training time, and many others. Teams will find out more and update their maps 

every time they speak with some of the potential customers. Besides helping to 

understand the customer, the map also helps teams understand that portion of the market 

and how buy decisions are made in it. Thus, teams should include how the potential 

decision makers in the buying decision are related – who recommends, who approves, 

who pays for, and who uses the product? – These may be quite different entities with 

different reasons for their buy decision. Each market in this discussion can be thought of 

as market defined by Moore for high tech [Moore 1999, p.28]:  

 a set of actual or potential customers 

 for a given set of products or services 

 who have a common set of need or wants, and 
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 who reference each other when making a buying decision 

Each market would have a different map, and the map may easily vary based on strategic 

objectives of each market player. Additionally, “Value chain” [Evans and Nichols 2010b; 

Porter 1998] captures relevant customer’s customers or end users. A critical distinction is 

that the map focuses on customer buying decision, not on how to sell to the customer. 

The assumption goes back to one of rational customer buying a product or service with 

given characteristics, not a pressure or selling tactic. 

Knowing simply the basic technology information, one can predict that potential 

customer for the technology or rather its desirable result – an “odd-shape” part prototype 

produced within days – may be someone who needs part prototypes or “one-ofs” and 

relatively fast. At the time of SLS development, many of these customers were large 

companies that specialized in manufacturing products using traditional techniques. In 

order to get a contract, they had to show a model, or a prototype of the product to 

demonstrate the “look and feel”. Normally, this was done by sending off the design to a 

tooling/die manufacturer that in turn created the a requisite complex die and in about 6 

months and costs of about $100k25 returned a form that could be used to make millions of 

these parts. 

Starting with the goal (i.e. most important action, the desired outcome), is to 

create a node C126, “Joe’s Manufacturing Buys 3D Part”, the desired outcome. 

Observations found that it is important for team to focus on a very specific company to 

better guide future informed iteration. Thus using a real company, for example “Joe’s 

Manufacturing Buys 3D Part” instead of “Part Producer Buys 3D Part” is a better start.  

                                                 
25 The numbers in this example are approximate to demonstrate a point 
26 For better readability, the nodes in the maps are labeled and are referred to by their labels, the first letter-
number combination.  
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At the very beginning the CBD map for SLS will look similar to Figure 22. 

 

Figure 22: Constructing, CBD Step 1. Very first step of building a function analysis 
(CBD map). 

Next step is for team to ask what will produce this result: “How is ‘Joe’s 

Manufacturing Buys 3D Part’ achieved?” There are several reasons, such as “C2 – By 

“Prototype costs <X”, “C3 – Prototype conforms to tolerances (dim<.1’’, weight, color)”, 

“C4 – Deliver 3D Part in t<1month”. 

C4 in particular shows one of the primary benefits of the technology, while C5 – 

“Prototype has complex shape” dim<0.1’’, internal features” may be important/enabling 

for a completely new set of customers. See Figure 23. 

C2 through C5 may be reasons why the customer will buy a prototype from the 

firm that makes such a 3D-prototyping machine (engineering startup developing SLS in 

the 1980). “C14 – Engineering Dep’t Approves” is another node, or function necessary 

for the customer buy decision albeit this one is more internal and may not be readily 

apparent. Adding these nodes to the map and making the logical connections results in a 

map that now looks similar to Figure 23. 
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Figure 23: Constructing CBD, Step 2. Customer Buy Decision Map Building Progress. 
Note the use of color for what is perceived as a critical element. 

Taking the logic in reverse, one can ask the question “Why?”, e.g. “Why “Deliver 

prototype in t<1month?” – The answer should be logical in the direction of the arrows 

that can be thought of as “produces”. – “So that ‘C1 – Joe’s Manufacturing Buys 3D 

Part’.” Alternatively, functions C4, C14, C3, and C2 together produce C1. Note that this 

function structure may be reminiscent and is intentionally similar to that of FAST 

Diagrams [Kaufman and Woodhead 2006; Bytheway 1965; Bytheway 1975; Miles 

1972]. It also uses very similar, structured questioning logic.  

One can thus follow and expand the function structure to a set of core Benefits 

needed by the customer. Starting with incomplete information, values and assumptions in 

the map, the core customer benefits/needs will need to be verified through primary 
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research. But as such, they are already captured for the teams to use as a starting point. 

Given this early inclusion, one of many advantages of the ATIM is that it can guide 

primary and secondary research to verify assumptions, and correct hypotheses about 

customer buy decision(s). 

One can then continue to build the map from left to right following the logic flow 

to the left, “How is ’Deliver 3D part in t<1month’(C4) produced/achieved? “ – “By ‘Part 

is ready for shipment <24hours’ (C8). How is ‘C8’ achieved? – “By ‘C9 – Computer 

Models/spec Change in <1day’ AND ‘C10 – Material Readily Available <1day, $/lb.’” 

and so on:   

How is C7 produced? – By C22, C12, & C21. 

In reverse: Why “C9”? – So that “C8”. 27 

Why C10 & C11? – So that “C8”. 

Why C8? – So that C4 and C3.28  

Why C3? – So that C-14 and C1. 

The map will now look similar to Figure 24 & 25 below. 

 

                                                 
27 Note that the answer is not as consistent as it could be, thus team should consider a possibility of another 
function in-between C9 and C8 to explain the produces relationship. A team investigating this technology 
and creating this map may want to delve deeper at this point. However, for the purpose of this example, let 
us content with the current answer. 
28 Same footnote as above applies to C8C3. Maybe the C8-C3 link is not necessary. 
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Figure 24: Constructing CBD, Step 3. Expanding the SLS Customer Buy Decision Map. 

Note that the map has now distinguished fully between a critical buy decision 

function (C4-green) and a “nice to have” function (C5-baby blue). Additional examples 

for the ongoing expansion of the map: 

How is C2 achieved? – By C7 & C6. 

How is C7 achieved? – By C22 and C12 which again makes logical sense – 

having a consistent manufacturing machine is a needed demand of customer’s buy 

decision, something quite apparent in retrospect but not necessarily obvious from the 

beginning. 

Continuing in the similar fashion several more times, one can create a more 

complete map, Figure 25. 
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Figure 25: Constructing CBD, Step 4. Adding another layer to the SLS CBD Map. 

At this point the left side of the map appears to be complete, at least to a higher 

level overview. The map on the left ends with some quantifiable benefits that the 

customer will need to have in order to support their buy decision. In fact, the map shows 

how these benefits drive the customer buy decision. Thus a finished product part with 

these characteristics will cause a rational purchase decision, which is the goal in 

technology commercialization, but also in any other business. 

Although, at a first glance the map may appear complete, there are some 

important elements that are still missing. The map shows the customer will purchase, but 

does not capture the value chain beyond the customer. Nevertheless, this is a critical 

component because understanding the value to the customer’s customers (Joe’s 

manufacturing’s clients) or even end-users helps in negotiations, helps establish pricing 

strategies, and helps to correctly identify the market. This section of the map will also 

consider the end user, if different. In the scenario of this map, the customer may be 

Boeing that will sign a $5M/month contract to get the parts once the prototype is 

delivered, look & feel, and basic function(ality) of it approved. 
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Another portion of the map that is neglected and would be a great start to create a 

CBD for another market (customer type) is a potential Market 2 – different type of 

customer that may not be concerned about timeliness of the delivery, but more about the 

availability of shapes previously not possible to build. These customers are obviously 

concerned with different resulting benefits (light weight, internal structures, high-

customization, etc.) Node C-20 depicts this scenario. Were Market 2 the target market, 

the map would focus more on this part of customer buy decision and the correspondingly 

necessary functions. This is important because the map will always be somewhat 

selective in the information displayed based on the area and market a team investigates. 

IN fact, a team may choose to create multiple CBD maps to investigate a variety of 

customers/markets. 

To demonstrate the aforementioned shortcomings, a more complete simple 

sample SLS CBD map, based on the preceding description and discussion would look as 

Figure 26 below (again with some annotations). 
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Figure 26: SLS Example CBD. First iteration of a Customer Buy Decision Sample Map for SLS Technology.
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More on How-Why Logical Consistency 

To be logically consistent, the nodes of the function analysis should flow from 

each other and be logically related. Objective is to use one function to query (ask) another 

(Figure 27).  Arrows show what this logic addresses: To the right (in the direction of 

arrows, “produces”) one asks “why perform/do certain function”. The answer to that 

question is “because/so/to achieve“ [The following box/node/function]. In the opposite 

direction, one will ask “how does one [Current function]”? The answer lies in the “one 

up” functions: “How to create/achieve ‘C1 – Joe’s Manufacturing Inc. buys prototype’?” 

The answer is: “By Prototype ready in less than 1week (C4)” AND by “Prototype 

Conforms to Specs (tol. <.1)” (C3), AND by (C2)… etc. 

 

Figure 27: How and Why Question Logic. This figure shows the conceptually the ‘how-
why/produces’ logical relationship between functions. 

Unlike in engineering design, where primary focus is often on customer needs 

[Otto and Wood 2000; Pahl and Beitz 1995], the CBD map not only addresses those, but 

expands significantly beyond basic engineering specifications to include external factors, 
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customer’s customers’ (end users), internal stakeholders, decision makers, regulators, 

non-engineering specs, and other factors, all of which are not readily apparent from a 

plain customer needs analysis [Hauser and Clausing 1996]. Existing competition is 

included implicitly by benchmarking the CBD – customer demands will be integrally 

based n what is currently available in the market from existing firms. 

As a final comment, note again the similarly to FAST diagrams [Kaufman and 

Woodhead 2006] – the function structure follows “subject-verb-object” function 

descriptions with quantifications. 

Why Start with the Customer Buy Decision? 

The focus on lead-users [Otto and Wood 2000; Eric von Hippel 1978; Eric Von 

Hippel 1986; Lüthje et al. 2005; Skiba and Herstatt 2009] may work in incremental 

improvements of a product. That focus is less useful in the many common situations 

where the customer is not yet existing, unclear, fuzzy, or too far away down the 

development pipeline [Friar and Balachandra 1999; Moore 1999]. This is always the case 

of disruptive technologies (and technology push). Then, one intuitively first focuses on 

technology and how it fits within the trends [Henkel and Jung 2010]. Because as 

engineers, inventors, and scientists, teams often unconsciously first focus and bias (“if 

you have a hammer, everything looks like a nail”) their search with the technology, one 

can balance this out by forcing the team to look at the CBD map first. Ultimately, the 

questions one is trying to answer are:  

1. What does the customer need,  

2. Why does she need it,  

3. How/whether the technology product or service can deliver it, and  
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4. What does it take to separate the customer from her money in a way that she 

would rather have the new product/service than her money? 

Analyzing the technology first and coming up with benefits (lighter, stronger 

material but expensive) can cause a bias that convinces a team that yes, the customer 

indeed wants the technology, a pitfall that can be detrimental to driving appropriate 

commercialization decisions. It is to avoid this pitfall that mapping should start with a 

customer. Although one could abstract the customer based on some general market 

understanding rather than have a concrete customer (or sets of customers) at first, the 

focus on a specific customer brings several advantages. A general customer abstraction 

as a part of improvements of ATIM may become a future research topic of interest. 

Why Start with a Concrete Customer? 

The map could potentially begin with a search of an “ideal” or hypothetical 

customer and then build upon this idealization or approximation. Nevertheless, this 

approach has the tradeoff that it is not specific enough. When constructing such map, it is 

significantly more difficult to relate to this “ideal customer”. Focus on a real customer 

makes it easier for the person(s) constructing the map to imagine being in the customer’s 

shoes. By building the map with one concrete customer in mind, real issues and even 

general, external concerns from the industry will surface earlier. It gives a fixed point on 

which the team(s) can start their iteration to zoom (target) in on the true customer and the 

early beachhead market. Because the map-building process is iterative, asking concrete 

and specific questions from the start helps establish the focus required in creating the map 

and ultimately also supports the search of the first actual customer. 

Even though the original customer used may not (and usually will not) become 

the first target customer because of some less anticipated benefit/drawback of the 
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technology, most buy factors except few would often be common to multiple customers 

in a given market. Thus, one change in a relatively minor iteration step will not be 

dramatic or too drastic. For example the benefit of receiving a part prototype in short time 

with SLS compared to other techniques will probably be critical to a majority of potential 

customers and the major differences may only be in finish, tolerances, materials, color, 

etc. More frequently than not, this detailed analysis using ATIM with pushback/feedback 

from the market will reveal that the ultimate first customer is quite unexpected. It can be 

an internal division within a company, a company previously viewed as a competitor, or a 

realization that the buy decision turns out to be driven to a large degree by customer’s 

customer or customer’s customers’ customers (end users). 

Why Be Specific and Quantify Functions? 

Careful reader noticed many “quantification elements” (i.e. concrete numbers) 

that are included in the map but this work did not explicitly address yet. The reason is 

simple – to provide measurable quantities and metrics, benchmarks for the 

planned/proposed product or service. Management guru Peter Drucker is believed to once 

have said, “It is difficult to manage what you can’t measure”[Drucker 1977]. Along the 

same logic, without measurable quantities, the technology commercialization team could 

be left in the dark. Even in early stages, it is important to realize what the customer 

demands are in specific quantities, and although unknown at the beginning, it is 

important to note them immediately as measurable – be it in a form of a placeholder – X, 

Y, Z - to be filled in at a later time or a reasonable estimate range. In engineering, the 

need for quantifiable measures has been well established because how can one know 

what quality is, if it is not quantifiable?29 [Hauser and Clausing 1996]. Map that has 

                                                 
29 Even such a personal customer demand as “comfortable seat” can be translated to a measurable 
combination of forces, deflection, stiffness, surface roughness, etc.  
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complete, up to date information can support team decisions and its justification with 

regards to a given customer type and or market segment and even the chosen technology. 

Because the goal of the innovation mapping tool is to objectively evaluate a 

technology and to serve as a neutral communication tool that depicts relationships, 

understanding, and causalities between functions, one needs to keep this objective focus 

in mind to remain objective. Thus specific terms help achieve that goal by using 

quantifiers rather than qualification. For instance, instead of “optimal” or “low” power 

consumption one ought to use a measurable quantity such as 10J/g, or <10W power.  

 

TECHNOLOGY FUNCTION ANALYSIS MAP (TECHNOLOGY ELEMENTS TO FEATURES) 

The second map (in order, ref. Figures 17-18) is a map of the technology itself. 

The objective of the technology map is to understand how the major important and often 

unique technology elements (controllers, pumps, mirrors, lasers, electronics, etc.) 

mutually interact to produce (as output) given features associated with the technology. 

These features are later compared to customer “benefits” identified in the CBD map. 

First step in building this map simply lists the important elements and components 

(often other, enabling technologies such as laser in this example) of the technology itself 

with as much quantification as possible (unknown specs are fine, e.g. Laser λ=Xnm). In 

this case, the “subject-verb-object” structure is relaxed and nouns alone are acceptable to 

use. In the example, the construction of this map starts from the left and continues to the 

right, from elements through interactions, to features. Care should be taken not to start 

with features as “benefits” (from CBD map) and then work way backward. This could 

result in only falsely convincing a team that indeed, the technology is great for the 

customer(s) in mind. 
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After capturing technology elements (in this SLS sample case T1-6), Figure 28, 

the step to the right, next level, shows mutual interactions of these components to create 

yet more functions. These functionally describe how the technology currently works and 

leading up to the current features of the technology. 

 

Figure 28: Building the Technology Map – Step 1. Starting the Technology Map, Step 1 
– Capturing Technology Elements. 

One can continue building this map all the way to the right (or up) into features of 

the technology. Both the features and the unique technology elements may be an 

exception to the “subject-verb-object” function description rule.  

Convention Direction to Build the Maps in ATIM 

Teams can also build the map from bottom to next level up such as the example 

by Evans [Evans and Nichols 2010b]: the technology elements forming the bottom, 

function interactions for several levels above and on top the features arising from these 

interactions. Even though building a map from bottom up is possible because direction is 
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given by arrows and not position in the map, experience and feedback from users showed 

that having a standard set direction for all the maps is better for the users of ATIM.  

Thus, preferably, and in line with the VAA and CBD Maps, one should build the 

map from left to right, similar to [Kaufman and Woodhead 2006; Pahl and Beitz 1995; 

Malmqvist et al. 1996] and as in the SLS example that follows. Again, for consistency, 

here the map follows same format/direction as the CBD map. After adding some (not an 

exhaustive set) of interactions, the sample map for SLS technology would look similar to 

Figure 29. 

 

Figure 29: Building the Technology Map, Step 2. 
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The map shows the steps that are accomplished using the current technology30, 

with guiding laser (T10), positioning powder (T8), sensing temperature (T14) & laser 

position (T11), and sintering (T15). If some functions are not yet developed, it is useful to 

distinguish them (color, different shape, etc.). Although this map represents a significant 

leap from the technology elements the map started with, all the relations should remain 

clear and self-consistent. 

Ultimately, the map leads to and depicts some of the main features on the right 

side as in figure below (Figure 30). Note, that the features (F1-4) the technology map 

naturally produces need not be (and are not) “benefits” (just yet) – more often than not 

they are not the same as demands/benefits that drive customer buy decision. In fact, the 

ones on the technology map may be very far from benefits from the customer buy 

decision (yet). Nevertheless, these features ought to be related to them somehow to 

attempt to create a techno-market match. Ultimately, thorough understanding of both the 

customer needs for certain benefits and the technology features can help drive and focus 

R&D decisions with the goal to modify the technology features to satisfy these customer 

needs. Given limited resources, it is natural to focus on the key buy decision factors and 

the corresponding features.  
  

                                                 
30 In the way the technology currently works. If there are anticipated developments or changes, or non-
tested assumptions about how it works, those can be included as well but somehow distinguished (color, 
different node outline, line thickness and form, etc.) 
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Figure 30: Final Look of an Example SLS Invention Technology Map.



 105

The logical consistency of function maps (How-Why logic) remains: One can ask: 

“How is T12-Reproducible Process produced?” and the logical answer should be: “By 

T4, T5, T6, and T10”. On the “Why” side, or in the opposite direction, down in line with 

the arrow direction, we can ask “Why T15?” – “To ‘F1’.”  

Many of the functions in the technology maps could be broken into sub-functions 

that create a given function. For example T14 could be a combination of sensor, precise 

grid, feedback loops, etc.: T10Measure Reflected Light (λ=Xnm-IR) Convert 

Electrical SignalTemperature ReadingAdjust Laser PositionT15. As necessary, a 

team can thus investigate different aspects of the technology to deepen understanding or 

search for improvements. If a team struggles in understanding of the technology, this is 

advisable because the entire point of the tool is to be useful. One can also see the benefits 

of having the technology laid out as such. Team can understand, explain, and share 

technology information more easily and to a conveniently deep level of technology 

functioning details. 

Careful reader may have noticed the use of one negative function in the 

technology map. The usefulness of the negative functions is usually in the technology 

map, when analyzing technical systems because resolving the contradictions, the negative 

functions create an opportunity for inventive problem solving. What is important to note 

is the different arrow indicating the “counteract” relationship. Thus T14 – sense 

temperature of nylon counteracts a potential overheating, TN1 of the material. Maybe a 

correct choice of laser wavelength/power combination can eliminate this contradiction 

all-together, making the system simpler and dramatically (non-incrementally) better-

performing. Next section touches more on this idea. 

 



 106

Potential for use of Systematic Invention Techniques and Extensions 

Evans [Evans and Nichols 2010a; Evans and Nichols 2010b] proposed applying 

systematic innovation tools to all but primarily to the technology map to improve the 

technology. These  methods are very useful as demonstrated in [Evans and Nichols 

2010a], using a proprietary software developed by Pretium LLC and in general by TRIZ 

[Fey and Rivin 2005; Gadd 2011; Rantanen and Domb 2002]. However, given the time 

required to learn these advanced tools, author observed teams have addressed most 

commercialization-relevant questions even without these additional inventive problem 

solving techniques. The non-negligible time commitment involved in applying these 

advanced techniques is not always well-suited for all teams, especially in a limited-time 

setting. In absence of the time constraint, teams could gain additional insights with these 

tools. In later stages of commercialization analysis, or if a technology map exhibits 

marked contradictions that the technique can be applied to, teams may benefit from this 

approach. Again, to shift from the initial bias towards technologies, this may not be 

advisable until after CBD has been fully explored and investigated. Additionally, this 

could prove a fruitful area of future research. Next paragraphs briefly touch upon how 

one could go about incorporating TRIZ. 

To apply these techniques, it is important to include negative functions in the 

technology map. Based on Theory of Inventive Problem Solving (TRIZ, TIPS) 

[Altshuller 1984; Cavallucci and Weill 2001; Gadd 2011; Fey and Rivin 2005]), and 

indirectly on Pahl & Beitz’s approach [Pahl and Beitz 1995], most opportunities for 

breakthrough innovation and valuable inventions are non-incremental improvements.  

These in turn come from resolving and eliminating a contradiction which can be 

identified using value negative functions (when a function produces both a “positive”, i.e. 

desired result and a “negative” function as a result).  
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For example, a function T10 can also produce a “value negative” function:  “TN2 

Sinter Nylon where unwanted tol. > 0.01in”. This negative function should be taken into 

account and the designer, engineer, or technologist should answer a question of how can 

this be counteracted. One possible way is to provide post-processing. Thus “A1 -Provide 

post-processing (250grit sandpaper/sandblasting)” function can counteract the negative 

consequences of TN2. That is the engineering solution but it comes at a cost of time, 

larger system complexity, and possibility of errors. More inventive and innovative 

solutions would possibly modify function T10 – i.e. through better focusing– to eliminate 

and not produce the unwanted TN2 side-effect. 

Recognizing that there is a contradiction (one function produces a desirable and 

undesirable function) is the first step in inventing a solution. The goal in the systematic 

problem solving should not necessarily be to optimize the positive with the negative, but 

rather to remove negative by eliminating the contradiction; i.e. to modify the originating 

function or system such that there is no negative effect and the entire system has moved 

closer to higher ideality (increases function and/or decreased cost) [Altshuller 1984]. 

Intellectual Property Considerations, Patent Claims  

Additionally, some features of the map (observations showed that especially the 

ones closely related to benefits) may become apparent invention candidates to protect 

within the claims of a patent. The Technology map can thus also help easily identify 

potential intellectual property (IP) issues (claims, trade secrets), some important features 

and even future benefits. Additionally, the insights from the map can be useful to create a 

claims-oriented function map of a technology when developing claims of a patent. 

Technology maps can help invent, problem solve, and improve the existing technology, 

product, or service [Evans and Nichols 2010b] or process.  
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Cautionary note is that there may be parts of all of the maps that will contain trade 

secrets and proprietary information. This is a particular concern with the technology map 

and as such appropriate care has to be taken to protect the intellectual property. Both 

CBD and Technology maps can be used to advance IP protection.  

VALUE ADDING ACTIVITIES (VAA) MAP (TODAY’S TECHNOLOGY TO FUTURE 

PRODUCT) 

The third and last map in ATIM is the Value Adding Activities (VAA) Map. The 

CBD map created a fundamental model of the customer needs and the factors driving the 

buy decision. Second map (Technology) described the technology as is, and the features 

it displays. Unlike the first two maps that were indirectly connected through 

features/benefits, this map conceptually aims to form a link between the technology in its 

current state and the customer buy decision. When teaching the map, “Technology 

product development timeline” is another, equally descriptive, name. The goal and 

benefits of the VAA map are to understand: 

1. Technology Development Activities (Value Adding Functions) 

2. Potential Business Models 

3. Next steps necessary to advance the commercialization of a technology 

4. Strategy considerations, including funding, potential exits, business models, 

and development milestones. 

The VAA Map will also create an easy-to-understand conceptual connection between the 

technology and a ready product that a rational customer will buy. 

This map is a new, unique, and natural extension of the two previous maps. It 

dramatically builds upon the value chain analysis [Evans and Nichols 2010b] and value 

chain in general [Porter 1998]. In addition one could think of this map as a development 
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timeline to, ideally, turn the current (neutral) features of the technology into benefits that 

customer will buy as in Figure 31. 

 

 

Figure 31: Converting Features into Benefits to provide Value for customers. 
(FeaturesBenefitsValue) 

Thus, this map completes the link between the features team identified in the 

technology map and customer buy decisions from the CBD map. (Compare the House of 

Quality (Chapter 2) in driving the “Voice of the Customer” (VoC) into the 

product/technology.) Understanding the overall value chain and value increasing steps 

also helps decision making and enables a team to choose the appropriate business 

model(s).  

Most “raw” technologies as they are would not be suitable for the customer as 

such in their present state. Even in a pure licensing opportunity, some development must 

occur to turn their features (or the messy collection of wires and part on a lab bench) into 

benefits and put them into a product/service a customer will purchase. This map focuses 

on those activities. The VAA map teaches and demonstrates what activities need to take 

place before one can provide a product or service to the customer based on a given 

technology. VAA map can also help us understand potential business models. The 

function structure in this section will begin on the left with the current status of the 

technology and follow to the right with the necessary activities all the way up to a final 

product ready to be sold and delivered to the customer. Each step should include as 

accurate estimates of costs, time expected, and levels of risk as possible (none of these 
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were considered in the TIM of Evans [Evans et al. 2010]) to help in future decision 

making as well as business model selection. This map can be constructed from either side 

– from the right where the end-customer buys and uses the product/service or from the 

technology status, or from both concurrently while meeting in the middle. Regardless, the 

causality convention of reading the map and following arrow directions from left to right 

(from current state of the technology to a complete product) in general should remain. (In 

practice, in fact, this map is often built from both ends and meets in the middle.) 

When knowing how much each step of technology development takes in 

resources and how much value is ultimately delivered to the customer, the team can 

easily pick the most appropriate bundle of activities (business model piece) to focus on. 

Additionally, by including these specifications, it facilitates a summary to total expected 

time & costs as well as risks for future technology development. Depending on a team’s 

expertise this opportunity may be a licensing, outsourcing manufacturing, focusing on the 

appropriate (higher) value adding activities and many other options or combinations 

thereof.  Thus VAA map is a tool that can uncover some of the cost-risk-value 

relationships to support the business model decision and strategy. Risk levels can be 

color-coded on the map as shown below. Ultimately, one good way to think of a high risk 

is that a given function may cost and take significantly more than at first estimated, 

possibly to the point of making continuing with the product development process 

unfeasible.  

Descriptions and construction of the Value Adding Activities Map (VAA), the 

SLS Technology example, follows in the paragraphs and figures below. Building the 

function map starts with identifying the status of the technology and the immediate next 

steps. In this case, SLS technology is a working proof of concept in the lab. The next 

immediate steps are to develop Alpha Prototype (V1), improve the control software (V3) 
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and improve material preparation process (V2). A complete digital image also needs to be 

rendered (V46). The steps immediately flowing from completion of V2-3 are V4, V5. 

The map will then look similar to Figure 32. 
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Figure 32: Step 1 in Building the VAA Map for SLS. Beginning the Value Adding Activities Map for Selective Laser 
Sintering. Risk Levels are color-coded.
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Next step is to add building a beta prototype (V6), first parts for potential 

customers (V7) and improve and test new materials (V1). Along with these functions will 

be design of the machine for manufacturability (V8), UL testing (V9), additional IP (V-

IP), Improving/testing new materials (V10). After considering these functions, the newer 

map would look similar to Figure 33. 
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Figure 33: Step 2 in Building the VAA Map for SLS. Expanding the Value Adding Activities Functions. 
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Following up on the map of Figure 33, one can add more details about manufacturing, 

and the manufacturing machines being available for a customer to purchase. The map 

does not cover distribution or related functions, but easily could incorporate them if the 

type of product or service warrants such treatment. Ultimately, a machine owner (other 

than Joe’s Manufacturing) then uses the (newly purchased) machine(s) to produce 3D 

parts for the customers (V7B). The primary customer (Joe’s Manufacturing) receives 

their prototype 3D parts via this market player (V7B). The complete map is in Figure 34 

below. The previous discussion touches upon business models and strategies that will be 

discussed shortly. 
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Figure 34: Step 3 in Building the VAA Map for SLS. Sample SLS Technology Value Adding Activities Map. 
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Figure 34 shows the activities necessary to develop the SLS technology into a 

viable product starting with the proof of concept stage in the lab. Some of the early 

functions would include creating a prototype (V1), improving the control software (V3), 

and improvement of the materials used (V2). Note how the costs, time required and risk 

levels (also color-coded) are displayed in each of the functions.  

The following steps would involve Beta Prototype (V6), and then moving into a 

design of the complete manufacturing machines. Once the manufacturing machines are 

designed, tested, and ready for mass production, the machine can be ready to produce 

parts for the customer (Joe’s Manufacturing). Fortunately, the map also shows a parallel 

path, the necessary improvement in materials this technology depends on. It is possible 

that without seeing a more complete picture on the map, the team interested in 

commercialization of the SLS technology may overlook some steps. Note that again in 

the SLS example, the map goes from where the technology is now, through a series of 

steps, into a finished part produced for customers. Risk/Reward=Value. 

The interesting feature of this map is that it usually defines a “main path” (or 

critical path) with various side branches important for the complete technology 

development but parallel and aside from what the main technology development path 

may be. However, this map captures all of them and shows that besides manufacturing 

machines (requiring engineering expertise) some materials development (chemistry, 

materials engineering) as well as CAD/Software or potential 3D-image processing 

specific hardware (computer engineering expertise) will be required. 

The implicit commercialization path in this map was to create and mass-

manufacture SLS machines to produce 3D parts for customers. However, this may not be 

the only, nor the best potential business model (BM). More detailed discussion on 

different business models follows. 
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Business Model(s) (BM) Considerations – Part of the VAA Map 

The Value Adding Activities function map shows steps necessary to 

commercialization neatly in one map. Although it does capture all activities, from the 

strategic viewpoint of a team commercializing this technology, an important decision lies 

in which “bundle” or group of core activities to focus on and to pursue in the process.  

Having all information in one place in the map helps one to quickly and 

effectively understand the particular technology commercialization process. Thus after a 

relatively brief study, anyone can examine these steps carefully. Seeing the steps visually 

connected is useful to understand the bundle of activities where commercialization efforts 

will bear the most return given risk levels. Reviewing the VAA map, one can see 

different parts of delivering value (in this case a product or service) to the customer. For 

example, in a selective sintering technology, a team may be able to recognize and identify 

several business models (BM): 

 First BM may be to focus on licensing the primary technology and simply focus 

on developing newer and better materials (powders) to be used in the SLS printing 

machines (BM2 - Materials R&D business model). Second, the implicit business model 

can encompass manufacturing many 3D prototyping SLS machines and selling them 

(BM1 - Manufacturing prototyping machines). Thirdly, one can license the materials with 

machine manufacturing, and simply focus on printing 3D parts for customers (BM3 - 

Service Bureau business). To see visually how the VAA map uncovers three potential 

business models (BM) for a selective laser sintering (SLS) technology, please refer to 

Figure 35 below where these are grouped by functions and highlighted. All these 3 

business models appeared as companies in the SLS-enabled industry ecosystem. 
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Figure 35: Business Models from Value Adding Activities Map. Note the 4 potential business models, not immediately 
apparent when developing the SLS technology early on.
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Business Strategy 

The map can also neatly aid in identifying the amount of capital required at each 

development phase; that in turn can enable and highlight planning to raise funds with 

amounts. Based on critical milestones, valuation of the technology/startup may change 

and the map also shows these features. Additionally, management can see and establish a 

potential time point(s) for a strategic exit. 

Importance of the VAA is that it should be a complete set of functions that must 

be done. Unlike some processes that focus on “work as additive” or step-by-step, stage-

gated, ultimately, somehow the entirety of the process must be done by some player in 

the field, be it the company, a strategic partner, or a government agency. 

Team Work 

Observations and teaching experience indicate that teams that work on the maps 

together show much more developed understanding of the elements relevant to 

technology commercialization of a given technology. Some of students’ final semester 

reports support this observation. This is probably related to aspects of brainstorming and 

group idea generation techniques as described by Clauss [Clauss et al. 2011] and [Wood 

and Linsey 2006; Stone and Wood 2000]. 

The First “Iteration” 

Just as in functional analysis in design [Wood and Linsey 2006; Stone and Wood 

2000], the map supports structured brainstorming [Otto and Wood 2000; Clauss et al. 

2011]. Moreover, the focus of the first iteration is more on quantity of information and 

completeness, or rather exhaustiveness. The team should capture as many elements in 

each of the three maps as possible. If a function (node) does not clearly fit into a map, 

one can keep it aside for a later development. So is the option to keep unknowns in 
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quantifications of the maps as “Xs and Ys” at first with the goal to see a bigger picture 

and gain higher-level understanding (similar to a “to do” list). Team will need to finalize 

these numbers to get a better understanding of details before they proceed in making a 

“go/no-go” decision about the technology. The unknowns also offer a very convenient 

guideline for primary (interviews) and secondary market research – to verify 

assumptions, look for comparables31, and guide discussions with experts in the field. 

If a team has tried and feels they have exhausted a particular maps’ usefulness, 

then it is a good time to pause, take a step back, recap, review, summarize, and take a 

look at another map (in order). With each added piece of knowledge, and improved 

understanding, the maps will change and morph to capture the new knowledge and 

improved clarity of information thus opening new avenues for the team to explore and 

consider. 

Summary & Overall ATIM Algorithm 

The entire function mapping process of ATIM can be summarized in a series of 

steps:  

0. Rudimentary understanding of technology, vague idea of the market 

1. Select a Specific Customer – Create CBD Map – Analyze the Customer buy 

decision, identify stakeholders/users, who pays, work in reverse to end with 

“Demands”/Benefits on the very left 

2. Analyze the Technology – Start from Unique Tech elements  their 

interactions and how they combine to form into “Features” some of which 

would be related to Benefits from step prior 

3. Compare “Features” and “Demands”/”Benefits” to see what is missing 

                                                 
31 Comparable or similar products or services. For example, motorcycle may be comparable to a car or a 
moped in terms of transportation functionality. 
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4. Analyze step 3 (Technology Map) for IP changes, etc. 

5. Iterate/analyze the customer/market; Develop CBD for different customer(s) 

6. Use knowledge from 1-5 (and 5-6 if relevant) to help in next step 

7. Construct VAA map linking technology state today through development 

steps into a product/service ready to be delivered to the customer(s) 

8. Iterate and update all 3 maps based on new information (primary and 

secondary market research) and fill in the unknowns as necessary 

CHAPTER SUMMARY 

This chapter introduced the Advanced Innovation Mapping tool in a great detail 

on an example of Selective Laser Sintering technology. It described the three separate 

maps that form ATIM as well as their conceptual relationship. The particular example of 

SLS will be visited in the following Chapter. 
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Chapter 4: Case Examples 

The purpose of this chapter is to demonstrate use and practical applications of the 

tool on several examples as well as show a diverse set of ATIM maps. Although not 

templates, some of these maps may be possibly used by teams to spark some ideas and 

“get the creative juices flowing” when first tasked with trying to capture their customer, 

market, technology and technology development in Function Analysis Maps. However, 

such use should be sparing to avoid all maps and teams falling into a rigid template and 

losing the creative aspects of the tool.  

SLS CASE STUDY 

To start with, the first case study will revisit the example of Selective Laser 

Sintering (SLS) technology mentioned in previous chapter. As described, the SLS of 

powder materials started in the 1980s at the University of Texas at Austin. This case 

study will draw upon three sources of the SLS history. First is the account as put together 

by the University of Texas at Austin Mechanical Engineering Department [Mechanical 

Engineering Department, The University of Texas at Austin 2012], shortened by (ME). 

Second is author’s interview with Professor David Bourell [Felkl 2013b] at the Materials 

Institute of the University of Texas at Austin who was intricately involved with SLS but 

on the academic side, referred to as (DB). The third source is Professor Joe Beaman (JB), 

who actually cofounded the company (Desktop Manufacturing, DTM) and worked with 

it before returning to academia [Felkl 2013c], in short (JB).  

Carl Deckard, a mechanical engineering student came up with the idea to melt 

particles of powder to create parts. He joined, Dr. Joe Beaman as a Master’s student and 

later continued on the same project for his PhD. The process showed improvements and 

promise and the technology was taken out of the university to be commercialized. Later 
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on, the company, then called DTM, got funding from chemicals and aerospace 

manufacturing company, Goodrich Corp and started designing prototype manufacturing 

machines. After about 10 years of being in the business, DTM company was acquired by 

3D Systems, Inc., an industry leader in additive manufacturing [Mechanical Engineering 

Department, The University of Texas at Austin 2012]. 

 

Discussion of the CBD Map for SLS 

 

Figure 36: Discussion of SLS Customer Buy Decision Map. 

The following discussion will refer to the CBD Map (Figure 36.) author created 

for SLS prior to being fully familiar with the technology, history, and the market. It turns 

out that as is the case with many early technologies, the market for rapid prototypes was 

very small and was being identified, nurtured, and only created by the companies such as 
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DTM (JB). The primary early customers came from the automobile industry (DB) rather 

than aerospace at the point when DTM was beginning to gain traction. However, the 

early focus on aerospace is only logical as major investor was a large chemicals and 

aerospace company, Goodrich Corp (ME). Moreover, with SLS, lightweight parts with 

internally hollow structures are possible. 

It is clear from the map that there have to be some approvals and (JB) specifies 

those more as “internal champions” or pioneers and enthusiasts of the technology that 

believed in rapid prototyping at the time. These pioneers had to be in companies that 

were the customers. Another benefit this map leaves out based on the interview is the 

importance of functional prototypes. Unlike other 3D models available by various 

techniques at the time, SLS offered 3D parts that were functional. This is due to the fact 

that the parts were self-supported in a bed of powder that could then be cleaned, rather 

than having internal support structures. Other common techniques – such as Fused 

Deposition Molding, FDM – model parts may require (JB) that effectively bound the 

relative motions of the pieces of a 3D part (see the following Technology Discussion). 

From the map it is clear that certain technology specifications had to be developed 

and existing before even the “pioneers” and early adopter supporters at larger companies 

would be interested but that time savings offered presented a significant lure to these 

early customers.  

Discussion of the Technology Map for SLS 

The ensuing discussion draws on the Technology Map in Figure 37. 
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Figure 37: Discussion of SLS Technology Map. 
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The technology is based on a set of unique components that interact. They control 

laser target, deposit powder in a laser chamber, provide feedback of laser position and 

reproducibly deposit a layer of powder. The even powder deposition (T8, TN3, T16) 

proved troublesome (negative function) but was overcome with counter-rotating rollers 

(T17) (JB) that evenly spread the thin layers of powder material before sintering the next 

layer on top. From the left side of the technology map, it is easy to see that one could 

substitute laser with another focusable high-energy source such as electron beam, 

improve controls and software, and vary the material(s). All of those have been done 

(DB). Of course, sizing of the laser chamber is a factor, but that needs to be optimized 

with slightly different heat transfer properties and temperature profiles near edges of the 

chamber that can result in warped parts (DB). It also presents a fundamental – low 

number of parts per run – limitation. 

Enabling Technologies 

It became apparent that the enabling technology that SLS development benefited 

from was increases computing capabilities and prolific spread in the 3D Computer Aided 

Design (CAD) (JB). Moreover, the precise control of laser was also enabled by 

improvements in computing and controls. As far as materials, the nylon powder was 

readily commercially available as a coating powder for another process (JB).  

Thus with a precise laser control, powerful enough laser (CO2 Infra-red, IR) 

beam, and a thin evenly deposited nylon powder layer, the technology could live up to its 

promised features. Those include: 

F1 – Making Universal 3D Object 

F2 – Making Identical Parts 

F3 – Making single custom part rapidly 
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F4 – Inexpensive Material  

F5 – Functional Prototype 

F6 – Reduced Unnecessary Internal Parts 

The customers at the time were primarily concerned with time and showing 

functional model prototype parts (F3 and F5) and that is where the technology 

development led to (JB) because of the pioneers and visionaries in automobile 

companies. In auto industry, rapid prototyping techniques have shaved off ~1 year from a 

typical development process (DB) by accelerating the process: designfunctional 

prototypes (SLS) final functional parts (those would be mass-manufactured by more 

conventional manufacturing techniques). The more luxury car manufacturers (e.g. 

Bentley) that do not have the volume, do make car parts using SLS and the process is 

economically feasible today (DB). 

Nevertheless, the primary features seem to support making low volume, complex, 

and high value parts as confirmed by (JB). Thus the commercialization team already, in 

1980s, explored the market space offered by the high customizability and hollow parts. 

The former is very applicable to medical industry for prosthetics, custom hearing aids, 

and recently the technique has been used even to print support structures or scaffolds for 

living tissues (JB) – all premium priced, custom products. In the latter category, any part 

that can be made hollow will save weight in addition to potentially allowing for better 

material cooling or air flow around its critical portions. Those qualities are prized in the 

aerospace industry (recall that the major investor in DTM had a large position in 

aerospace) and that was another area that the inventors considered (JB). The parts 

produced with SLS were strong and accurate, thus enabling designers to better represent 

their concept models (JB). Another application industry the company investigated was 

tooling (relatively low-volume, high-precision, high-value product). 
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Of interest is F4 – since that is a prerequisite for any business to thrive in this 

space. The material has to be relatively inexpensive in relation to the value it provides. 

The nylon powder provided an inexpensive source as it was manufactured in bulk for 

coatings and it worked well. SLS technology has an oversight that has always been 

problematic – surface finish could be better and less rough. Meantime, the ideal solution 

(max value/cost) would create a part all at once from material, nicknamed “hand of god” 

manufacturing (DB). Stereo Lithography (STL), which also helped open up and grow the 

market for rapid prototyping is close to this goal but not there.  

Parts costs, precision - tolerances, fast delivery and strength specs (F4, F1&F5, 

F3, F5) match up with C2, C3, C4, but the very first, original parts were not up to the task 

just yet. Thus the system and production machines had to be improved which is what 

happened in the early years of the company with different modifications and designs of 

the machines (“Godzilla”, Mod A, Mod B, series 125s, and SinterStation 2000) (ME). By 

1995 the SLS technology was well developed and since then has undergone mostly 

incremental advancements (DB). Many of those early machines are still in operation and 

can perform on par with current models (DB, JB) thus effectively undermining the 

potential and value of the business model that the original company, DTM, went through. 

Discussion of the VAA Map for SLS 

 In retrospect, probably the biggest and most interesting insights come from 

analyzing the SLS VAA Map. The map with business models highlighted is in Figure 38. 
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Figure 38: Discussion of SLS Case VAA Map. The estimates for costs and time are illustrative and not actual. 
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The company originally started as a service bureau, was bootstrapped, growing, 

and funded itself from customer money (JB) as a rapid model parts provider (BM3, 

Service Bureaus). This turned out to be quite profitable and very lucrative business model 

as intellectual property and superior properties of SLS parts made it difficult for 

competition. In retrospect, that was probably the best way to grow the company, also 

considering that the market was nascent and although growing, still relatively small and 

quickly flattened out. In general, the people and companies who made parts in this era did 

well while most others went bankrupt (JB).  

Thus the retrospect analysis shows that BM1 was not as profitable because 

demand for machines was relatively low and the machines last for decades. The machine 

manufacturing and expertise as well as all produced machines could have been kept in-

house by the company maintain an effective monopoly. The company could then flexibly 

scale with market growth (which was not un-manageable) while being financed from the 

service bureau operations (BM3). This strategy could essentially keep other Service 

Bureaus (BM3) out by limiting access to SLS machines. The growth of the market would 

have more naturally grown with the company as the dominant player rather than being 

oversaturated, since even today the annual market is only about $3-4B (JB).  

However, the major investor, Goodrich had a business model of BM2 - materials. 

Their goal was to sell material at a premium price by the carload. Thus the startup (DTM) 

sold the service bureau (it would be unwise to sell machines and also compete with 

customers by making parts) and focused on manufacturing and selling SLS machines. 

This was in order to support a large volume of material that these machines in aggregate 

required to ultimately play on major strength in BM2. Unfortunately, the size of the 

market and market growth could not support the volumes Goodrich expected (even 

though the SLS material could be sold at a much higher margin) and these projections 
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and volumes never materialized (JB). Moreover, the company still produced parts as a 

service bureau and thus was competing with its own customers for machines. 

An interesting spin on the BM2 is use of very different materials such as metals. 

Researchers have done that (DB) in 1990-1991 and it has been generally available since 

2004 but unless significantly post processed by HIPping (Hot Isostatic Pressing32) to 

reduce porosity and improve strength on par with those of a bulk material, these parts are 

not always comparable or economically feasible to parts made by traditional (subtractive) 

manufacturing. Other proprietary SLS powder blends are manufactured today by various 

companies, primarily in Europe (DB). Thus this business model is feasible, although not 

as high volume as once expected. 

In hindsight, a close look at the value adding activities map and profitability 

analysis of each model would reveal the shortcomings of such decision.  

The BM4 has always been part of engineering design firms and is more in line 

with traditional engineering. This service is possible but as a business model not 

disruptive and only supportive to the SLS technology ecosystem. Moreover, it is service-

oriented and prone to competition. Interesting and future issues that will arise from this 

situation is potential litigation of copyrighted designs as well as litigation related to 3D 

manufacturing of lethal weapons (DB). Now, with 3D printing becoming more 

mainstream, however, this business model can become even more open, allowing anyone 

to essentially print low volume parts, models, and widgets for production and sale, 

effectively democratizing the design resulting in overall more diffused design and 

manufacturing (DB) which in turn can challenge current distribution and inventory 

practice(s).  

                                                 
32 Compressing a part in an inert fluid atmosphere and at relatively high temperature (hundreds of degrees 
C). 
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The recent overall tendency of the 3D printing technologies has been to shift from 

business to business (B2B) to business to consumer (B2C) and quality of technologies is 

improving. Today, it is possible to create photo sculptures from camera images (again 

enabled by improved computer processing), and have those printed (DB). The modern 

computing and accessibility of printers also make reverse engineering more possible as a 

“point and click”.  

Whereas today the companies may be primarily interested in the next evolution, 

very much functional parts, the fact that SLS parts could be created functional from the 

early start was helpful. A diversity of materials and methods is possible and was tested, 

including electron beam sintering of metal parts. Overall, however, the technology 

evolved relatively slowly (DB) while currently (2011+) it has exploded more only in the 

public view. Today, with core patents expired, there is a plethora of competition in the 

space and prices of parts go down, while utilization of SLS and 3D printed parts goes up.  

David Bourell (DB) foresees litigation over parts designs, that has yet to play out 

but is not captured in the maps. The accessibility of low-cost 3D printers and this access 

and marketing to large consumer groups will continue. Another drivers today are 

available, intuitive 3D Software and free sharing (often via the internet) of many designs 

whereas previously those may have been trade secrets.  

Ultimately, some strategic decisions and insights are apparent from the VAA 

Map. While developing a machine required expertise and was a doable business model, a 

better strategy would have been to pursue Service Bureau Model while being exclusive 

part supplier and manufacturer of machines for internal use only. The approach of very 

specific engineering materials manufacturers is another part of the ecosystem SLS 

created that was exploited by yet other types of players. 
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ENSPIRE LEARNING CASE STUDY 

The second case study visits a very different area – online education courses. This 

case study is based on a Harvard case study [Billhardt et al. 2001] as well as working 

with participants in training programs at the University of Texas at Austin and lectures by 

S. P. Nichols [Steven P. Nichols 2012] (shortly referred to as LE). Moreover, author 

gained additional insight from conversation with Bjorn Billhardt, the founder of Enspire 

Learning [Felkl 2013a] (referred to as BB). 

The case study visits early 2000s with online education and training being a new 

phenomenon. Bjorn Billhardt and his colleagues at Harvard Business School (HBS) 

developed a neat, intuitive, interactive, multimedia-rich and effective online teaching 

program for basic economic concepts. The entrepreneurial team was initially focused on 

the educational market. 

Enspire CBD Map Analysis 

Figure 39 shows the customer buy decision that considers 3 types of customers. 

Note that many of the core, product-related functions are common to all 3 customers such 

as efficient training and functions that result in efficient training. Here the costs may 

become a problem for individual students (simply too expensive) and particularly for a 

dean that may have resources but not a line item that she or he is allowed to spend on 

online education despite the courses being effective. Thus the paradoxical situations have 

arisen where students love the online course, it was effective, and even though it could be 

made affordable, schools were in general not interested. 
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Figure 39: Enspire CBD Sample. This figure shows a CBD Map for 3 different 
customers for Enspire Learning 

Despite having a first client – Harvard Business School (possibly since that is 

where founders went to school) and soon after that a non-profit, focus on educational 

institutions was misguided. The team could have come to this conclusion faster by simply 

identifying the three types of customers and their buy decisions. Moreover, the decrease 



 136

of the number or need for instructors and faculty would quite likely not be supported by 

the faculty council. In hindsight, Bjorn said (BB) that doing a bit more research up front 

could have helped, but the feedback from the marketplace was critical. If universities 

were not buying, then the company was forced to find other customers. Having asked real 

sales questions was important.  

As Bjorn Billhardt confirmed in an interview, the team searched for buyers 

among universities but was not successful. As entrepreneurs do, they thus quickly shifted 

to a market where their product did not face this resistance – the corporations (BB). 

These customers (C1) have the budgets, are required to train their employees, but 

teaching and training is not their core expertise. Thus they naturally present a better 

match to what Enspire offered. Today, universities are looking and purchasing online 

education courses but at the time of Enspire founding, Enspire was just too early for this 

market. Moreover, there recently an additional growth and demand appeared  in the K-12 

education space. 

Interestingly enough, Bjorn offered several thoughts on what the company 

thought that mattered that really did not – time to market, arguing that world moves a lot 

slower than they as entrepreneurs thought and ultimately the quality of the product was 

more important than being the first mover (BB). Additionally, as a part of this interview, 

Bjorn said that entrepreneurs often overestimate competition and underestimate how 

much they are truly able to execute. 

Enspire Technology Map 

The basic sketch of the technology map in Figure 40 shows the technology of 

Enspire. The technology for Enspire was not a critical concern as most of it was relatively 
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well established at the point of the company founding. Note that this part of the 

technology map does not address the platform for delivery of the online course content.  

Figure 40: Enspire Case Technology Map. 

 

Enspire Value Adding Activities Map 

This map (Figure 41) primarily looks at the technology development for Enspire 

Learning courses. It is based on reading of the HBS Case Study [Billhardt et al. 2001] 

with some numbers being only illustrative. Since the product was already developed and 

the major insights came from the CBD map, the discussion on this map will be limited. 
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However, one can easily see that this map could be a good step in trying to optimize 

course generation in the early stages of product development. 

 

Figure 41: Enspire Case VAA Map. 

SEISMOS CASE STUDY 

This case study reviews a semester-long progress made by a team of graduate 

students in the Master’s of Science in Technology Commercialization Program. The team 

started with the name Synergo which was later changed to Seismos. Their technology is 

based on Lawrence Livermore Labs technology that promises to monitor fluid flows in an 

underground oil reservoir by using low-frequency waves. The following pages show the 

evolution of the three maps at four time points, roughly month apart, throughout the fall 

semester starting with the initial maps. Each section starts with the maps and is followed 

by discussion. Although the author helped the team with the following maps and gave 
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class-related advice, the majority of the credit for these maps goes to the Seismos Team 

(Panos Adamopoulos, Devin Bedwell, Aldo Salandra, and Omar Hernandez). 

Customer Buy Decision Maps for Seismos 

 

 

Figure 42: Seismos Case CBD 1. First iteration of the CBD Map (early 9/2012). 

The first iteration (Figure 42) nicely demonstrates how the team grapples with 

their understanding of the complex relationships within the oil production and also with 

the idea of the true customer. This visual representation later helps team make a better 

sense of it and show these relationships in a clearer pattern by the final iteration. 
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Figure 43: Seismos Case CBD 2. Second iteration of the CBD Map (mid-9/2012). 

The differences in the first and second (Figure 43) iteration of the maps are more 

quantification and overall structure. More quantification indicates that the team is 

beginning to understand what parts affect the customer buy decision and to what extent. 

The team has identified several stakeholders but not really zoomed-in on a given 

customer. There is apparent confusion between mineral rights owners, land owners, well 

operating companies, and service providers. The basic reasons seem to be purely 

economic and optimization-related. The key point seems to be identifying the moment of 

breakthrough, when the reservoir solid pool of hydrocarbon liquids gets “broken” by non-

hydrocarbons (C17), dramatically negatively impacting the production. Some of the 

primary benefits of the technology, low price, simplicity and real-time monitoring are 

already present (C11, C16, and C20 on the second iteration map). 
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The second iteration highlights the primary customers as well operators who are 

looking at increasing their profitability. Additional, non-cost related items are included 

such as safety (C22) and reducing the amount of equipment required (C16). The team is 

beginning to think about providing the technology to other customers – the service 

companies – as another business opportunity. Also, the reductions seem to be more 

drastic in the second map, showing that this may be a disruptive seismic technology.  
 

Figure 44: Seismos Case CBD 3. The third iteration of the CBD Map (11/2012). 
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In the following months, the team has renamed itself (from Synergo to Seismos) 

and started a new CBD map (Figure 44) based on market feedback. The map displays 

significantly increased number of functions and a big shift in focus from hydrocarbon 

flows to carbon dioxide (CO2) flows, although it does keep important original elements. 

The goal for the team at this point is to focus on a niche where knowing underground 

flows is important – enhanced oil recovery (EOR) using CO2. The team also seems to 

understand better the relationships between subcontractor and operator while there are 

many other entities and functions that are not linked within the map as the team is 

building a more complete picture of the customers and drivers behind their buy decision. 
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Figure 45: Seismos Case CBD 4. Last iteration of the CBD Map (12/2012).
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The last iteration of CBD map (Figure 45) depicts the most complete and latest 

understanding of the team in terms of their customers and the buy decision. Customer is 

again defined as a large operator (Chevron). The map shows clearly the relationships 

between the operator (C0) and other entities (C2, C3, C8, etc.). The value proposition is 

different and it relies on increased recovery of oil and reduced costs of CO2 for the 

operators. The benefits that the customer demands in this map are reduced CO2 usage, 

increased production, and increased overall yield from the oilfield. Additional benefits 

are that this will not disrupt current operations (unlike other Seismic Surveys) and 

minimally affect existing infrastructure, which is important for their customers.  

Over time, the team clearly used this map to visually understand, expand, and 

map out the primary customers and their interconnectedness with other players in the oil 

business (C0-C15, C22-23, C39). 
 

Technology Maps for Seismos 

This section discusses the Technology Map Evolution for Seismos starting from 

early September 2012 (Figure 46).  
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Figure 46: Seismos Case Technology Map 1. The first iteration of the Tech Map (early-
9/2012). 

The early map (Figure 46) shows how little the team knows about the technology 

but does highlight features that the team views as important, that is benefits to the 

customer: T13 – no land damage, T10 – simple installation, T11 – real-time information, 

and low-cost (which makes it applicable to smaller fields that could not justify a 

complex, comprehensive, and costly state-of -the-art seismic survey). However, this map 

is not very descriptive of the technology itself, as the few technology-related functions 

mentioned are only T1, T4, T3, and T7.  
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Figure 47: Seismos Case Technology Map 2. Second iteration of the Tech Map (mid-
9/2012). 

The second iteration (Figure 47) includes color and shows a more detailed 

understanding of the technology itself. It describes the elements of the technology, how 

they interact, and how the seismic waves are included and relation to conventional 

equipment.  

 



 147

Figure 48:  Seismos Case Technology Map 3. Third iteration of the Tech Map (11/2012). 
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The following iteration (Figure 48) highlights how much the team understands 

the technology at a time point in November 2012. This iteration represents a large jump 

from the previous maps in terms of details – it includes existing infrastructure in detail 

(T9, T12, T10,…), specific equipment (T14, T1, T4) specific number of hardware units 

(T5) and truly breaks down the features of the technology in small pieces while 

continuing into features that are benefits for then new customer (CO2 EOR operators).  
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Figure 49: Seismos Case Technology Map 4. The last iteration of the Tech Map (12/2012).  
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The last iteration of the Seismos Technology Map (Figure 49) portrays clearly the 

new understanding of structure of the technology and its workings. Although most 

functions from the previous iteration do not change, the team realized that the technology 

uses existing infrastructure, current operations, and some add on equipment provided by 

the planned startup company. The team reduced the number of features to six (F1-F6), in 

line with the customer they have targeted. Although this makes sense in this situation, 

without a strong pull from one set of customers, the team could also highlight other 

features as potential benefits (which the team chose to keep as T30-T36). From the 

evolution of their technology map, the team seems to have improved understanding of the 

technology, its different parts, and how they interact. 

Value Adding Activities Maps for Seismos 

 

 

Figure 50: Seismos Case VAA Map 1. First iteration of the VAA Map (early 9/2012). 
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The team’s first VAA map (Figure 50) for Seismos showed some basic steps for 

technology development that were not very detailed. It did not include any partnerships 

or strategic steps or business model considerations. It was a simple, brief, technology 

development description. 

 

Figure 51: Seismos Case VAA Map 2. Second iteration of the VAA Map (mid-9/2012). 

The next iteration of the map (Figure 51) represents a marked improvement in 

detail which includes partnering with customers (V21, V22). It also breaks down the in-

field testing into two steps that are scaled (V7, V12). Moreover, it focuses and ends with 

Pilot Customer (V23) as a business model #1 and considers another BM which is 

producing and improving the proprietary seismic surveying equipment. 
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Figure 52: Seismos Case VAA Map 3. Last iteration of the VAA Map (12/2012). 
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The last iteration (Figure 52) takes a different approach and details each step of 

scaling the process. Unfortunately, it eliminates the service business model in favor to 

what seems like a progressive development of the technology and corresponding product 

with the goal to sell a system to the final customer. The differences between the maps 

clearly show that the team underwent much improved understanding and gained insight 

on the technology, customers, where the technology plays, and the technology 

development activities and process while considering at least two business models. 

Overall, the progress indicates the team has developed a visual step-by-step approach to 

test, verify, and validate the technology in field with potential partners and focused on the 

business model of bringing the technology to market and then working with operators to 

obtain and share reservoir data.  

NCARBON (GRAPHENE MATERIALS) 

This brief case study below reviews progress made in a single, approximately 2hr 

session33 and demonstrates how much can be done with the ATIM even in course of a 

relatively brief session. nCarbon, previously Graphene Materials, team focuses on 

bringing to market a novel, high-density ultracapacitor based on modified carbon. This 

technology originates from Professor Rod Ruoff’s Materials group at the University of 

Texas at Austin and was primarily developed by Dr. Meryl Stoller [Stoller et al. 2008; 

Zhu et al. 2011]. Modified carbon exhibits large surface area and in experiments yielded 

impressive potential capacities per unit weight and volume. The team’s previous attempts 

were to investigate and look into commercializing the technology in either transparent 

conductive films or ultra-thin anti-corrosion coatings.  

Customer Buy Decision (CBD) Map for nCarbon 

                                                 
33 Tod Davidson and Jakub Felkl, nCarbon ATIM session on 7/23/2013 



 154

At the first meeting, Todd Davidson explained that the company is now focusing 

on customers in the automobile industry. In particular micro-hybrids that simply shut off 

engine when stopped at a light or in traffic. This can improve fuel efficiency in city 

cycles by 10% through idle elimination.  

 

 

Figure 53: nCarbon Case CBD Map. Map for nCarbon’s Ultracapacitors in the 
Automobile Industry. 

Overall, the map (Figure 53) focuses on a supplier to Ford (most likely in 

Europe), a German company, Continental AG (AG, Aktiengesellschaft is equivalent of 
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U.S. publicly traded Inc.). The focus on Europe is because the city cycle requirements 

(for the “sticker efficiencies”) are much higher and thus the published mileage standards 

are greatly improved in this setting. In contrast, in the USA the EPA cycles include 

significantly less stopped and idling time. The map is focused on various technical 

specifications but also on the packaging and Ford’s buying process. From the map it is 

apparent, that the biggest hurdles for the technology to overcome the buy decision 

process are performance specifications as well as costs. 

As an added insight, the map identifies a premium-type market with Mercedes, 

BMW, and other vehicle manufacturers where hybrid technology can provide 

acceleration (premium function) but the required specs would of course be different. The 

map definitely helped identify holes and lots of information that the team needed to 

research and find out as well as to organize the thoughts. After going through the 

exercise, Todd excitedly exclaimed: “This is what I need!” He meant the understanding 

of the customer and their buy decision was of value to him.  

 

Technology Map for nCarbon 

The map created by the author and Todd is in Figure 54 below. 
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Figure 54: nCarbon Case Technology Map. Map for nCarbon’s Ultracapacitors in the 
Automobile Industry. Note some orphan functions on the right that have not 
yet been included and connected to the logic flows on any of the maps. 

Given that Todd had been quite familiar with the technology, the creation of the 

technology map was not the primary focus of the session and thus it mostly helped 

quickly familiarize the author with the technology and how would the capacitors be 

manufactured. For Todd, it may have helped visually display the technology creation 

steps. This proved important when creating the VAA Map right after. 

Value Adding Activities Map for nCarbon 

The Value Adding Activities Map for nCarbon is on the next page in Figure 55. 
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Figure 55: nCarbon Case VAA Map. Value Adding Activities draft map for nCarbon – after 1 session.  

  



 158

The map is in the draft stage but already has some useful information that at a 

glance shows the possible commercialization path and all the hurdles along with costs 

and time required for the development of the technology. Moreover, the map shows 

possible business models for the technology – some that already existing – such as Ford 

assembling vehicles, and Continental AG supplying modules to be included in the 

vehicles. Another business model is bulk manufacturing of activated carbon. Yet another 

is R&D and product improvement. The one most likely to fit nCarbon at first will be the 

R&D development as the technology needs to be more developed and scaled up to make 

the first packaged ultracapacitor products. 

The key insights from this map are different business models the startup could 

eventually engage in, and realization that it takes many steps to advance the technology: 

at first even just to build a prototype, second to prove to the world that it is as good the 

inventors say it is, thirdly to scale up for a large scale manufacturing and finally the use 

of the large amount of modified carbon sheets to assemble finished ultracapacitor units. 

Those will be delivered up the chain to customers and end-users. 

Waterfall Value Charts 

Although not part of ATIM, another experience and feedback from this session 

was that it would be very useful to notice and see how the value of the technology 

increases throughout the value chain and also, how this value is divided among the 

different stakeholders (or “value adders”) in development. Thus the author created the 

following charts for nCarbon to help illustrate and demonstrate this point. The numbers 

shown are very approximate and not representative of true values, but are chosen to show 

the main idea. See Figure 56. 
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Figure 56: nCarbon Case Value Increments Waterfall Chart. This type of chart can prove useful to teams commercializing 
technologies that go through many steps before they end up in customers’ hands. 
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BIOTECHNOLOGY EXAMPLE 

The area of biotechnology represents a unique opportunity and its own specific 

challenges as far as new product development and technology commercialization goes. A 

good example of a relevant CBD, Technology, and Value Adding Activities Maps is in 

order. Without further discussion but as a way of example, Appendix II includes a set of 

3 Maps for a Biotechnology device, a non-sticky biocompatible medical membrane. Of 

interest in the CBD are the unique effects lead surgeons, or opinion leaders have, the 

insurance (Q-codes) and the regulatory concerns. The Federal and Drug Administration 

(FDA) approval process – incorporated in the VAA map – presents unique challenges 

particular to Medical Devices and also with more stringent regulatory pathway for new 

drugs. (These maps are the final maps from the team Alafair Biosciences team MSTC 

Class 2012-2013, Appendix II. 

CHAPTER SUMMARY 

This chapter reviewed the use of ATIM in several case studies and examples in 

different technology areas. It showed the application and progression of map iterations on 

an example of a Seismic technology, a view at customers buy decision from a perspective 

of an E-learning company, analyzed the business models for SLS and 3D printing 

technologies and showed a first approach in a one-time meeting to create a set of maps 

for a modified carbon (modified grapheme) ultracapacitor technology. The following 

Chapter will present the experimental design, data acquired, and results of analysis. 
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RESEARCH DATA AND CONCLUSIONS 

Chapter 5: Experimental Approach, Data Analysis, and Results 

This chapter focuses on the experimental setup, data, data analysis, and overall 

analysis of practical implementation of the ATIM tool. Since the research involved 

human subject, it had to pass and Institutional Review Board (IRB) Approval which was 

granted by the IRB34 in August 2012 (Appendix III). The first and most quantitative part 

of the data comes from surveys (Appendix IV) that were administered to education and 

training groups at UT Austin. This data is structured in responses and analyzed using 

IBM’s SPSS Statistical Package software. Second part of data is unstructured and 

contains representative participant written survey feedback and observations from use of 

the tool. 

HYPOTHESIS TESTING/EXPERIMENTAL DESIGN 

The proposed research focused on several groups of participants in education and 

training programs done by the University of Texas at Austin. All the groups are either 

evaluating commercial potential or planning to commercialize their selected technology.  

Data Acquisition Timeline 

The Figure 57 below with ensuing description outlines the experimental timeline. 

In the remainder of this work, S1 is used for Survey 1, S2 for Survey 2, S3 for Survey 3, 

and S4 for Survey 4. 

                                                 
34 Ref. IRB # 2012-07-0052, UT-Austin. 
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Figure 57: Experimental Timeline. Timeline for Group A. 

Day 1 

1. Baseline (survey & assignments) [Pre-test, Survey 1] 

2. Lecture 

3. Post-lecture survey [Lecture effectiveness, Survey 2] 

4. Workshop 

Day 2 (in 1-2 weeks, after completing the FA exercise) 

5. Participants turn in their function maps (assignments) 

6. Presentation/Workshop, group review of function maps 

7. Post-exercise assessment survey [Survey 3] 

8. Teams continue developing the assignments 

Last day (several weeks, exact day varies depending on a group) 

9. End of exercise (assignments) 

10. Final Survey [Survey 3 repeat, called Survey 4] 

All surveys with questions administered are attached in Appendix IV. 
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The data from the surveys was combined and analyzed to answer research 

questions. Data from Survey 2, since meant for teaching effectiveness evaluation and also 

having a lower response rate, was not used. The participants’ maps could also be 

analyzed for elements of understanding related to technology commercialization as 

relevant to the Hypothesis but only few later highlighted elements were selected for 

analysis. 

Data Acquisition Description 

After agreeing to participate in the study35, the subjects were asked to submit their 

regular class assignments and complete a survey (Survey 1, S1) before a lecture on 

ATIM. The purpose of Survey 1 is to establish a baseline of participant knowledge. After 

the lecture, a brief, second set of surveys (Survey 2, S2) was administered to give 

feedback about teaching ATIM, mostly to be used by researchers to improve teaching 

effectiveness and to review level of understanding post-lecture. On all the surveys, only 

unique identifiers, participant numbers, replace names and thus researchers are not able to 

connect responses and assignments to a given individual. A team-grouping remains as 

technology investigated by a team was identical for all the individuals 

Immediately following the teaching part and Survey #2, a workshop was held to 

answer additional questions and give teams some practice with this new tool. Assignment 

for next session for the groups was to create a function analysis maps according to ATIM. 

In the study pool, the participants are working in teams of approximately 4-6; however, 

later on each submits only her/his survey responses. In some cases, participants’ previous 

group assignment, QuickLook®, could be used to help establish a baseline of team 

understanding but was not. 

                                                 
35 For the approved used consent form, see Appendix III 
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The participants are asked to use identical function mapping software program 

(freeware titled VUE = “Visual Understanding Environment” developed at Tufts 

University36) to eliminate bias but for educational reasons, since ATIM is software 

independent, are free to choose another if they so wish; several teams did so. In 

research/teaching experience, the VUE software is intuitive and easy to learn but a short 

overview and instruction are given pre-workshop and individual questions on the 

software are answered during the workshop and during the assignment time usually via 

email or a quick conference call. Notes and handouts are provided to all participants 

electronically (and some in print). All participants are given opportunity to ask questions 

via email or set up office hours/meetings with instructors to answer any additional 

questions at any point after the workshop. Some groups have taken advantage of these 

opportunities. 

In the next session, the participants are asked to present the ATIM function 

analysis maps their teams developed for their customer/market, technology, and 

development activities and turn in a copy for this study. The presentations are in front of 

the entire subject pool and so is the instructor feedback on these presentations. Copies are 

collected and analyzed by the research team. Participants are again asked to complete a 

brief survey (Survey 3, S3) upon the conclusion of session 2. Potential research direction 

would include (after removing participant names from the assignments) to ask several (3-

4) calibrated external evaluators to rate certain aspects of the ATIM maps for the 

evaluation criteria based on various factors relating to the Hypothesis and various factors 

as mentioned in the final Chapter. This is a route for future research, especially 

considering an experimental design that would have a well-defined control group.  

                                                 
36 https://vue.tufts.edu/ 
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The participants are then asked to keep improving their ATIM maps until the end 

of their projects (~2-3 months but varies for all groups) at which point they are collected 

for final analysis followed by a final survey (Survey 3 again). Based on the preliminary 

data results and at researchers’ discretion this survey was not administered to all the 

groups. 

In total, 3-4 surveys and 3 sets of assignments were collected for data analysis all 

coded only with a unique participant code (that does imply a group, given the fact that 

subjects within a team have identical project). 

Experimental Groups 

Several distinct groups were recruited for the study and the experiment varied 

slightly based on the group circumstances. 

Group 0 (late July 2012, an observation group): A group of 4 participants in a 

daylong training in technology commercialization. The group consisted of four 

individuals; two participants were non-experts in the technology and two began already 

well knowledgeable. This group was used to optimize the surveys. Due to travel, their 

time in the study was significantly compressed to (~1day) and the timeline was 

appropriately adjusted. This group offered a unique insight into the effect of the tool on 

those familiar and unfamiliar with the technology as a control group as well as provided 

early testing of first version of surveys (significant improvements were made based on 

their feedback).  

This pilot study did not reveal any additional important research questions. The 

observations from working with this group were used to improve the experimental 

design/protocol but are not included in the data in this work since IRB protocol was not 

approved at the point of this study. No data intended on publication was collected but the 
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information gathered was instead used to further improve ATIM and experimental 

design. Only Survey 1 and Survey 3 were given with 100% and 0% response rate, 

respectively.   

Group A (~Aug 2012-Dec 2012): MSTC class training – approximately 80 

members were in this group. The participating subjects have previously completed a 

semester-long commercialization evaluation called Quicklook®. This methodology could 

be a benchmark to ATIM and their baseline understanding and knowledge at the 

beginning of the survey will represent a largest control group. Total of 4 surveys were 

administered, Survey 1 (baseline), Survey 2 (lecture effectiveness), Survey 3 (post-

workshop next class), Survey 3 again (final outgoing survey). 

Group B (~Sep 2012-Dec 2012&~Jan2013-May2013): Enterprise of Technology 

class – approximately 30 members in this group. This group represented participants with 

near zero experience in technology commercialization and measured effects of ATIM on 

them. Although this group is smaller, the nature of the class setting and frequency is 

amenable for future more detailed surveys. However, in this case only a total of 3 surveys 

(S1, S2, S3) were administered (Baseline, Lecture Effectiveness, and Post-workshop). 

Group C (Jan2013-May2013): A small (~10) spring undergraduate engineering 

entrepreneurship class. The procedure mimics group B as the class schedules for Group B 

and C are identical. Thus Group B&C are combined into one ensemble hereon labeled as 

Group B. 

The only data acquisition differences between Group A and Group B are in the 

timeline. Group B had 1week between teaching of ATIM and the ATIM workshop at the 

end of which the Survey #3 was given which concluded the study for Group B. Group A 

had 2 weeks (See Figure 57) and an additional exit Survey 4 (identical questions to 



 167

Survey 3) at the conclusion of the semester, i.e. about 2.5-3months after first being taught 

ATIM. 

EXPECTED RESULTS 

Given a broad span of technologies, their stages, and team expertise, one would 

expect that different types of teams and different-stage technologies would benefit from 

different aspects of the tool. It would be a very useful but not necessarily unexpected 

conclusion from this research if results indicate that certain aspects of the tool are more 

effective in a case of incremental innovation (VAA map?) while others (Tech map) may 

be most useful for teams dealing with a disruptive innovation. 

Based on early experiences teaching ATIM in classes, author has observed that 

students developed significantly more ideas about markets, business model options, etc. 

even during lecture and short workshop time. Subjects also exhibited higher level of 

understanding of a case study discussed (Enspire, TiVo, SLS). The ATIM maps also 

helped drive insightful discussions (based on team observations). Thus even a 

rudimentary function map can be used to spark participants’ understanding. However, 

more quantitative and deeper qualitative understanding was necessary to study the tool in 

depths and to improve the tool further.   

Further author observations show that the FA maps help students identify, 

prioritize, and understand the most important problems and organize thoughts (even for 

groups that have already written a business plan, meaning their understanding should 

have been more advanced to begin with). In the case of a business plan that has been 

written, teams can improve it. 

Thus a value of the ATIM is not only early on in technology commercialization 

stages but also later in the process. The function analysis tool also shows teams that have 
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truly thought about, got a good handle on, and understood the fundamental problem(s) 

their customers, technology, and/or technology development milestones face and present. 

It is usually quite clear when a team either does not communicate well (or does not 

understand the problem well) because the maps represent easy communication tools. 

Confused and not logically consistent maps indicate a confused group. Additionally, 

maps that are not produced as a team effort (i.e. each member of a team gets “assigned” a 

map) are usually not very useful, at least for the group. 

IDEAL EXPERIMENT 

Ideal experiment would include 2 groups, one serving as a control however there 

were several considerations that would not allow for this: 

1. time limitations of the educational and training programs (only so many hours 

can be devoted to research) which could 

2. potentially jeopardize educational goals and  

3. variety of projects could introduce bias regardless the control, since the 

technologies vary drastically (from Biotech to IT). 

Suggestion is for future work to be able to perform a study that includes two 

groups, one control and one using ATIM and then compare the results without 

shortchanging either group of a full educational benefit of using ATIM tool. 

SAMPLE GROUPS 

Descriptive Statistics of Group A 

The largest data set included participants in the professional Master’s of Science 

in Technology Commercialization degree at McCombs’ School of Business. The test 

subjects usually have had several years of work experience and may have come from 
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various backgrounds. Some may have experience in new product development, while 

others may not.  

The descriptive statistics for Group A background were as follows in Table 6. 

 

Science Engineering 
Other 

Technical Business Law 
Liberal 

Arts 
Social 

Science Total 

14 (17%) 23 (28%) 9 (11%) 37 (45%) 1 (1.2) 7 (8.5%) 4 (4.9%) 82 

Table 6. Participant Background (Group A). 

Note that the total adds up to over 100% since N=82 and answering participants 

were able to choose multiple backgrounds – 6 chose so with some selecting up to 3. This 

is not unexpected considering the amount of years of experience this sample group 

(Figure 58). The total for “Other” adds to 74 because survey did not allow proceeding to 

the next question unless this box was checked. Suffice it to say that from the other 

backgrounds that were not included are one Communications/Media (2) and Sports 

Medicine (1) some of these were on top of one of the five basic backgrounds offered by 

the survey. Most (62%) participants had previous NPD experience. 
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The amount of years of experience as well as experience in New Product 

Development (NPD) is in pie chart and table below: 

 

 
Total <1year 1-

2years 
2-5years 5-

10years 
>10years NPD 

Yes 
NPD 
No 

74 
(100%) 

3 
(4.1%) 

1 
(1.4%) 

16 
(21.6%) 

21 
(28.4%) 

33 
(44.6%) 

46 
(62.2%) 

28 
(37.8%) 

Figure 58: Group A Experience (Figure and Table). Experience and previous NPD 
involvement of Group A participants. 

Descriptive Statistics of Group B (=B&C) 

Because Group C consisted of only 8 participants and overall was more similar to 

Group B, Groups B&C are analyzed together as on (labeled Group B). Group B&C 

consisted of mostly engineering students (undergraduate and graduate) as well as 

graduate business and law students. Again, the percentage will add up to 100+% since 

participants could self-identify more than one response.  
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  Science Engineering 
Other 

Technical Business Law 
Liberal 

Arts Total 
Valid 

4(8.9%) 25(55.6%) 0 
16 

(35.6%) 
12 

(26.7%) 
1 (2.2%) 45 

Table 7. Participant Background (Group B=B&C). 

From this dataset, 33.3% or 15 participants in the study responded that they have 

been previously involved in developing new products and services. Although somewhat 

unexpected given the low number of years of experience for this group, this high number 

of NPD experience is attributable to the large number of engineering backgrounds 

(55.6%) in the sample group – most engineering students go through product 

development training as part of their university classes (capstone projects).  

 

Figure 59: Group B&C Background and Experience. The experience level of Groups 
B&C. Only 1 participant in combined Group B&C had 10+ years of 
experience. 

DATA ACQUISITION AND PRE-PROCESSING 

Data was acquired online via anonymous responses through SurveyMonkey 

Premium (later updated to Professional) Edition – survey links were emailed to 

participants. Raw data then had to be manually processed to verify inputs for unique 
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participant IDs, to adjust variable types, to eliminate duplicate responses, to capitalize for 

sorting, to group by team/technology, and to sort in ascending order by group/participant 

ID, etc. This data was in wide format, meaning each variable (row) had a large number of 

corresponding columns. What the later mixed models required was a long format and the 

data was then transformed into this format for those analysis runs. 

DATA ANALYSIS PROCESS 

Based on the surveys collected from each group, the data was analyzed as follows 

and unless otherwise mentioned in two sets – one for Group A and another one for Group 

B (recall that that means B&C together). To better understand a layout of the data, please 

refer to Appendix IV, the survey questionnaire. Abbreviations used: Survey #1, 2, 3, 4 

(S1, S2, S3, S4), Question #1, 2, 3, 4 to 7 (Q1, Q2, Q3, Q4-7,…). 

 To begin with, some fundamental descriptive statistics of each groups were analyzed 

(above) 

 First set analyzed was self-reported results on whether the tool was useful and helped 

to increase understanding Survey 3 Q15-2. T-tests (comparing to mean) and paired T-

tests37 were used to examine this data and changes between surveys. 

 Additionally, level of understanding of each area in S1-Q8&Q10-12, S3-Q4&Q6-8 

was analyzed including its changes from survey to survey (e.g. S1-S3, S3-S4, S1-S4 

for Group A), via paired T-tests 

 To investigate consensus building as well as improved group understanding function 

of the tool, averages for S1-Q14, S3-Q10 were compared as well 

 To estimate overall usefulness of the tool, S1-Q15&16 S3-Q11&12 were examined 

                                                 
37 Paired T-tests compare means between two time points to see if there is a statistically significant 
difference 
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 For additional analysis, data was converted from wide to long format to perform 

Higher Level Modeling based on Q13&14 and other data points gathered from the 

collected ATIM Maps (#of nodes, #of links, overall quality of the map, specific 

quantifiers, etc.) 

 Ultimately, an analysis of unstructured (text input) data followed. 

DATA ANALYSIS ORGANIZATION 

The acquired data falls in two distinct categories. The first category is data that is 

numeric and well-structured. Second type is results and survey responses that are harder 

to quantify, or simply contain text answers. Third types of data are coming from research 

observations, or from feedback that the individuals/teams using ATIM provided.  

The general structure of each section will start with Group A results followed by 

Group B&C (=“Group B”) results.  

The following order also shows the outline of the next several sections and pages: 

Results Reports: 

1. Structured Data 

a. Agree-Disagree Likert scale (S3-Q15-21) 

b. Self-reported understanding level (S1-Q8,Q12, S3Q4,Q6,Q8) 

2. Unstructured Data (from surveys) 

3. Additional Prompts and observations by study participants 

Note that data significance is reported by the confidence level. If a correlation is 

significant at the 0.05 level, the rest of the work will use p<0.05 and *. If the correlation 

is significant more strongly, at the 0.01 level, p<0.01, the work will use ** mark. 
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RESEARCH QUESTIONS TESTED FROM SURVEY DATA 

First Chapter proposed a series of hypotheses to test for usefulness of the ATIM 

tool. Those were primarily focused on increased understanding of key areas related to 

technology commercialization: 

 

Hypothesis Proposition 

I.       Hypothesis: Advanced Technology Innovation Mapping Tool (ATIM) aids in 
technology commercialization efforts 

II.    Research questions: 

A.       Does ATIM increase users’ understanding of the customers and their buy 
decision? 

B.        Does ATIM increase users’ understanding of the underlying technology and 
interactions of its components? 

C.       Does ATIM increase users’ understanding of necessary technology development 
to bring the technology to market? 

D.       Does ATIM increase users’ understanding of strategic and organizational fit of the 
technology? 

E.       (Optional) Does ATIM increases users’ understanding of IP issues as relevant to 
the technology? 

Some Relevant Elements evaluated: 
F.       Does ATIM increase number of users’ ideas (quantity, relationships/links)? 

G.      Acquire appropriate case study data elements to help answer the questions above. 

 

DID THE SUBJECTS FIND THE TOOL USEFUL AND VALUABLE ON BASIC METRICS? 

Series of questions on S3 & S4 asked the participants to self-evaluate the tool for 

usefulness on several metrics as well as whether they would use it again. The following 

sections use the survey data in aggregate and ignore groupings of individual participants 

by team. 
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Group A 

The test below tested for the participant responses in terms of finding the ATIM 

useful and also planning to use it again outside of the context of the education program. 

The mean test value was 2.5 where the mean would be 3.5. Thus the answers, when 

significant, are significant to more than “Slightly agree”. For more detailed table of the 

data, please see Appendix V (Table A5-1). 

The mean test (T-test) is a simple yet effective measure. Assuming a random or 

normal (Gaussian) distribution, the mean would be around 3.5. The mean is skewed one 

way or another and this is statistically significant if it will skew the results. The test value 

was intentionally set as 2.5 to try to compensate for a potential positive bias that a group 

of positive and feeling human beings can give.38 

The next analysis concerned a simple difference from the mean (T-tests) and 

relevant statistical significance. Although the mean for Strongly Agree (1) to Strongly 

Disagree (6) is 3.5, a test value closer to the positive answers, such as 2.5 was chosen to 

test to look for a stronger correlation. This data is summarized in table below. 

 
  

                                                 
38 Limitation of this study could be this positive bias, however, since some T-test measures did not pass 
this test, it seems that the positive bias effect was not that strong and could have been accounted for while 
the participants were quite candid with their responses.  
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One-Sample Statistics, Group A, Test Value = 2.5 

  N Mean 
Std. 

Deviation 

Std. 
Error 
Mean 

Sig. 
(2-
tailed)

"The function analysis mapping exercise expedited my 
objective understanding of the customer for our 
technology-based product or service." S3 

67 1.9552 .82449 .10073 .000**

"The function analysis mapping exercise expedited my 
objective understanding of our technology." S3 67 2.1045 .74130 .09056 .000**

"The function analysis mapping exercise expedited my 
objective understanding of the necessary development 
activities in bringing our the technology-based 
product/service to market." S3 

67 1.9254 .80366 .09818 .000**

"The function analysis mapping exercise helped our team 
better understand the final product/service." S3 67 2.0448 .94441 .11538 .000**

"The function analysis technology mapping tool expedited 
my understanding of potential business models." S3 67 2.2239 .96642 .11807 .022*

"At this point in time, I feel the function mapping 
exercise/tool has been useful to our team." S3 67 1.6567 .82668 .10100 .000**

"I am very likely to use the function analysis tool 
again, outside of this class, when developing new 
technology-based products and services." S3 

67 1.8060 .92505 .11301 .000**

"The function analysis mapping exercise improved our 
team understanding of relevant intellectual property." S3 67 2.7015 1.03008 .12584 .114

"The function analysis mapping exercise expedited my 
objective understanding of the customer for our 
technology-based product or service." S4 

58 2.1724 .92030 .12084 .009**

"The function analysis mapping exercise expedited my 
objective understanding of our technology." S4 58 2.2241 .89918 .11807 .023*

"The function analysis mapping exercise expedited my 
objective understanding of the necessary development 
activities in bringing our the technology-based 
product/service to market." S4 

58 2.0345 .83699 .10990 .000**

"The function analysis mapping exercise helped our team 
better understand the final product/service." S4 58 2.1897 .84722 .11125 .007**

"The function analysis technology mapping tool expedited 
my understanding of potential business models." S4 58 2.4828 1.09611 .14393 .905

"At this point in time, I feel the function mapping 
exercise/tool has been useful to our team." S4 58 1.9828 .90789 .11921 .000**

"I am very likely to use the function analysis tool 
again, outside of this class, when developing new 
technology-based products and services." S4 

58 2.1379 1.01650 .13347 .009**

"The function analysis mapping exercise improved our 
team understanding of relevant intellectual property." S4 58 2.5690 .91980 .12078 .570

Table 8. Improved Understanding Significance, Group A. The survey responses indicate 
that participants self-assessed as having improved understanding on most 
metrics. Sig. column indicates significance.  
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The next series of graphs connects the same information and shows it in a form of 

graphs which may be significantly easier to view (Figure 60 starting below that continues 

over to the following page): 
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Figure 60: Graphs for Expedited Understanding – Group A, S3 & S4. Summary for 
Group A. Test value was 2.5, mean is 3.5. Note that most see very 
significant positive change with BM less and no significant improvement 
for IP (intellectual property).
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Figure 60, cont. 

Discussion 

The T-tests indicate that with very high significance (P<0.01), at the time of 

Survey 3, participants viewed ATIM as useful in understanding customer, technology, 
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development, and final product/service. They also found the tool valuable. Lesser but still 

statistically significant (P<0.01, with test value of 2.5 which corresponds to point in 

between “slightly agree” and “agree”) was understanding of the business model(s). Not 

significant was understanding of Intellectual Property (IP). 

At the time of Survey 3, which received fewer completed responses, the high 

significance was for responses on customer, development activities, final product/service 

understanding as well as overall value, and future use questions. Less significant 

(P<0.01) was understanding of technology and business model while still not significant 

was understanding of IP. 

Group B 

Corresponding data for Group B are summarized in a briefer format (since no S4 

was administered) below. Given a smaller sample size (N=27), the average tested was set 

higher, at 3.0 but still skewed towards a stronger agreement (<true mean which would be 

3.5). For detailed data tables, please see Appendix V (Table A5-2). 

Except for the IP understanding, more than 80% slightly agree or better with the 

statements. The next table summarizes the statistical significance on Group B, S3 – 

immediately after the in-class workshop: 
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Group B One-Sample Statistics Test Value = 3.0 

  N Mean 
Std. 

Deviation 

Std. 
Error 
Mean 

Sig. 
(2-
tailed)

"The function analysis mapping exercise expedited my 
objective understanding of the customer for our 
technology-based product or service." 

28 2.2500 1.14261 .21593 .002**

"The function analysis mapping exercise expedited my 
objective understanding of our technology." 28 2.7143 1.18187 .22335 .212

"The function analysis mapping exercise expedited my 
objective understanding of the necessary development 
activities in bringing our the technology-based 
product/service to market." 

28 2.3929 .99403 .18785 .003**

"The function analysis mapping exercise helped our team 
better understand the final product/service." 28 2.3929 .95604 .18068 .002**

"The function analysis technology mapping tool expedited 
my understanding of potential business models." 28 2.9286 1.33135 .25160 .779

"At this point in time, I feel the function mapping 
exercise/tool has been useful to our team." 28 2.0357 1.07090 .20238 .000**

"I am very likely to use the function analysis tool again, 
outside of this class, when developing new technology-
based products and services." 

28 2.5000 1.42725 .26972 .075

"The function analysis mapping exercise improved our 
team understanding of relevant intellectual property." 28 3.2500 1.35058 .25524 .336

Table 9. Improved Understanding Significance, Group B. The survey responses indicate 
that participants self-assessed as having improved understanding on most 
metrics. Sig. column indicates significance 

The same data displayed in graph form is in the graphs in next figure (Figure 61):
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Figure 61: Group B – Graphs for Increased Understanding – Group B. Test value was 3.0 
(mean is 3.5). 
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understanding of customer, product, and development activities while not significant for 

technology understanding, business models, and relevant intellectual property. At that 

point, the participants also felt that they will likely not use ATIM outside of the project. 

Note that the results for technology understanding in Group B are somewhat limited in 

scope, because due to the nature of the projects and working with Office of Technology 

Commercialization, the IP was often not fully accessible to the participants at the time of 

S3. Additionally, for Group B, at the early stage when the tool is taught, the Business 

Model considerations are farther in the future and not the major concerns as the market 

and customers have not been fully explored. 

Comparison between the Groups. 

Although the significance was more pronounced in Group A, it may also be 

attributed the additional time (1 week) that the group had between surveys. Whereas 

Group B had only 1 week between S1/2-S3, Group A had 2 weeks. This indicates that 

there may be some minimum or optimum time required or spent for the tool to show high 

utility. Overall, both groups support the hypothesis (with Group A39 supporting it 

stronger, test value of 2.5 was more positive than 3.0 tested on Group B) except the 

intellectual property and business model. It seems that neither group found the tool 

particularly useful (or significantly useful) at that point in time for those purposes. It may 

be due to the fact that the groups are not yet deeply involved with the intricacies of the 

technology (understanding the technology is somewhat a pre-requisite for understanding 

the much larger landscape of patents and related IP). But the tool does indeed help with 

this important first step of technology understanding. If the “technology” map of tool is 

re-introduced later, in conjunction with IP lecture, it could mitigate this issue. 

                                                 
39 Recall that Group A also had larger number of subjects, N~70, while Group B had about half that 
number.  
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INVESTIGATING LEVEL OF UNDERSTANDING 

Group A 

The following section will analyze the “matrix” type responses from the surveys 

(S1Q7-8S3,4Q3-4; S1Q10-12S3,4Q8-10). This part of the survey was concerned 

with individual knowledge and changes in level of understanding. The following tests 

will look at changes in understanding between surveys  

 S1-S3 (before intervention and after, ~weeks) 

 S3-S4 (after intervention and again after ~months) 

 S1-S4 (before intervention and at the end of the study). 

The statistical tests applicable to this situation are paired, or repeated measures T 

tests. Table 10 below shows the paired T-tests for the relevant quantities. 
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Group A- Paired Samples Statistics (Understanding) S1-->S3 

  Mean N 
Std. 

Deviation 
Std. Error 

Mean Significant 
Pair 1 Customer S1 2.9403 67 1.28959 .15755

No Market S3 2.7612 67 .81816 .09995

Pair 2* Market S1 3.1045 67 1.11647 .13640

P<.05* Market S3 2.7612 67 .81816 .09995

Pair 3 Competition S1 3.2985 67 1.33728 .16338

No Competition S3 3.0448 67 .99137 .12112

Pair 4** Intellectual Property S1 3.6866 67 1.47924 .18072
P<.01** 

 Intellectual Property S3 3.0149 67 1.02236 .12490

Pair 5** Technology S1 2.9254 67 1.32931 .16240
P<.01** 

 Technology S3 2.3134 67 .90803 .11093

Pair 6** Tech. Development Activities S1 3.3881 67 1.25475 .15329
P<.01** 

 Tech. Development Activities S3 2.6418 67 1.17682 .14377

Pair 7** Business Model S1 3.4776 67 1.36358 .16659
P<.01** 

 Business Model S3 2.6567 67 .94632 .11561

Pair 8* Customer VS1 3.2239 67 1.33508 .16311

P<.05* Market VS3 2.7761 67 1.22871 .15011

Pair 9 Market VS1 2.7612 67 1.20717 .14748

No Market VS3 2.7761 67 1.22871 .15011

Pair 10* Competition VS1 2.7761 67 1.40152 .17122

P<.05* Competition VS3 3.2537 67 1.24734 .15239

Pair 11 Intellectual Property VS1 3.1045 67 1.38317 .16898

No Intellectual Property VS3 3.0746 67 1.22243 .14934

Pair 12 Technology VS1 3.1045 67 1.40491 .17164

No Technology VS3 3.0299 67 1.35926 .16606

Pair 13 Tech. Development Activities VS1 2.8358 67 1.27442 .15570

No Tech. Development Activities VS3 2.6716 67 1.18562 .14485

Pair 14 Business Model VS1 3.0149 67 1.10772 .13533

No Business Model VS3 2.7612 67 .93888 .11470

Pair 
15** 

Please estimate the current level of your 
competitive advantage: S1 3.5224 67 1.03511 .12646

P<.01** 
 

Please estimate the level of your 
competitive advantage: S3 3.0746 67 .78458 .09585

 Table 10. Summary Means and Differences T-tests for Group A. Includes significance 
for the Understanding Questions between S1-S3. 
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The S1-S3 comparison shows marked and statistically significant improvement 

with P<0.01 in understanding of the IP, Technology, Technology Development, Business 

Model, and Competitive Advantage. The still significant (P<0.05) improvements were in 

understanding of market, and competition. This increased understanding is repeated 

although not necessarily attributed to the tool later in the survey. Interestingly, on 

aggregate the competition is viewed as “less complex” upon the end of S3. The reason for 

less significance in analyzing the second half of the set (the VS#) is that the unfortunate 

way the survey questions were worded. Those may be confusing and thus lead to a larger 

and more random spread of responses. The customer-market pairs (Pair 1 and Pair 8) 

were run because Survey 1 included one more data point, question about customers 

before the same question about the markets. Because the distinction in participant’s view 

may be confusing, these two pairs ought to be ignored even though one shows 

significance and the other one does not. Thus in subsequent analysis, the customer data 

point from S1 is ignored and simply replaced by understanding of the market. 

Table 11 below represents the repeated measures comparison for during time over 

a span of months from the very beginning until the conclusion of the study. 
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Group A - Paired Samples Statistics S1-S4 

  Mean N 
Std. 

Deviation 

Std. 
Error 
Mean 

Sig. (2-
tailed) 

Pair 1 Market S1 3.1455 55 1.07872 .14545 

0.000**Market S4 2.2545 55 .72567 .09785 

Pair 2 Competition S1 3.3818 55 1.23964 .16715 

0.000**CompetitionS4 2.6182 55 .89217 .12030 

Pair 3 Intellectual Property S1 3.8000 55 1.52023 .20499 

0.000**Intellectual Property S4 3.0000 55 1.08866 .14680 

Pair 4 Technology S1 2.9636 55 1.33283 .17972 

0.000**Technology S4 2.2182 55 1.03084 .13900 

Pair 5 Tech. Development Activities S1 3.4364 55 1.22872 .16568 

0.000**Tech. Development Activities S4 2.4000 55 .97373 .13130 

Pair 6 Business Model S1 3.4000 55 1.28524 .17330 

0.000**Business Model S4 2.1818 55 .88382 .11917 

Pair 7 Market VS1 2.7091 55 1.13321 .15280 

0.410 Market VS4 2.5455 55 1.19905 .16168 

Pair 8 Competition VS1 2.7091 55 1.27181 .17149 

0.940 Competition VS4 2.7273 55 1.11313 .15009 

Pair 9 Intellectual Property VS1 3.0545 55 1.36651 .18426 

0.394 Intellectual Property VS4 2.8364 55 1.33005 .17934 

Pair 10 Technology VS1 3.0364 55 1.31886 .17784 

0.204 Technology VS4 2.7818 55 1.28655 .17348 

Pair 11 Tech. Development Activities VS1 2.8545 55 1.20828 .16292 

0.293 Tech. Development Activities VS4 2.6364 55 1.20744 .16281 

Pair 12 Business Model VS1 3.0545 55 1.09575 .14775 

0.764 Business Model VS4 3.0000 55 1.17063 .15785 

Pair 13 Please estimate the current level of 
your competitive advantage: S1 3.5455 55 1.03312 .13931 

0.000**

Please estimate the level of your 
competitive advantage: S4 2.8182 55 .84087 .11338 

Table 11: Summary Means and Differences T-tests for Group A. Includes significance 
for the Understanding Questions between S1-S4. 

From this analysis, it is apparent that over the course of several months, the 

participants' understanding has improved. However, because participants during this time 
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were subject to many uncontrollable inputs, not all this can be attributed to the ATIM. 

Also, the results indicate that there is no uniform way the view of the level of complexity 

of Customer, Competition, IP, Technology, Development Activities, and Business Model 

has changed. This is most likely due to the wording and potentially different 

interpretation by individual respondents. 
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Group A - Paired Samples Statistics S3-S4 

  Mean N 
Std. 

Deviation 

Std. 
Error 
Mean 

Sig. 
(2-
tailed) 

Pair 1 Market S3 2.7500 52 .83725 .11611 
.000** 

Market S4 2.2692 52 .74401 .10318 

Pair 2 Competition S3 3.0962 52 1.03393 .14338 
.008** 

CompetitionS4 2.6154 52 .91080 .12631 

Pair 3 Intellectual Property S3 2.9808 52 1.03829 .14399 
.788 

Intellectual Property S4 2.9423 52 1.07400 .14894 

Pair 4 Technology S3 2.3846 52 .91080 .12631 
.276 

Technology S4 2.2115 52 1.05415 .14618 

Pair 5 Tech. Development Activities S3 2.6923 52 1.22935 .17048 
.077 

Tech. Development Activities S4 2.3846 52 .99319 .13773 

Pair 6 Business Model S3 2.6923 52 .94014 .13037 
.004* 

Business Model S4 2.2115 52 .89303 .12384 

Pair 7 Market VS3 2.8269 52 1.33902 .18569 
.108 

Market VS4 2.5385 52 1.22813 .17031 

Pair 8 Competition VS3 3.3654 52 1.28382 .17803 
.001** 

Competition VS4 2.7308 52 1.12224 .15563 

Pair 9 Intellectual Property VS3 3.1538 52 1.22690 .17014 
.088 

Intellectual Property VS4 2.8462 52 1.30436 .18088 

Pair 10 Technology VS3 3.0577 52 1.40606 .19499 
.149 

Technology VS4 2.7692 52 1.32273 .18343 

Pair 11 Tech. Development Activities VS3 2.7308 52 1.22259 .16954 
.558 

Tech. Development Activities VS4 2.6154 52 1.23913 .17184 

Pair 12 Business Model VS3 2.7692 52 .94174 .13060 
.129 

Business Model VS4 3.0000 52 1.18818 .16477 

Pair 13 Please estimate the level of your 
competitive advantage: S3 3.0385 52 .79117 .10971 

.070 
Please estimate the level of your 
competitive advantage: S4 2.8077 52 .84107 .11663 

Table 12. Summary Means and Differences T-tests for Group A. Includes significance for 
the Understanding Questions between S3-S4. 

 Table 12 shows that understanding improvement from S3 to S4 has only been 

significant in terms of market, competition, business model, and competition. This can 
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easily be attributed to the “standard” or expected progress of teams working on a 

commercialization of technology over time (during this ~3month period). However, it is 

important to note that there were fewer significant improvements in such a long period 

versus significant changes in only a two-week period (S1-S3) of using ATIM. 

Note about customer/market: S1-Q8 has an “additional” line (line 1) asking about 

level of understanding of customer that is missing on corresponding S3Q 4 line 1. In the 

analysis only data for exactly named variable – Market – was used. However, a brief 

correlation analysis on both Group A and Group B in Table 12 shows, that responses on a 

market question correlate strongly (P<0.01) with customer, thus using market 

understanding to ≈ customer understanding seems acceptable. 

 
Customer-Market Correlations (Group A) Customer-Market Correlations (Group B) 

Group A Understand 
Customer 
(extra) S1 

Understand 
Market S1 

Group B Understand 
Customer 
(extra) S1 

Understand 
Market S1 

Understand 
Customer 
(extra) S1 

Pearson 
Correlati
on 

1 .771** 
Understand 
Customer 
(extra) S1 

Pearson 
Correlati
on 

1 .675** 

Sig. (2-
tailed) 

  .000** 
Sig. (2-
tailed) 

  .000** 

N 74 74 N 43 43 

Understand 
Market S1 

Pearson 
Correlati
on 

.771** 1 
Understand 
Market S1 

Pearson 
Correlati
on 

.675** 1 

Sig. (2-
tailed) 

.000   
Sig. (2-
tailed) 

.000   

N 74 74 N 43 43 

**. Correlation is significant at the 0.01 level (2-tailed). 

Table 13. Customer-Market Correlation. This table shows that in both groups, there was a 
strong correlation between understanding market and customer. 

Thus, although not quite synonymous, in these results one can expect that 

knowledge of market and understanding of market is indicative and strongly correlated 

with understanding of the customer.   
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Summary of Aggregate Repeated Measures on Group A 

The T-test for repeated measures between S1, S3 and S4 for Group A is 

summarized and discussed in the last column of Table 14 on the following page. Group A 

was subject to S1 and S3 and S4: 
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Table 14: The Level of Understanding of Group A. For most measured elements has increased, for IP, technology, and 
technology development significantly more during two weeks of using ATIM in contrast with 2+months of not 
using any tool extensively

 

Understanding/          
Level of Complexity  S1‐‐>S3 Level  S1‐‐>S4 Level S3‐‐>S4 Level Summary Note Conclusion

Market  Understanding 
Increased* 

Increased**  Increased** 
Increased on all counts  Increase seemed relatively even 

Competition   Not significant 
(increase) 

Increased**  Increased** 
Increased S1‐S4. S3‐S4, not S1‐S3 

Overall increased but may not be attributable to ATIM; May take longer 
time to grasp competition 

IP  Understanding 
Increased** 

Increased** 
Not significant  
(tiny increase)  Increased S1‐S3,S1‐S4, not S3‐S4  Increased IP understanding quite likely due to use of ATIM 

Technology  Understanding 
Increased** 

Increased** 
Not significant 

(increase)  Increased S1‐S3, S1‐S4, not S3‐S4 
Increased while teams used ATIM, may also indicate approach the teams 
took ‐ to understand technology first 

Technology 
Development 

Understanding 
Increased** 

Increased** 
Not significant 

(increase)  Increased S1‐S3, S1‐S4, not S3‐S4 
Increased while teams used ATIM, may also indicate approach the teams 
took ‐ to understand technology first but more likely due to ATIM focus

Business Model  Understanding 
Increased** 

Increased**  Increased**  Increased S1‐S3, S1‐S4, more 
significantly, less significantly S3‐S4 

Increased while teams used ATIM, also overall and while not; indicates 
longer‐term endeavor 

Complexity of Market  Not significant 
(increase) 

Not significant 
(tiny increase) 

Not significant 
(increase)  Most likely no significant effect  Potentially due to the awkward wording of the question. 

Complexity of 
Competition 

View of Complexity 
Decreased* 

No change  Increased**  S1‐S3 Complexity untangled, S3‐S4 
Complexity increased   But overall, see above, understanding improved. 

Complexity of IP  Not significant 
(increase) 

Not significant 
(increase) 

Not significant 
(increase)  Most likely no significant effect  Potentially due to the awkward wording of the question. 

Complexity of 
Technology 

Not significant 
(increase) 

Not significant 
(increase) 

Not significant 
(increase)  Most likely no significant effect  Potentially due to the awkward wording of the question. 

Complexity of 
Technology 
Development 

Not significant 
(increase) 

Not significant 
(tiny increase) 

Not significant 
(increase) 

Most likely no significant effect  Potentially due to the awkward wording of the question. 

Complexity of 
Business Model 

Not significant 
(increase) 

No change 
Not significant 

(decrease)  Most likely no significant effect Potentially due to the awkward wording of the question.

View Level of 
Competitive 
Advantage 

Increased**  Increased** 
Increased 

(non‐
significant) 

Increased significantly S1‐s3, S1‐S4, 
not significantly with S3‐S4 

The estimate of level of competitive advantage increased while using the 
tool. (Better technology‐market understanding.) 

Notes: Ns changed (S1‐3,S1‐4, S3‐4 were N=65,52,55 respectively because of different missing individuals for each survey pair 
             * P<0.05, ** P<.01 
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Summary of Aggregate Repeated Measures on Group B 

Since Group B was only subject to S1 and S3 to compare, only those were 

analyzed for two time points statistics (paired T-tests).  

Paired Differences - S1-S3, Group B 

  Change Discussion/Explanation 

Understanding of 
Market 

Increased (non-signif.) 
Result is not surprising because unlike Group A, teams at 
this point have not completed their market selection.  

Understanding of 
Competition   Increased* However, understanding of potential competition increased. 

Understanding of IP  Increased* ATIM supports increased IP understanding. 

Understanding of 
Technology 

Unchanged 

At this point ATIM did not help increase technology 
understanding. The averages are equal due to discreteness 
of data but StDevs are different StDevs.  Double check 
revealed no mistake. 

Understanding of 
Technology 
Development  Increased** 

Independent of technology and market (not significant), 
technology development understanding has significantly 
increased and so has the business model understanding. Understanding of 

Business Model  Increased* 
Level of Complexity 
of Market  No significant change 

Potentially due to hard‐to‐understand survey wording. 
Level  of Complexity 
of Competition  No significant change 
Level of Complexity 
of IP  Complexity Decreased** Implies higher understanding of IP. 

Level of Complexity 
of Technology  Unchanged 

Identical average, different StDevs, due to discreteness of 
data  

Level of Complexity 
of Technology 
Development  No significant change Potentially due to hard‐to‐understand survey wording. 
Level of Complexity 
of Business Model  No significant change 

View Level of 
Competitive 
Advantage 

Increased** 

Reported significant increase in level of competitive 
advantage is quite likely a result of better understanding of 
the intellectual property and competition, thus not 
surprising given those are significant above. 

** p<0.01, * p<0.05; 
N=27 

Table 15. Summary of Paired Statistics for Group B. Results of difference before and 
after using ATIM for a week in a group of less experienced and less 
advanced users early on in the technology commercialization process. 
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INTELLECTUAL PROPERTY UNDERSTANDING 

It would be interesting to analyze understanding of intellectual property in a 

similar fashion as above. However, the survey and responses focused on IP do not offer a 

practical way to investigate this. The options to include “Don’t know” and “Not 

Applicable” in S1Q12 and S3-4Q8 mean that the set of responses is not consistent. 

Moreover, at the time of the surveys, participants, particularly in Group B, had minimal 

IP understanding. 

The graphs in Figure 62 below show the changes in responses over time over S1-

S4. Overall, the knowledge of survey respondents with regards to IP has improved (less 

“Don’t know”s and “N/A”s over time) while most respondents did not think trademarks 

and copyrights were as important to their competitive advantage. This makes sense as 

most of the startups had patents or their potential pre-cursors – trade secrets. 
 

 

Figure 62: Graphs of IP Summaries for Group A. Evolution of IP-related Survey 
responses S1, S3, S4. Patent, trade secret, trademark, copyright.  
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Figure 62, cont.  
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Group A 

Interestingly enough, data showed that participants’ view of the level of 

competitive advantage was correlated to trade secret rather than patents. This is an 

interesting observation and may mean that teams rely on their ability to keep secret more 

than protection provided by other forms of intellectual property, namely patents. 

Group B 

Because this data did not provide significant insights, it is omitted. 

EVALUATING TECHNOLOGY POTENTIAL, ASSESSMENT & POTENTIAL 

S1-Q13,Q15-16 and corresponding S3&4-Q9,Q11-12 asked the participants about 

the technology status as they view it, whether commercialization of the technology 

should move forward based on current assessment, and the confidence level of the 

assessment. Table 16 on next page summarizes those findings. 
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 Group A S1-->S3 S1-->S4 S3-->S4 Summary Discussion 
 If 1 is an idea in the lab and 
10 is a complete product 
ready for sale, where on 
scale from 1-10 does your 
technology fall?  (Closer to 
Product) 

Not 
Significant

Not 
Significant

Not 
Significant No change was significant. 

As one would expect, uniform change 
would be surprising as teams may find 
either their technology earlier stage, or 
later stage approximately equally likely 

Currently, should the 
commercialization of this 
technology move forward?       
(Closer to Move forward) 

Not 
Significant

0.003** 0.037*

Significant change form S1-->4 
and S3-->S4 indicates that 
decision to move forward may 
have been made later, post 
ATIM intervention 

The tool is designed to help 
objectively evaluate the potential. The 
result is important especially since 
the tool does not bias the teams 
towards commercialization in the first 
time interval. 

What is your confidence level 
with this assessment?  
(Closer to More Confident) 0.000** 0.000**

Not 
Significant

Significant change from S1--
>S3 and S1-->S4. 

This result supports the hypothesis 
that ATIM increases decision 
confidence in teams independently 
and more than other interventions. 
Thus, the tool is useful. 

Group B S1-->S3 Discussion 
 If 1 is an idea in the lab and 10 is a complete 
product ready for sale, where on scale from 1-10 
does your technology fall?  (Closer to Product) 

Not 
Significant As one would expect for 50:50 chance to under/over-estimate 

the technology 
Currently, should the commercialization of this 
technology move forward?           (Closer to Move 
forward) 

Not 
Significant

Supports the result that ATIM does not favor either one pathway 
(commercialize vs. shelving the technology), ATIM is neutral as 
an evaluation tool.  

What is your confidence level with this 
assessment?  (Closer to More Confident) 0.014* Supports the hypothesis that ATIM is useful as it increases 

confidence in the assessment while it is used. 
Note: **P>.99, *P>0.05 

Table 16. Assessment & Confidence. These tables for Group A&B support the Hypothesis. 
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Table 16 shows that ATIM increases confidence of the users in making a 

commercialization decision. Moreover, ATIM seems to perform neutrally and is not 

biased either pro- or against proceeding with commercialization. 

Team Convergence/Communication/Consensus Results 

Although this particular variable may be difficult to measure, the following data 

analysis was performed: The estimates of participant responses for time and costs to 

bring their projects to markets were averaged and standard deviation also calculated on a 

per-team basis. If the team consensus during the use of ATIM increased, then one should 

see the standard deviation (spread of the estimated values) reduce as the team agrees and 

the estimates to fall within a much closer vicinity of each other – smaller (normalized) 

standard deviation – (although the mean may be shifted one way or another from the 

original estimate). The data weakly indicates this type of a trend, nevertheless, the fact 

that answers to calculate the averages may have been given by a different team member 

(and a different number of team members), those are not very reliable. Ultimately, during 

the first time interval measured in Group A, the change in standard deviation for time was 

positive 8 times and negative (supporting the hypothesis) 9, a hardly significant change. 

For cost, the standard deviation of estimates decreased in 9 cases and decrease in 6 cases. 

In Group B, the changes were more promising with 6 decreases and 3 increases for time 

estimate and 8:2 for cost estimate. 

The data in Table 17 is to be taken with caution, however, as the survey responses 

could have easily included an error, since participants were asked to estimate the costs in 

million and time in months (or decimals thereof) – not the most user friendly option. In 

fact, at least one participant likely made that mistake as the answer was $5B to bring a 

technology to market. This particular datum was removed.  
  



 198

Table 17. Standard Deviation Changes in Cost & Time to Market Estimates. Both groups. 

Group A 

Group_
TEAM 

Tech_Ti
me1_m
ean 

Tech_
Time2
_mean 

Tech_
Time3
_mean 

Tech_Ti
me1_sd 

Tech_Ti
me2_sd  Change? 

Tech_Ti
me1_sd 

Tech_Ti
me3_sd  Change? 

2  6.5  19.5  15  7.2  11.36  increase  7.2  10.82  increase 

4.00  24.00  27.30  13.80  14.54  24.88  increase  14.54  12.26  decrease 

6.00  33.63  10.00  2.33  57.67  5.10  decrease  57.67  1.53  decrease 

8.00  6.33  .83  12.00  5.51  .29  decrease  5.51  20.78  increase 

10.00  7.20  8.33  5.50  3.56  6.35  increase  3.56  3.32  decrease 

12.00  9.00  15.00  4.75  4.24  4.24  none  4.24  6.01  increase 

14.00  21.00  12.00  10.00  13.08  6.00  decrease  13.08  6.24  decrease 

18.00  29.00  41.00  13.40  37.43  35.68  decrease  37.43  4.56  decrease 

20.00  12.00  3.75  6.80  8.49  1.50  decrease  8.49  5.07  decrease 

22.00  40.80  37.40  44.00  10.73  20.76  increase  10.73  6.93  increase 

24.00  44.00  65.33  64.00  13.56  28.38  increase  13.56  30.20  increase 

26.00  24.00  12.00  9.67  13.86  11.31  decrease  13.86  2.08  increase 

28.00  9.88  10.20  7.25  8.00  2.68  decrease  8.00  3.89  decrease 

30.00  12.00  13.50  10.50  4.90  5.74  increase  4.90  3.00  decrease 

32.00  7.20  3.30  6.00  9.86  3.99  decrease  9.86  .00  n/a 

34.00  43.50  23.00  54.00  27.44  15.10  decrease  27.44  8.49  decrease 

Group A                          

Group_
TEAM 

Tech_C
osts1_
mean 

Tech_
Costs2
_mean 

Tech_
Costs3
_mean 

Tech_C
osts1_s
d 

Tech_Co
sts2_sd 

SD 
Change? 

Tech_Co
sts2_sd 

Tech_C
osts3_s
d  Change? 

2  0.53  1.26  3.5  0.59  0.94  increase  0.94  3.97  increase 

4.00  2.64  8.00  2.30  1.16  4.95  increase  4.95  1.75  decrease 

6.00  .31  .64  .72  .22  .21  decrease  .21  1.11  increase 

8.00  .27  16.75  .40  .23  28.79  increase  28.79  .69  decrease 

10.00  .66  .20  .75  .49  .04  decrease  .04  .50  increase 

12.00  .11  .75  .25  .13  .35  increase  .35  .07  decrease 

14.00  .52  1.03  .42  .85  .95  increase  .95  .14  decrease 

18.00  10.75  11.33  2.54  11.86  11.08  decrease  11.08  1.75  decrease 

20.00  1.01  .16  .33  .69  .23  decrease  .23  .23  none 

22.00  8.60  7.90  3.20  1.29  2.13  increase  2.13  3.36  increase 

24.00  15.50  15.00  40.00  9.00  5.00  decrease  5.00  17.32  increase 

26.00  10.75  9.50  .72  7.80  10.61  increase  10.61  .42  decrease 

28.00  4.38  3.35  5.11  7.09  6.52  decrease  6.52  6.94  increase 

30.00  1.38  1.20  .90  .48  .54  increase  .54  .20  decrease 

32.00  .44  .47  1.16  .52  .49  decrease  .49  .68  increase 

34.00 
5.98  2.70  6.25  6.31  3.12  decrease  3.12  .35  decrease 
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Table 17, cont. 

In Group B, the consensus building function of the ATIM seems to be stronger. 

That is probably due to the lower experience level and lower exposure to the technology 

in this group. It could also indicate that teams in Group B are smaller and overall 

communicate better. 

TEST OF DATA FOR USEFULNESS OF ATIM 

When analyzing response as to whether a commercialization of a technology 

should move forward, there is a significant difference Between S1 and S4 – indicating 

that the tool may have aided in making the Go/No go decision. However, there is not a 

significant difference in between Survey 1 and Survey 3, indicating that this better 

decision may be simply due to other factors in the ~3 month period from S1 to S4 since 

S3-S4 difference is also significant (1=definite yes, 7=definite no).  

On the other hand, it seems that the confidence level has significantly changed 

(primarily because of using the tool) in the two weeks within using the tool and overall 

from the very beginning of the testing to the last test (~3months). However, there was not 

a significant change in the 2.5 months following the second test thus indicating that 

Group B

Group_

TEAM

Tech_Ti

me1_m

ean

Tech_Ti

me2_m

ean

Tech_Ti

me1_sd

Tech_Ti

me2_sd Change?

Tech_Cost

s1_mean

Tech_Co

sts2_me

an

Tech_C

osts1_s

d

Tech_Cos

ts2_sd

Cost 

Estimate 

Change?

53.00 22.00 15.13 19.18 14.94 decrease 33.40 5.38 42.28 4.27 decrease

55.00 11.80 22.50 7.69 10.25 increase 5.48 1.38 8.18 0.48 decrease

57.00 18.00 22.80 8.49 8.90 increase 13.80 16.20 11.52 19.58 increae

59.00 46.25 54.00 33.77 12.00 decrease 14.25 128.63 10.28 247.60 increase

101.00 34.00 48.00 23.66 16.97 decrease 12.25 7.50 18.55 3.54 decrease

103.00 40.00 39.00 42.14 29.70 decrease 7.00 1.50 11.27 0.71 decrease

105.00 36.00 21.00 16.97 4.24 decrease 25.05 5.13 35.28 6.89 decrease

109.00 21.50 15.50 12.37 7.78 decrease 2.01 0.20 1.54 0.14 decrease

111.00 27.50 74.00 9.85 36.77 increase 38.63 12.50 46.70 10.61 decrease
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innovation mapping played a large role in the increase of confidence about the decision to 

proceed/not to proceed with a given technology, whichever way that may have gone. 

Understanding of the Customers/Market – Results 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean
Pair 
1 

Market S1 3.1045 67 1.11647 .13640
Market S3 2.7612 67 .81816 .09995

Pair 
2 

Market S1 3.1455 55 1.07872 .14545
Market S4 2.2545 55 .72567 .09785

Pair 
3 

Market S3 2.7500 52 .83725 .11611
Market S4 2.2692 52 .74401 .10318

Pair 
4 

Market VS1 2.7612 67 1.20717 .14748
Market VS3 2.7761 67 1.22871 .15011

Pair 
5 

Market VS1 2.7091 55 1.13321 .15280
Market VS4 2.5455 55 1.19905 .16168

Pair 
6 

Market VS3 2.8269 52 1.33902 .18569
Market VS4 2.5385 52 1.22813 .17031

 
Paired Samples Test 

  

Paired Differences 

t df 
Sig. (2-
tailed) Mean 

Std. 
Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 
Pair 
1 

Market S1 - 
Market S3 .34328 1.34336 .16412 .01561 .67095 2.092 66 .040*

Pair 
2 

Market S1 - 
Market S4 .89091 1.18122 .15928 .57158 1.21024 5.593 54 .000**

Pair 
3 

Market S3 - 
Market S4 .48077 .91802 .12731 .22519 .73635 3.776 51 .000**

Pair 
4 

Market VS1 
- Market 
VS3 

-
.01493 

1.38709 .16946 -.35326 .32341 -.088 66 .930

Pair 
5 

Market VS1 
- Market 
VS4 

.16364 1.46267 .19723 -.23178 .55905 .830 54 .410

Pair 
6 

Market VS3 
- Market 
VS4 

.28846 1.27320 .17656 -.06600 .64292 1.634 51 .108

Table 18. Paired Samples Test for Market Understanding in Group A.  



 201

Looking at the T-test results and paired results (lower value is higher 

understanding) we can see that participants reported statistically significant higher 

understanding of the market (customer) between Survey 1 and 3, as well as between 

Survey 3-4 (longer time lag, not necessarily unexpected) and analogously in between 

Survey 1 and 4. The view of the market complexity did not show any increased 

correlation improvement most likely indicative of the vagueness of this question. It 

moreover may indicate that the tool is not as useful at elucidating the market for the 

product while still being useful in understanding the customer. 

Understanding of the Competition – Results 

Understanding competition S1-S3 has not improved but statistically significant 

improvement happened from S1-S4. Thus maybe the tool did not provide a very useful 

way to explore competition, which makes sense. Most of the difference then came from 

the post tool-use use training later in the natural progress of the teams. Lower average 

means more highly complex competition view. More complex competition situation thus 

indicates higher level of understanding.  
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Paired Samples Statistics 

  Mean N 
Std. 

Deviation 
Std. Error 

Mean 
Pair 
1 

Competition S1 3.2985 67 1.33728 .16338
Competition S3 3.0448 67 .99137 .12112

Pair 
2 

Competition S1 3.3818 55 1.23964 .16715
CompetitionS4 2.6182 55 .89217 .12030

Pair 
3 

Competition S3 3.0962 52 1.03393 .14338
CompetitionS4 2.6154 52 .91080 .12631

Pair 
4 

Competition VS1 2.7761 67 1.40152 .17122
Competition VS3 3.2537 67 1.24734 .15239

Pair 
5 

Competition VS1 2.7091 55 1.27181 .17149
Competition VS4 2.7273 55 1.11313 .15009

Pair 
6 

Competition VS3 3.3654 52 1.28382 .17803
Competition VS4 2.7308 52 1.12224 .15563

Pair 
7 

Please estimate the current level of your 
competitive advantage: S1 

3.5224 67 1.03511 .12646

Please estimate the level of your competitive 
advantage: S3 

3.0746 67 .78458 .09585

Pair 
8 

Please estimate the current level of your 
competitive advantage: S1 

3.5455 55 1.03312 .13931

Please estimate the level of your competitive 
advantage: S4 

2.8182 55 .84087 .11338

Pair 
9 

Please estimate the level of your competitive 
advantage: S3 

3.0385 52 .79117 .10971

Please estimate the level of your competitive 
advantage: S4 

2.8077 52 .84107 .11663

 
Paired Samples Test 

  

Paired Differences 

t df 
Sig. (2-
tailed) Mean 

Std. 
Deviatio

n 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 
Pair 
1 

Competition S1 - 
Competition S3 .25373 1.44959 .17710 

-
.09985 

.60731 1.433 66 .157

Pair 
2 

Competition S1 - 
CompetitionS4 .76364 1.50264 .20262 .35742 1.16986 3.769 54 .000**

Pair 
3 

Competition S3 - 
CompetitionS4 .48077 1.26010 .17474 .12995 .83158 2.751 51 .008**

Pair 
4 

Competition VS1 - 
Competition VS3 

-
.47761 

1.71763 .20984 
-

.89657 
-.05865 

-
2.276 

66 .026*

Pair 
5 

Competition VS1 - 
Competition VS4 

-
.01818 

1.76898 .23853 
-

.49640 
.46004 -.076 54 .940

Pair 
6 

Competition VS3 - 
Competition VS4 .63462 1.23715 .17156 .29019 .97904 3.699 51 .001**

 Table 19. Paired Samples Test for Understanding Competition in Group A.  
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Pair 
7 

Please estimate 
the current level of 
your competitive 
advantage: S1 - 
Please estimate 
the level of your 
competitive 
advantage: S3 

.44776 .90927 .11109 .22597 .66955 4.031 66 .000**

Pair 
8 

Please estimate 
the current level of 
your competitive 
advantage: S1 - 
Please estimate 
the level of your 
competitive 
advantage: S4 

.72727 1.17780 .15881 .40887 1.04568 4.579 54 .000**

Pair 
9 

Please estimate 
the level of your 
competitive 
advantage: S3 - 
Please estimate 
the level of your 
competitive 
advantage: S4 

.23077 .89914 .12469 
-

.01955 
.48109 1.851 51 .070

Table 19, cont. 

Whereas in the view of complexity of competitive landscape between S1 and S3 

the view of the complexity increased as one would expect, in the later stages, from S3-S4 

it has again decreased as the participants presumably gained more structured 

understanding of the competitive landscape. Thus ATIM seems to help explore 

competition and the space by bringing new information to the problem at hand. In the 

subsequent times the teams organize and “figure out” the competition and reduce the 

complexity that too much information may cause. 

The changes in estimate of level of competitive advantage are all significant with 

the progress of time between S1 and S3 and S1-S4 but not from S3-S4 again indicating 

that much larger changes happen during the first phases of analyzing the technology 

using ATIM.  
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HIGHER LEVEL MODELS 

Except the estimate for costs and time average and standard deviation (Table 17) 

the analysis above that took grouping into account, the previous analysis relied on a 

cumulative and average data across all the participants. The following section will look at 

the data in a more fine-grained fashion, recognizing there are distinct groups and repeated 

measurements. Because each individual participant belonged to a same group, one 

potential correlation can be within groups and group differences (presumably due to the 

group’s more or less strong use of ATIM). As a side note, for this step, the data was 

converted from a wide format where each column has one variable to long format where 

each participant had several rows of various variables. 

By the virtue of an exploratory study, this work focused only on a few select 

indicators and analyzed these using SPSS as a mixed model ANOVA. The several 

correlations investigated were related to the following survey responses and also to the 

following map identifiers: 

1) Survey Responses 

a) Time spent using ATIM (as a group) 

b) Time spent using ATIM (total) 

c) Time spent using ATIM (as an individual) 

2) Information gathered from team maps 

a) Number of Nodes (functions) 

b) Number of Links (relationships between functions) 

c) Level of map development (1-10) as estimated by the researcher 

3) Because map identifiers were only available after ATIM was taught, only two time 

points are used in this study (S3, S4). Overall, three time points for other metrics are 
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usable and those were used in two distinct time steps. First from S1 to S3 and then 

form S3 to S4 on Group A (only S1-S3 on Group B). 

4) Metrics tested were primarily the change in level of understanding, confidence, and 

Q15-22. 

These test runs, however, were not successful in showing that the grouping 

mattered. Upon closer examination, although the statistical models run in these cases 

were correct, SPSS regularly gave a “not enough positive definite Hessian Matrix” 

warning. Moreover, accounting for the team effects even in the few runs without this 

warning did not seem to have made a difference. What this truly means is that there is not 

that much variability in the outcome variables across the teams for SPSS to make a 

proper estimate. Ultimately, this represents the fact that although participants are in 

groups, it does not seem to make a difference.  Ergo none of these results are usable to 

support the hypothesis because the variability within the teams is unfortunately too large 

and the dataset and differences between group too small.  

This is in part due to the sample size but also in part because some participants 

have skipped surveys or survey questions. Several other artifacts may affect these 

measurements. First and foremost, the sample group of about 15 completed teams is 

relatively small to estimate team-grouping effects. Secondly, although the team 

participants answered surveys, some have skipped a survey thus further limiting the full 

usable data pool (SPSS usually ignores missing data points). Furthermore, it may be the 

case where a participant completed S1 & S4, not S3, while another one completed S1 & 

S3 and not S4 which slightly alters the measured “behavior” of the entire group on the 

two timescales S1-S3 and S1-S4. 
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UNSTRUCTURED DATA 

The following sections review and look at the survey responses from participants 

that could not be quantified in numbers. As such, the data is combined for both groups, A 

& B. Despite the results supporting the hypothesis from the statistical and quantitative 

data preceding this section, the following candid feedback from study participants is very 

valuable to further analyze the experiment and also the hypothesis. The text inputs from 

subjects include target customer description, technology description, why/how the ATIM 

expedite understanding, how was the tool useful, or un-useful, and what the participants 

wish with respect to the ATIM (see Appendix IV to review the survey questions) . Note 

that the quoted subjects’ responses below are unedited in their original form, including 

(m)any typographical errors. 

Target Customer 

The target customer text description was one of the several items moved from less 

specific to more and more specific as in this example:  

1. Offshore Oil and Gas Companies in the Gulf of Mexico (S1)   

2. Offshore Oil Platform Owner's Operations Manager (S3)   

3. Benjamin Chacana - Director of the Chilean National Office of 

Emergency (S4). 

Another good example is a more specific, but also a description that demonstrates higher 

level of knowledge about the market:  

1. Hand-tendon surgeons (S1)   

2. Hospitals purchasing managers, and secondarily doctors (S3).  

However, as expected it was not always the case since teams often pivoted and for 

some team members getting a grasp of the technology was paramount, before a clearer 

understanding of the market/customer could emerge. This was not across-the board, but 
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there were at least 5 teams in Group A where this occurred. Some of these trends are also 

apparent in Group B, where the market description changed to show deeper 

understanding in a few cases too:  

1. Textiles (S1)  High-end clothing stores (S2); 

2. Oil& Gas Industry (S1)  Deepwater oil and gas companies (S3); and  

3. Doctors, cardiologists (S1)  Medical Device Companies (S3).  

Additional examples are in the following Table 20: 

Table 20.  Market Description Improvements. Table summarizes few example 
improvements in participant customer/market descriptions while using 
ATIM 

 
  

 

Sample Improvements based on target customer/market descriptions 

Survey 1  Survey 3 (+2weeks)  Survey 4 (+3months) 

Full‐service restaurants  Full Service Restaurant Chains 
Full‐service small‐chain 
restaurants in the Austin 
area 

Oil Services Industry  Well operating companies  CO2 EOR operators 

Petroleum Extraction 
Companies 

Small or medium extraction 
companies.  Co2 eor companies 

Oil and Gas drilling 
companies  Well operating companies  CO2 EOR operators 

Offshore Oil and Gas 
Companies in the Gulf of 
Mexico 

Offshore Oil Platform Owner's 
Operations Manager 

Benjamin Chacana ‐ Director 
of the Chilean National Office 
of Emergency 

Motor/generator 
manufacturers  Wind Turbine manufacturing  No survey data for Group B 

Energy and automobile 
companies  GE, government, Bechtel  No survey data for Group B 

Oil and gas industry 
Deepwater oil and gas 
companies  No survey data for Group B 

Oil and Gas Drilling 
Companies  Schlumberger, Halliburton  No survey data for Group B 

Doctors, cardiologists  Medical device companies  No survey data for Group B 

Textiles  High‐end clothing stores  No survey data for Group B 
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Technology Description 

In some cases, participant technology description became significantly more 

concise as well, for example:  

S1: A web and mobile solution that allows migrant workers to send money 

directly to education institutions and then receive updates on the performance of the 

money they sent.  On S2 this changed to: A payment fulfillment and feedback tracking 

platform. 

In Group A this again happened in about 5 teams, similarly, in Group B there 

were also a few instances of similar “sharpening” of a technology description. Some of 

the most apparent improvements in technology descriptions are compiled in Table 21. 
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Improvements based on text description of technology
 
Tech_Descr1  Tech_Descr2 Tech_Descr3
It is a hydrogel formed through a crystal template process that 
gives the gel certain properties. These are ideal for use as an 
adhesion barrier in surgeries to prevent adhesions occurring 
between unwanted parts of the body. 

The technology is a process that creates a 
hydrogel and gives it certain properties that 
make the product ideal as an adhesion 
barrier to be used in surgeries. 

A hydrogel membrane 
that is applied to a surgical 
wound after surgery to 
prevent adhesions. 

Mobile remittance platform that provides feedback to reassure 
customers that their money was received and used properly 
and constructively. We will be creating a vertically integrated 
remittance &amp; mobile money technology system to enable 
direct international money transfer from point A to point B 
while adding value by providing feedback and taking out the 
middle step of needing someone to physically pick money up at 
a Western Union (or the like) and taking it to it's destination ‐ 
this also reduces the risk of the physical transport and the 
overhead costs of having cash on hand in a physical storefront. 

A software platform to enable secure 
international payments directly to schools in 
Uganda and Kenya through our system and 
in return they would receive the student's 
performance data. 

we have developed a 
platform that allows bulk 
payments to be made to 
mobile. 

A web and mobile solution that allows migrant workers to send 
money directly to education institutions and then receive 
updates on the performance of the money they sent. 

A payment fulfillment and feedback tracking 
platform 

Our technology helps 
businesses to make 
payouts to mobile 

Seismic Technology to optimize petroleum extraction from 
onshore reservoir 

Is a low resolution, low price seismic 
technology used to monitor reservoir 
behavior during extraction. 

Seismic twchnology that 
monitors underground co2 
flows 

A system to consolidate pet medical records, a device that pets 
wear to access that information and added functionality for 
veterinarians 

NFC locket that triggers a cloud‐based 
management system for medical records 
and vet activities 

Digital ecosystem that 
links care providers and 
pet owners 

 
 
 
 
Table 21: Improved Technology Descriptions. Table shows example improvements in participant technology descriptions 

while using ATIM. 
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A contact lens that provides continuous glucose monitoring. An 
interrogator is pulled up in front of the eye and sends and RF 
power signal to the lens, which starts a chemical reaction with 
glucose in the tears of the eye, a current is made through the 
chemical reaction which directly correlates to the glucose 
concentration within the eye. 

Contact lens that can monitor glucose levels 
from tears within the eye 

No response for this 
participant on Survey 3 

An improved pump system that allows fluids with high gas to 
liquid ratios (&gt;5%) to be economically produced. 

Pump system that allows more economical 
recovery of oil and gas wells with a gas to 
liquid ratio greater than 5% 

No survey data for Group 
B 

A pumping system that can push deep water oil and gas 
through a single pipeline. 

It's a pump that can pump hydrocarbons 
with significantly higher gas concentrations 
than existing solutions. 

No survey data for Group 
B 

This technology would allow for simultaneous injection of any 
chosen fluid and production of reservoir fluids. 

Downhole oil and gas tool that allows for 
simultaneous production and injection from 
same well. 

No survey data for Group 
B 

Table 21, cont. 
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Group A - Did ATIM Expedite Technology Evaluation, Usefulness, and Survey 
Feedback 

This section looks closer at the participant answers to whether the ATIM 

expedited their technology evaluations.  The questions asked how and why the ATIM 

expedited the users’ evaluation of a technology. 

Some of the overwhelmingly (~80%) positive feedback and responses are below. 

They do support the tool’s role in evaluating technologies. In general, the participants 

highlight the visual aspect of the tool, and its ability to break things down in smaller, 

more organized way. Since these are direct quotations, typographical errors in the next 

sections are kept to maintain authenticity of the feedback. 

Yes & Why/How  

 
 Help to find customer, 
 …forced to think about the customer’s perspective and how we can develop a 

solution to meet their needs. 
 forced us to think about all the possible outcomes for all decision points… 
 It helped our team see our knowledge gaps and get on the same page. 
 Yes because we were forced to look and analyze the details. 
 … The process and forcing function was the value. 
 Visual way to understand out business 
 Made it clear who the potential customers were and what to focus on 
 Gave deeper understanding of commercialization process 
 We understand what areas will take more time/money/risk 
 It helped us understand the market better 
 Better analysis and identification of alternative business models 
 Better overall picture 
 Helped us understand what features the customer truly is looking for and what we 

need to do with our technology in order to reach those desires/needs 
 yes, it made our group start asking more detailed questions 
 Yes, really helped me understand the technology and market. 
 “it made us bring up other questions we had not thought about”, “made us 

understand how we currently intend to commercialize our technology,…” 
 It gave us possibility to use structured visual approach 
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 Pointed out areas we missed previously 
 We understand what areas will take more time/money/risk 
 Yes, allowed us organize our thoughts 
 Thinking about, mapping out, and connecting everything helped us see the big 

picture. 
 Broke down important areas we hadn’t thought of and showed there were other 

areas we need to think of.  
 Organize ideas and information in a logical way 
 Mapping allows us fill in the gaps once they have been identified 
 By forcing us to look at the areas that we still needed work 
 If this were a new start-up, the function analysis would have been a very useful tool 

to gain clarity and the opportunity 
 Breaking down tech, product, and biz dev steps 
 We were able to identify other potential customers 
 It reduces the complexity of analyzing a technology by creating a step-by-step 

process 
 Breaking down all parts of the customer buy decision and the steps needed to 

complete the product helped us to better understand our commercialization potential 
 By identifying customer we had to identify their pain points and priorities. By doing 

this, we were able to verify our technology addresses a market problem. 
 Identifying potential business models and weighing risk of each model 
 Developing a business model 
 Understanding the customer helped identify additional product features 
 Other market segments to look into and possible new technologies that could be 

developed from our current technology 
 Determining the steps in development of the technology 
 Getting everyone on the same page and identifying issues where there were 

conflicts or inconsistencies 
 Helping my teammates understand the technology 
 Systematically focusing and planning our strategy to add value to the customer 
 Helping create a big picture view of the bundle of activities necessary to 

successfully commercialize a product 
 Other classes talk about concepts but this hands on approach is really a skill/tool 

that I will definitely use past MSTC. The value in this approach was very clear to 
me and has been one of the most valuable things I have learned so far in the MSTC 
program. (!) 

 Thinking through business model innovations. 
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 CBD – figuring out important aspects to customer 
 Helping understand benefits and features 
 Understanding our customer wants related to our product 
 Engage all team members 
 What tech steps we have to prove in order to have success 
 In understanding the IP status (!) 
 Not all members of the group made a sufficient effort to understand the purpose 

behind the maps. I thought the maps were the critical framework from which to 
understand many course concepts. Group members that did not see it this way 
argued and fought tooth and nail against using the maps to help guide us forward 
because they weren't following the concepts that should have guided the 
conversation “ and “ 

 Because we are working in teams, it was important that everyone saw the value in 
these maps. That did not happen in our team, so it was difficult to discuss 
variations on development activities, IP, etc using maps because that was not the 
paradigm everyone was using. The maps are quite unique in their approach, so it 
was really an uphill battle to try and convince everyone that using the maps would 
be a good idea. It was an intimidating thing to really develop, and 2 of us, 
including a 23 year old (myself) with less than a year work experience to draw 
from, were left alone trying to figure it out. 

 

In terms of participant feedback that was more critical, the tool was un-useful in the 

following aspects according to the feedback: 

 
 Competitive analysis 
 Determine the actual market opportunity 
 Learning aspect of IP, identifying patentable aspects of the technology 
 “I believe it was helpful in all aspects” [sic!] 
 The time it takes is more than what I expected. 
 Identifying potential business models 
 Uncovering potential intellectual property 
 The nature of it requires a lot of simplification of ideas to present them visually 
 Too difficult to print legible copies 
 Value added map comprise many different events 
 Negative impacts… still don’t quite get that 
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 In further understanding the competition in depth.  

Some responses that participants used for a prompt “I wish:” 

 
 I had known this before  
 Use it in other projects 
 We had more time to fumble thorugh this in class 
 We could spend more time doing the kinds of things we did today 
 We could use it to deconstruct Twitter, Facebook, Yammer, etc. from when they 

were at idea stage 
 It’s a very useful tool for getting your thoughts in a order that helped facilitate 

other questions and answers 
 There had been more of an individual focus so that other members of the team 

would be forced to spend time working with the maps for their own grade rather 
than leaving that kind of work to 1 or 2 people. 

 Some in class focus addressing the likelihood of people rejecting this paradigm 
because it was novel, and trying to stress the importance of taking a fresh look. 

 Have a list of suggested Value Add maybe that fall into the categories. For 
example, this would fall in line with Prof Nichols questions after I2P. Basiucally, 
suggested activities for a given type of technology as an idea generator. 

 I wish I can apply for FA to do analysis projects in my future career. 
 We had more feedback regarding the steps to develop the product that we 

identified 

Some additional responses to a survey feedback prompt: 

 
 This exposed some humorous holes in both my understanding of my product and 

my ability to type. Just the above concern; otherwise I think this will be highly 
useful and agrees with the way I think. 

 I liked the idea of an aggregated cost, time, and risk totals below the VAA map. 
 Great exercise 
 I really like this tool 
 This was the first time exposed to FA. I plan to use it moving forward. 
 The greatest use for our team was communicating the various processes that were 

mapped. 
 I think this was a great exercise that I will use in my own work. 
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 Is a great tool that help to understand the technology and the commercialization of 
technologies. I enjoyed working with this tool and I will use it in the future 

 It is very useful to learn FA step by step. In addition, I like I2P individual 
assignment because it gives me a opportunity to review what I learn from function 
analysis. 

 I found function analysis like dentistry; painful but necessary.  It was valuable.  
Thank you. 

 Great exercise which I will use in my job. 
 My only recommendation would be to add a risk analysis map to the exercise. 

Using the risk identied in the other maps would help to identify other risk and give 
possible mitigation strategies. I also think that that this tool could be used to 
identify other potential competitors and provide gaps in which a company could 
use to enter a particular market or segment. 

 Excellent process. I'm excited to go back and apply this process to my current job 
position. I believe it will be a powerful tool with helping to prioritize features to 
include in phased product development and I found the tool extremely helpful. It 
provides a thorough, logical framework for developing a commercialization plan. I 
have used it already at work to outline the companies needs in developing a 
scenario planning and portfolio management tool 

 It's a good tool and I've already started to use it in a project for my business 
 Cool, new way of thinking about these things for myself. 
 Really helped me understand the technology and market 

Group B - Did ATIM Expedite Technology Evaluation, Usefulness, Survey 
Feedback, 

The responses for this group, albeit scarcer (smaller group) mimic those of Group 

A. To highlight a few: 

 
 Yes, it gave us an idea as to what steps are necessary to take it to market. 
 Look at what we need to accomplish from the customer’s perspective more fully 
 It was a useful graphic organizer 
 Systematically mapping out the relationship between technical features and 

customer needs. 
 Clarifying our understanding of the technology. 
 Organisation of thoughts for various elements of the technology and customer. 
 Creating a visual representation of the needed developments to further innovation. 
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 Clarifying our understanding of the market. 
 Mapping out the commercialization process was very useful 
 My teams understanding of the tech 
 Indicating areas of ignorance and further research 
 Thinking about the technology itself from another point of view 

The exercise was not useful in: 
 Did not complete time, risk, money assessment 
 We basically copied one of the maps 

And subjects wished for: 
 We were allowed to show links between various maps 
 See more professional examples 
 I could do more simple ones before tackling the hard one 
 My understanding of tech was not significantly aided but I had better 

understanding going in than most 
 Very useful 

Other, more general survey feedback responses included: 
 I will use the function mappijg in the future, 
 I thought at first it was a not-very-pretty-mindmapping too. Rather, it is an 

analytical tool.  
 I don’t feel I know enough about the technology at this point to make any 

accurate estimations. 

In general, again the feedback was positive, although the teams in Group B were 

significantly less familiar with the technologies and overall less knowledgeable and 

experienced than Group A. Although not a scientific proof, word clouds created for all 

the text responses for respective groups are in Appendix IX. The most common words in 

both groups include: technology, customer, buy, needs, understand, product, map, 

decision, and value. This points to at least some effect on the participants in those areas.  
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Group B – Additional Written Feedback 

At the end of the semester, Group B turns in a “semester thesis’ that discusses the 

class, projects, and their overall learnings in technology commercialization. Nearly half 

of the participants, unprompted, have spoken highly of the ATIM as a useful tool in this 

report. Some of these quotes are reproduced below: 

 

DF: “It is very easy to get lost in the potential of an idea or the growth prospects 
of an industry and lose sight of the big picture. The function analysis maps were 
key in this exercise. We asked ourselves over and over again about how a specific 
figure or characteristic of the industry fit into the overall commercialization 
process. Along the way, we pivoted until we found the most probably path for our 
technology.” 

MVL: “One part of the semester-long project was to develop function maps to 
graphically depict information regarding our chosen technology.  Being a visual 
learner, I found function maps to be very informative and helped my 
understanding in how the various factors work together.  The function maps also 
helped me to not “lose the forest through the trees”—in other words, to not 
myopically focus on details and lose sight of the big picture.  The function maps 
were also helpful in determining what information was known and what 
information still needed to be acquired.  In that sense, function maps served as an 
inventory of information. … Displaying this information in our CBD map allowed 
us to methodically tackle the most important question: “What will make a 
customer part from their money?”  In other words, it helped us to “combine[] a 
market need, even if in imprecise terms, with some proof that the technology 
considered had a fair chance of fulfilling the requirements of this need.” … “The 
other two function maps, the technology map and the value-adding map, helped 
us systematically analyze our technology and the necessary steps towards 
commercialization.  One benefit of these maps was to identify where our 
knowledge shortcomings were and where we needed to focus our research.  For 
example, once we initially completed our function maps, we realized how little 
we knew about the dynamics and interactions between a potential drug company 
client, a patient, a doctor, and the insurance company.  This helped us to identify 
where our next research efforts should be concentrated. This was important to do, 
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since “pursuing a technology deeply serves the purpose of expanding its 
context”40—and if we could expand the context of our technology, this would 
help us to identify additional options for commercialization. “ … “Most of the 
primary research was driven by gaps in our team’s current knowledge that was 
discovered by completing the function maps.” 

 
HZ:” In the class practice, we developed the function map of value added activities. In 
the beginning, I was confused why we were required to do so. Later, when I realize that 
the generic value chains of businesses normally includes two parts, one associated with 
design and manufacturing and one with sales and service, I am really convinced that 
developing a function map of value added activities is an effective and fast way to locate 
a suitable business model. Through creating the function map of value added activities, I 
not only have a better understanding of the value chain of medical industry but also have 
a clearer business direction for our team’s technology.” 
 
DF: “Learning to Function with Function Maps41 The next phase of our project 
focused on learning the purpose and methodology for creating Function Maps.  Despite a 
thorough explanation, it wasn’t until several weeks later – during the draft QuickLook 
submission – when our team came to a better understanding as to the use and advantage 
of a well-developed set of Function Maps.  The Customer Value Map seemed straight 
forward.  Knowing our initial submission was vague, full of holes, and lacking 
quantitative information, it served as a guide during our interviews with industry experts.  
Using the map helped simplify, and provide structure, to our interviews.  It also aided us 
verifying technology features valued by potential customers and defining the value range 
of those specific features. “ …  Though we did not possess quantitative data for the time, 
cost, and risk associated with each task, building the Value Added Map helped us 
visualize the steps required to take our technology from its current state to one accepted 
and sustained within a market, further focusing our target and clarifying data for 
interviews and research.” 
 
AR: “We were responsible for developing three major diagrams that included a 
technology map, value added map, and customer buy decision map. These really visually 

                                                 
40 “Imagining the Dual (Techno-Market) Insight to Start Commercialization,” from Commercializing New 
Technologies: Getting From Mind to Market, V.K. Jolly, Harvard Business School Press, Boston, 1997. 
[Footnote included in text by MVL, not by the dissertation author.]  

41 Section title (bold) 



 
 
 
 
 219

aided us as to how we were going to take our technology and get it to the final 
destination.” 
VK: “Function mapping is a paramount skill that I learned and will value immensely. Its 
design and ease of use as software and its purpose as an entrepreneurial technique 
provides significant benefits in the commercialization process. I found that the function 
map helps visual all the various aspects of the technology and the market. Dr. Nichols’ 
particular instruction of finding the ‘value adding activities required to put a technology 
on the market’ was the triggering insight I needed to understand how function maps were 
to be designed.  I value this skill/tool owing to its flexibility and particularly for its ability 
to hold information that is vital to the commercialization process. Over the course of its 
use in our presentation I have endearingly called it my ‘nexus of information’. As 
explored above, this in turn makes it a ‘nexus of progress’.” 
 
JL: “This exercise helped our group to much better understand the technology and raise 
questions that need to be answered in the research stage to determine whether the 
technology will meet the customer need.” 
 
HG: “The following week we were introduced to the concept of function maps. For me 
this was a valuable tool as it gave us a framework to understand the customer buy 
decision, the technology under consideration and the value addition provided by the 
technology. The simple logic behind the function mapping process enhanced our group’s 
understanding of the customer buy decision intuitively.” 
 

Other feedback from Group B:  

 ATIM helped with technology selection, business model, application, & market 
 “Brilliant tool” 
 Useful to evaluate the technology by having all information together 
 Visual communication tool and useful for primary research 
 Very helpful organizing thoughts 
 Great way to summarize 
 ATIM interfaces technology , strategy, and drives capitalism 
 Made us more confident to evaluate new technology 
 “Function cartography” 
 Seeing big picture, more intuitive than function structures 
 Opened eyes to what don’t know, after bewilderment began to appreciate 
 Most and extremely useful,l CBD helped bring out business features 
 Invaluable learning tools, helped after some frustration 
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 Provided more clarity 
 Great internal strategic tool, used it for MBA+ project 
 Great way to cope with critical/fundamental questions, great tool, kept focused 
 Helped understand importance and roadblocks, provided detours 
 Visual communication, overview and clarity needed that was lacking prior to use 

of ATIM 

These excerpts and paraphrases again support the usefulness of ATIM to users. 

CHAPTER SUMMARY 

The chapter outlined the experimental design for investigation of ATIM. It 

showed the extent of usefulness of the ATIM tool and compared the data with proposed 

hypotheses. Overall, the tool increased understanding of individuals on mot metrics. 

Variances between teams were not significant because the mixed models had a difficult 

time to account for within-team variances (i.e. some individuals within a team may have 

used the tool and learned from the tool significantly more than others). The analysis of 

the text responses strongly support the ATIM was of value for the participating users. Its 

main advantages are the graphical and visual relationship representation, which help 

teams see the overall big picture all in one place. The last chapter will summarize, 

conclude, and present some areas for future study. 
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Chapter 6: Discussion of Results & Conclusions 

RESULTS SUMMARY 

This work focused on addressing the Innovation Gap introduced in Chapter 1. 

Namely, the focus was on a tool to support development of new products and services 

based on technology, technology commercialization. After an overview of the innovation 

and product development space, the work described the new tool, the Advanced 

Technology Innovation Mapping (ATIM) to help cross the Innovation Gap between a 

technology in the lab and a market application. The research embarked on investigating 

several hypotheses with respect to the tool (Table 3). 

The results are summarized in the Table 22. 

 

 

 Table 22. Hypothesis Summary Based on Research Data. This table summarizes findings 
and relates them to the original hypothesis. 

Hypothesis Proposition Supported Unsupported Conclusion

I.      Hypothesis: Advanced Technology Innovation Mapping Tool (ATIM) aids
in technology commercialization efforts

Overall ‐ yes.

Some 

elements not 

addressed.

Tool coul dbe 

improved to 

incorporate additional 

elements.

II.    Research questions:
A.      Does ATIM increase users’ understanding of the customers and their buy
decision? Yes. Quant & Text Supports Hypothesis

B.       Does ATIM increase users’ understanding of the underlying technology and
interactions of its components? Yes. Quant & Text Supports Hypothesis

C.      Does ATIM increase users’ understanding of necessary technology
development to bring technology to market? Yes. Quant & Text Supports Hypothesis

D.      Does ATIM increase users’ understanding of strategic and organizational fit
of the technology?

Not clearly 

answered. Reject.

E.      (Optional) Does ATIM increases users’ understanding of IP issues as
relevant to the technology?

Only slightly at 

some groups. Reject.

Some Relevant Elements evaluated:

F.       Does ATIM increase number of users’ ideas (quantity, relationships/links)?
Overall tends to 

increase. Supports Hypothesis.

G.     Acquire appropriate case study data elements to help answer the questions
above. Yes, acquired. ATIM seems useful.
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The results of the exploratory study, observations, and response data from study 

participants using ATIM are promising although the study could be expanded and they 

hypothesis tested with a different experimental design especially by including a control 

group. 

CONTRIBUTIONS OF THIS WORK: 

This work identified the Innovation Gap and developed a tool to address it – The 

Advanced Technology Innovation Mapping Tool (ATIM). ATIM is based on several 

engineering methodologies and aims to support innovation and technology 

commercialization in the early stages. Through this work, the author evolved, improved, 

standardized, and evaluated the ATIM tool via an exploratory study with several distinct 

groups. This tool can be used to analyze emerging technology, customers and markets for 

a technology-based product/service, as well as the development activities to bring the 

technology-based product to market. Moreover, it provides a strategic-level overview of 

the necessary technology development and a glimpse at potential business models. 

Case Study Maps for Evaluation of ATIM 

Moreover, this research included (in Chapter 4) several case examples in a 

creation of detailed maps for one or more emerging technologies in diverse technology 

areas to demonstrate the usefulness of ATIM. These go into significant detail of each of 

the three maps to show some interesting learnings from each. 
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IMPLICATIONS OF RESULTS 

The overall positive results justify using the ATIM tool in instruction and training 

programs as well as by professionals in the technology commercialization field. Although 

taking a while to learn, as experimental subjects reported, ATIM overall provides 

additional insight, benefits, and expedites evaluation of the technology through its visual 

and quantitative aspects. 

PROPOSED ADDITIONAL RESEARCH OF ADVANCED TECHNOLOGY INNOVATION 

MAPPING (ATIM) TOOL (FUTURE WORK, SUGGESTED NEXT STEPS) 

Study Limitations 

Overall, the research could benefit from further systematic investigation. One 

primary study limitation is lack of a quality control group. This could be addressed in 

future studies by comparing ATIM to a different tool used by two different groups. 

Another limitation includes using maps themselves and participants’ self-reported data. 

That can be complemented by using independent observers or experts to provide 

additional data inputs/checks. Additionally, the investigation could not take a full 

advantage of all the data acquired (especially from the team maps). Systematically 

mining some specific map features could provide more insights. Finally, some survey 

data was of limited use. This concern was addressed with new surveys as of fall 2013.  
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Suggested Survey Improvements 

Some questions in the surveys are difficult to analyze and should be clarified. 

This was addressed in the most recent 2013 surveys. Additional question prompts users to 

identify an “Aha moment” due to the use of the tool to share.  

Although many of the Hypothesis elements may be addressed with the answers 

from the individual surveys as Chapter 5 describes in detail, an external, more neutral and 

objective evaluation could provide stronger support less prone to individual self-

assessment bias. That is the topic of the following section. 

Additional Optional Elements for Evaluation of ATIM 

Most of the previous discussion focused on evaluating the ATIM by its users and 

used regression. To add another viewpoint, another reasonable proposal would evaluate 

the maps on several other criteria that use the maps themselves. 

Some of these simple metrics would include comparing the number of nodes 

(boxes) and the number of links (arrows) on each map. One could argue that the number 

of nodes is proportional and related to the number of “ideas” the users had using the map. 

On the other hand, the number of arrows can serve as a proxy of the number of 

relationships that the ATIM users uncovered. Given that in brainstorming and creative 

problem solving, larger number of ideas results in more higher quality ideas and better 

outcomes, these two data points alone can give an insight of the tool usefulness to a team. 

Evaluation Metrics for Creative Techniques 

Unfortunately, in terms of evaluation metrics for creative techniques, “these 

techniques are not well-developed in general” [Clauss et al. 2011, p.6]. Literature 
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acknowledges a need to develop a reasonable set of them and a rational way to quantify 

them. Shah [Shah et al. 2000; Shah et al. 2003] did and Nelson [Nelson et al. 2009] 

suggested improvements to Shah’s criteria. Based on their research and Fiet [Fiet et al. 

2007], the next suitable steps would include the following: 

To show the additional usefulness of the ATIM tool with other methods, it will be 

important to document and support the apparent improvements of ATIM. To study and 

evaluate the ATIM tool, there are two options. These can be evaluated with a control 

group (for example using a brainstorming or “awareness” [Fiet et al. 2007] techniques as 

a benchmark) or without using regression by simply first investigating teams before the 

use of ATIM function maps and in second case after ATIM has been used. The recorded 

maps and summaries of each group (or individual’s) findings then can be judged on 

potentially several of the established metrics: quality, quantity, novelty, and variety 

[Clauss et al. 2011] or fit, value, rarity, inimitability [Fiet et al. 2007; Barney 2006]. 

Because of overlap, the five most appropriate selected metrics are QFVNI: 

 quantity, (Q) 

 fit (related to quality), (F) 

 value, (V) 

 rarity (novelty), (N) 

 and inimitability (I). 

To continue this work in the future, the research hypothesis could systematically 

investigate the next improvements of ATIM and quantify it on the above metrics. They 
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are related to Shah [Shah et al. 2000] who established four effectiveness metrics for idea 

generation methods in conceptual design.  

Additionally, case studies research which is also an accepted approach [Shah et al. 

2000; Shah et al. 2003; Eisenhardt 1989; Eisenhardt and Graebner 2007] and more case 

studies could continue to build up support for research hypothesis. 

 Implementation 

These proposed metrics can best be implemented using several “qualified” 

reviewers/evaluators of the team maps. The reviewers would first be assigned a set of 

same-set sample maps to calibrate their individual results. Given an overall good 

correlation among the reviewers, they will then be assigned a set of maps each to 

evaluate. The elements of evaluation will include the 5 dimensions above (QFVNI). The 

QFVNI scores then will be compared with the same scores before the “intervention”, i.e. 

QFVNI based on the team’s Quicklook® and/or other document(s) immediately preceding 

the application of ATIM. The overall procedure is thus similar to the one used by [Wood 

and Linsey 2006; Clauss et al. 2011; Linsey 2007]. 

The results can then be collected and interpreted. For teams that have 

demonstrated a significant improvement, the results can be compared with teams that 

have not on the basis of other data such as time spent, number of team-members involved 

in map creation, etc. that is available from the surveys. These results would give external, 

objective strength to some of the conclusions based on self-assessment surveys as well as 

provide more detailed insight on the ATIM tool itself. 
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Suggested Next Steps in ATIM Research 

Next research steps in ATIM should include testing with a control group and 

comparing ATIM with some other tools described in Chapter 2 (Systematic Search, 

Roadmapping, Brainstorming with mind-mapping, or Awareness). Also, increasing and 

diversifying the data sets (subject pools) to allow for more detailed and advanced data 

analytics with higher level regression models would be helpful in terms of next research 

steps. 

In the future, for this work to show further usefulness of the ATIM tool, research 

needs to document and support the apparent improvements of ATIM. To study and 

evaluate the ATIM tool there are two options. These improvements can be evaluated with 

a control group or without by simply first asking teams to not use a function map and in 

second case to use one or compare two near time points of before using the tool and after 

as described before.  

Suggested ATIM Improvements 

To improve ATIM, including competition more explicitly, or at least highlight 

how it is relevant in CBD (need to outperform status quo competition at least, but also 

potential threats) would be useful. However, as one of the interviewers commented, for 

startups, the product is more important, and the competition is less important than most 

startups think. Overall, a broader use in a variety of areas (such as VC firms, consulting 

firms, and Technology Transfer Offices) could provide a fertile research area as well as 

additional valuable case studies and data points with even more technologies. In the 
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meantime, the tool is established, described, ready, available, and waiting to be used 

more extensively. 

Besides adding new functions, ATIM could include other variables such as 

milestone value increase for each function [(valuein) – (valueout)]. These could help 

“automate” the tool, or at least support an analysis using its own software. Furthermore, 

the ATIM could be extended to focus in detail on intellectual property issues, strategy, 

and to support IP creation. In addition, the more advanced versions of ATIM can exploit 

negative functions and counter-actions which has not been fully harvested. The 

counteracting functions often call for creative, inventive & non-incremental technology 

or process modifications, advances, and solutions, requiring expert-level knowledge of a 

technology or the technological space.  

The ATIM is now well structured and simple enough to where using ATIM in 

conjunction or combination with inventive problem solving techniques from TIPS/TRIZ 

may become fruitful. Including these techniques in a systematic way along with being 

able to automate some of the function map-building using intelligent or ATIM-

customized software represent other potential research avenues.  

 

*** 
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APPENDICES 

Appendix I – Background on Techniques 

To save space in the main text but to give a curious reader a good example for 

methods described, this appendix includes, in order in which they appear, examples for 

methods presented in Chapter 2. 

PRE-NPD TOOLS 

Roadmapping 

 

Figure AI-1. Generalized Technology Roadmap Architecture. From: [Carvalho et al. 
2013, p.1419]. 
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Figure AI-2. Integrated Technology Commercialization Roadmap. Source: [Lichtenthaler 
2008b, p.47]. 
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Figure AI-3. Simplified Integrated Technology Commercialization Roadmap. Source: 
[Lichtenthaler 2010, p.433]. 
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Functional Market Concept 

Figure AI-4. Functional Market Concept. From: [Weiss 2004, p.324]. 
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Technology Choice Tool 

 

 

Figure AI-5. Technology Choice Tool – Analytical Hierarchy Process. The tool includes 
analytical Hierarchy Process and a resulting Radar plot (“Spider Web Plot”). 
From: [Meyhack et al. 2002, pp.10–11]. 
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Technology Foresight, Forecasting, and Assessment 

Figures AI-6-7. Technology Foresight Process. This and next page. From: [Carlson 2004, 
pp.55–56]. 
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Technology Intelligence Tool 

Several figure describing the Technology Intelligence Tool. 

Figure AI-8-9. Technology Intelligence Framework. From: [Mortara, Clive I.V. Kerr, et 
al. 2009, p.117]. 
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Figure AI-10. Technology Intelligence Tool Example. From: [Mortara, Clive I. V. Kerr, 
et al. 2009, p.340]. 
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SWOT Analysis and Porter’s 5 Forces Example 

The images below show a sample of SWOT Analysis for Southwest Airlines and 

a template of Porter’s 5 Forces. 

 

Figure AI-11. Sample SWOT Analysis for Southwest Airlines. From: [Dorf and Byers 
2004, p.90]. 
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Figure AI-12. Template of Porter’s Five Forces Strategy Analysis. From: [Dorf and Byers 
2004, p.88]. 
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Figure AI-13. Three Ways to Examine New Opportunities. New/established: market-
product-customer. From: [Dorf and Byers 2004, p.88]. 
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Cross-Industry Innovation 

Figure below depicts the cross-industry innovation process. 

 

Figure AI-14. The Cross-Industry Innovation Process. From: [Brunswicker et al. 2010, 
p.687]. 
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EMPIRICAL METHODS 

Lead User Method 

 

Figure AI-15. Figure Explaining the Lead User Concept. From: [Eric Von Hippel 1986, 
p.797]. 

 

Figure AI-16. Adaptation of the Lead User Method. From: [Henkel and Jung 2010] 
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Corporate Imagination & Expeditionary Marketing 

 

 

Figure AI-17. Stretching the Corporate Imagination. From: [Hamel and Prahalad 1991, 
p.91]. 
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IP/SOFTWARE TOOLS 

Keyword-based Morphology Analysis and TechPioneer 

Figures below depict the keyword-based morphological analysis in conjunction with 
TechPioneer Software tool developed by Yoon [Yoon 2008, pp.126–127]. 
 

 Figure AI-18. The Concept of TechPioneer. From: [Yoon 2008, p.126]. 
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Figure AI-19. The Architecture of TechPioneer. From: [Yoon 2008, p.127]. 
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EVALUATION TOOLS 

Technology Radar 

 

 

Figure AI-20. Technology Radar Method and “Radar Screen”. DT AG = Deutsche 
Telecom AG. From: [Rohrbeck et al. 2006, pp.979–980]. 
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Quad Charts 

Example Quad Chart is below. 

 

Figure AI-21. Sample Quad Chart. Source: [US Government 2013]. 
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GENERAL USE TOOLS, COMMERCIAL TOOLS 

Sample Simple Mind Map 

 

Figure AI-22. Snapshot of a Mindmap and Software. From: [Shih et al. 2009, p.142]. 
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Sample Concept Map 

 

Figure AI-23. Sample of a Concept Map. From: [Borrego et al. 2009, p.3]. 
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Guided Innovation Toolkit Pretium 

 

Figure AI-24. Screenshot of Pretium LLC’s Guided Innovation Toolkit (GIT). From: 
http://www.gbtriz.com/GIT.htm . 
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House of Quality (Quality Function Deployment) 

 

 

Figure AI-25. House of Quality – High Level Overview. Figure 1 from: Hauser [Hauser 
1993, p.62]. 
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Appendix II – Biotechnology Map Examples – Alafair Biosciences42 

                                                 
42 Source: Alafair team with author’s guidance. 
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Appendix III 

This appendix includes the IRB Approval Letter and Proposed Study Documents. 

IRB APPROVAL LETTER FOR STUDY 2012-07-0052 (2 PAGES) 
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APPROVED IRB RESEARCH PROPOSAL (10 PAGES) 
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REQUIRED APPROVED PARTICIPANT CONSENT FORM (2 PAGES) 
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Appendix IV 

SURVEYS 1-4 (3&4 ARE IDENTICAL), 12 PAGES 

This appendix includes the data collection surveys for this research. 
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Appendix V – Data Tables 

Frequency Tables Improved Understanding Survey 
3 and Survey 4 

"The function analysis mapping exercise 
expedited my objective understanding of the 

customer for our technology-based product or 
service." S3 

"The function analysis mapping exercise 
expedited my objective understanding of the 

customer for our technology-based product or 
service." S4 

  
Frequ
ency 

Perc
ent 

Valid 
Percent   

  
Frequ
ency 

Perc
ent 

Valid 
Percent 

Valid 

Strongly 
Agree 

18 22 26.9 
  

Valid 

Strongly 
Agree 

13 15.9 22.4

Agree 39 47.6 58.2    Agree 26 31.7 44.8

Slightly 
Agree 

6 7.3 9 
  

Slightly 
Agree 

17 20.7 29.3

Slightly 
Disagree 

3 3.7 4.5 
  

Slightly 
Disagree 

1 1.2 1.7

Disagree 1 1.2 1.5 
  

Strongly 
Disagree 

1 1.2 1.7

Total 67 81.7 100    Total 58 70.7 100

Missing System 15 18.3    Missing System 24 29.3 

Total 82 100      Total 82 100   

"The function analysis mapping exercise 
expedited my objective understanding of our 

technology." S3 

"The function analysis mapping exercise 
expedited my objective understanding of our 

technology." S4 

  
Frequ
ency 

Perc
ent 

Valid 
Percent     

Frequ
ency 

Perc
ent 

Valid 
Percent 

Valid 

Strongly 
Agree 

10 12.2 14.9 
  

Valid 

Strongly 
Agree 

9 11 15.5

Agree 44 53.7 65.7   Agree 32 39 55.2

Slightly 
Agree 

10 12.2 14.9 
  

Slightly 
Agree 

15 18.3 25.9

Slightly 
Disagree 

2 2.4 3 
  

Disagree 1 1.2 1.7

Disagree 1 1.2 1.5 
  

Strongly 
Disagree 

1 1.2 1.7

Total 67 81.7 100   Total 58 70.7 100

Missing System 15 18.3   Missing System 24 29.3 

Total 82 100     Total 82 100   

Table A5-1. Improved Understanding, Group A, Survey 3& 4 (S3&S4 side-by-side). 
Table above and continuing on following pages shows frequency of 
responses for Group A. It demonstrates the predominantly positive feedback 
for ATIM. 
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"The function analysis mapping exercise 
expedited my objective understanding of the 

necessary development activities in bringing our 
the technology-based product/service to market." 

S3 

"The function analysis mapping exercise 
expedited my objective understanding of the 

necessary development activities in bringing our 
the technology-based product/service to market." 

S4 

  
Frequ
ency 

Perc
ent 

Valid 
Percent   

  
Frequ
ency 

Perc
ent 

Valid 
Percent 

Valid 

Strongly 
agree 

20 24.4 29.9 
  

Valid 

Strongly 
agree 

13 15.9 22.4

Agree 35 42.7 52.2   Agree 33 40.2 56.9

Slightly 
agree 

10 12.2 14.9 
  

Slightly 
agree 

11 13.4 19

Slightly 
disagree 

1 1.2 1.5 
  

Strongly 
disagree 

1 1.2 1.7

Disagree 1 1.2 1.5   Total 58 70.7 100

Total 67 81.7 100   Missing System 24 29.3 

Missing System 15 18.3   Total 82 100   

Total 82 100     

"The function analysis mapping exercise helped 
our team better understand the final 

product/service." S3 

"The function analysis mapping exercise helped 
our team better understand the final 

product/service." S4 

  
Frequ
ency 

Perc
ent 

Valid 
Percent   

  
Frequ
ency 

Perc
ent 

Valid 
Percent 

Valid 

Strongly 
Agree 

18 22 26.9 
  

Valid 

Strongly 
Agree 

9 11 15.5

Agree 35 42.7 52.2   Agree 33 40.2 56.9

Slightly 
Agree 

10 12.2 14.9 
  

Slightly 
Agree 

14 17.1 24.1

Slightly 
Disagree 

1 1.2 1.5 
  

Slightly 
Disagree 

1 1.2 1.7

Disagree 3 3.7 4.5 
  

Strongly 
Disagree 

1 1.2 1.7

Total 67 81.7 100   Total 58 70.7 100

Missing System 15 18.3   Missing System 24 29.3 

Total 82 100     Total 82 100   

Table A5-1, cont. 
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"The function analysis technology mapping tool 
expedited my understanding of potential business 

models." S3 

"The function analysis technology mapping tool 
expedited my understanding of potential business 

models." S4 

  
Frequ
ency 

Perce
nt 

Valid 
Percent   

  
Frequ
ency 

Perc
ent 

Valid 
Percent 

Valid 

Strongly 
agree 

16 19.5 23.9 
  

Valid 

Strongly 
agree 

9 11 15.5

Agree 27 32.9 40.3   Agree 25 30.5 43.1

Slightly 
agree 

19 23.2 28.4 
  

Slightly 
agree 

15 18.3 25.9

Slightly 
disagree 

3 3.7 4.5 
  

Slightly 
disagree 

6 7.3 10.3

Disagree 2 2.4 3   Disagree 2 2.4 3.4

Total 67 81.7 100 
  

Strongly 
disagree 

1 1.2 1.7

Missing System 15 18.3   Total 58 70.7 100

Total 82 100     Missing System 24 29.3 

Total 82 100   

  

"At this point in time, I feel the function mapping 
exercise/tool has been useful to our team." S3 

"At this point in time, I feel the function mapping 
exercise/tool has been useful to our team." S4 

  
Frequ
ency 

Perce
nt 

Valid 
Percent   

  
Frequ
ency 

Perc
ent 

Valid 
Percent 

Valid 

Strongly 
agree 

34 41.5 50.7 
  

Valid 

Strongly 
agree 

18 22 31

Agree 25 30.5 37.3   Agree 26 31.7 44.8

Slightly 
agree 

6 7.3 9 
  

Slightly 
agree 

13 15.9 22.4

Slightly 
disagree 

1 1.2 1.5 
  

Strongly 
disagree 

1 1.2 1.7

Disagree 1 1.2 1.5   Total 58 70.7 100

Total 67 81.7 100   Missing System 24 29.3 

Missing System 15 18.3   Total 82 100   

Total 82 100     

 
 
 

 
 
 
 
 
 

Table A5-1, cont. 



 
 
 
 
 284

Table A5-1, cont.   

"I am very likely to use the function analysis tool 
again, outside of this class, when developing new 

technology-based products and services." S3 

"I am very likely to use the function analysis tool 
again, outside of this class, when developing new 

technology-based products and services." S4 

  
Frequ
ency 

Perce
nt 

Valid 
Percent   

  
Frequ
ency 

Perc
ent 

Valid 
Percent 

Valid 

Strongly 
agree 

30 36.6 44.8 
  

Valid 

Strongly 
agree 

16 19.5 27.6

Agree 25 30.5 37.3   Agree 25 30.5 43.1

Slightly 
agree 

8 9.8 11.9 
  

Slightly 
agree 

12 14.6 20.7

Slightly 
disagree 

3 3.7 4.5 
  

Slightly 
disagree 

4 4.9 6.9

Disagree 1 1.2 1.5 
  

Strongly 
disagree 

1 1.2 1.7

Total 67 81.7 100   Total 58 70.7 100

Missing System 15 18.3   Missing System 24 29.3 

Total 82 100     Total 82 100   

"The function analysis mapping exercise improved 
our team understanding of relevant intellectual 

property." S3 

"The function analysis mapping exercise improved 
our team understanding of relevant intellectual 

property." S4 

  
Frequ
ency 

Perce
nt 

Valid 
Percent   

  
Frequ
ency 

Perc
ent 

Valid 
Percent 

Valid 

Strongly 
agree 

7 8.5 10.4 
  

Valid 

Strongly 
agree 

4 4.9 6.9

Agree 20 24.4 29.9   Agree 26 31.7 44.8

Slightly 
agree 

32 39 47.8 
  

Slightly 
agree 

22 26.8 37.9

Slightly 
disagree 

3 3.7 4.5 
  

Slightly 
disagree 

4 4.9 6.9

Disagree 4 4.9 6   Disagree 1 1.2 1.7

Strongly 
disagree 

1 1.2 1.5 
  

Strongly 
disagree 

1 1.2 1.7

Total 67 81.7 100   Total 58 70.7 100

Missing System 15 18.3   Missing System 24 29.3 

Total 82 100     Total 82 100   
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"The function analysis mapping exercise 
expedited my objective understanding of 
the customer for our technology-based 

product or service." 

"The function analysis mapping exercise 
helped our team better understand the final 

product/service." 

  
Frequ
ency 

Valid 
% 

Cumul. 
%   

Frequ
ency 

Valid 
% 

Cumul. 
% 

Valid Strongly 
Agree 6 21.4 21.4

Valid Strongly 
Agree 5 17.9 17.9

Agree 15 53.6 75.0 Agree 11 39.3 57.1
Slightly 
Agree 4 14.3 89.3

Slightly 
Agree 8 28.6 85.7

Disagree 
3 10.7 100.0

Slightly 
Disagree 4 14.3 100.0

Total 28 100   Total 28 100   
Missing System 17     Missing System 17     

Total 45     Total 45     

"The function analysis mapping exercise 
expedited my objective understanding of 

our technology." 

"At this point in time, I feel the function 
mapping exercise/tool has been useful to our 

team." 

  
Frequ
ency 

Valid 
% 

Cumul. 
%   

Frequ
ency 

Valid 
% 

Cumul. 
% 

Valid Strongly 
Agree 5 17.9 17.9

Valid Strongly 
agree 10 35.7 35.7

Agree 6 21.4 39.3 Agree 11 39.3 75.0

Slightly 
Agree 12 42.9 82.1

Slightly 
agree 4 14.3 89.3

Slightly 
Disagree 2 7.1 89.3

Slightly 
disagree 2 7.1 96.4

Disagree 3 10.7 100.0 Disagree 1 3.6 100.0

Total 28 100   Total 28 100.0   

Missing System 17     Missing System 17     

Total 45     Total 45     

"I am very likely to use the function 
analysis tool again, outside of this class, 
when developing new technology-based 

products and services." 

"The function analysis technology mapping 
tool expedited my understanding of potential 

business models." 

  
Frequ
ency 

Valid 
% 

Cumul. 
%   

Frequ
ency 

Valid 
% 

Cumul. 
% 

Valid Strongly 
agree 8 28.6 28.6

Valid Strongly 
agree 4 14.3 14.3

Agree 8 28.6 57.1 Agree 6 21.4 35.7

Slightly 
agree 7 25.0 82.1

Slightly 
agree 12 42.9 78.6

Table A5-2. Improved Understanding Significance, Group B, Survey 3: Table above 
shows frequency of responses for Group B. It demonstrates the 
predominantly positive feedback for ATIM, usually 80% or more percent 
of “slightly agree” or better. 
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Table A5-2, cont.

Slightly 
disagree 1 3.6 85.7

Slightly 
disagree 1 3.6 82.1

Disagree 3 10.7 96.4 Disagree 4 14.3 96.4

Strongly 
disagree 1 3.6 100.0

Strongly 
disagree 1 3.6 100.0

Total 28 100.   Total 28 100.0   

Missing System 17     Missing System 17     

Total 45     Total 45     

"The function analysis mapping exercise 
improved our team understanding of 

relevant intellectual property." 

"The function analysis mapping exercise 
expedited my objective understanding of the 
necessary development activities in bringing 
our the technology-based product/service to 

market."   
Frequ
ency 

Valid 
% 

Cumul. 
% 

Valid Strongly 
agree 3 10.7 10.7

  
Frequ
ency 

Valid 
% 

Cumul. 
% 

Agree 
5 17.9 28.6

Valid Strongly 
agree 5 17.9 17.9

Slightly 
agree 9 32.1 60.7

Agree 
11 39.3 57.1

Slightly 
disagree 5 17.9 78.6

Slightly 
agree 9 32.1 89.3

Disagree 
5 17.9 96.4

Slightly 
disagree 2 7.1 96.4

Strongly 
disagree 1 3.6 100.0

Disagree
1 3.6 100.0

Total 28 100.   Total 28 100.0   

Missing System 17     Missing System 17     

Total 45     Total 45     
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Appendix VI 

S-curve of technological development – this curve is well known to engineers and 

product developers. Early technologies pick up slowly with poor performance, followed 

by a period of rapid growth and then flattening out. Eventually, the product (technology) 

is replaced by a new one with S-curve in general above the previous product. 

Figure AVI-1. S-Curve of Technological Development. From: [Garcia and Calantone 
2002, p.122]. 

Appendix VII 
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Fuzzy Front End and NPD. Figure below shows how the level of fuzziness 

decreases in NPD. 

Figure AVII-1. Fuzzy Front End and Decreasing Fuzziness Level in NPD. From: [Kim 
and Wilemon 2002, p.270]. 
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Appendix VIII 

Table AVIII-1. Summary of Some Major Differences between TIM and ATIM. 
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Appendix IX 

Figure AIX-1.Word Clouds of the Entire Text Feedback. Group A(top) and B. 
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Glossary 

Innovation (Page 1) – An iterative process initiated by the perception of a new 

market and/or new service opportunity for a technology based invention which leads to 

development, production, and marketing tasks striving for the commercial success of the 

invention [Garcia and Calantone 2002, p.112]. 

Technology (Page 2) – The practical application of [scientific]43 knowledge 

especially in a particular area [Merriam-Webster Dictionary Online]. 

Invention (process) (Page 1) – Creative process to produce a technological 

invention [Markman and Wood 2009]. 

Technological Invention (Page 2) – any art or process (way of doing or making 

things), machine, manufacture, design, or composition of matter, or any new and useful 

improvement [based on technology]44 thereof, (or any variety of plant, which is or may 

be patentable under the patent laws of the United States) [USPTO Online]. 

Technology Commercialization (TC) (Page 1) – Process of bringing a 

technology-based invention into the market [based on Jolly 1997]. 

New Product Development Process (NPD) (Page 2) – process of bringing a new 

product (old, new, reformulated, improved, etc.) to market [based on Cooper 2001].  

Fuzzy Front End/Front End of Innovation (FFE/FEI)  (Page 7) – early stage 

of developing a new technology-based product or service characterized by a high 

uncertainty [based on Smith and Reinertsen 1997; Kim and Wilemon 2002]. 

                                                 
43 Scientific added by author to emphasize the application of science which is the domain of engineering 
44 Based on technology added to bound a broader term presented by USPTO 
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Market (Page 9) – A set of actual or potential customers for a given set of 

products or services who have a common set of needs or wants, and who reference each 

other when making a buying decision [Moore 1999, p.28]. 
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