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INTRODUCTION
List of papers

The thesis is a collection of three original publications. The particular publica-
tions are referred to in the text below by their respective Roman numerals.

I.  Gofman, A. 2006. Emergent Scenarios, Synergies, And Suppressions
Uncovered within Conjoint Analysis. Journal of Sensory Studies, 21(4):
373-414.

II. Moskowitz, H., Gofman, A., and Beckley, J. 2006. Using High-Level
Consumer-Research Methods to Create a Tool-Driven Guidebook and
Database for Product Development and Marketing. Journal of Sensory
Studies, 21(1): 54-100.

III. Gofman, A., and Moskowitz, H. 2009. Steps towards a consumer-driven
innovation machine for ‘ordinary’ product categories in their later life-
cycle stages. International Journal of Technology Management, 45(3/4):
349-363.

Actuality of the Dissertation and
Current State of Art'

In the last decades, consumers are increasingly involved in innovation process,
a major driving force of business success. Research of von Hippel (1986, 1988,
2005) and von Hippel and Katz (2002) points to the critical importance of this
involvement for innovation, particularly in product development. Sanchez and
Mahoney (1996), Berghman, Matthyssens, and Vandenbempt (2006), Gold,
Malhotra, and Segars (2001), and Moller (2006) demonstrate that utilization of
the consumer and market knowledge can lead to an increased effectiveness of
innovation process.

The innovation facilitated by organized and structured information about
the market and the consumer is a vital resource to business success, argue
Inkpen and Dinur (1998), and Li and Calatone (1998). As Drucker (1995)
pointed out, “...knowledge has become the key economic resource and the
dominant — and perhaps even the only — source of competitive advantage...
Such knowledge includes, but is not limited to, knowledge about one’s
company, industry, competitors, customers...”

In his works, von Hippel (1976, 1978, 1986, 1988, 2005) demonstrates that
a key to success is in consumer knowledge driven innovation. The research
conducted in Hurley and Hult (1998), Calantone, Cavusgil, and Zhao (2002),
De Luca and Atuahene-Gima (2007), and Walter, Lechner and Kellermanns
(2007) further proves the importance of such knowledge accumulation, re-use
and transfer for driving innovation.

Specific terms used in the dissertation are explained in the Dictionary of Terms
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Analyzing consumer-driven knowledge for businesses, scholars such as
Deshpandé and Zaltman (1982), Davenport and Klahr (1998), von Krogh
(1998), Arnett, Menon and Wilcox (2000), and De Luca and Atuahene-Gima
(2007) conclude that this knowledge represents a firm’s resource and has the
potential to affect a firm’s marketplace position.

Ruggles (1998), Shin, Holden and Schmidt (2001), Schlegelmich and Penz
(2002), Beckley (2007) confirm these findings based on the analysis of multiple
commercial implementations. In a recently released worldwide IBM study, the
majority of the executives reported that that pay extreme attention to under-
standing consumers preferences for product development and other aspects of
business. This in turn points towards even deeper involvement of consumers
into the process resulting in the development of the ‘prosumer’ — a consumer/
producer who is extensively integrated into the value chain to facilitate more
precise customization of the production processes. The consumer-driven
knowledge, concludes IBM (2008), is critical there.

Although in some specific situations profitable improvements do not require
extensive research (Mets, 2006), in the majority of cases, argue Drucker (1998)
and Senge (1998), innovations result from a conscious, purposeful search for
innovation. This is particularly critical during New Product Development (NPD)
stage, as pointed out by scholars such as Hunt (2000).

NPD and related business processes are progressively more important in the
knowledge-based economy. Hunt and Morgan (1995) points that scholars and
increasingly companies acknowledge the significance of NPD in developing
competitive advantages over their rivals. Leonard-Barton (1992), Olson, Walker
and Ruekert (1995), Cooper and Kleinschmidt (1995), Hunt (2000),
McDonough, Kahn and Barczak (2001), Goffin and New (2001), Belliveau and
Griffin (2002), Wood and Otto (2006), Trott (2008) progressively build the
notion that fast, efficient, targeted and disciplined innovation in NPD is crucial
for economic success of the modern enterprise because it allows firms to occupy
marketplace positions of competitive advantage. That, in turn, argue Ayers,
Dahlstrom and Skinner (1997) and Hunt (2000), results in firms improving their
financial performance.

According to Riquelme (2001), Sherman, Berkowitz, Souder (2005), and
Thomke (1998, 2001, 2003), new product launches are a key driver of business
growth. Jaeger et al. (2003) argues that in today’s business environment, a
continuous supply of novel products is essential to retaining competitive
advantage. In the reality, argues Flavin (2008), a majority of the new product
launches fail. Across industries, the failure rate for new product launches ranges
from an estimated 50% to 75% (Ibid). The rate of success in the food industry is
lower than in industrial sectors. Goldman (2005) elaborates that regardless of
the companies’ intent to bring innovative food products to the market, the
majority of the new launches are just replication of the competition. This in turn
results in the new food products failure rate of approximately 72%-88% as
reported in Buisson (1995), Rudolph (1995) and Lord (1999). Fuller (1994)
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estimates that for each food product that goes into test market, thirteen products
are developed in laboratories and tested before being rejected.

A 1997 study (Frozen Food Digest, 1997) shows that the failure rate for
new product introduction in the US retail grocery industry is 70—80 percent. The
U.S. “Top 20” food companies enjoy a 76 percent success rate for their new
product introductions while the “Bottom 20,000” U.S. food companies have
only an 11.6 percent success rate for new product introductions. A major diffe-
rence between the Top 20 new product introductions and Bottom 20,000
introductions is the apparent lack of consumer research, experimentation and
strategic marketing done by the Bottom 20,000 (Ibid).

According to Costa and Jongen (2006), radically new products on the
European food markets are rare (only 2.2 percent of total product launches),
dropping down from an estimated 7-25 percent range in the late 90s as reported
in Lord (1999) and Rudolph (1995). The European food and beverage industry
exhibits a lower research and development (R&D) investments than industries
in other sectors and is quite conservative in the type of innovations it introduces
to the market. Avermaete et al. (2004) estimates that an estimated 77 percent of
total European product launches have no novelty at all or possess an
incremental level of novelty only. This approach to innovation, which keeps
R&D costs low and implies a diminutive technological risk only, does allow the
introduction of a relatively high amount of different products in a short period.
The large majority of food products developed in this way cannot, however, be
considered truly new (Galizzi and Venturini, 1996). Moreover, argue Grunert,
Baadsgaard, Larsen and Madsen (1996) and Trail and Grunert (1997), with
mere technology-based reductions of processes’ and ingredients’ costs being
frequently marketed as new, enticing benefits to the consumer, it becomes in-
creasingly harder for buyers to perceive the added-value of ‘slightly new’ food
products and thus reward incremental innovation.

Some of the reasons behind the high new food product failure rates, points
Garcia et al. (2007), are related to the utilized NPD process. Kéarkkdinen, Piippo
and Tuominen (2001) and Stewart-Knox and Mitchell (2003) noted that whilst a
wide range of product development process factors are known to influence
product success and failure, these predictors are based almost exclusively upon
investigations into industrial rather than food products. Fernandez and Gomez
(2005) argues that the complexities surrounding the NPD process in food
industry are exacerbated by the market characteristics as food markets are
mature and overall volume growth is fairly static in size and arguably in value.
Harris (2002) observes that some food categories are nearing product saturation
with too many products, especially line extension, which can confuse con-
sumers.

Socio-economic and technological developments of the last decades in
Western society have impelled a shift in the food industry orientation from
production to market. Analyzing the trend, Grunert et al. (1996), Meulenberg
and Viaene (1998), Traill and Meulenberg (2002), and Costa and Jongen (2006)
argue that from the economic perspective, the increase of disposable income
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and the decrease in population growth resulted in the deceleration of the
demand for food in developed countries. Meanwhile, the scientific and techno-
logical developments of the last half-century gave rise to global-scale food pro-
duction and distribution, making food supply almost enduringly and
ubiquitously available in the Western World (Putnam, 2002). One critical
corollary of this process, conclude Meulenberg and Viaene (1998), and van
Trijp and Steenkamp (1998), is that this imbalance between supply and demand
decreased the importance of availability and price as determinants of food
purchase and increased the relative importance of consumers’ choice criteria.
Nowadays, most Western consumers can buy exactly what they covet to eat,
instead of only what is available or affordable. Thus, the consumer became the
driving element of the food chain.

Galizzi and Venturini (1996) argues that the major hurdles to innovation in
food industry are persistent notions that eating preferences change slowly and
that consumer avers to excessively novel food. These notions impact
corporations’ willingness to do in-depth and timely consumer research. At the
same time, Prescott et al. (2002) and Moskowitz et al. (2005) list mounting
evidences that consumers’ food consumption behavior does change. In addition,
consumers widely differ in their food preferences, as proven by Grunert et al.
(1996) and Rabino et al. (2007). Grunert et al. (1996) and Trail and Grunert
(1997) conclude that this presents an opportunity for the global food markets
today resulting in innovation becoming more of a necessity than an option.

Garcia et al. (2007) and Beckley (2007) continue building on this notion
demonstrating that market opportunities still exist for the innovating food
companies that are prepared to respond to changes in consumer demand and
food-related lifestyles. Developing new products and being innovative requires
companies to have a deep understanding of the consumer, the market and the
environment in which they operate but most importantly to effectively apply
this knowledge to the development of new products that meet consumer’s
expectations. Beckley (2007) calls for the implementation of an effective,
structured and consumer-oriented NPD process.

Reid and de Brentani (2004), and Flores et al. (2003) associate innovation
with a poorly defined fuzzy front end where experimentation with consumer
perceptions is one of the most efficient ways of ‘detecting the signal’. Moenaert,
De Meyer, Souder, and Deschoolmeester (1995), then Khurana and Rosenthal
(1998) and Troilo (2006), argue that consumer research should be put in the
center of the innovation function throughout the process.

One of the ways towards reaching such goals is utilizing experimentation,
which, argue Thomke (2001), and Kahn, Barczak and Moss (2006), is at the
very heart of NPD and thus is connected to corporate values, habits, strategies,
and organizational structures. Thomke (2003) further points out that
experimentation as an essential part of NPD and new product launches came
under scholarly scrutiny only recently. Thomke (2001, 2003) also point to the
importance of doing the experiments fast, quoting Edison saying that real
measure of success is the number of experiments that can be conducted in

19



24 hours. Although it is an extreme opinion, it underscores the increased
pressure of the competitive environment.

This business need to improve and compete through experimentation
facilitated a range of approaches many of which are inactionable due to their
complexity or time requirements or insufficient involvement of consumer-
driven knowledge and preferences. While some of the existing experimentation
methods are based either on a random or subjective selection of the objects of
the experiments, others are lengthy and complicated (as adaptive experi-
mentation described in Sasena et al. (2005)) and do not create actionable
directions.

There are two competing approaches to experimentation: unstructured and
structured. Ziman, (2000) and Trott (2008) argue that despite massive theore-
tical work, corporations frequently use mainly unstructured experimentation in
NPD. Research of noted scholars from Wharton School of the University of
Pennsylvania and University of Texas, Wind and Mahajan (2001), analyzes the
use of unstructured experimentation at Seiko, which develops over 2500 watch
designs every year and introduce them to test markets. The successful
prototypes are further fine-tuned, retested and then launched in the target
markets. Belson (2003) further researches the applications of this approach to
mainly unstructured experimentation at Sony, which develops, tests, and
measures about 1500 product prototypes annually. About 20% of them are
completely new designs, and only a portion of those find their way to the global
market. This massive scale of mainly unstructured experimentation is feasible,
according to Balasubramanian, Krishnan and Sawhney (2001), due to the
declining cost of prototyping that encourages multiple prototyping but not
necessarily based on disciplined experimentation.

At the same time, Dahan and Mendelson (1998, 2001), and Balasubra-
manian, Krishnan and Sawhney (2001) present mounting evidences that a
structured and systematic experimentation is more efficient. This resonates well
with Thomke (1998, 2001, and 2003) that demonstrate methods to lower the
high cost of experimentation in corporations as a way to stimulate innovation.
Thomke’s works argue that new technologies facilitate experimentation making
it easier than ever to conduct complex experiments quickly and inexpensively.
The expanded use of experimentation provides an opportunity to take inno-
vation to a new level. At the same time, Thomke (2001) stresses the importance
for corporations to be willing to rethink their R&D from the ground up. In turn,
conclude Beckley et al. (2007), and Kantowitz, Roediger, and Elmes (2008),
this increases the usage of testing which is based on researching consumer
preferences on the concept level. A research conducted by Dickinson and Wilby
(1997) suggests that in many cases, such as product line extension, effective
concept tests do not even require product trials. Further developing the field,
Lees and Wright (2004) finds that respondents' answers to attitude and purchase
intent questions show only minor variation with different formulations of the
concept test statement while the ranking of the concepts shows no substantial
changes across the different formulations. Therefore, the authors conclude, the
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type of concept statement formulation may not be that important, at least for
early ranking tasks performed before experiential prototypes are available, thus
opening the door to a wider usage of concept testing. This direction is supported
in Moskowitz et al. (2005), Sinkula, Baker and Noordewier (1997), and Rabino
et al. (2007), which advocate for an innovation at the concept level (as oppose
to physical prototyping) that is knowledge-based with a disciplined develop-
ment strategy, that aims to simultaneously create, understand, and database.

Millett (2006), and Klink and Athaide (2006) criticize some methods of
obtaining consumer preferences pointing to the problem that consumers fre-
quently cannot articulate exactly what they need, want, or like if asked directly.
Agreeing with such arguments, Green and Wind (1973), Riquelme (2001), and
Hauser and Rao (2003) point out that it is very difficult for consumers to
articulate their needs and desires and researchers have to use other means to
understand their motivations. Some arguments, such as presented in Kiley
(2005), and Perera (2006), go as far as concluding that focus groups could not
create a reliable direction for NPD or message optimization. Krieger et al.
(2004) points to a solution for this problem — presenting consumers with a set of
experimentally designed concepts. Research shown in Moskowitz et al. (2005)
proves that it is much easier for consumer to choose a preferred option from a
set of concepts.

Haagedoorn (1996), Nooteboom (1999), Soumodip (2007), Fagerberg
(2006), and Langlois (2004) define innovation as the creation of the new or the
re-arranging of the old in a new way in form of combinatorial innovation.
Drawing on the theoretical works of Joseph A. Schumpeter, the idea of com-
binatorial innovation has been further developed by Usher (1954), continued by
Hounshell (1984), and later on, by Weitzman (1998) who introduced the notion
of ‘recombinant growth’. According to Varian, Farrell and Shapiro (2004), “All
the components are floating around in the broth, bumping up against each other
and creating new molecular structures, which themselves become components
for future development”. Varian (2003) demonstrates the advantages of one
research-based process of such combinatorial innovation — a systematic re-
combination of R&D-meaningful features. The process is more actionable under
the guidance of the consumer preferences, argues Rabino et al. (2007), and must
be based on an experimental design, rather than being random. Unfortunately,
points out, Dobusch (2007), there is not much work done in the field to research
the approach.

Dahan and Srinivasan (2000) summarizes that there is a need for low-cost,
effective and reliable testing of new product concepts. Trott (2008) supports the
idea for a need for a systematic and disciplined approach to NPD.

Conjoint analysis represents one of the major tools in concept development.
It is an integral part of the experimentation-based prototyping on the concept
level, increasingly used in NPD. Conjoint analysis, first introduced forty years
ago in Luce and Tukey (1964) and further developed in Krantz, Luce, Suppes,
and Tversky (1971), deals with a proposed set of axioms by which one can
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establish utility values for components based upon responses to combinations of
these components.

Conjoint analysis is known for being a research technique by which one can
investigate combinations of features to identify the predicted consumer
preferences. Green and Rao (1971) drew upon the conjoint measurement theory,
adapted it to the solution of marketing and product-development problems,
considered carefully the practical measurement issues, and initiated a flood of
research opportunities and applications (Wittink, and Cattin, 1989). Further
developed and customized by Paul Green and his colleagues at Wharton School
of the University of Pennsylvania (Green and Srinivasan, 1981, 1990a, 1990b,
Wind, Green, Shifflet and Scarbrough, 1989; Green and Krieger, 1991, 1996),
conjoint analysis has evolved into a mainstay of the research profession, and is a
technique widely used in high profile products to design cars, hotels, lines of
consumer products and others (Rosenbaum, 1987; Hauser, and Rao, 2003;
Toubia, Simester, Hauser, and Dahan, 2003; Krieger, Green and Wind, 2004;
Orme, 2006). Moskowitz et al. (2005), Rabino (2007), Beckley (2007), and Lee
et al. (2007) extended the applications of conjoint analysis to food products.

Green and Srinivasan (1990a, 1990b), Green and Krieger (1991) argue that
conjoint analysis has multiple advantages in quantifying consumer preferences.
It assumes that a product or service can be described as an aggregate of its
conceptual components: atfributes (also called variables, silos or categories)
and elements (levels) (Krieger et al., 2004; Moskowitz et al., 2005). By
presenting a series of concepts, which are combinations of elements from
different attributes, to a number of respondents and finding out which are most
preferred, conjoint analysis allows the determination of utilities of each of the
elements called the individual utility scores (part-worth or impact scores) of
elements (Kessels et al., 2008).

Besides the individual contribution of the elements, some specific pair-wise
combinations might have an additional impact on consumer liking or purchase
intent. Green and Devita (1975) and Carmone and Green (1981) pointes out on
the importance of researching such situations, which are called interactions, and
estimating their utility scores.

Estimating pair-wise interactions among continuous variables (e.g., sensory
attributes) is a relatively straightforward statistical issue as demonstrated in
Porretta et al. (1996), Sundberg (2000) and Martens, Brediea, and Martens
(2000), and Harrell (2008). Conjoint analysis works with discrete elements and
thus introduces a new level of complexity into the issue of pair-wise inter-
actions. The task of estimating interactions has been a point of research for a
number of scientists (Green, 1973; Hayduk, and Wonnacott, 1980; Aiken and
West (1991); Carroll and Green (1995), and Ping (1995). Ross and Creyer
(1993) suggests that the determination of a synergistic effect between two
elements (e.g., features of a product in NPD) to create a net effect significantly
larger than seen by measuring each alone would present a clear opportunity to
increase product acceptance through a combination of the two elements. Con-
versely, if two elements in combination work exceptionally poorly, knowledge
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of this negative effect as early as possible in the NPD would prevent the
appearance of these suppressive combinations.

Chrzan and Orme (2000) points that simple methods for conjoint analysis
ignore interactions on the premise that they are contained within elements yet
not estimable. First Green (1973), then Green, and Devita (1975), Green and
Srinivasan (1990a, 1990b), followed by Aiken and West (1991), Carroll and
Green (1995) and Ping (1995) introduced increasingly more complicated
methods, that partially addressed the issue of testing a limited set of inter-
actions. Campbell and Stanley (1966), and Aiken and West (1991) suggest that
a straightforward approach for estimation of all possible interactions — two-
factor, three-factor, and so on — would call for a full factorial design with at
least two replications per cell. For realistically sized problems relevant to NPD,
the number of combinations generated would be prohibitively large for
respondent evaluation. According to Evgeniou, Boussios, and Zacharia (2002),
estimating of all interactions using the existing approaches is so computation
intensive that it might need utilization of special high-performance support-
vector computers usually found in artificial intelligence area. This points to a
need for an easy and reliable method to estimate how pairs of product features
interact to drive consumer interest.

As defined in Atkinson and Bailey (2001), and Hunter and Hunter (2005),
Experimental Design as a statistical plan that lays out the combinations of the
concept elements. It is a foundation of conjoint analysis, as well as several other
experimentation-based approaches. In the traditional approaches, a single
experimental design is applied to a set of variables only once creating a single
design for all respondents (sometimes randomized). In addition, criticizes
Moskowitz et al. (2005), the traditional experimental designs utilize complete
concepts approach in which all features of the product are included in every
concept.

Conceptual map of the existing conjoint-based consumer driven approach to
product development is shown in Figure 1. The limitations of the existing
approaches to experimental design are severe interlinked statistical problems in
the analytic phase:

e Skewed Results. Limited number of concepts could skew the outcome
as elements appear in a limited number of combinations and a few
potentially very strong elements might distort the results (Rabino et al.,
2007).

e Insufficient variation of combinations also prevents detection and
estimation of interactions (pair wise and higher order) (Moskowitz et
al., 2005).

e Collinearity. Complete concepts do not allow estimating the absolute
utility scores of concept elements due to multicollinearity (Krieger et
al., 2004).
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Figure 1. Conceptual Map of the conjoint-analysis based consumer-driven approach to
product development. (Source: created by the author as generalization of many sources
such as Krieger et al., 2004; Moskowtiz et al., 2005.)

No True Estimate of the Basic Level of Interest. The statistical analyses
of such complete concepts require effects model regressions, in which
there is no estimate of the additive constant (the basic level of consumer
interest), and the requirement that the utilities of the elements in each
attribute add up to zero (Beckley and Moskowitz, 2002).

No True Estimate of the Utility Scores of the Individual Elements. The
requirement of the constant sum equal to zero means that if a new
element is introduced into the study, the utilities of the other elements
must be readjusted because they have relative value. This readjustment
means that one cannot use the results for re-using and databasing
(absolute values of the utilities that could not be easily, if at all,
compared across the attributes or projects) (Beckley et al., 2007).

The process starts with gathering initial ideas (features of the product,
related emotional messages, pictures of components). Arnett and Badrina-
rayanan (2005) demonstrates sources of ideas inside corporation such as brain-
storming, CRM data, or ideation. In addition to traditional focus groups, Oreilly
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(2007) specifies Internet as a new source of product ideas, especially blogs and
other venues afforded by Web 2.0. Anderson (1998) researches word of mouth
(WOM) campaigns as a possible source of ideas. The initial ideas are formatted
into concise descriptive short sentences or other media creating individual
elements (features of products) grouped into attributes of similar features. For
example, attributes and elements for a new cookie products could be (the
elements are bracketed and follow the attributes): “Flavors” (“Chocolate
flavored; “Orange flavored”, “Strawberry flavored”); “Size” (“Byte-sized”;
“Oversized”, “Normal size”). The elements could be more descriptive and be
presented in a textual or graphical way.

Due to the limited number of variations in the concepts, the reliability of all
data could be affected by a few strong elements. In addition, the existing
approaches either ignore interactions or could test only a limited number of
expected interactions; however, they can’t detect all of them. In addition, argues
Moskowitz et al. (2005), relative value of the utilities prevents from
accumulating structured and reusable information as comparing data across the
projects or even across attributes is not possible. The limitations listed above
affect the usefulness of the existing approaches.

NPD methodologies have been deeply researched by the scholars, although
almost exclusively for the industrial applications (Burchill and Fine, 1997;
Calatone and Cooper, 1979; Cooper and Kleinschmidt, 1995, 1996; Ford and
Sternman, 1998). Stewart-Knox and Mitchell (2003) concludes that not much
work has been done for the food products and specifically for the mature
categories. In addition, although a substantial research done in the general area
of conjoint analysis (Rosenbaum, 1987; Hauser, and Rao, 2003; Toubia,
Simester, Hauser, and Dahan, 2003; Krieger, Green and Wind, 2004; Orme,
2006), there is a research gap in the methodologies to discover any and all
interactions in conjoint analysis.

There is also a need to determine the ways to create structured and reusable
information of consumer preferences to product features and messages for new
product development. Stewart-Knox and Mitchell (2003) argues that this low
rate of innovation in the food industry, coupled with the high failure rate of food
products following market launch implies that the methodology for new food
product development urgently needs improvement.

The dissertation examines the existing and emerging methodologies in
consumer-driven NPD for mature product categories (Studies I-III); studies an
approach for detecting and estimating any and all interactions between the
elements of conjoint analysis in utilized in NPD, including implicit and explicit
interactions along with the underlying special experimental designs (Studies I
and II); and formulates propositions for food corporations about the ways to
create structured and reusable information of consumer preferences to product
features and messages for new product development (Studies II and III).
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The aim and research tasks

The aim of the dissertation is to develop a conjoint analysis-based product
development methodology to increase consumer involvement in building
industry usable product knowledge.
To fulfill the aim of the thesis, the following research tasks are put forward:
Task 1: To identify development opportunities in consumer-driven
experimentation approaches to new product development.
Task 2: To improve the theoretical approach to the consumer-driven
conjoint analysis-based new product development.
Task 3: To empirically study the proposed methodologies on the example
of new product development in mature food categories.

The originality of research and its practical merit

An original aspect of the dissertation arises from the contribution to the theory
of conjoint analysis. Many researchers studied the effect of interactions between
the elements of the conjoint analysis. Green (1973), Rosenbaum (1987), Aiken
and West (1991), Carroll and Green (1995), Hauser and Rao (2003), Krieger,
Green and Wind (2004) have proved the existence of the interactions. Existing
methods either ignore interactions or merely test a small set of them on a
possibility of interactions (Chrzan and Orme, 2000). Several methodologies
have been developed for testing and quantifying of pre-selected interactions.
However our knowledge is still limited about detecting the interactions. This
dissertation studies the issue and analyses proposed models and a methodology
for estimation of interactions (synergy and suppression) between the elements
of conjoint analysis (Study I). The research is based on U.S. Patent Application
Serial No. 11/032,834 (Moskowitz and Gofman, 2005). It advances the research
to the level of detecting any and all such interactions. The dissertation’s further
input to the research of interactions focuses on implicit interactions (scenarios)
which help to uncover the variations in consumer preferences under specific
constraints (e.g., impact of brands on the performance of other elements).

The proposed method for interactions detection as well as pattern-based
latent mind sets segmentation process are based on individual experimental
designs in conjoint analysis. These approaches are possible due to the metho-
dology recommended to be called permuted isomorphic experimental designs.
The general idea of the approach was first introduced in Moskowitz (1994) and
Moskowitz et al. (1995) to address the issue of results distortion due to the lack
of variability in selection of a specific set of combinations of elements in
fractional experimental designs. Until now, the method was not deeply
researched and generalized thus making its implementation difficult. An
original aspect of the current dissertation is in the research of the permuted
isomorphic fractional designs, which continues the initial steps introduced in
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U.S. Patent Application Serial No. 11/032,834 (Moskowitz and Gofman, 2005),
as well as implementation into a software package.

The dissertation also analyses several empirical studies in mature food
categories (cookies in Study I and III, orange beverage in Study I and ice cream
in Study II) with in-depth analysis including segmentation, interactions and
demographic clustering. It studies consumer preferences on both conceptual and
sensory preferences levels. Based on this large-scale project with 322
respondents participating in the conjoint analyses and 100 respondents in the
sensory category appraisal, the dissertation proposes steps towards creation of
structured and reusable information of consumer preferences of product features
and messages for new product development with the data relevant for the
process identified.

Another area of the research and originality of this dissertation is related to
the proposed procedures and links allowing for the systematizing of knowledge
about consumer preferences. The research is partially based on U.S. Patent
6,662,215 B1 (Moskowitz and Gofman, 2002) addressing the problem in-
directly identified in Wind and Mahajan, (2001), which suggests that un-
structured experimentation does not allow the knowledge accumulated in
separate projects to be aggregated, compared and used for future research and
NPD. This problem is also acknowledged in Khurana and Rosenthal (1998),
Trott (2008) and others. Moskowitz et al. (2005) argues that the lack of such
procedures is detrimental to the current innovation process and the attained ad
hoc knowledge cannot be aggregated and used for consequent development.

One more aspect of originality of the dissertation is related to the research
in combinatorial innovation in mature food categories. The premise of the
research has been built on the works of Schumpeter further developed by Usher
(1954), continued by Hounshell (1984), and later on, by Weitzman (1998),
Haagedoorn (1996), Varian (2003), Langlois (2004), Nooteboom (1999) and
Fagerberg (2006). This research showed that innovation could originate from
the combination of existing features. Beckley et al. (2007) suggests that an
approach that allows aggregation and comparison of the accumulated know-
ledge from multiple studies would facilitate innovation by sheer volume of the
input material with the consumer metrics attached. This in turn facilitates a
vision of Weitzman (1998) who introduced the notion of ‘recombinant growth’,
on a grander scale. The Study III analyzes a novel parsimonious approach to
this phenomenon that could lead to a framework for practical approaches to
NPD in mature food categories.

The practical relevance of the research is highlighted by the need of
businesses, identified in Beckley et al. (2007), to have an easy to deploy,
inexpensive, fast and structured approach to NPD in mature product categories.
The proposed methodology in this dissertation is recommended to be named
Rule Developing Experimentation (RDE). Earle (1997) puts forward a criteria
for a successful process in food related NPD: it needs to be more ‘focused,
quantitative, rapid and knowledge based’. RDE aims to satisfy these criteria. In
addition, the formalized common framework simplifies applications develop-

27



ment and dissemination of knowledge in corporations. As it is applicable to
other business areas as well, it could replace multiple methodologies specific to
narrow applications with a unified approach thus simplifying the training and
cross-training of the personnel. It also facilitates knowledge accumulation and
re-use in different areas due to the underlying statistical foundation (absolute
values of the utilities) as shown in Moskowitz et al. (2005), and Beckley et al.
(2007).

The contribution of individual authors

The following briefly describes the contribution of the dissertant relative to the
other authors.

Study I was authored by the A. Gofman (under mentorship of Dr.
Moskowitz). The dissertant also played a pivotal role in the data collection stage
of the study. A US patent has been filed with the main finding described in the
study. A. Gofman performed all the work in the formulation, preparation and
filing of the patent as well as all the communications with the legal repre-
sentative and the United States Patent Office (USPO) and International patent
authorities.

In Study II, the authors equally contributed to the text of the article. A.
Gofman played a pivotal role in the design of the empirical part of the article, its
data collection and analyses.

Study III has been equally authored by the dissertant and his co-author. A.
Gofman was the presenting author of the main findings of this Study at The
XVI ISPIM Annual Conference “The Role of Knowledge in Innovation
Management” in Porto, Portugal, in 2005. This conference paper has been
selected among the best papers of the event by the committee to be published in
the International Journal of Technology Management (in an abbreviated form).
The dissertant is the corresponding author for this paper.
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I. THE THEORETICAL AND EMPIRICAL BASIS
FOR THE RESEARCH

I.1. Background of the research

I.1.1. Consumer-Driven New Product Development

In today’s business environment, a continuous supply of novel products is
essential to retaining competitive advantage. Jaeger et al. (2003), Buisson
(1995), and Costa and Jongen (2006) state that NPD is often recommended as a
suitable strategy to build competitive advantage and long-term financial success
of companies in today’s global food markets by approaching the development
of new products more structurally. Lord (1999), Meulenberg and Viaene (1998),
Trail and Grunert (1997), and van Trijp and Steenkamp (1998) demonstrate that
product innovation helps maintain growth, spread the market risk, enhance the
company’s stock market value and increase competitiveness.

Calatone and Cooper (1979), Burchill and Fine (1997), Ford and Sternman
(1998), and Stewart-Knox and Mitchell (2003) research progressively more
sophisticated approaches to consumer-driven NPD, which emerged in the last
decades, although a majority of them concentrate on industrial development
rather than mature and saturated markets such as food products.

Buisson (1995) established that many food corporations utilize a reactive
approach to NPD, in which companies try to market what was developed
through marketing efforts rather than developing what consumers wanted in the
first place. On the other hand, argues Urban and Hauser (1993), continuous
collection and aggregation of the consumer-related data along with taking con-
sumer needs as the starting point of product innovation efforts, makes it the
quintessential example of a proactive approach to NPD.

User-driven innovation was first described by von Hippel (1976, 1978,
1988) who documented a number of cases where customers modified or adapted
existing products according to their own needs before the industry did. Grunert
et al. (2008) argues that today the term has an extended meaning and is
applicable to all forms of consumer involvement in the innovation process. A
number of related concepts exist in the literature, including early customer
integration (Gassmann and Wecht, 2005), participatory design (Mayhew,
1999), and user-centered development (Ketola and Ahonen, 2005). Grunert et
al. (2008) further suggests a variation of the term — user-oriented innovation
which is defined as a process towards the development of a new product or
service in which an integrated analysis and understanding of the users’ wants,
needs and preference formation play a key role. Costa and Jongen (2006), and
Grunert and Valli (2001) demonstrate that users can be both direct customers
and end users.

Consumer-led NPD was introduced in Urban and Hauser (1993), Urban et
al. (1997), and further developed in van Trijp and Steenkamp (1998), and
Vriens et al. (1998) along with others as a market-oriented innovation process
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that involves consumers’ current and future needs and its determinants in the
development of new products with true added value. Urban and Hauser (1993)
identifies the key stages in the formulation of the consumer-led NPD concept
follow closely a market-oriented approach: need identification, idea develop-
ment to address the need, product development to substantiate the idea and the
product’s market introduction to communicate the fulfillment of a need (Figure
2). An effective ability to translate subjective needs (e.g. healthy or convenient)
into objective product specifications is essential for the realization of the
satisfaction of consumer wishes through the development of a new product.
Concurrently, marketing strategies communicating the existence of a new or
improved product, which satisfies consumer needs in a distinctive and superior
way, must be initiated. Dahan and Hauser (2002), Grunert et al. (1996), Urban
and Hauser (1993), van Trijp and Steenkamp (1998), and Wind and Mahajan
(1997) prove that such a consumer-led approach to product development can
greatly increase the likelihood of success of innovation processes.

Consumer Research R&D / Production

Consumer
Needs

Product
Concept

Product and
Image

Market Communication

Figure 2. The Consumer-led NPD (Source: adapted from Urban and Hauser, 1993).

Fuller (1994), van Trijp and Steenkamp (1998), Stewart-Knox and Mitchell
(2003) point to a somewhat sequential (rather than concurrent, overlapping or
iterative) nature of consumer-led NPD as a conceptual weakness and a consider-
able obstacle to its application in the food industry. Wheelright and Clark
(1992) proposes the funnel approach an improvement to consumer-led NPD.
Cusumano and Selby (1995) addresses the shortcoming though the spiral
approach. Both these approaches start with a broad range of ideas from several
sources that are later winnowed to a few high-potential concepts, some of which
will, in turn, be ultimately developed and launched.
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Lord (1999), Moskowitz et al. (2005), and Beckley (2007) develop the
consumer-driven approaches further, although there is a gap in the research of
its theoretical foundations. In addition, there is a lack of methodological
guidelines for its practical implementation.

A critical step in new product development is selecting from multiple
possible product concepts the ones that the firm will introduce to the market-
place. The two main approaches to the concept selection and choosing a design
prior to detailed engineering and prototyping are the method of controlled
convergence introduced in Pugh (1996) and concept engineering described in
Burchill (1992). In contrast, Srinivasan, Lovejoy and Beach (1997)
demonstrates that, depending on the cost of developing each concept into a
customer-ready prototype, it would be optimal to carry multiple product
concepts into the prototyping and testing phase, and to select the best of those
designs later in the process, as depicted in Figure 3.

Generate Product
Concepts (Prototypes) Find the
Concept with Manufacture

I Concept the highest —'\ and market

projected | chosen

Determine market
opportunity, cost and —'\ Generate
demand (attribute-based —'/ many ideas

conjointanalysisy | | 00 | W\l | T—— profit (conjoint product
Concept 2 analysis)
Concept 7
1. Observe 2. Ideate 3. Create 4. Select 5. Launch

Figure 3. NPD Process consisting of five stages. Stages 1, 3 and 4 could utilize conjoint
analysis. Source: Dahan and Srinivasan (2000) (author's rendering).

Dahan and Mendelson (1998) utilizes extreme value theory to determine the
optimal number » of parallel prototypes and weigh the parallel testing against an
iterative one. The paper argues that the optimal number of prototypes increases
in situations when time to market is short and the cost of prototyping decreases.
Stevens and Burley (1997), van Kleef, van Trijp and Luning (2005) and
Wansink (2005) also point out the need to work with many prototypes to
develop a successful product. This idea is further developed in lansiti (1995)
which identifies the advantages of this approach in added flexibility to respond
to market and technological shifts along with an added benefit of shortening the
total product development time in case of such shifts. The approach in general,
argues Tawn (1988), is an improvement compared to than empirical curve-
fitting and guesswork, although it does not resolve all the problems.

The Voice of the Customer (VOC), analyzed in Griffin and Hauser (1993),
and Adams (2004), is a proactive and constantly innovative process used to
capture the requirements/feedback from the customer (internal or external) to
provide the customers with the best in class service/product quality. Carson et
al. (2001) analyses VOC, which aims to detect the stated and unstated needs or
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requirements of the customer and can be captured in a variety of ways: direct
discussion or interviews, surveys, focus groups, customer specifications,
observation, warranty data, field reports, complaint logs.

Zaltman and Coulter (1995) demonstrate the application to identify the
quality attributes needed for a supplied component or material to incorporate in
the process or product. At the same time, argues Leonard (2002), VOC is
limited to selection from the option known to consumers. When customers are
asked to make new product recommendations or elaborate on topics they have
limited or no knowledge, they tend to run into at least two kinds of blocks. The
first is the human tendency to fixate on the way products or services are
normally used, making people unable to imagine alternative functions. The
second is that people may not be able to conceive of a solution because they
might have contradictory needs.

Flores et al. (2003) points out that in previous years most of the attention in
consumer research was focused on assessing products and concepts that were
‘complete’, ‘polished’, and ready to go. More recently, argues Reid and de
Brentani (2004), attention has shifted from this late stage of development to a
much earlier stage, where the options for development are open (‘fuzzy front
end’). Dahan and Mendelson (2001) suggests that the ‘fuzzy innovation stage’
is often ignored by consumer researchers in favor of the more defined, later
stages of development where there are metrics, standard procedures, and re-
cognized analytical approaches. As a result, argues Toubia (2004), the
important first stage of product development is poorly executed, leaving the
product not optimized, to survive the competition.

The idea generation and testing methods that comprise the fuzzy front end
of NPD provide information to designers about the customer utility, technical
feasibility, and cost of a new product. Allocating resources at this early stage
poses a challenge considering the inherent uncertainty. In particular, uncertainty
arises from imperfect information about customers and markets, undiscovered
or untested product designs and technologies, and the challenges in executing
and delivering an ideal design. Concept tests help resolve this uncertainty and
encompass most methods used to measure the performance of new products and
processes along those dimensions affecting profitability. Methods such as VOC,
contextual inquiry (Raven and Flanders, 1996), lead user analysis (von Hippel,
2005), conjoint analysis, Kano methods (Shen, Tan and Xie, 2000), and Pugh
concept selection (Dahan and Hauser 2001) clarify and focus the fuzzy front
end of NPD. For example, Raven and Flanders (1996) shows that contextual
inquiry and VOC methods help identify key product attributes. Green and
Srinivasan (1990) points that conjoint analysis quantifies the importance of each
attribute and the degree of price sensitivity, providing designers with the
information needed to optimize attribute-level trade-offs for specific market
segments.

This area, which got the attention of von Hippel (2005), has provided a
range of examples of how certain users (lead users or less professionalized
communities) can take on a role as designers to interact with product developers
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in companies. Research described in Grunert et al. (2008) shows that lead users
are users whose present needs will become widespread in a market months or
years ahead. Since lead users are familiar with conditions that lie in the future
for most others, they can serve as a need-forecasting laboratory for market
research.

Customer-ready prototypes, researched in Srinivasan et al. (1997), reveal
technical problems and opportunities that might have been overlooked in the
design's conceptual phase. Product archeology (Ulrich and Pearson 1998) and
design for manufacturability (Boothroyd and Dewhurst 1994) help to identify
potential cost savings through product simplification and process improvement,
although they have limited applicability.

One process that increasingly gains acceptance is a systematic recombi-
nation of R&D-meaningful features, that could be enhanced by including the
consumer preferences (Varian, 2003; Rabino et al., 2007). The latter implies
that the combinations are directed, rather than being random (Varian, Farrell
and Shapiro, 2004). Moskowitz et al. (2005) argues that this combinatorial
innovation is especially applicable to food product NPD and could jump-start
the innovation process even in mature categories.

Stewart-Knox and Mitchell (2003) points that models of the processes for
the food industry should emphasize involving the consumer from the start of the
process and consistently advocate the integration of technology and marketing
efforts. One such model is the House of Quality approach, which is the first of
four phases within Quality Function Deployment (QFD) (Costa, Dekker, and
Jongen, 2001). Originally developed for improving automotive industry in
Japan (Akao, 2004), QFD has recently been applied to food by van Trijp and
Steenkamp (1998).

According to Akao (2004), Costa et al. (2001) and Garcia et al. (2007),
QFD is a planning process for the design of new products that provides a syste-
matic method for translating ‘customer requirements’ into design and process
parameters — ‘company requirements’ analyzed in King (1992). In doing so,
concludes Holmen and Kristensen (1998), QFD helps companies to reduce two
types of risks: first, the non-correspondence between product specifications and
the needs and wants of a predetermined target group of customers; and second,
the non-correspondence between the final and the original product specifi-
cations. QFD is based on the belief that products should be designed to reflect
customers’ demands and needs. Therefore, the project requires top management
commitment and organizational support, clear definition of project objectives
and the creation of a cross-functional team including members from all functio-
nal areas involved in NPD and market introduction and consumer product
testing (Costa et al., 2001; Hauser and Clausing, 1988).

The literature on the application of QFD in the food industry is limited
(Costa, Dekker and Jongen, 2001 provides a brief review). While QFD is
regarded as a suitable and promising method to increase the innovative per-
formance of the food industry, Dekker and Linnemann (1998), and Costa et al.
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(2001) indicate that QFD still needs significant development and understanding
before the method can be extensively applied in new food product development.

Interactions between attributes can play a decisive role in achieving con-
sumer satisfaction. Garcia et al. (2007) argues that raw materials have a natural
predisposition for variation that does not fit well with the somewhat inflexible
character of QFD charts described in Dekker and Linnemann (1998). Many
food ingredients show interactions and some HOWSs could affect more than
some WHATSs. These interactions and the large list of customer demands are
often seen as the major bottlenecks of using QFD in new food product
development (Ibid).

According to Nijssen and Frambach (2000), one of the major and most
obvious gaps in consumer-driven food product development is the lack of clear
and concrete guidelines for its effective implementation in everyday company
practices. This deficiency is felt mostly at the early phases of the development
process — opportunity identification and opportunity definition — which, as
shown in Nijssen and Lieshout (1995), are simultaneously the less structured
and the more determinant for the success of new products. Anderson-Connell,
Ulrich, and Brannon (2002) describes companies trying to use traditional
qualitative methods to improve the process such as focus groups. Prescott et al.
(2002) researches Food Choice Questionnaire (FCQ), which assess the relative
importance of factors thought to be important motives in food choice: Health,
Mood, Convenience, and Sensory Appeal. This in turn, argues Deliza (2003),
could be modeled using conjoint analysis in addition to traditional taste tests.

A methodology that gained some popularity in recent years is preference
mapping techniques. According to Greenhoff and MacFie (1994), while the
methodology can be used to address a wide range of problems, it is particularly
suited to aid new product development. In such applications, the methodology
can assist in identifying product opportunities in the market. Although the
approach has the ability to combine sensory profiles and acceptability data to
identify the sensory attributes driving consumer acceptance, its applications are
limited. Murray and Delahunty (2000) show the advantages and disadvantages
of the approach on the example of Cheddar cheese.

Cooper and Kleinschmidt (1994), Grunert et al. (1996), Saguy and Mosko-
witz (1999), Urban and Hauser (1993), and Beckley et al. (2007) establish that
understanding consumer needs and reacting effectively to them is believed by
many researchers to be one of the most important correlates of product develop-
ment success. However, there are some questions remain regarding the value of
consumer focus in NPD. It has been stated that consumer-driven development
activities, by following closely consumer needs, encourage incremental inno-
vation in detriment to the development of truly new products. Atuahene-Gima
(1995), Ortt and Schoormans (1993), van Trijp and Schifferstein (1995), Wind
and Mahajan (1997) point to the main argument sustaining this view is that
consumers cannot be expected to provide needs about products or technologies
which are yet unknown to them. In line with this argument, several metho-
dologies, such as consumer-idealized design (Ciccantelli and Magidson, 1993),
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problem and lead-users design (Ortt and Schoormans, 1993; von Hippel, 1986),
beta-testing (Kaulio, 1998) and information-acceleration (approach which
places consumers in future technological scenarios) (Urban and Hauser, 1993),
have been developed to overcome this obstacle.

The lack of systematic accumulation of knowledge obtained during the new
product launches (both successful and failed) has a negative impact on the
effectiveness of NPD. On the other hand, Deshpandé and Zaltman (1982),
Inkpen and Dinur (1998), Li and Calatone (1998), Davenport and Klahr (1998),
Arnett, Menon and Wilcox (2000), De Luca and Atuahene-Gima (2007) show
that the integration of this information into knowledge management assets of
corporations continuously from the R&D step all the way to the launch could
substantially improve the chances for success. Sherman, Berkowitz and Souder
(2005) demonstrates that the combined effect of R&D and marketing integration
and knowledge management in the form of recording, retrieving, and reviewing
information from past projects result in the amplification effects on product
prototype development proficiency, product launch proficiency, technological
core competency fit, and design change frequency.

Consumer-driven NPD is an increasingly important methodology for food
industry. There are emerging opportunities to research and develop it further
that will be discussed in the following sections.

I1.1.2. Conjoint Analysis Approaches and Consumer
Segmentation

Krieger, Green and Wind (2004) states that conjoint analysis has become
increasingly prevalent as a major approach to studying consumer preferences.
Partially it could be explained, argues Arora and Huber (2001), by the fact that
the experimentation afforded by conjoint analysis enables researchers to model
choices in an explicit competitive context to realistically emulate market
decisions. In addition, points out Atkinson and Donev (1992), conjoint analysis
represents one of the major tools in concept development based on experimental
design increasingly used for NPD (Brigham Young University, 2007; Orme,
2006; Jedidi and Zhang, 2002). Conjoint analysis first introduced in Luce and
Tukey (1964) was founded on the idea of functional measurement summarized
in Anderson (1977), who averred that the researcher could learn a lot by
studying combinations of stimuli and applying a decompositional rule, such as
analysis of variance or regression analysis to the mixture.

In conjoint analysis, products are defined on a limited number of relevant
attributes or characteristics (categories of features or emotional attributes of new
products) each with a limited number of levels (elements). These products,
called profiles or concepts, are evaluated by respondents, who have to rate
them, as used in the present thesis, rank them or choose their most preferred
ones from smaller sets of choices (in other conjoint analysis methodologies).

36



As classified in Louviere (1988), the conjoint analysis methodology is a
decompositional approach to analyze consumer preferences. Respondents
provide overall scores to a concept (product profile) and the analysis imputes
what the preference contributions are for each separate attribute and level. The
overall utility of a product profile is constructed by adding the attributes’ pre-
ferences (impacts or utilities) resulting in a compensatory preference model,
where “low” scores on a certain attribute can be compensated by a “high” score
on another attribute. As demonstrated by Vriens (1995), non-compensatory pre-
ference models that assume that certain attributes must have a minimum or
maximum level before a profile is considered attractive could be utilized as
well.

In the marketing world, conjoint analysis is best known for being a research
technique by which one can investigate combinations of features to identify
which combination is best. Developed by Paul Green and his colleagues at
Wharton School of the University of Pennsylvania (Green and Srinivasan,
1981), conjoint analysis is now a technique widely used in high profile products
to design products and services in different categories (Green and Rao 1971;
Johnson 1984; Rosenbaum, 1987; Wittink and Cattin, 1989). Reviewing the
history of conjoint analysis, Krieger et al. (2004) concludes that since the early
80s, it is the industry's most widely applied marketing research tool for
measuring buyers' multi-attribute utility functions.

In the process of evaluating systematically created combinations, the
elements of the concept constitute the independent variables, and the attribute
ratings are the dependent variable. Hair et. al. (1995) points that the concept
elements must be independent of each other or else the criteria to create an
additive model by regression would be violated. To be useful for NPD, these
elements have to be meaningful within a concept, and ideally realizable in an
actual product. At the very practical level the concept must be readable.

Full-profile conjoint analysis presents the test concepts containing at least
one element from each category. Krieger et al. (2004) concludes that it is the
methodology of choice for purchases where a person typically buys a single
product. Full-profile conjoint analysis has the ability to show full product
designs, which replicates the way products are actually purchased and it can
generate individual models per respondent. This information allows the
marketer to identify a “most preferred” product for each respondent that more
closely reflects real-world purchase behavior. Green and Srinivasan (1981)
points to a key drawback of full-profile — the limit of about six attributes with
no more than 5-9 levels each. This limitation does not allow highly complex
products to be fully described. The existing full profile approaches utilize the
same underlying experimental design thus reducing the variations of the
concepts and elements combination making it difficult to detect interactions
between the elements. In addition, Krieger et al., (2004) demonstrates that full-
profile conjoint analysis assumes that all attributes are independent of one
another thus generating the absolute utilities values making it impossible to
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compare utilities across the attributes. We will analyze these issues in more
details in the following sections and in Study I.

In partial-profile conjoint analysis, continues Krieger et al. (2004), some
features are explicit and other features are assumed to be constant. The number
of the elements on the screen could vary from two to many. Kuhfeld, Tobias,
and Garrant (1994) argues that it is highly suited for computer interviewing and
thus became very popular. The existing approaches to partial-profile conjoint
analysis usually utilize a single (sometimes randomized) experimental design
thus reducing the variations of the concepts and elements combination making it
difficult to detect interactions between the elements.

Discrete choice conjoint analysis is most frequently utilized for products
where consumers purchase multiple products distributed over many brands over
the course of a year in proportion to the relative desirability of those products.
According to Green and Srinivasan (1978) and Krieger et al. (2004), its
advantages include a tolerance towards perceptional incoherency of the concepts;
flexibility to direct combinations of the elements with selected constrains (e.g.,
showing certain features with one brand and a different set of features only with
another brand); some ability to measure interactions between two attributes, such
as between price and brand. At the same time, discrete choice is less applicable to
NPD than other methodologies. Moskowitz et al. (2005) demonstrates that it can
only be analyzed at the aggregate level thus eliminating the ability to segment
consumers in a tractable way based on the patterns of their individual utilities.
Discrete choice conjoint analysis measure is not typically able to generate
accurate market share due to the inability to make respondent level adjustments
for volume purchasing, unequal awareness and/or distribution.

According to Green and Srinivasan (1990a), early applications of conjoint
analysis used relatively few concept elements. These elements tended to be the
more rational features found in products, since these early studies focused on
the design of products using conjoint analysis. With the acceptance of the
methodology in general, the need arose to increase the number of the elements
in a project to 100—300 elements.

One traditional way for coping with many elements is to have each
respondent select the concept elements that would be most appropriate to him,
and to discard the rest. This procedure requires that the respondent explicate
importance before participating in the hybrid conjoint analysis. This general
strategy, called Adaptive Conjoint Analysis (ACA) (Johnson, 1987), works only
with relevant concept elements and respondents willing to explicate their
preferences ahead of time, or at least explicate directly relevant elements.
Toubia et al. (2003) argues that adaptive conjoint analysis works best when all
of the elements are similar in terms of quality (e.g., simple statements about
product functionality that can be judged alone, and accepted or discarded as
being relevant or irrelevant).

Krieger et al. (2004) analyses three problems with such adaptive approaches
that make adaptive conjoint analysis a less than desirable approach to deal with
a large number of concept elements: substantial up-front efforts for respondents;
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forcing respondents to make difficult rational decisions on unnatural for most

individual element level rather than a combination of the features; and inability

to create individual models.

Until recently, most applications of conjoint analysis either presented the
same set of concepts to all respondents, blocked them across sets of
respondents, chose randomly, or adapted them based on responses from prior
respondents. Adaptive question design for individual respondents was first
considered by Toubia et al. (2003, 2004) in metric paired-comparison settings.
This new approach, named the polyhedral method, works by iteratively
constraining the polyhedron of feasible sub-utility (part-worth) values. Since the
problem is computationally hard, many approximations, such as Q-Eval pro-
posed in Iyengar et al. (2001), are employed. Toubia et al. (2003) and Toubia
(2004) extend this technique to metric paired-comparison queries in. At the
same time, the polyhedral method solves only one of the three intrinsic
problems for adaptive conjoint analysis, the lack of individual models.

There are other approaches that use estimation procedures to fill in missing
elements, but these procedures are cumbersome and are removed from the
utility data (Green and Krieger, 1996; Hauser and Rao, 2003). One of the
methods researched by some statisticians lately is Bayesian model. Although
the method provides some improvements to conjoint analysis, it is highly
computationally intensive (partially due to the utilization of Markov chain
Monte Carlo sampler) and requires high level of statistical proficiency as shown
in Marshall and Bradlow (2002). Rossi, Allenby, and McCulloch (2006) point
that the process is lengthy and expensive which severely restrict its practical
usability by corporations.

Conjoint analysis provides three specific benefits in the early stage process
that can identify weak signals:

1. By forcing the researcher or ideation expert to edit the elements, one forces
better thinking. According to Johnson (1984), Green and Srinivasan (1978,
1981, 1990a, 1990b), the concept elements have to be simple, stand-alone
ideas, phrased in the active case. Kessels, Goos and Vandebroek (2008)
summarizes that just emerged from ideation, the idea is frequently poorly
expressed. Moskowitz et al. (2005) concludes that the elements themselves
mature from simple notions to better-expressed statements. Flores et al.
(2003) suggests that the exercise itself is as valuable as the ultimate disco-
very of weak signals.

2. The performance of ideas is judged against different backgrounds, encouraging
‘survival of the fittest’. Conjoint analysis uses experimentally constructed
concepts comprising several different ideas. Kantowitz, Roediger and Elmes
(2008) argues that to the degree that a concept element performs well in
multiple backgrounds, one can be sure that the idea is good. According to Wind
and Mahajan (2001), this rigorous test speeds up the development process
because it creates an objective method to identify good ideas.

3. Conjoint analysis leads to segmentation, which may reveal the great
promise of an idea, otherwise masked among the averaged data. Segmen-
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tation is key to achieving increasing acceptance because consumers do not

share the same preferences. As pointed by Green and Krieger (1991), Ri-

quelme (2001), Zaltman (2003), Neal (2003), Rabino (2007), and Beckley

et al. (2007), what appeals to one consumer may not appeal to another.
Many scholars, such as Crow, Davis and Maxfield (1960) and Bretscher (1995)
agree that one of the most frequently used regression models in conjoint
analysis is the Ordinary Least Squares OLS regression. Gelman and Hill (2006)
argues that it offers a simple, yet robust method of deriving alternative forms of
respondent utilities (part-worth, vector, or ideal point models).

According to Bretscher (1995) and Wolberg (2005), the advantages of OLS
are due to its simplicity of analysis and the intuitive meaning as well as the
capability to scale respondent choices using rating scales, rather than rankings.
Reviewing many other methods, Harrell (2008) concludes that the ability to
implement designs having larger numbers of attributes and levels (through
fractional factorial designs described below) has made this methodology the de
facto standard for conjoint analysis .

Rao et al. (1999) formulates the objective of OLS in conjoint analysis as to
produce a set of additive part-worth utilities (vector or ideal point utilities may
also be estimated) that identify each respondent's preference for each level of a
set of product attributes. In application, the OLS model uses a dummy matrix of
independent variables described in Encyclopedia of Statistical Sciences (1985)
and further researched in Wolberg (2005). Each independent variable indicates
the presence or absence of a particular attribute level. The dependent variable is
the respondent's evaluation of one of the profiles described by the independent
variables. This model is expressed:

n
U(x) = const + Z b;x; (D
i=1

where b; are called partial regression coefficients (part-worths or impacts) of
the independent variables x. They measure the variation in the value of U(x)
that is due to a variation by one unit of the independent variables (Green and
Devita, 1975). In the context of a conjoint analysis project with a purchase
intent anchored question, the coefficients could be interpreted as a conditional
probability of consumers being interested in buying this product.

The most utilized way of conducting conjoint analysis research now is over
the Web. Initially, due to the low penetration of the Internet, there were con-
cerns about representativeness of the Internet samples and the general validity
of the Web research as addressed by Mizuno (1997) and Melles, Laumann and
Holling (2000). By early 2000s, these concerns were partially answered due to
the proliferation of Internet and improved methodologies analyzed in Dahan and
Srinivasan (2000), Lynn et al. (2002), Kraemer and Dedrick (2002), Tourangeau
(2004), Constantinides and Geurts (2005).
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Segmentation refers to the division of respondents by one or another set of
criteria such that respondents in one segment are more similar on a set of
criterion attributes. Neal (2003) defines market segmentation as the selection of
groups of people who will be most receptive to a product. Wind et al. (1989),
Neal (2003), Beckley et al. (2007) argue that segmentation of consumers into
groups with similar preferences may provide an additional opportunity for
product developers to create new and innovative products. As demonstrated by
Monahan (2003), demographics could not explain the distinctly non-demo-
graphic difference between people.

Well-defined segments are easier to target with specific products and
market strategies. Gathering more relevant and predictive lifestyle and demo-
graphic information on the potential consumer allows the company to develop
greater depth of knowledge about the targeted market and consumer.

Moskowitz et al. (2005) and Beckley et al. (2007) point that in general, seg-
mentation can be accomplished in two different ways — a priori segmentation
and a posteriori/post hoc or latent-based segmentation.

In a priori segmentation, the segments are developed by certain theory-
derived assumption about the preferences of the respondent. Neal (2003) points
that a large share of segmentation is done using exogenous variables such as
geo-demographic characteristics, where the assumption is that people from
different geo-demographic ‘breaks’ may exhibit different utilities.

A posteriori/post hoc or latent-based segmentation emerges from the
individual utilities in conjoint analysis or characteristics such as responses to a
series of attitudinal questions, as suggested in Green and Krieger (1991). The
results, further develops Krieger et al. (2004), generate an interesting and often
profitable way to divide a group of respondents. The utility values from conjoint
analysis can and have been used as bases for segmentation. Pangborn (1970)
analyzes a method in sensory preference segmentation first introduced in food
research, but not necessary for individual respondents, and later adapted for
concept studies. Another method uses the pattern of utilities themselves,
developing a distance measure between pairs of respondents based upon a
distance metric such as (/-R, where R is Pearson correlation coefficient between
two sets of utilities). Green and Krieger (1991); Vriens (1995); Neal (2003);
Moskowitz et al. (2005); Moskowitz, Itty and Manchaiah (2005), Beckley et al.
(2007); Lee et al. (2007) discuss the different segmentation methods.

1.2. Refined Methodological Basis

1.2.1. Exploring New Methods in Experimental Design:
Isomorphic Permuted Experimental Designs

Experimental design is a foundation of conjoint analysis, as well as several
other experimentation-based approaches. Atkinson and Bailey (2001) define
experimental design as a statistical plan that lays out the combinations of the
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concept elements. Despite of substantial research that has been done in the field
and presented in Raghavarao (1971), John and Mitchell (1977), Cheng (1978),
Bechhofer and Tamhane (1981), Cattin and Wittink (1982), Cheng and Bailey
(1991), Atkinson and Donev (1992), Cochran and Cox (1992), Bagchi and
Cheng (1993), Carroll and Green (1995), Chaloner and Verdinelli (1995),
Atkinson and Haines (1996), Sniderman and Grob (1996), Quinn and Keough
(2002), the field is still active and presents an opportunity for research.

In an experimental design, states Campbell and Stanley (1966), the combi-
nations of elements, i.e., the test concepts, are designed so that the elements
within the concept appear independently of each other in a statistical sense. Box
et al. (2005) presents a variety of experimental designs varying in the number of
factors (applied to attributes in conjoint analysis), and the number of levels
(matched to the elements in conjoint analysis).

According to Box et al. (2005), a factorial experiment (or a full factorial
design) is an experiment whose design consists of two or more factors, each
with discrete possible values or levels, and whose experimental units take on all
possible combinations of these levels across all such factors. A 2* factorial
experiment can be recursively designed from a 2/ factorial experiment by
replicating the 2/ experiment, assigning the first replicate to the first (or low)
level of the new factor, and the second replicate to the second (or high) level.
This framework can be generalized to designing, for example, three replicates
for three level factors, etc. Due to the large number of experimental units, for
the vast majority of factorial experiments, each factor has only two levels. For
example, in case of two factors with each taking two levels, a factorial
experiment would yield four treatment combinations.

In situations when the number of combinations in a full factorial design is
too high to be logistically feasible, fractional factorial designs are utilized (used
in the dissertation). In these designs, some of the possible combinations are
absent. Box et al. (2005) analyses fractional factorial designs consisting of a
carefully chosen subset (fraction) of the experimental runs of a full factorial
design. Beres and Hawkins (2001) points that the subset is chosen to exploit the
sparsity-of-effects principle to expose information about the most important
features of the problem studied, while using a fraction of the effort of a full
factorial design in terms of experimental runs and resources. Fractional designs
could be described using the notation /* ~ 7, where / is the number of levels of
each factor, k is the number of factors, and p is the size of the fraction of the full
factorial. For example, a 2° > design is 1/4 of a two level, five factor factorial
design. Instead of the 32 runs that would be required for the full 2 factorial
design, this experiment requires only eight runs.

Moskowitz et al. (2005) points that the concept could be created according
to an experimental design in one of two approaches. In a complete concept
approach (used in full profile conjoint analysis for example), every combination
of the elements must have all the categories present (at least one of the elements
from each attribute). An example of such a design is shown in Table 1 (right
panel), where numbers represent elements (levels) of the attributes (factors).
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Montgomery (2001) argues that for such designs it is impossible to estimate the
absolute utility value of an element. Rather, the utility values are estimated
relative to a reference value. The reference element is one of the concept
elements, usually subjectively selected. With complete concepts approach, one
cannot compare the utilities of elements across different categories of concept
elements. Rather, one can only compare the utilities of elements within the same
attribute.

Table 1. Comparison of examples of two types of designs. Numbers represent levels of
the variables (factors). (Source: based on Moskowitz et al., 2005).

Incomplete Concepts
N (with zgro C0nditiOII)lS) Complete Concepts
Var' Var? Var® Var' | Var? | Var’

1 | ABSENT 3 1 1 1 1
2 4 ABSENT 3 1 2 2
3 1 4 ABSENT 1 3 3
4 1 1 4 1 4 4
5 2 1 1 2 1 2
6 1 2 1 2 2 3
7 | ABSENT 1 2 2 3 4
8 3 ABSENT 1 2 4 1
9 2 3 ABSENT 3 1 3
10 2 2 3 3 2 4
11 4 2 2 3 3 1
12 2 4 2 3 4 2
13 | ABSENT 2 4 4 1 4
14 1 ABSENT 2 4 2 1
15 4 1 ABSENT 4 3 2
16 4 4 1 4 4 3
17 3 4 4

18 4 3 4

19 | ABSENT 4 3
20 2 ABSENT 4
21 2 ABSENT
22 3 3 2
23 1 3 3
24 3 1 3

Krieger et al. (2004) and Moskowitz et al. (2005) describe another type of
designs, sometimes called incomplete concepts (or with concepts having zero
conditions). By arraying the combinations of concept elements in a specified
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experimental design with true zero’s, i.e., with some combinations entirely
missing an attribute, the researcher can estimate the absolute values of the utilities
(see Table 1, left panel). As these designs are longer to be balanced, they require
more concepts. In Table 1, the complete concepts design needs 16 concepts while
a corresponding incomplete concepts one needs 24. Lee et al. (2007) argues that
this drawback is more than compensated in a majority of cases by the ability of
these designs to generate absolute values allowing for comparison between the
categories and under specific situations, across the projects.

The research of the previous section singled out OLS as one of the most
used regression methods for conjoint analysis. Gelman and Hill (2006) analyses
one very useful form of OLS utilized in the current dissertation which is known
as dummy variable because the elements take on one of two values: ‘0, if the
element is absent from the concept, and ‘1’ if the element is present in the con-
cept. Appendix A (Table A-1) contains an example of an experimental design
recorded into a dummy variable matrix to facilitate regression analysis.

The conjoint analysis approach used in the dissertation relies on an experi-
mental design that presents incomplete concepts to respondents (with oc-
casionally missing elements from some concepts).

This strategy has four key advantages over the conventional complete
concepts (full profile) method summarized below:

* discovery and estimations of interactions between pairs of elements,

and thus discovery of new major opportunities

e meaningful absolute values of utilities and therefore study-to-study

databasing

» true zero and thus true baseline

» casier fielding due to shorter concepts.

A particular fractional experimental design is presented in the ‘Original
Design’ section of Table 2 (left part) showing the Plackett Burman 5-Level
screening design (Encyclopedia of Statistical Sciences, 1985).

This experimental design in general enables the researcher to investigate up
to 5 attributes in a concept, and up to 4 elements per attribute. In the incomplete
concepts approach, the fifth element is reserved for “null” or “no element
present” (depicted as ‘0’) situations. By allowing for a true null “zero
condition”, the researcher can use the regression analysis to better estimate the
contribution of every element to respondent reactions (Moskowitz et al., 2005).
The design can deal with many elements using relatively few combinations, and
still allow for a valid regression model at the individual respondent level.

In the right section of Table 2 (‘Generalized for Permutation’), x} is a

permuted design selection rule, where i is a permuted attribute number and j is
permuted element number.

Fractional designs introduce some level of bias due to the selection of a
specific set of combinations required by the design (Moskowitz et al., 1995).
Moskowitz (1994) suggests an approach that permutes the structure of the
underlying fractional design to make multiple different sets of combinations.
Initial steps towards formalization of the process has been described in
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Moskowitz and Gofman (2005) and further developed by the dissertant in the
current thesis. The resulting approach is suggested to be called Isomorphic
Permuted Experimental Designs (IPED).

The aim of the permutation of the fractional experimental design is to create
isomorphic designs that are statistically equivalent to each other while
combining different sets of the elements in different combinations. The
approach aims to reduce a chance that the data will be affected by one or two
unusually strong performing or poor performing combinations.

Table 2. An example of an experimental design for 25 concepts, based on the Plackett
Burman screening design. (Source: Original Design — Encyclopedia of Statistical
Sciences, 1985; Generalized for Permutation design — generalization proposed by the
author based on Moskowitz and Gofman, 2005)

Original Design Generalized for Permutation

N | var'| var? Var® Var? Var® Var! Var? Var® Var? Var®
1 4 1 3 1 1 x} x? x3 xt X7
2 0 4 1 3 1 xa x2 x3 x5 x7
3 3 0 4 1 3 x3 x3 x3 xt x3
4 3 3 0 4 1 x3 x2 x3 x5 X7
5 2 3 3 0 4 x3 x2 x3 xq x5
6 3 2 3 3 0 x3 x3 x3 x4 x5
7 4 3 2 3 3 x2 x3 x3 x4 x3
8 1 4 3 2 3 xt x3 x3 x5 x3
9 2 1 4 3 2 x3 x} x3 x4 x5
10| 2 2 1 4 3 x3 x3 x3 x4 x3
11 0 2 2 1 4 x3 x3 x5 xt x5
12 | 2 0 2 2 1 x} x3 x3 x5 X3
13| 4 2 0 2 2 x2 x3 x3 x5 x5
14 | 3 4 2 0 2 x3 x3 x3 xq x5
5] 0 3 4 2 0 x3 x3 x3 x5 x5
16 | 0 0 3 4 2 x3 x2 x3 x4 x5
17 1 0 0 3 4 xt x? x3 x3 x5
18] 0 1 0 0 3 x3 x? x3 xq x3
19 | 4 0 1 0 0 x2 x2 x3 xg x5
20 | 2 4 0 1 0 x3 x3 x3 xt x5
21 1 2 4 0 1 x} x3 x3 xg X3
2| 1 1 2 4 0 x} x? x3 x4 x5
23 | 3 1 1 2 4 x3 x? x3 x5 x3
24 1 3 1 1 2 x} x3 x3 xt x5
25 | 4 4 4 4 4 x} x3 x3 x4 x3
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Furthermore, by allowing each respondent to rate different sets of combinations,
the researcher lays the groundwork for studying interactions among variables,
which could not be studied before without creating the specific combinations
wherein the interactions were thought to exist.

Although the general idea of permuted designs is known, there is no a for-
malized or generalized model / description of the approach. The dissertation studies
this gap and proposes the following generalized mathematical model of the IPEDs.

Figure 4 shows Conceptual Model for the traditional approaches to ex-
periential design in which an original experimental design (e.g., Plackett Burman
screening design) is applied to a set of variables only once creating a single
design for all respondents. Sometimes, this design is randomized (the same design
with limited number of concepts, just the order of the concepts is randomized).

Variables

RS

Original
Experimental Design

Single Experimental Design
(for all respondents)

Figure 4. Conceptual model of a traditional experimental design applied to a set of
variables to create a single design for all respondents. (Source: created by the author).

A drawback of this approach is that it tests the elements in a limited set of
combinations thus preventing detection of all interactions. Moskowitz et al.
(2005) also points to a bias introduced due to the limited and fixed number of
concepts tested by the respondents. In such designs only a small fractions of
higher order interactions (between three or more elements) are tested.

The proposed conceptual model of IPED (Figure 5) creates multiple per-
mutations of the variables and levels (matched to attributes and elements in con-
joint analysis) before the experimental design is individually applied thus
creating distinct designs for each respondent with large total number of unique
concepts. The experimental design is independent of any specific set of
elements and attributes (as long as there is a match in the structure). If we ran-
domize the sequence of the attributes and elements before applying the experi-
mental design, we can theoretically create a large number of unique concepts
comprising unique individual designs (up to statistical limits imposed by the
specific design). This in turn creates a diverse contextual environment for con-
cept testing producing as a result less biased results (Moskowitz et al., 2005). In
addition, it creates a database of information which could be used for identi-
fications of the interactions between the elements in the design as it evenly tests
all pairwise and higher order interactions with a sufficient sample.
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In an experimental design with attributes (4;, 4, ..., 4,), an experimental
unit ¢; (line i of the design) could be described as shown in Figure 6. A
randomized subset R, € (4;, A4, ..., 4,) is selected from the original set of
attributes 4. R, contains attribute placeholders (virtual attributes).

Variables

auvat

Variables
(Permutation 1) [
Variables
(Permutation 2)

Variables
(Permutation n)

Original Experimental Design

Individual (per respondent)
Isomorphic Permuted Experimental Designs

Figure 5. Conceptual model of proposed Isomorphic Permuted Experimental Designs
(IPED). (Source: created by the author).

1 2 3 4 n .
Experimental
x ci x ci _x ci x ci x ci unit ¢;
Randomized
1 2 3 4 n
. subset of
Rk Rk R k Rk R k variables Ry

v v \4 v A4 A4
R(1,k) R(2,k) R(3.k) R(4.k) R(nk) Resulting
x(1,ci) x(2,ci) x(3,ci) x(4,ci) x(n,ci) concept C;
!
X ci is the experimental unit c; for variable /.
n
R k is an attribute placeholder j in randomization k&
Rk is an element in the concept C;, where R(h,k) is the actual attribute assigned to the

(el blaceholder / during randomization k

hoci is the element number in the attribute R(/,k) corresponding to the experimental
x( ’ CI) unit ¢;

Figure 6. Creation of isomorphic permuted experimental designs. (Source: created by
the author).
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For example, the first element of R; (R}) might contain attribute 4, from the
original set of attributes; R2 might contain 4, etc. In another randomization, the
placeholders will contain different attributes. Then, the experimental units are
applied to the randomized (virtual) set of attributes to create individual designs

for respondents containing the elements 65((: Ckl)), where R(h, k) is the actual

attribute assigned to the placeholder 4 during randomization k; x(h, ci) is the
element number in the attribute R(h, k) corresponding to the experimental unit
Ci.

Figure 7 shows examples of such application of an experimental unit to
randomized sets of attributes. A single experimental unit is shown (from Table
2, line 1). In Set 1, the original order of the attributes (A, B, C, D, and E) is used
thus creating the concept

Cl = {A4|B11C51Dy|E,}, 2)

where C}' is concept i for set 1; X; is element j of attribute X
(X € (A B,C,D,E)). The same process is applied to the set of the attributes for
the rest of the experimental units of the current design.

Set 1 Set 2 Set 3
L4131 f[af1[3][1]1][4]1]3[1]1]a
YVVVVYVY VVYVVYY VYV VY
[A[B|C|D|E|[BJE[C[A[D|[C|A[DJ|E|B|X
Y VVVYYVY VYVVYY VYV VY
[AdB[C:[DE] [B[ECo A [CoIADaE[Bl]

C; is experimental unit applied to three randomizations (R;) of the attributes A, B, C, D, E to
create concepts C;
k is element k of an attribute

Figure 7. Examples of the of isomorphic permuted experimental designs. (Source:
created by the author).

For Set 2, the order of the categories is different (B, E, C, A and D). The same
experimental unit applied to the new randomization (virtual attributes) would
produce another concept:

Ci2 = {B4|E1|C3|A1|D1}- 3)

Note that the element numbers are the same as for C} although the attributes
are different. For Set 3, the resulting concept is:

Ci3 = {C4|A1|D3|E1|B1}- 4
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To make combinations of the elements more evenly distributed, thus
enhancing the process further, the idea of the virtual attributes could be
augmented with the notion of virtual elements (placeholder elements). For each
randomization, in addition to randomizing the attributes order, the elements

order in each attribute could be randomized as well, as shown in Figure 8.

1 2 n Ci
i
x ci x ci xa
1 2 n
R R R
Ry
1 2 m 1 2 m 1 2 m
Arir> Arir> > Aren | Ari2? Ariz,> > Aric2 A rin> A rin, > A R
f R(Lk) f R(2.k) f R(n,k) Ci
x(1,ci) x(2,ci) x(n,ci)
C; is an experimental unit
n
X is value of variable # in experimental unit c;
Rk an individually randomized array of attributes
R; is an attribute placeholder j in randomization k&
u J
a. is an element v of the actual attribute u contained in the placeholder Rk

P R(h.k)

(hei) is an element in the concept C;, where R(h,k) is the actual attribute assigned to the placeholder /
x(h,ci

during randomization k

Figure 8. Creation of augmented isomorphic permuted experimental designs that
includes permutation of the elements and the attributes. (Source: created by the author).

Figure 8 shows the case of the experimental design with the same number of the
variables as the number of attributes. x; is the experimental unit c; for variable
/. With a set of attributes (4;, 4, ..., A,), the experimental units are applied to
an individually randomized array of attributes R, € (4;, 4>, ..., 4,).

An attribute placeholder j (R,](') in the randomization k contains actual
attribute while element placeholders a¥% (element placeholder v of the virtual
attribute # contained in the placeholder R,](') contain actual elements’ numbers.
e’i((z,'fi)) is an element in the concept C;, where R(hk) is the actual attribute
assigned to the placeholder % during randomization k; x(h,ci) is the actual
element number in the attribute placeholder R(%, k) with elements placeholders
ag (hk) corresponding to the experimental unit ¢; .
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Figure 9 shows examples of the augmented IPED. It uses the same
experimental unit as in the example above. In Set 1, the original order of the
attributes (A, B, C, D, and E) as well as the original order of the elements are
utilized thus creating the concept:

Cil = {A4|B1|C3|D1|E1} 5 Q)

where C! is concept i for Set I; X is element j of attribute X (X <

(A,B,C,D,E)). The same process is applied to the set of the attributes for the
rest of the experimental units of the current design.

Set 1 Set 2 Set 3
N I T N O | R I I | I S N SR A
Y V.V V. V VY VvV V VvV V¥V vV V.V V V¥V
A B C D E B E C A D (e} A D E B |Ry
1,2,3,4]1,2,3,4]1,2,3,4]|1,2,34]1,2,34] |3.1,4,2|1,4,3,2|2,3,1,4]|1,2,4,3|4,2,3,1| |2,3,1,4]3,2,1,4]1,342]1,4,2,3|3,4,2,1 E;
Y V VvV VvV VY v vV V VY vV V VvV VvV VY
I S T S I I T S | A P R R

¢; is experimental unit applied to three randomizations (R;) of the attributes A, B, C, D, E to
create concepts C;
E; is element k of an attribute

Figure 9. Examples of the creation of augmented isomorphic permuted experimental
designs that include permutations of both attributes and elements. (Source: created by
the author).

For Set 2, not only is the order of the categories different (B, E, C, A and D) but
the elements are also randomized in each attribute. The same experimental unit
applied to the new set (virtual attributes and elements) would produce another
concept:

Ciz = {B3|E1|C1|A1|D4} . (6)
For Set 3, the resulting concept is:
Ci3 = {C4|A3|D4|E1|B3} . (7
Further in the text the term IPED is applied to the augmented IPEDs.
In case of a number of elements exceeding the capacity of the design
selected, it is possible to apply the same design iteratively to parts of the
attributes and elements thus allowing for testing of different configuration of the

attributes and elements. To achieve this, two new data objects are introduced to
the model: attribute utilization array W..

50



W.= (w;, ws, ..., Wy) ()

and elements utilization matrix M,:

1,2 .3 m
€1 e €1 €1
e; e e ez"

M= |el o2 o3 el| )
el e2 e3 .. en

where w; is attribute utilization frequency (how many times attribute i has been
selected in the permutations); ei] is elements utilization frequency (it keeps the
number of times element j of attribute i has been utilized); m = max; A; — the
largest number of the elements in the attributes A;, 4, ...4, (the empty cells are
padded with zeros up to the maximum size of m).

When the number of attributes exceeds the number of variables in the
underlying experimental design, the design needs to be applied multiple times.
In the first iteration, a random subset R; of attributes A is chosen: R; € A. The
elements of the array W, corresponding to the selected attributes are adjusted
(incremented to reflect the utilization of the attribute in the iteration). This
means that if attribute 4; has been selected for the current iteration (permutation)
of the experimental design, then w; = w; +1. After all the experimental units of
the current iteration have been used, a new selection of the attributes is
executed:

RS A4, (10)

where R; # R, if the size of the design does not exactly match the size of the
project.

This process continues until all attributes are tested. During the selection
process for R, (and following iterations if required), array W, is checked to
balance utilization of the attributes. In the ideal case, every attribute should be
selected an equal number of times across multiple iterations of the experimental
design. In reality, the process aims to minimize the standard deviation of the
number of tested attributes contained in the array W,

n
1
o = min |~ Z(Wi — w2 11
i=1

where W is mean of attribute utilization array elements.
For practical purposes (software implementation), (11) could be simplified
as the following:
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n

7, = minZ(wi—v_v)z (12)

i=1

where y_ is a minimization criterion for selecting attributes in IPED.

A similar approach is applied when the number of elements in the attributes
exceeds the number of the levels in the experimental design. In the first
iteration, a random subset of elements E in each attribute i is chosen:

Eic 4, (13)

where 4; is a full set of the elements in attribute i.
The elements of the matrix M, corresponding to E; are adjusted
(incremented to reflect the utilization of the element in the run). This means that

if the element alj (element j in attribute 4;) has been selected for the current
iteration of the experimental design to the array E!, then ei] = ei] + 1
(incremented by 1).

After all the experimental units of the current iteration have been used, a

new selection of the attributes is executed:
Eic A, (14)

where E} # E}.

This process continues until all elements are tested. During the selection
process for EX (and following iterations if required by the specific set of
elements), matrix M. is checked to balance utilization of the elements. In the
ideal case, every element should be selected an equal number of times across
multiple iterations of the experimental design. It is quite difficult to achieve that
if the attributes have unequal sizes. In that case, the process aims to minimize
the standard deviation of the tested elements distribution for each row of the
matrix M, (elements of the same attribute). For the row c (attribute ¢):

mc

1 .
o€ = min —Z(el _&)? (15)
e mc c c

i=1

For practical purposes (software implementation), (15) could be simplified
as the following:

2= min ) (eh— &) (16)
i=1

where ¢ is a minimization criterion of selecting elements into IPED; e; is

mean of the row ¢ of matrix elements utilization M,; m, is the number of
elements in attribute c.
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Furthermore, if the elements have some constraints (mutual restriction, e.g.,
cannot appear together due to semantic or technological incompatibility), a new
data object, elements constrains matrix, is introduced:

1 1 2 2 k k
¢ - c; ¢ - 2, - ¢k .. ck
T 21 VA (YA KT RNK
C1 0 0 0 rll ves Tll ves rll ves rll
0 0 0
1 21 2n2 k1 knk
G 0 0 0 Tint " Tint " Tima " Tin1
2
Ci r2111 . rzllnl 0 0 0 . 7’2k11 . rzkf‘k
: 0 o0 0 (17)
2 11 1nl k1 knk
C{lz Tonz * Tamz 00 0 - Tomp v Tomp
ck Pl gm0 L g2z g g g
: 0 0 0
C,’:k 11, Anl .21 .22 0 0
Tink Tink  Tknk Tiknk

where C ]-i is the element j of the attribute i (the first row and the first column,
shaded, are shown as captions); 7yy is a restriction between the element v of the
attribute # and the element y of the attribute x.

This matrix, in most cases, either is empty (no constraints) or sparsely
populated. If some elements cannot appear together, they could be restricted in
the design. This means that during the process of element selection the elements
constrains matrix is applied to each new elements (and if needed attributes)
selection and the randomization is performed until the constrains are satisfied.
The elements in the same attribute are always restricted each to another as no
two elements from an attribute could appear together in one concept.

It is possible to accommodate attribute level constraints as well by
introducing attributes constraints matrix:

G, G Cn
c, | 0 vf vl
C, v% 0 - vr (18)
C, | v} v? 0

where C; is the attribute ; v]-i is the restriction between attributes i and ;.

If two attributes are restricted, they can’t appear together. This means that
the attribute selection step should be repeated until the unrestricted attributes are
selected. Of course, the number of attributes in the project should be larger than
the number of the variable in the experimental design. Otherwise, any
restriction would fail the design creation project.
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In the majority of cases, the projects are executed without the restrictions to
avoid the complexity of setting and satisfying the constraints. In addition, any
constrain would make the experimental design less robust so they should be
considered during the analysis stage rather than during the data collection.

The statistical models described in this section create multiple IPEDs for
each individual respondent providing the following benefits:

e climination of bias of selection
e homogeneous testing of the elements of the conjoint analysis ensuring
multiple exposure of each possible combination of the element to the
respondents (with a reasonable number of respondents)
e facilitates detecting and estimation of the interactions between the elements
(including the higher order interactions — described in the next section)
e facilitates segmentation of the respondents based on the patterns of their
responses.
The permuted designs are pivotal to the ability to detect any and all interactions,
utilized in this dissertation. Due to the randomized permutation of the design,
IPED could create hundreds of isomorphic executions that are unique (up to
statistically possible in a specific design). In result, a sufficiently large sample
of respondents could test every possible pairwise combination (and higher order
interactions) of the elements multiple times thus creating an opportunity to
analyze their contribution to the additive model through a regression. The
details of the methodology are described in the Study I.

1.2.2. Interactions in Concept Testing

In conjoint analysis, interactions occur when the combined effect of two attributes
is different from the sum of their two main effect utilities. Despite of
progressively more sophisticated research of interactions such as presented in
Green and Rao (1971), Green (1973), Green and Wind (1973), Wilkie and Pesse-
mier (1973), Aiken and West (1991), Ross and Creyer (1993), Ping (1995),
Chrzan and Orme (2000), Overton (2001), Toubia et al. (2003), Lusk and
Norwood (2005), Yu, Goos and Vanderbroek (2007), the issue is still not
completely resolved for larger scale projects like the ones addressed in the thesis.

According to Carroll and Green (1995) and Lusk and Norwood (2005), a
majority of conjoint analysis approaches to consumer preference measurement
emphasize non-interactive models of either additive or multiplicative nature.
For the total utility for multi-attribute alternative, according to Green and Devita
(1975), that could be described as an n-component array:

X=(X1 , X3 , e, Xp ), (19)

a non-interactive additive model could be defined as shown in equation (1).
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As initially pointed out by Green and Devita (1974), situations can arise in
which it is reasonable to assume that the utility of a multi-attribute item is based
on a more complex model. This was further developed in Hayduk and
Wonnacott (1980) which suggested that situations can arise in which we would
like to consider interactions among factors (elements). Aiken and West (1991)
defines interactions as a statistical problem commonly faced by researchers in
many fields: how to structure, test, and interpret complex multiple regression
models contacting interactions, curvilinear effects, or both.

The term interaction may be defined in one of two different ways — explicit
interactions (synergisms, suppressions) and implicit interactions.

Explicit interactions are pairs of elements whose combination generates a
statistically significant term in a regression equation or in analysis of variance.
Generally, interactions manifest themselves quantitatively in analysis of
variance or regression once the proper mathematical expression has been made.
For example, in regression analysis, we can create an equation, which relates
the presence/absence of two variables (A, B) to a rating R:

R = ko + klA + sz + k3(AxB), (20)

where kyis a constant of the regression, k; and k, are utilities (regression
coefficients) of the elements A and B.

The equation (20) shows how to estimate the magnitude of the rating from
knowing the values of two variables (A, B). In addition, an interaction term
AxB can be inserted into the equation to account for variations in ratings
introduced by the combination of elements. Through regression modeling, the
significance of the interaction term AxB could be determined. In the context of
dummy variable matrix, AxB should be viewed as multiplication of ‘present’
(‘1”) and ‘absent (‘0”) values. If the term AxB is significant then the variables A
and B interact with each other. If the interaction is significant, and the
coefficient of that interaction k; is positive, then we conclude that A and B act
synergistically (adds an additional value k; to the sum of &y, k; and k). If the
coefficient k; is negative, the value kj is subtracted from the expected sum of
the utilities A and B. In that case, there is a suppression between A and B. The
values ky, k;, k; and k; must all be determined by regression.

Finkbeiner and Pilar (1991), Carroll and Green (1995), Lusk and Norwood
(2005), Hayduk and Wonnacott (1980) point that the majority of the current
approaches assumes that there are no interactions between the elements and thus
the additive model U (x) could be presented a simple as shown in equation (1).

Chakraborty et al. (1991, 1992) addresses the issue of screening for
interactions between design factors and demographics although limited to
choice-based conjoint analysis and on a very restricted basis. Aiken and West
(1991) refers to some conjoint analysis approaches that allow for a pre-selected
list of anticipated interactions to be included in the test. Such alleged
interactions become an integral part of the experimental design and are tested
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along with the individual elements. In that case, the additive model could be
modified as the following:

n n
U(x) = const + z b;x; + Z CijXiXj, (21)
i,jey

i=1

where c;; are interaction coefficients between elements x; and x; (i, j = 1 to n; i
and j do not belong to the same attribute) and vy is a subjectively pre-selected
subset of elements interactions.

The additive model U(x) that accounts for all possible pairwise interactions
between the elements in conjoint analysis could be described with the following
equation:

U(x) = const + Z bix; + z CijXiXj, (22)

Lj=1i#]

where ¢;; is interaction coefficient between elements x; and x; (i, j = 1 to n; i
and j do not belong to the same attribute).

Aiken and West (1991), following Campbell and Stanley (1966), infers that
a straightforward approach for orthogonal estimation of all possible interactions
(two-factor, three-factor, and so on) would call for a full factorial design. For
realistically sized problems relevant to NPD, the number of combinations
generated would be prohibitively large for respondent evaluation thus limiting
practical usability of the approach.

Green (1973) suggests a method for estimating the third order interactions
(interactions between the triads of elements) although its practicality is limited
to very small sets of elements due to computational complexity and imposed
assumptions.

A model that accounts for all interactions of the third order could be
described with the following formula:

U(x) = const + (23)
n
Eb iX; + Z CijXiXj Z CijiXiXj X
i,j=1;i#j i,j,k=1;i#j*k

where c¢;jy is interaction coefficient between variables x; , xj and xi (i, j, kK =1
to n, i, j, k do not belong to the same attribute).

The model for the interaction model of the order » could be described with
the following formula:
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U(x) = const + (24)

n
E b; xl E Cilile'lxl'z + ...+ E ciliz___irxilxiz ...xir
i1,ix=1;i1#iy i1,z =1l Fiy# iy

where ¢; ;, is interaction coefficient of the second order between variables
x;, and x;, (i;, iy = 1to n; i), i; do not belong to the same attribute); ¢; ;, ;_1is
interaction coefficient of the order » between variables x; Xy e Xi 5 Ap B2y

do not belong to the same attribute).

The current dissertation researches only the second order of the interactions
as the most practical application of the approach although the underlying
foundation is generalized and could be utilized to detect any and all higher order
interaction with a sufficient number of experimental design permutations.

Fractional factorial designs, in which one can estimate a limited number of
interactions that are free from confounding with main effects, represent a
possible solution. However, points out Green and Devita (1974), the number of
combinations becomes unwieldy in problems of realistic size. Green and Devita
(1975) modified the approach by structuring the test in two sections: first
respondents evaluate all possible pair-wise interactions and then perform a
standard conjoint analysis exercise. In case of » attributes (factors) with m
elements (levels) in each, the first step alone would require R ratings, where

R = [n*n-1)/2] *m, 25)

which is still an unreasonably long exercise for practical purposes.

Figure 10 shows a conceptual model of the explicit interactions. This
approach, further described in Study I, is based on the U.S. Patent Application
Serial No. 11/032,834 (Moskowitz and Gofman, 2005). In a conjoint analysis
project with p attributes 4; to 4,, each containing elements A;; to 4y, some of
the interactions could be foreseen or pre-selected for testing (depicted in solid
lines). During the test, these interactions are incorporated into the experimental
design and tested by the respondents.

A latent interaction (for example, the one depicted in a dash-line between
A, and A4,,,) represents an existing interaction that could not be predicted by the
expert to include into the design or missed by chance. If it goes undetected, this
interaction could lead to providing NPD with misleading results missing an
important information about a possible synergy or suppression between the
features.
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Figure 10. Conceptual model of explicit interactions. (Source: compiled by the author).

Table 3 shows an example (partial) of the dataset utilized for detection of the
explicit interactions. This sample conjoint analysis project consists from six
attributes (A-F) with four elements in each.

Each row in Table 3 describes a concept seen by a respondent. The data is
prepared for the dummy variable regression with ‘1’s representing present
elements and ‘0’s depicting the absent elements. Most of the numbers in each
row are zeros because a concept does not contain most of the elements.

Although IPEDs facilitate individual models for each respondent for the
analyses of predicted preferences and segmentations, interactions’ modeling
requires aggregate set of data (all the models across all the respondents are
aggregated into one model). Each IPED contains a limited set of combinations.
Every element appears several times in combinations with other elements. To
detect possible interactions, the individual IPEDs are pooled together in one
large dataset similar to that shown in Table 3 which typically would contain
thousands of lines. Finally, each row contains the rating assigned by the
respondent (1-9 scale).
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Table 3. Example of a dataset (partial) used for explicit interactions detection proposed by the author with elements A4;.

attributes A-F (six attributes with four elements in each). (Source: compiled by the author).

RATINGS

B, B, ¢, ¢, ¢ ¢ D, D, Dy Dy, E, E, E; E, F, F, F; F,

B,

A A3 Ay By

A,

‘1’ if the element is present in a concept (row); ‘0’ — if it is absent. Two highlighted rows show appearance of the same combination of

elements (Al and B1, in frames).



To detect the explicit interactions, the approach forces in the linear terms and
subsequently allows additional terms, i.e., pairs with a synergy or a suppression,
to enter the already-developed equation if those terms contribute significant
additional predictability to the equation.

The criteria for entering the linear equation and adding additional terms can
be made stringent or lax using the mechanics of stepwise multiple linear re-
gression (SPSS, 2007). With a stringent criterion, very few additional predictor
terms will enter the equation. In contrast, with a lax criterion many additional
terms will enter the equation. Study I describes the process in more details.

Implicit Interactions (scenarios) are the nature of responses when these
responses are made within a certain set of conditions. In other words, implicit
interactions are the effect of the conditions on some dependent variables (e.g.,
the performance of the features of a researched product as a function of other
elements). Figure 11 shows a conceptual model of implicit interactions. An
attribute 4, selected as a pivotal one (e.g., brands, key features) drives the
utilities of the rest of the attributes. If the pivotal attribute 4 has m elements,
then there are m possible scenarios. In a conjoint analysis with total of N
elements, for an element 4;, the scenario will analyze the utilities of the

elements x]pi (where j = I...n; n = N - m) creating an n-component utilities

array X"':
pi _, pi _pi pi
X7 =(xg X5 5oy Xy ) (26)
Pivotal Element Pivotal Element || Pivotal Element
Ao Az Agi

Api is element i in pivotal attribute A,

x};l is impact of element A, under implicit scenario of element p;

Figure 11. Conceptual model of implicit interactions. (Source: compiled by the author).
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Selection of another pivotal element will lead to a new, distinct scenario
with a unique array of utilities for this implicit interaction (scenario). By com-
paring the performance of utilities under different pivoting elements, a re-
searcher could have valuable input in the process of selecting features for NPD.

The process of estimating the implicit interactions is different from the one
described above for the explicit interactions. If the attribute A is selected as a
pivotal one, we can choose any of the elements in that attribute and select only
the cases where this element was present (the cells in the appropriate column in
Table 3 are equal to 1).

By repeating the selection process for every element in the chosen attribute,
the researcher splits the whole data set into several different layers. For £
elements in an attribute (e.g., attribute 4), there will be (E+1) layers — one per
each element in the attribute and one for cases when the attribute is absent,
because the experimental design is set up so that some of the concepts are
missing elements from the particular attribute.

The working dummy variable matrix for each pivoting element 4,; contains
cases (rows) where 4,; = 1. The matrix includes all of the elements except the
pivoting category used to create the stratum. A separate regression model for
each stratum relates the presence/absence of the elements to the rating values. If
attribute A is chosen as a pivotal one, the regressions of the working matrixes
relate the presence/absence of B;...F, to the ratings (e.g., interest in the product)
for each of the elements in the attribute A. There would be C * E = 20
independent variables. There would be five such regression equations, one for
each value of 4 plus one regression when no elements from attribute 4 are
present at all. Implicit interactions show how each of the elements in attribute A4
‘drives’ the utilities of the remaining elements.

If attribute 4, a key ingredient of a product during NPD for example, has
been selected as a pivotal attribute, then the researcher could uncover how other
elements of the project perform if the concept is identified with a specific key
ingredient.

Furthermore, as noted above, since the respondent evaluates all of the ele-
ments against all of the other elements in a randomized fashion, the respondent
does not have an opportunity to associate the concept study with a particular
ingredient name. The same thinking holds for analyses by other attributes.

In fact, a complete analysis of the scenarios would present separate regres-
sion analyses for each element in each attribute. For C equally sized attributes,
and E elements per attribute this complete analysis would generate C * (E + 1)
regression models. In the case of six attributes with four elements in each one,
there would be 6 *5 = 30 regression models. By looking at each set of
regression models, one per attribute, the researcher would be able to identify the
implicit interaction effects of each element with every other element in a
different attribute.

Appendix B (Table A-2) has sample results of estimating of implicit
interactions for the brands of food companies. The approach is discussed in
more detail in Study I. The proposed IPED approach expands the theory of
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experimental design and facilitates creation of multiple isomorphic designs that
enhance the ability of conjoint analyses to estimate predicted consumer pre-
ferences among the features of new products. IPEDs eliminate the bias of the
limited set of the combinations of the elements characteristic to the majority of
the experiment design-based methods. In addition, by creating a large number
of isomorphic designs IPEDs enable testing any and all interactions between the
elements allowing detection of all explicit interactions and providing the deve-
loper with additional information, not available with the traditional methods, in
the form of scenarios (implicit interactions). An added benefit of the IPEDs is
the ability to segment consumers based on the patterns of their individual
utilities which is one of the most targeted ways of understanding the consumer,
as shown in Lee et al. (2007), thus opening new opportunities, especially in
mature food categories notorious for intrinsic difficulties in finding ways for
innovation.

1.2.3. Exploring New Approaches in Consumer-Driven NPD:
Rule Developing Experimentation

Addressing the opportunities identified earlier, the dissertation concentrates on
the stages 3 and 4 and partially on stage 1 (Figure 3) of the NPD process. This
section is a formalization of the author’s works to create a generalized frame-
work for a conjoint analysis-based research approach that could be applied to
NPD in mature food categories as well as other areas. The framework is
partially based on the U.S. Patent 6,662,215 B1 (Moskowitz and Gofman,
2002). It integrates proposed modifications to experimental design and conjoint
analysis. This methodology (or its parts) has been utilized in the Studies I-III of
this dissertation for empirical studies.

Rule Developing Experimentation (RDE) is a methodology of structured
consumer-based experimentation with conceptual prototypes which is applicable
to NPD and other areas. From a classification point of view, RDE is derived from
the consumer-driven proactive approaches to structured experimentation re-
searching consumer preferences on the concept level utilizing partial profile
conjoint analysis with incomplete concepts based on a special type of fractional
main effects experimental designs (isomorphic permuted experimental designs).
RDE analyses pattern-based latent segmentation along with detecting explicit and
studying implicit interaction.

In a wider business meaning, RDE is a systematized solution-oriented
business process of experimentation that designs, tests, and modifies alternative
ideas, packages, products, or services in a disciplined way using experimental
design, so that the developer and marketer discover rules and patterns showing
what appeals to the customer, even if the customer can’t articulate the need,
much less the solution (Moskowitz and Gofman, 2007).

Figure 12 shows the conceptual map of RDE. The input materials are
organized into attributes and elements, arranged into experimentally designed
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concepts based on IPED. The process starts partially with the same sources of
initial ideas as in traditional approaches. In addition, it could use data store
containing structured information created by previous utilization of RDE due to
RDE ability to accumulate and compare data across the projects. The initial
ideas are formatted into concise descriptive snippets of text or other media
creating individual elements of the products grouped into attributes of similar
features.

Consumers

\f\

VY
“ Attributes / Elements
3

L)
WEB, Media: morphic Permuted
I Ui
Product Ideas, | Input Materials (Expenmental Desngn;
Competitive ‘
’

>

Prototypes

)

)

Product Ideas ¢
L

Conjoint Analysis

FERINELS
pue spnpold

Products Info, etc.

4 Interactions
f) (Implicit / Explicit)
: Existing Modeling r——
attern-base
Product fg Produ_c ts latent segmentation
Ideas |# Qformatlon
.
Pi—— —

Structured and Reusable
<4-| Product Information
(Consumer Preferences) /

N

Data
Store

Rules

Corporations

Figure 12. Conceptual map of the modified conjoint analysis — Rule Developing
Experimentation (RDE). The proposed modifications to the conjoint-analysis based
consumer-driven approach to product development are highlighted (shaded areas)
(Source: created by the author).

The attributes (groups of elements) separate the elements into similar groups
such as product features, benefits, emotional messages. These elements are
combined into the sets of concepts. The combinations creation is enabled by
IPEDs thus facilitating individual (for each respondent) unique sequences of
concepts (subject to statistically possible limits depending on the number of the
categories and elements). With a sufficient number of respondents, the proposed
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individual IPEDs facilitate the testing of every possible combination of the

elements multiple times by different respondents within conjoint analysis,

including the higher order interactions.

This creates a platform of concepts testing in widely varied contexts of
different combinations of the elements that leads to interaction detection and
analysis as well as pattern-based latent segmentation. The IPEDs also enable
conjoint analysis to estimate the absolute values of the utilities rather than the
relative values characteristic to the most existing methods. These concepts are
presented to a representative group of consumers (respondents) or other stake-
holders to elicit their preferences (e.g., their purchase intent, liking, preference
or choice).

The solicited ratings are combined with the underlying IPEDs and are
analyzed through a regression analysis, imputing the contribution of each indi-
vidual element to predicted consumer preferences and thus creating individual
sets (for each respondent) of the utilities (part-worth contributions) of the
elements.

This in turn enables RDE to detect pattern-based latent segments of the
consumers based on the similarities in the patterns of the utilities. As argued by
several scholars (Green, and Krieger, 1991; Neal, 2003; Beckley et al., 2007,
Moskowitz et al., 2005), the segmentation of the consumers based on the
similarity of their responses is more targeted for NPD than traditional demo-
graphic grouping. IPED foundation of RDE facilitates this process along with
detecting any and all explicit interactions between the elements and analysis of
implicit interactions, which is not practically feasible in the existing methods.

The resulting quantitative relationships between the elements and consumer
preferences (rules) could be utilized by the corporations to provide directions of
how to increase consumer liking (purchase intent) under different scenarios.
RDE quantifies the most likely combinations of ideas (features or messages)
that may be acceptable to the consumer.

RDE encompasses six basic steps, which partially incorporate steps usually
used in conjoint analysis projects although in a modified form (see Appendix C,
Figure A-1) extending the approach to different fields:

Step 1. Preparing raw materials. Identification of groups or classes of features
that constitute the target product (offering, product, service) For example, in
the case of a credit card offer, among the tested features could be annual
percentage rates (APR) and rewards options. Every such attribute of ideas
comprises several elements (different levels of APR or various reward
options).

Step 2. Creating test concepts. Process of mixing and matching the elements
according to an experimental design to create a set of concepts. The second
step is based on a variation of conjoint analysis (partial profile with in-
complete concepts based on individual models afforded by IPEDs).

Step 3. Collecting data with the consumers. The actual experimentation with the
consumers soliciting their responses to experimentally designed concepts.

64



An example of a rating question: “How likely would you be to buy this

product?”’

Step 4. Analyzing results. One of the key differentiating features of RDE is
individual models of utilities for each respondent. This allows patterns
discovered in the data, across elements and respondents (more in Step 5), to
generate rules for more targeted optimization as well as uncover all
meaningful two-way interactions between the elements. In addition, the
ability to estimate absolute values of the utilities in RDE allows for
databasing the results. The database makes for meaningful comparison of
the element utilities in one study, and across studies, which then track the
consumers’ preferences across studies and longitudinally.

Step 5. Identifying pattern-based latent segments. As proved in Green, and
Krieger (1991) and Neal (2003), people’s preferences differ regardless of
demographic group. RDE identifies naturally occurring pattern-based latent
segments of the population that show similar patterns of the utilities
utilizing IPEDs. The approach of dividing people differs very much from
the conventional ways that use gender, income, products purchased and the
like.

Step 6. Applying the generated rules to create new products, services, offerings.
Utilization of the results of RDE to ‘optimize’ the ideas in the concepts
creating a set of quantitative relationships between the elements of RDE and
consumer preferences and directions of how to increase consumer liking.
The best combination of elements are the ones that have the highest sum of
utilities, including linear and interaction coefficients.

Figure 13 shows the generalized model of the RDE process. It starts with

collecting of the input materials for NPD, which might come from corporations

and consumers as well as from other places (such as database of the existing
features, competitive analyses and consultants).

The input material is sorted into groups (attributes) of related features and
an experimental design is applied to mix and match the elements to create
individual (per respondent) designs through the permutation process of the
underlying experimental design (IPED). Then the concepts are shown to the
consumers with the help of Computer Aided Personal Interviewing (CAPI)
system. Thornton and Hufflett (2005) describes the general process of utilizing
Internet for interviewing in form of Computer Aided Web Interviewing
(CAWI). The respondents rate the unique (up to statistically possible,
depending on the design and the sample size) sets of individually created con-
cepts on one or several rating questions. The collected data is analyzed resulting
in individual regression models and pattern-based latent segmentation. During
analysis RDE also detects any and all interactions between the elements.
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In case of highly unusual interactions or when the results are completely un-
expected or suggest a radically new area of opportunities, the process might
require iterative reworking of the input materials or additional fine-tuning. The
results could be optionally validated / fine-tuned with consumers. During this
process, several optimized (based on the maximum sum of individual utilities
subject to existing constraints if any) concepts are tested with a set of
respondents to validate and further tine-tune the results before implementation.
The original group of respondents or different respondents could be invited for
the validation. Optionally, the concepts could be analyzed in a qualitative
session to better understand the consumer preferences.

Combined process facilitates a formalized approach with results pointing
towards the most promising concepts for the total target population as well as
demographic and pattern-based latent segments thus generating the input for
NPD and design.

The next step is implementing the created rules for NPD. If the results do
not solve the problem at hand, the process could be iterated.

Beckley et al. (2007) argues that the structure of RDE imposes the
discipline of thinking resulting in a higher success rate than other methods. Just
the process of preparing for RDE, agrees Lee et al. (2007), helps users better
understand the problem and find possible solutions.

Beckley et al. (2007) and Moskowitz et al. (2005) point to some of the
advantages of RDE:

e Pattern-based discoveries (segmentation) to facilitate more targeted

optimization (pattern-based or latent segmentation).

e Discover any and all meaningful pair-wise interactions between the
elements (including higher order interactions if needed).

e Analyze how one element ‘drives’ responses to another element using
scenarios. A possible use of the implicit interactions in NPD is a “what-
if” trade-off analysis of the effect of the replacing some consumer-
preferred features with options that are more technologically or eco-
nomically viable.

e RDE uses a variation of dummy variable regression to estimate the
absolute values of the utilities, which in turn allows databasing the
result for tracking the consumers’ preferences and easy comparison of
the utilities across the attributes.

e The individual models facilitate a parsimonious way to simulate market
share and choice analysis.

An example illustrating an RDE implementation is shown in Appendix D.

An extension of RDE is utilized for sensory optimization (food ingredients)
based on consumer taste testing of experimentally designed prototypes
(Moskowitz et al., 2005; Gofman, Moskowitz, Mets, 2009b).
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1.3. Validation Approaches and Implementation
1.3.1. Validation Approaches

The issue of validity of the methods for obtaining consumer preferences, in-
cluding the validity of sample, questionnaire design, data, etc., have been exten-
sively researched. Cronbach and Meehl (1955), Dillman (2000), Moskowitz et
al. (2002), Redline and Dillman (2002), Rousseau and Sanders (2003) introduce
and research a variety of methods that ensure valid input to corporate R&D and
marketing.

RDE is based on conjoint analysis which in turn is founded on experimental
design theory. Cattin and Wittink (1982) demonstrates that in experimental design,
the effect of independent variables on a dependent variable is studied under
controlled conditions, thus allowing for higher degrees of internal validity than, for
example, single-case designs, such as researched in Atkinson and Donev (1992). To
test the integrity of data, some traditional validations approaches use hold-out
samples. As shown by Green, Krieger and Agarwal (1993), hold-out is a sample of
observations withheld from estimation when multiple regression, discriminant
function analysis, or any other type of analysis designed to yield a predictive model
is being developed, so that the model's ability to predict future scores can be
estimated by its ability to predict the data of the hold-out sample.

Another way of checking the quality of data analyzed in Moskowitz et al.
(2002) is through the R statistic as a possible indicator of validity. If the
respondent assigns the same number to every concept, then the R’ value will be
0, because there will be no co-variation of the dependent variable with the
independent variable. If, however, the respondent attends to all of the elements
in a consistent fashion, argues Aiken and West (1991), then the R’ will be high
(with the maximum of 1). Moskowitz et al. (2005) and Gelman and Hill (2006)
conclude that strategies in which the respondent attends to only a limited
number of elements cannot yield high R’ values, although these strategies may
be consistently employed in an errorless fashion.

Many projects undergo the validation process when the synthesized ‘optimized’
concepts are tested in comparison with the existing offerings or competitive
products as shown by Louviere (1988). The tests are usually conducted on the
gestalts level in a simple rating survey for a short number of concepts or a choice
exercise with select respondents. Some other projects are followed up with focus
group discussions where the synthesized concepts or products are validated with the
consumers, usually in comparison with the existing or competitive offerings. This
validation for commercial projects is usually conducted by the end-client or an
independent third party to ensure the integrity of the results.

One way to show validity of the RDE results is to use the model to estimate
the likely rating for each concept. If possible, one should hold out a few
concepts from the model, to show that the model can estimate concepts not used
in creating the model. Another way is modeling the predicted utilities of
concepts using the results of RDE and comparing them with the original ratings
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(Figure 14). By knowing the features of the concepts, the researcher can use the
model to estimate acceptance, even for combinations not directly tested. The re-
sults show high correlation of the measured and estimated values of the
consumer ratings.

80
w
@
> 60
[ ]
R
=T}
R=
= 40
|
=
=
2 20 y =0.9667x + 1.1376
= R? —0.9667
<

0

0 20 40 60 80

Measured Liking Scores

Figure 14. Example of the validation of RDE results by means of comparing the
measured (actual) versus modeled (estimated) liking scores. The computed regression
model accurately describes measured consumer liking (the goodness of fit statistics R* is
close to 1). (Source: Moskowitz et al, 2005).

Other ways of validation used in a number of the RDE projects by the clients or
a third parties involved testing of the synthesized concepts with a separate
panel, focus groups discussions or with the market volumetric resulting from
the launch of the product. Sapiro et al. (2005) describes a case when Unilever
Brazil conducted an initial RDE-based concept development work. In the
following months, Unilever executed a large scale validation process to define
the suitability of the approach and the robustness of the results for possible
wider future use. Over an extended period of time, split groups of consumers
received different catalogs based on the RDE projects as well as a control group
which had received the original catalog. Unilever tracked the activities of the
consumers participating in the test including their actual purchases. The results
proved that the experimental group exposed to the catalog based on the RDE
results had substantially higher number of purchases over the period of research
than the control group thus validating the approach.

The research projects initiated for the purposes of further developing the
approach usually utilized a validation process when the ‘best’ concept (maximized
predicted sum of utilities) was compared by the respondents with several concepts
with lower predicted sum of utilities through direct ratings. Moskowitz, Graves,
Cardello, and Lesher (1995), Moskowitz (2001), and Meiselman and Schutz (2003)
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describe one of the validations of the parts of RDE approach conducted by the US
Army. The project has been supervised by Dr. Armand Cardello of the US Army
Natick RD&E Center (Natick, Massachusetts). During this project, US Army
Natick Laboratories used Ideamap® tool to test multiple ideas about soldiers’
snacks. The following survey has been executed with the enlisted personnel. During
the following wvalidation process, the optimized soldiers’ snacks have been
generated based on the outputs of the RDE analysis and tested with the military
personnel again. During the test, several newly synthesized products have been
compared by the respondents (soldiers) with the existing products. The results have
confirmed the validity of the conclusions (newly synthesized optimized products
overwhelmingly won over the existing products).

Lee et al. (2007) describe another empirical approach that confirms the
findings obtained by the RDE on the example of cereal.

In addition to being developed through direct cooperation with the Depart-
ment of Marketing at Wharton School of University of Pennsylvania (Prof.
Jerry (Yoram) Wind), different aspects of RDE and the approach itself have
been reviewed and/or fine-tuned through cooperation with and input from a
number of major universities.

1.3.2. Implementation

The results of the research presented in this dissertation have been implemented
in algorithms and software tools. The most frequently used (at the time of
writing of this dissertation) RDE tool is Web-based Software as a Service
(SaaS) Ideamap.NET (www.ideamap.net), designed by the dissertant in
cooperation with Wharton Business School of University of Pennsylvania as a
continuation of his work on the original versions of Ideamap® and a PC-based
conjoint analysis tool Ideamap® Wizard created by the dissertant earlier.
Gofman (2005), Hartmann et al. (2004), Beckley et al. (2007), Lee et al. (2007)
demonstrate Ideamap.NET application. It incorporates the described methods
providing automatic permuted design creation, data collection, and analysis
including segmentation. Appendix E (Figures A-2 to A-5) has screen captures
of this tool (see an example of RDE implementation in Appendix D).

1.4. Structure of the Studies and Research Model

Based on the theoretical foundation researched in 1.2, the dissertation further
examines RDE components and implementation. RDE is analyzed in the
context of mature food categories which, in general, suffer from one of the
highest new product launch failure rates in the industry. Studies I-III focus on
the integral components of RDE: modified conjoint analysis based on IPEDs
(researched in 1.2.1) and a new approach to detect and estimate interactions
between the elements of conjoint analysis (introduced in 1.2.2). The approaches

70



are demonstrated on several examples in mature food categories and cover
screening/optimizing conceptual ideas of the products (Studies I-I1I), detecting
explicit interactions (synergistic or suppressive) between the features/messages
(Study I-1II) as well as analyzing implicit interactions (Study 1), followed by the
steps to accumulate, aggregate and reuse consumer preferences data across the
projects and products (Studies II and III). Study II introduces an integrated
approach to aggregate sensory and conceptual information aiming to get even
deeper consumer preferences understanding. Study III concludes the process by
introducing an “innovation machine” to create new products in mature
categories. All three studies utilize RDE tool Ideamap.NET described in 1.3.2.

STUDY I introduces two approaches to identifying the direction and
magnitude of interaction between concept elements in a conjoint analysis task.
Both approaches use main effects experimental designs, permuted to create
hundreds of new designs isomorphic to the original design structure (IPEDs). In
the first approach, the scenario analysis creates a distinct mutually exclusive and
exhaustive set of subgroups from concepts with specific elements, runs a
dummy variable regression within each subgroup, and identifies the effect of
one element on the utilities of the others. In the second approach, the interaction
analysis of a complete set of raw data forces in the linear terms for the single
elements, and then allows significant pairwise combinations to enter if they
contribute significant additional predictability to the model. The two approaches
identify the existence of and then measure the utility of one element on the
performance of others (scenario), and the unexpected effect of mixing two
concept elements (interaction analysis). The approach is illustrated by two case
histories: communicating the sensory and refreshing benefits of an orange
beverage, and identifying the preferable features of a cookie.

STUDY II explores aspects and data for a tool-driven database that could be
used for product development. The objective is to create a method whereby
knowledge of concepts and products can be archived using overviews of a
specific product category. The first phase of the database comprises systematic
analysis of product concepts, which contain elements dealing both with features
and emotions. The concept phase explores responses to statements about
product features, emotional elements and brands aiming to develop a model
showing how different concept elements (features) drive consumer interest.

The second phase comprises a sensory analysis of the competitive frame of
products, even before systematic product development is initiated. This phase
identifies expected and thus reasonable ranges of product-sensory features,
levels of acceptance of typical products, relations between liking and sensory
attributes and segmentation of sensory preferences. Together, the two phases
could be used by product developers. The approach could be also used to
archive current knowledge and facilitate data dissemination and sharing. The
ultimate aim of both phases is to allow product development to become more
based on common experience of the consumers rather than individual expertise
of experts and thus more efficient, without compromising corporate knowledge
of specific ingredients, processes or business opportunities.
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The empirical part of the second phase of the study deals with the types of
information that should be included in the structured database for NPD
utilization, particularly in the mature food categories. The objective of this part
of the study is to understand the drivers of liking for vanilla ice cream through
obtaining consumer preferences on a representative selection of the category (22
vanilla ice creams varieties). This type of objective is a typical objective for
category appraisal studies utilized on the initial stages of NPD.

STUDY III researches the process of innovating product features in categories
typically considered to be mature. The unified structural approach and framework
of RDE described above is utilized in this application. The analysis looks at what
drives the consumers’ preferences of the product features considered by developers.
The research further identifies opportunities by both varying the respondent’s task
(rating on different end uses) and by using pattern-based latent segmentation to
uncover new similarly minded groups of people where the actual identification of
innovation opportunities emerge. The complete results of the study are presented in
Appendix F (Table A-4). The source (original) experimental design utilized in
Study III is shown in Appendix G (Table A-5).

Figure 15 shows the research model of the current dissertation. The three
main parts of the model (Process, Applications and Foundation) are deeply
connected in the research. Studies I-III explore at least two out of the three
parts. The investigation of the other aspects of RDE has been presented in the
Background of the Research section and in other publications of the author.

The foundation of RDE is based on conjoint analysis, pattern-based latent
segmentation and the detection and analysis of interactions. These parts of the
foundation are in turn based on the isomorphic permuted experimental designs.

The relationship between the foundation’s blocks is researched in all three
studies from different angles. The in-depth analysis of the foundation is
provided in Study . Study II researches the general framework of the RDE on
an example of discovering opportunities for NPD in a mature product category.
Study III continues this research and extends it into a formalized innovation
process in NPD for mature product categories.

The RDE Process is represented by the six universal steps. The steps are
explored in Background of the Research and Studies I-IIl. The research and
other works of the author show the similarity of the framework and the neces-
sary steps in a wide range of applications. Studies I-III show the process in the
context of the examples of NPD in mature product categories. This includes
research of the implicit and explicit interactions for NPD and pattern-based
latent segmentation in mature categories (Studies I-III as well as the Back-
ground of the Research section). Study I explores in depth the new approaches
to detecting interactions in conjoint analysis. The research shows the impor-
tance and methods of discovering any and all such interactions in the RDE
process serving as a theoretical and methodological foundation of the approach.
Studies I and II (and partially Study III) also address the utilization of the
quantitative results of the research in form of a structural and reusable
information of consumer preferences for NPD process.
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The Foundation part is closely linked to the RDE Process (steps 1, 2, 4, 5, 6).
All Studies research the Process steps. Studies II and III address in more details
the Preparing Input Materials step. Creating Test Concepts, Collecting Data
With The Respondents, Analyzing Results / Interactions And Identifying
Pattern-Based Latent Segments steps are explored across all the Studies. The
last step, Applying the Generated Rules to Create New Products and Services is
researched in Studies I and I11.

1.5. Research Methodology and Data Collection

Based on the research of the RDE methodology and its integral components
summarized in section 1.2, the author conducted a series of empirical studies.
The goals of the studies were to improve product development in mature food
product categories and define the steps necessary for data accumulation, cross-
project data comparison and reuse, as shown in section 1.4. The studies in-
volved collecting and analyzing consumer preferences data utilizing the pro-
posed methodologies.

The RDE methodology created a structure for the specific task (product
features or messages) and then populated this structure with specific elements
(features). For each of the studies, a group of consumers was invited to evaluate
sets of experimentally designed concepts on an individual level and rate them
on a scale (e.g., purchase intent). The process then modeled the results using a
dummy variable regression analysis yielding the individual contributions of the
elements to consumers’ ratings and thus providing the input to NPD.

All three studies in this dissertation utilized Software as a Service
application Ideamap®.Net™ which is an implementation (tool) of RDE for
online consumer research (architectured and designed by the author and
implemented under his management — see section 1.3.2).

For dataset one of STUDY I, 38 consumer respondents were recruited via an
email invitation. The experimental design was permuted utilizing IPED metho-
dology so that each respondent evaluated a different set of 40 combinations
related to an orange beverage drink with a focus on messages with end benefits
rather than with formulations.

The second dataset was obtained as part of a broader scale project on product
innovation in the food categories. The ingoing objective was to identify how
features of a typical mature food category, cookies, drive respondent interest.
The study comprised six categories, each with six elements.

In contrast to the orange beverage study in dataset one, all of the six
categories were “actionable”, related to the formulations of the product, rather
than the benefits messages of the first dataset. All of the elements could be used
by a developer to create a new cookie product. The second dataset was based on
the responses of 439 individuals randomly selected from the opt-in Moskowitz
Jacobs Inc. Web panel. Each respondent evaluated 48 concepts, generating
21,072 concepts from which to analyze the scenarios and the interactions.
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STUDY II explores consumers’ preferences related to ice cream features and
emotional messages. The empirical part of the first phase of the study re-
searches a set of 36 elements, comprising four attributes or categories with nine
features each. The attributes were the following:

1. Product features

2. Situation or mood

3. Emotional benefit

4. Brand or other benefit (not emotional).

Each individual evaluated the 36 elements in diverse 60 combinations by
means of experimental design (IPED). The sample size of the concept portion of
the study comprised 322 respondents drawn from the opt-in MJI Web panel.

The substantial amount of data afforded a three-segment solution for a
pattern-based latent segments discovery. In addition, the large base of 322
respondents was divided into many different subgroups, based upon the self-
profiling classification questionnaire administered after the evaluation.

The second part of the empirical research explored sensory evaluation of the
22 commercially available variations of vanilla ice cream with 100 pre-recruited
respondents. The objective of the study was to understand the drivers of liking,
which is a typical objective for studies utilized on the initial stages of NPD.

STUDY III consists of three separate projects (different rating questions for
diverse end uses of the product) with 439, 313 and 611 respondents cor-
respondingly randomly drawn from the MJI Web panel that were incentivized
by a sweepstake offer.

The concepts were presented one at a time to the respondents for rating the
product concepts on an anchored 9-point rating scale, whose language varied
with the specific project. The rating question was either ‘How interested are you
in this cookie?’ (Project 1), ‘How likely are you to eat this cookie as a snack?’
(Project 2) or ‘How likely are you to serve this cookie to guests?’ (Project 3).

Table 4 contains the summary of the samples for the projects.

Table 4. Sample size and methodologies of the studies. (Source: created by the author).

Study Dataset Sample Methodology
Dataset 1 38 Conjoint Analysis (Ideamap.NET SaaS, Web)
: Dataset 2 439 Conjoint Analysis (Ideamap.NET SaaS, Web)
Dataset 1 322 Conjoint Analysis (Ideamap.NET SaaS, Web)
1 Dataset 2 100 Sensory Questionnaire (central location, NY)
Dataset 1 439 Conjoint Analysis (Ideamap.NET SaaS, Web)
11 Dataset 2 313 Conjoint Analysis (Ideamap.NET SaaS, Web)
Dataset 3 611 Conjoint Analysis (Ideamap.NET SaaS, Web)

The setup, data collection and analyses of the results followed the steps of
the RDE process described earlier (section 1.2.3).
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2. PUBLICATIONS



3. DISCUSSION AND CONCLUSIONS

3.1. Summary and discussions of the findings

The current research has been conducted in the context of the consumer-driven
proactive approaches to structured experimentation. The research concentrates
on improving the process of obtaining and analyzing consumer preferences of
the product concepts through conjoint analysis — one of the major tools in
concept development and an integral part of the experimentation-based proto-
typing on the concept level, increasingly used in NPD. By presenting a series of
concepts to a number of respondents and finding out, which are most preferred,
conjoint analysis allows the determination of utilities of each of the elements.

The background research described above as well as the materials presented
in Studies I-1II and other works of the dissertant point to the following develop-
ment opportunities in consumer-driven experimental design-based approaches
to NPD:

e There is a research gap in the field of the approaches to consumer-driven
NPD related to detecting and estimating interactions between product
features in the context of experimentally designed concepts. Study I and
partially Studies II and III as well as other works of the dissertant (Mos-
kowitz, Gofman, Manchaiah, Ma and Katz, 2004; Marketo, Gofman and
Moskowitz, 2004; Gofman and Moskowitz, 2006; Gofman, 2008) aim to
close this gap.

e Most of the research in the area of NPD concentrates on the industrial
rather than food related areas where the majority of the product develop-
ment happens in mature categories. The traditional limitations of the
resources allocated for NPD in mature product categories make this field
present special academic and practical interests. The dissertation mainly
concentrates on this area, with all the empirical projects and the focus of
the proposed methodologies aiming to improve the process (Study III and
partially Studies II and I). Other works of the dissertant (Moskowitz,
Gofman, Beckley and Ashman, 2006; Gofman, Moskowitz and Mets,
2009b) further develop the research.

e There is an unfulfilled need for low-cost, effective and reliable testing of
new product features on the concept level (Dahan and Srinivasan, 2000)
which should be systematic and disciplined (Trott, 2008). The research in
this dissertation and other works of the dissertant (Moskowitz and Gofman,
2007; Gofman, Moskowitz and Mets, 2009a) as well as partially Studies I —
IIT introduce a formalized structured approach applicable to NPD, Rule
Developing Experimentation.

e Conjoint analysis, an experimental design-based approach, is frequently
used to understand the consumer preferences, particularly in product
development. The existing conjoint analysis approaches are able to test
only a limited number of pre-selected combinations of elements for pos-
sible interactions between them. There are no reliable and actionable
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methods to detect any and all such interactions. Study I addresses the

problem of detecting all explicit interactions by introducing an approach

based on isomorphic permuted experimental designs. In addition, the
methodology introduces another way of dealing with interactions — implicit
interactions. The latter facilitates ‘what-if” analysis for a developer allo-

wing to see the performance of features of the researched product as a

function of other elements.

e A drawback of the current methodologies is the relative nature of the part-
worth utility values of the elements that prevents the comparison, know-
ledge accumulation and reuse. Ability to accumulate this type of infor-
mation could improve the NPD process, particularly in the mature food
categories. The research in the following sections on isomorphic permuted
experimental designs along with the materials of Studies I and II address
this shortcoming of the existing methodologies by facilitating estimations
of absolute rather than relative values of part-worth utilities in conjoint
analysis.

e Some businesses and societies have a misperception that there is not much
place for innovation in mature product categories, specifically food
products, and the efforts should be concentrated only on NPD in emerging
areas. Studies I-I1II demonstrate on the empirical cases that the notion is
incorrect and there is always a place for innovation, even in mature food
categories which are especially difficult for the developers. Study III
further develops combinatorial innovation process (Varian, 2003) by
proposing a structured approach to studying the category. Study II
introduces an approach for accumulation of information that could be used
in NPD for mature product categories.

The dissertation uses these opportunities to research the issues related to
consumer-driven experimental design-based approaches to new product
development.

Corporations frequently rely on the instincts of designers to develop new
products. Schroeder (2005) suggests that successful product design frequently
depends on a genius of a designer (developer) who just happens to know what
consumer likes. Studies I-III show the value of structured innovation process
based on consumer research thus confronting the views of Schroeder (the
summary of the main finding are listed in Table 5). The dissertation un-
ambiguously sides with a large school of researchers that believes in the power
of consumer preferences knowledge in product development (von Hippel, 1986,
1988, 2005; Moskowitz et al., 2005; Malhotra, and Segars, 2001) as well as in
consumer-driven systematic and disciplined approached to NPD (Trott, 2008).
Findings of Study I and IIl demonstrate on empirical cases the wealth of
important for product developer information that could be available to a
developer empowered by innovative processes of obtaining consumer pre-
ferences knowledge.

192



"AdN UI 9SnaI1 pue JuLieys 10j
98pormour] JudLInd JyY) Jo SUIAIYOIER o} SA)e)I[Ioe] J] ‘s1odofaasp jonpoid 03 uonewIOUI

paxmonys sopraoid (K1osuss pue enydoouos) ASojopoyow 1red-om) pasodoxd oy, ¢ QY Suizynn
"AdN 2A11991J0 pue pajagdie) a1ow 03 SuIped| syysisur Yy K10397180 30npoxd
soonpoid uonejuow3os paseq-urdpied y3noyy seousiojard Jownsuod Jurpuejsiopun Jey} € Ul 93po[mouy| oy
sojensuoOwAp s3onpoid (¢ SS0IOB QUOP UONBIUAWSIS paseq-uraned oY) JO YoIeasaI Ay ¢ Jo Sursnax pue uramyore
‘SISA[eue “YoJeasal paInjonys
dnoi3qns oydeiSowap Jo sjopowr a3e10AR oY) 0) paredwod soouarsjard Jownsuod y3noayy sor10393ed
pajorpaid 1oy3ry ypim syonpoid pa3oFie; a1ow 03 sped| ‘sl 2Yr Aq PALIIIOR] 001 jonpoid amjew
‘sjuourdas paseq-uraped Judje] ojul SISWINSUOD I} SUIPIAIP Jey) 15933ns synsa1ayy, ¢ | 7 12sviwg I0J dN 21eN[Ioey)
*S90UQI0JoId IOWNSUOD SALIP JB} SJUSWA[d Jo suraned Ajnuopl 43 0} Suruire sar3oopoyow
03 s3doouoo parrea A[[eonewaisAs ojdnnu 3593 pue JuowIddxd 0) A1essa0ou sI)] | [ Jasoiv 9JeI0qR[d puR YoIeasay | II
-aa1ssaxddns st uorjeurquioo
d} J1 Junowe Je[IWIS B JORNQNS ULD JO Jud)ul aseyoind  siownsuod ay) jo Ajiqeqold
[RUOT}IPUOD 0} 9,0 O} %] Se AUew Se ppe ued suonoeIAul JVIdx9 JuedyIUSIS
'$9oua105a1d JoWnsuo0d pa3drpaid Ay} uo saoudrdjaId
1O SJUTRI)SUOD [EOIWIOUO0I? JO [2OIS0[0UTI9) 0} NP SUONMIISANS SAINJLIJ JO JI9J2 oy}
JO soLeuos JI-1eym, sorejfroe) juswdoroaap jonpoid 1oj sisA[eue suonoerdqur yordwy  C¢
“JUBdIIUSIS SI SUONORIAIUI JIO1[dXQ JO UONIRIJ [[BUWIS B A[UO ‘SISBI JsOW U] T “(yrordun
-opmyrugeur 1121y Jo uonendwr pue suonoBINUI Yons %% pue 3101]dx0) sasAeue
ITe pue Aue Jo 3ur}sa) [eonsIIe)s 10J SUIMO[[R SN} SJUSWS[ Y} UIIM]OQ SUOIBUIQUIOD T 12spIo(q JuIo(U0d AU UI SJUDWII[D
ostmired pangrnsip A[uaad a[qissod [[e sapnjour jey s3daouod pausdisap Ajjeiuswiniodxa 8¢ oY) U2IMJDQ SUOTIORIIUI
Jo Keire opim & 918310 (SQHJ]) SUSIso( [eiuowradxy pajnuidg orgdiowos] | [ Jasoiv Juoje] yoIeasy | [
wnn
sgurpurq Jduwreg 3ANN(qO m”
<

s3urpury Jofew oy Jo Arewrwuing *G d[qeL,




"UO1I[[0D
S90UQI0J0Id JOWNSUOD ONJBWOINE-TWAS 0] $S9001d pajeI[Ioe)-g (Y ONBWISAS

© 10J UOI)BPUNOJ B S9J80I0 UIN} UT SIY ], "SISATeu. Ju9)uoo pue siopids qom, yim
s[erojewt Jndur 9y} JO UOIIBIIJISSE[O pUE UOI}99[[0d dnewoine 103 suonesrjdde Surgiowo
O} UO Paseq UOISUI)XS UE J0J UOIBPUNOJ B $918I0 AS0[0POYIat Paonponul oy J,

"%0T PUE %€ Uam1dq Aq

SII00J MU Y] Ul P2ISAIJUT FUIAQ SIOWNSUOI JO AYIqeqoid [BUONIPUOD o) ISBAIOU]

(suonoeasjur J1011dx0 9anIsod oAey) A[[eonSISIOUAS 108 Jet) SaINea) oy} JO UOISN[OU] 119 ‘aInjew oq
"S[ENpIAIPUI JO sjuawidos juoje] poseq-uroned ojur sjuopuodsor T Jasviocq 0} PoIAPISU0D A[[eordA)
Jo uonejuow§as oY) woyy sagrowe sanrunyioddo uoryeAOUUT JO UOT)ROLIUSPT [BMOE YT, €1¢ SO11089)80 Ul SaIN)eaj
"$911089)80 POOJ INJBW UI UOT)BAOUUIL [T 12svincq 1onpoid Suneaouur
SayeN[IoR] (Y Aq PopIojje UOT)BULIOJUI 9} UO Paseq (IdN Ul seinjesy jonpoxd 65t Jo ssaooxd oy

JO UOIIBUIqUIOIAI PAZIJBUWISISAS PA[-SOLIOJRUIqUIOD JO WO} oY) ur ssaooxd pasodoid sy, [ 195 9)eIOqE[d pue YoIeasay | II1

W

sgurpur adureg aAnNR(qO m”

<




The findings of Study I confirmed the research of Green and Devita (1975)
and Carmone, Green (1981), Ping (1995), and Evgeniou et al. (2002) that
besides the individual contribution of the elements, some specific pair-wise
combinations might have an additional utility score on consumer liking or
purchase intent, which are called interactions. While some researchers describe
simple methods for conjoint analysis that ignore interactions on the premise that
the interactions are contained within by virtue to mixing of elements yet not
estimable (Chrzan and Orme, 2000), the findings of the Studies I and III prove
that significant explicit interactions can add as many as 10% to 30% to
conditional probability of the consumers’ purchase intent or can subtract a
similar amount if the combination is suppressive

A foundation of conjoint analysis is an experimental design — a statistical
plan that lays out the combinations of the concept elements. Traditional
approaches, as described in Atkinson and Bailey (2001), and Hunter and Hunter
(2005), apply an experimental design to a set of variables only once creating a
single design for all respondents (sometimes randomized). This leads to bias in
results as some strong element could influence the ratings due to insufficient
variation in combinations. Moskowitz (1994) suggested another approach that
permutes the original design and thus creates a wider distributed set of concepts
thus improving the quality of the process.

The findings of the Study I confirmed the advantages of that approach in
reducing a possible skewness in the results of conjoint analysis. This is achieved
by increasing the number of distinct concepts. The dissertation further
developed the approach resulting in a methodology suggested to be called
Isomorphic Permuted Experimental Designs (IPEDs). IPEDs create a wide and
diverse array of experimentally designed concepts that includes all possible
evenly distributed pairwise combinations between the elements thus allowing
for statistical testing of any and all such interactions and imputation of their
magnitude, thus overcoming a limitation of the existing approaches —
insufficient variation of combinations. The Study I showed that such permuted
designs aid in reducing the bias created by limited number of tested concepts
utilized in alternative approaches to conjoint analysis (Atkinson and Bailey,
2001; Hunter and Hunter, 2005). The findings of the Studies I-III suggest that
dividing the consumers into latent pattern-based segments, facilitated by the
IPEDs, leads to more targeted products with higher predicted consumer
preferences compared to the average models of demographic subgroup analysis,
thus confirming the research of Moskowitz et al. (2005).

One school of the researchers specializing in conjoint analyses referenced in
Melles, Laumann, and Holling (2000) utilizes complete concepts approach in
which all features of the product are included in every concept. The limitations
of this approach to experimental design are severe interlinked statistical
problems in the analytic phase that could lead to biased results, collinearity,
inability to estimate the basic level of interest and absolute utility values of the
individual elements. The dissertation follows an alternative approach described
in Moskowitz et al. (2005) that utilizes incomplete concepts approach allowing
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for absence of some categories in selected concepts. IPEDs methodology is
based on such approach. The findings of the empirical studies I-III confirm the
advantages of the methodology. An advantage of incomplete concepts approach
described in Studies II and III allow for data comparison and accumulation
leading to a reusable data store of product features for product developers to
jump-start innovation process as well as estimation of the true basic level of
interest and individual utilities because it eliminates collinearity problem of the
existing methods.

Galizzi and Venturini (1996) argues that low success rate of new product
launches in food industry is partially caused by persistent corporate misper-
ception that eating preferences change slowly and that consumer avers to
excessively novel food. Conversely, Prescott et al. (2002) points that
consumers’ food consumption preferences and behavior changes over time. The
findings of the Study II in the present dissertation along with other longitudinal
research of the dissertant confirm the findings of Prescott et al. (2002). In
addition, the research confirmed the conclusions made by Grunert et al. (1996),
Moskowitz et al. (2005) and Rabino et al. (2007) that consumers discernibly
differ in their food preferences (particularly, findings of Study II on pattern-
based segmentation). The implication of these findings is that corporations are
impelled to more proactively innovate their products to be able to compete, thus
further corroborating the views of Grunert et al. (1996) and Trail and Grunert
(1997). This is particularly important in commoditized and mature industries
such as food products.

In many cases, as demonstrated in Leonard (2002), it is difficult for
consumers to articulate their needs, wishes and motivations regarding their
purchasing and other preference based decisions. An easier and more natural
task for the consumers is to make a choice between several presented options in
the form of concepts. Unlike direct questioning, RDE presents consumers with
sets of experimentally designed concepts based on isomorphic permuted designs
and solicits their ratings. The research has confirmed the findings of Kantowitz
et al. (2008) that this task is much easier for the respondents as it involves a
simple choice between the options resembling routine purchase decisions with
the following conjoint analysis-based process of statistically deducing the
individual utilities of the elements.

Study I researches latent explicit and implicit interactions between the
elements in the conjoint analyses. The proposed methodology discovers any/all
explicit interaction between the elements facilitated by the isomorphic permuted
experimental designs. In most cases, only a small fraction of interactions is
significant. For example, in the orange beverage dataset (Study I), out of the
216 pairs of elements in the orange beverage study only 5% of the explicit
interactions were significant. It is not necessary to work with synergistic
combinations, but rather the synergism is an extra benefit that should be taken
advantage of if possible. In contrast, it is important to avoid the suppressive
combinations.
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Using the scenario approach (implicit interactions) could be of particular
significance addressing a key goal to identify the combination of features that
go together. During the NPD process, the developer can use this approach to
compare the effect of substituting some features of the product with
technologically or economically more viable alternatives on predicted consumer
preferences. The utilities of some elements are ‘directed’ by the contextual
presence of other pivotal elements thus creating an opportunity to analyze the
problem with a ‘what-if” approach.

The first dataset of the Study I analyses the consumer response to different
sweetener types, to determine whether the sweetener name can affect
acceptance. The variables in this study were primarily emotional in nature
dealing with marketing issues and exemplifying the utilization of the implicit
interactions in NPD process. This application of the approach to evaluating the
reaction of the consumers to various features or marketing messages as a
function of brand or other pivotal categories is further researched in other works
of the dissertant (Gofman et al., 2006; Moskowitz and Gofman, 2005; Mosko-
witz, Gofman, Beckley, and Ewald, 2005).

Study II researches an approach to increase consumer knowledge utilization
in the NPD process of food corporations through creation a database of product
features in mature food categories. The proposed two phases (conceptual and
sensory) during the database creation provide structured information to product
developers and archive current knowledge for sharing and reuse. The first phase
of the database comprises systematic analysis of product concepts, which
contain elements dealing with both features and emotions. This phase builds a
knowledge base about product features, along with responses to emotional
elements and brands aiming to develop a model showing how different concept
elements (features) drive consumer interest / purchase intent.

The second phase conducts a sensory analysis of the competitive frame of
products. This phase identifies expected ranges of product-sensory features,
levels of acceptance of typical products, relations between liking and sensory
attributes and segmentation of sensory preferences. Together, the information
collected in the two phases provides a guide to product developers facilitating
archiving and reuse of the current knowledge. The Study suggests the inclusion
of the following information in the knowledge database while demonstrating the
approach on another example of a mature food category, ice cream:

1. Concepts (product descriptions, brands and emotions). The study argues
that instead of limiting the information available to product developers to
only product features, as the current practice uses it, any type of in-
formation, which has a concrete descriptive nature or an evocative dis-
position such as brand name or emotion, helps the product developer.

2. Products (sensory analysis). The current practices in sensory analysis
usually rely on expert evaluation rather than consumer-based due to a per-
ception that consumers cannot properly describe sensory attributes and
should be involved only to solicit their overall liking. Study II argues that
the database ought to include consumer data, with expert-panel data
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complementing the consumer data if these are available, as there is more
consumer data available than expert-panel data, and it is practically easier to
acquire.

Study III demonstrates the RDE approach in the context of a mature product
category on the example of innovation in product development for cookies.
Following the RDE steps, Study III analyses the experimentally designed
concepts on three different rating questions pertaining to occasions for cookies
usage thus generating three distinct datasets. The research confirmed that it is
necessary to experiment and test multiple systematically varied concepts to
identify patterns of elements that drive responses. The research also suggests
that dividing the consumers into pattern-based latent segments according to the
patterns of utilities could generate higher predicted consumer preferences vs.
models based on the averages or demographic subgroup analysis.

Study III utilizes the information obtained with RDE to propose a structure
for innovation in NPD in mature food categories in the form of systematized
recombination of features. It demonstrates the approach on the cookies example.
It extends the findings of Study I by analyzing the consumer preferences by
varying the respondent’s task (rating on three different end uses). The actual
identification of innovation opportunities emerges from the segmentation of
respondents into like-minded pattern-based latent segments of individuals.

The findings of Studies I, II and III showed that there are latent opportu-
nities for innovation even in mature product categories that could be uncovered
with RDE. Of particular interest is the pattern-based latent segmentation of
similarly minded consumers based on the patterns of their responses to the
experimentally designed concepts taking in account the interactions between the
elements.

3.2. Conclusions

The research and studies presented in this dissertation examined the role and
methods of detection and estimation of interactions and scenarios between
product features in the context of conjoint analysis applications for consumer-
driven New Product Development, particularly in mature food categories. A
novel approach has been introduced to detect and estimate the magnitude of
interactions (synergy and suppression) between the elements of conjoint ana-
lysis. Furthermore, the dissertation advanced the research to the level of
detecting any and all such interactions. It also researched implicit interactions
(scenarios) which help to uncover the variations in consumer preferences under
specific constraints (e.g., impact of alternative technologically and eco-
nomically viable features on the performance of other elements).

The proposed method for interactions detection is based on individual
experimental designs in conjoint analysis. The dissertation researched, gene-
ralized and extended the approach called permuted isomorphic experimental
designs, first introduced in Moskowitz (1994) and Moskowitz et al. (1995) to
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address the issue of a possible skewness of data due to the limited variability in

selection of a specific set of combinations of elements in fractional experi-

mental designs. This generalization facilitated the implementation of the IPEDs
and interaction detection methodologies in software applications (Idemap®
family of products).

Conclusion 1: Conjoint analysis, an experimental design-based approach, is

frequently used to understand the consumer preferences in product
development. The existing conjoint analysis approaches are able to test only
a limited number of pre-selected combinations of elements (features of the
products) for possible interactions between them. There is a need for an
approach to detect any/all explicit interactions to improve NPD process
based on the consumer preferences. An additional way to improve NPD
would be an ability to analyze implicit interactions — “what-if”” analysis for
a developer allowing seeing the performance of features of the researched
product as a function of other elements.
Another drawback of the current methodologies is the relative nature of the
utilities of the elements in conjoint analyses that prevents the products
comparison, knowledge accumulation and reuse. Ability to overcome these
limitations could improve the NPD process.

Conclusion 2: Experimental design is a key to discovering interactions between
the elements (product features) in conjoint analyses. The approach proposed
in this dissertation is based on isomorphic permuted experimental designs
(IPEDs). IPEDs utilize the underlying experimental design as placeholder
for permutations of attributes and elements according to the proposed
models. IPEDs methodology allows for the creation of multiple unique
(although statistically isomorphic) designs. This methodology facilitates
multiple and evenly distributed inclusion of all possible pair-wise
combinations of the elements (product features) in conjoint analysis leading
to discovery of any and all pair-wise interactions between the elements of
conjoint analysis. The approach generates absolute utilities values allowing
for comparison and accumulation of data across the projects. In addition,
IPEDs make possible pattern-based latent segmentation discovery based on
the individual models of utilities, which have absolute values due to the
nature of the underlying IPEDs. The approach is generalized for higher
order of interactions (between triplets of elements and higher). For example,
the empirical parts of the Studies I and III utilize 400 such IPEDs.

Conclusion 3: The proposed methodology utilizing IPEDs uncovers any and all
pair-wise interactions between the elements (product features) in the context
of conjoint analysis. Empirical results of Study I demonstrates this process.
The study analyses the discovered interactions between the features of the
orange juice drink (dataset I) and cookies (dataset II). In most researched
cases, only a small fraction of interactions is significant: out of the 216 pairs
of elements in the orange beverage study and a potential 540 pairs of
elements for cookies in Study I, only 5% and 3% respectively were
significant. Significant explicit interactions can add as many as 10 to 30
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points to purchase intent (approximated to an increase of 10%-30% in the
conditional probability of the consumers interested in buying the product)
or can subtract a similar amount if the combination is suppressive. The
research also demonstrated that implicit interactions analysis (the scenario
approach) for product development facilitates ‘what-if* scenarios of the
effect of features substitutions (e.g., due to technological or economical
constraints) on the predicted consumer preferences.

Conclusion 4: The proposed methodological approach to the consumer-driven
experimental design-based new product development is a result of the
analyses of the hundreds of the empirical projects conducted by the author
or with his participation. The dissertation proposes Rule Development
Experimentation process consisting of six steps: 1) Preparing Input
Materials (e.g., product features and messages); 2) Creating Test Concepts
applying IPEDs; 3) Collecting Data With The Consumers (e.g., their
purchase intent of the experimentally designed concepts); 4) Analyzing
Results / Interactions, including detection of all interactions (explicit and
implicit); 5) Identifying Pattern-based Latent Segments; 6) Applying the
Generated Rules to Create New Products and Services (rules are quantita-
tive relationship between the features). Steps 1-4 are an adaptation of the
steps usually used in conjoint analysis modified based on the proposed
improvements. The actual identification of opportunities for innovation in
NPD emerges from the segmentation of respondents into like-minded
clusters of individuals, with different patterns of utilities with additional
fine-tuning based on the discovered interactions between the features.

Study II demonstrates the implementation of the process on the example
studying the consumer preferences regarding the features of ice cream.

Conclusion 5: Systematic recombination of Ré&D-meaningful features
(combinatorics or combinatorial innovation) under the guidance of the con-
sumer preferences, researched in the dissertation, is particularly applicable
to food product NPD and shown to jump-start the innovation process even
in mature categories.

The identification of innovation opportunities emerges from the segmen-
tation of respondents into pattern-based latent segments of individuals. The
research demonstrated that targeting segment 2 (‘Health Seekers’) produces
the highest level of predicted consumer preferences.

The introduced methodology creates a theoretical foundation for the pos-
sible future extension based on the emerging applications for automatic col-
lection and classification of the input materials with ‘web spiders’ and
content analysis.

Conclusion 6: The results of the dissertation’s research are implemented in a
system that accumulates and utilizes structured and reusable information of
consumer preferences of product features and messages for new product
development. Utilizing RDE methodology, the research analyses the foun-
dation of an NPD-oriented database of product features (Study II). The
database includes information on the concept and sensory levels. The
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dissertation proposes steps towards this knowledge-building process
through a two-phase process. The first phase comprises systematic analysis
of product concepts, which contains elements dealing both with features and
with emotions. The second phase comprises an analysis of the competitive
frame of products as an initial input for systematic product development.
This phase identifies expected and thus reasonable ranges of product-
sensory features, levels of acceptance of typical products, relations between
liking and sensory attributes and segmentation of sensory preferences.

The steps are implemented in the empirical part of the Study II. The Study
also describes Crave It!™ Foundational Database that systematically re-
searched 30 products. The research identified three pattern-based consumer
segments: ‘Elaborate’, ‘Classic’ and ‘Imaginer’. The elements with high
utilities for the ‘Classic’ segment produce higher predicted consumer
preferences than the ones for ‘Elaborate’ segment. This demonstrates that
understanding consumer preferences though pattern-based segmentation
produces the insights leading to more targeted NPD.

3.3. Practical value

Experimentation is extremely important for NPD in virtually any field, which is
dependent on consumer preferences. The research proposes a way to utilize a
systematized and structured experimentation such as RDE to solicit consumer
needs and preferences even if the consumers cannot articulate them thus making
NPD more targeted and consumer oriented. It results in the corporations’ ability
to facilitate NPD process based on solid consumer data that is competitive and
has projectable results.

The researched approach tests multiple concepts with unique combinations of
elements on individual basis thus improving the robustness of the predicted
consumer preferences data compared to the traditional approaches of evaluating
a limited number of pre-selected concepts or utilizing a single experimental
design for every respondent. This results in better products and launches that are
more successful. The practical value of the consumer data is further enhanced
by IPEDs that facilitate detecting explicit interactions between the features of
the products allowing the designers to create products that are more acceptable
to the consumers. In addition, implicit interactions afford ‘what-if” scenarios for
analyzing the impact of substituting features of products on the predicted
consumer preferences. This allows a product developer to find a practical
compromise between the most economically and technologically acceptable
features and consumer preferences.

The nature of the proposed modified conjoint analysis with underlying
isomorphic permuted experimental designs facilitates the discovery of the latent
consumer needs and wishes that they might not be able to identify themselves or
articulate in an actionable way for corporations. Resulting patterns-based seg-
mentation and discovery of any and all interactions lead to the rules
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(quantitative relationships between the features) that make the products or
services more targeted and competitive.

The structured experimentation approach facilitates the ideas formulation
during the NPD process thus creating a productive environment for problem
solving. The process of preparing the elements for RDE projects stimulates
categorization of the issue into different attributes thus facilitating generating
more actionable ideas. This also contributes to resolving the problem of the
corporate ideation process restrictions during NPD where the most vocal
participants or a person with a more senior position could bias the results. RDE
removes the judgment phase from the idea generation and delegates it to the
consumers thus facilitating freer ideation. The task of the corporate participants
becomes not to find ‘good’ solutions but rather generate ‘different’ solutions to
be evaluated by the consumers. The same applies to the focus groups deeply
dependent on the qualifications and objectivity of the moderator.

One of the most important practical benefits of RDE is the facilitation and
encouragement of knowledge sharing. The underlying statistical foundation
allows for data accumulation, comparison and conversion to actionable
knowledge due to absolute values of the utilities and structured nature of RDE.
In addition, the generalized approach makes the interpretation of the consumer
data understandable across the divisions and ranks of the corporations — from
R&D, NPD to marketing and management. The structured approach makes it
possible to create general use tools (e.g., Ideamap.NET) that could be utilized
for a wide variety of business needs such as but not limited to NPD and
message development. The unified methodology and tools in turn make it
simpler for corporation to train personnel and disseminate knowledge.

The researched approaches in the form of RDE have been accepted as a
practical methodology worldwide for consumer-centric improvements in NPD,
message development and other fields. It has been utilized for features, sensory,
package and messaging development during NPD at companies such as Coca
Cola, Campbell’s, McDonalds, Nestle, Pepsi, Kraft, Dunkin’ Donuts, Lipton,
Tetley, Heineken, Dannon, m&m during early stages of consumer-driven NPD.
It has also been utilized (licensed) at Hewlett Packard for NPD, marketing and
promotions; licensed by MasterCard for new credit cards offerings; used
globally by Unilever, P&G, Microsoft, Ford, American Express, Johnson and
Johnson among others.

Consumer-led innovation described by von Hippel (1986, 1988, 2005), in a
sense, manifested itself on business-to-business level with RDE. Corporations
embraced this new structured approach to NPD and started applying it to other
areas as well. HP successfully utilized it, in addition to NPD, for competitive
analyses (Macer, 2002). Many new applications of RDE have been suggested or
self-applied by the corporations. For example, R. Rex Parris Law Firm (CA)
suggested applying RDE to the jury selection process. This has been
successfully tested (Perry et al,, 2009). Landing page optimization application
has been originally requested by Lego based on their experience with the early
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versions of Ideamap® approach. The research resulting in the new approach for
Web page optimization (Gofman, Moskowitz and Mets, 2009a).

3.4. Contributions to the theory

The present research contributes to the theory of conjoint analysis by intro-
ducing novel approaches for detecting and estimating interactions. Existing
methods either ignore interactions or just test a small set of them on a
possibility of interactions. The introduced methods estimating how pairs of
communication elements interact with one another to drive consumer interest
constitute an important contribution to consumer research. The knowledge of
the features synergy in which their net effect is much larger than might be
expected from the sum of the individual measurements, is an opportunity to
achieve higher consumer acceptance by putting these two synergistic elements
together. Conversely, if two elements in combination work suppressively, then
early knowledge of the negative effect would suggest the developer avoid using
these suppressive combinations in a product.

In addition, the dissertation contributes to the theory of experimental
designs by researching, formalizing and further developing the methodology of
individual isomorphic experimental designs. Initially suggested by Moskowitz
(1994), the methodology has never been fully researched generalized, which
hindered its implementation. New conceptual and mathematical models have
been introduced.

The present research also contributes to the theory of consumer research in
several ways, including expanding experimentation methodologies to NPD,
specifically as applicable to consumer-driven NPD in mature food categories. In
addition, expanding experimentation approaches (RDE) into consumer-driven
NPD for mature food categories contributes to the theory of consumer
preferences by establishing procedures and links allowing for the systematizing
of knowledge about consumer preferences. Due to the properties of RDE, the
knowledge accumulated in separate projects could be aggregated, compared and
used for future research and NPD, which was not feasible with unstructured
experimentation or traditional experimentation approaches based on the
aggregate experimental designs.

The novelty of the approaches has been confirmed by the US patents
(Moskowitz and Gofman, 2002; 2005).

3.5. Limitation and suggestions
for future research

Studies I-11I were limited to small and medium sized projects. The limits of the
method were primarily the number of interactions to be sampled. One of the key
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aspects of the approach here was the ability to combine the data from many
respondents into one data file to facilitate testing many elements and many
interactions. For example, with eight attributes, each comprising eight elements,
there are 64 main effects to be estimated along with 28x64 or 1792 interaction
effects. Furthermore, the interaction effects entered the equation only if they
added significant predictive power to the variables already in the equation.
Thus, the main technical problems confronting the approach for larger datasets
were the regression packages, which have lately improved their capacity
dramatically.

There are some practical limitations that should be accounted for in the
methodology. According to Moskowitz et al. (2005), an average respondent has
an attention span of up to 15 minutes and thus could evaluate up to 60-75
concepts (approximately up to 40 elements). For this size of conjoint analysis
project, a sample of 200 or more respondents would produce a dataset for
statistically significant analyses of pairwise interactions between the elements.

Issues related to interactions that could be further researched in the future:

e  Current dissertation researched only the second order of the interactions
as the most practical application of the approach. The underlying
foundation could be utilized to detect the higher order interactions with
the sufficient number of experimental design permutations. The work to
extend the approach to the higher degree of interactions needs further
research.

e Modifying concept optimization approaches to include pairwise and
possibly higher order interactions.

e One of the ongoing issues in the study of interactions is the ‘why’. One
might ask why certain combinations do unusually well or unusually
poorly. Is this simply a statistical aberration? Are the interactions
repeatable? Those questions cannot be answered as yet and might be
researched in the future.

The approach to combinatorial innovation researched in Study III could be
extended in the future with the virtual automation of the methodology based on
emerging options to collect and classify the input materials in an automatic way
using evolving applications of ‘web spiders’ (Chau, Zeng, and Chen, 2001) and
content analysis (Krippendorff, 2004). This in turn could serve a foundation for
a systematic, semi-automatic, wide-scale RDE process for consumer pre-
ferences collection close to real time. The approach should be further researched
and developed.
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DICTIONARY OF TERMS
(AS APPLICABLE TO NPD PROCESS)

Adaptive experimentation is a mechanism for ethically applying manipulative
experiments in studies of human-dominated ecosystems.

Additive Constant (in conjoint analysis with incomplete concepts) — a baseline
interest of respondents in the idea of the product (without any elements
present).

Attribute (also variable, silo or category) — in conjoint analysis, a group of
related units of decomposition — common elements from which the concepts
(conceptual prototypes) are built. Examples of attributes are: “Flavors”
(with possible elements such as ‘Orange flavored’, ‘Chocolate flavored’,
‘Strawberry flavored’); “Fat Content” (with elements such as ‘Fat free’,
‘Low fat’). Only one of the elements from each attribute could be selected
into a concept in conjoint analysis. Attributes in conjoint analysis are
matched to the respective variables of experimental design (sometimes, the
terms are used interchangeably).

Combinatorial Innovation is a process of innovation through re-arranging of
the old features in a new way or form. In the context of NPD, combinatorial
innovation is a systematic recombination of R&D-meaningful features.

Complete Concepts Approach — every attribute is represented in each of the
concepts. Traditional conjoint analysis approaches are based on the
complete concepts resulting in estimation of relative values of utilities that
cannot be compared across the attributes and projects.

Concept (prototypes, conceptual prototypes) — a testing unit representing a
combination of elements according to a unit of experimental design. It
represents a textual and/or graphical description of a new product idea. In
conjoint analysis, concepts are combinations of elements (features or
descriptions of a product). A typical concept in conjoint analysis contains
between 3 and 7 elements that together describe a product. Respondents
evaluate a set of distinct concepts created based on an experimental design
and rate each one on one or more rating questions (e.g., purchase intent,
interest).

Concept testing is the process of using quantitative and qualitative methods to
evaluate consumer response to a concept (product idea) prior to the intro-
duction of a product to the market.

Conjoint analysis is a statistical technique used in market research to determine
how people value different features that make up an individual product or
service. Conjoint analysis requires research participants to make a series of
concepts (also called trade-offs). Analysis of these trade-offs will reveal the
importance of the elements, called utilities.

Consumer Preference is a real or imagined “choice” between alternatives and
the possibility of rank ordering of these alternatives, based on happiness,
satisfaction, gratification, enjoyment, or utility they provide.
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Consumer segmentation refers to the division of respondents by one or
another set of criteria such that respondents in one segment are more similar
on a set of criterion attributes.

Element — a unit of decomposition in conjoint analysis. Could be a feature,
message or other unit of experimentation with consumers that are combined
into concepts. They are concise descriptive sentences or other media
creating individual elements of the products grouped into attributes of
similar features. Examples of the elements: “Comes in a sealed metal can”;
“0 % APR for the first six month”; “Low-fat”. Elements in conjoint analysis
are matched to the levels of the respective experimental design (sometimes,
the terms are used interchangeably).

Experimental design — a statistical plan that lays out the combinations of the
concept elements. It is a foundation of conjoint analysis, as well as several
other experimentation-based approaches.

Experimentation (structured and unstructured) is the act of subjecting to
experimental test in order to determine how well something works (e.g.,
concept or element). Structured experimentation utilizes design of experi-
ments approach, while unstructured experimentation is mostly random and
based on predilections.

Experimental Unit — a single line of an experimental design.

Interactions occur when the combined effect of two attributes is different from
the sum of their two main effect utilities. Explicit interactions are pairs of
elements whose combination generates a statistically significant term in a
regression equation or in analysis of variance. Explicit Interactions that
have combined effect larger than the sum of their two main effect utilities
are called synergisms (positive interactions). Suppressions are interactions,
which cause combined effect to be smaller than the sum of their two main
effect utilities. Implicit interactions — an interaction is viewed as the effect
of the conditions on some dependent variable (e.g., the performance of
features of the researched product as a function of other elements).

Isomorphic Permuted Experimental Design (IPED) — a type of experimental
design created as a result of permutation of the structure of the underlying
fractional design to make many different sets of combinations for each
individual respondent (model). The permutation of the fractional experi-
mental design creates isomorphic designs that are statistically equivalent to
each other.

Level — one of the possible values of a variable in an experimental design.
Levels of an experimental design are matched to elements in conjoint
analysis (sometimes, used interchangeably)

Optimization (in marketing) — the process of improving the projected con-
sumer perception or the practice of making changes or adjustments to a
product/idea/message/package to make it more desirable.

Order (Interaction) — number of elements whose joint effect is investigated.
Order is equal to 2 for pair-wise interactions; 3 for triplets of elements, etc.
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Partial profile conjoint analysis — in which some (or all) concepts have only a
subset of attributes present (as opposed to full profile conjoint analysis in
which all attributes are present in every concept).

Pattern-based latent segmentation (RDE segmentation) is a consumer seg-
mentation process of clustering consumers based on the patterns of their
individual responses to the concepts regardless of their demographic data.

Respondent — a person who is asked for certain oral or written information
during a survey.

Rule Developing Experimentation (RDE) is a systematized solution-oriented
business process of experimentation that designs, tests, and modifies alter-
native ideas, packages, products, or services in a disciplined way using
experimental design, so that the developer and marketer discover rules and
patterns showing what appeals to the customer, even if the customer can’t
articulate the need, much less the solution.

Rules of RDE are quantitative relationships between the elements of RDE and
consumer perception and directions of how to increase consumer liking
(purchase intent) under different scenarios. RDE gives directions regarding
what a designer or marketer must do to achieve this goal. It prescribes the
most likely combinations of ideas (features, messages) that may be
acceptable to the consumer.

Utility score (also utility value, impact or part-worth) — the perceived value
of the element; how sensitive consumer perceptions and preferences are to
changes in elements. Utilities with absolute values could be compared
between attributes and across projects. Utilities with relative values could
be compared only in the context of the attribute they belong to. For
example, if an element ‘Fat free’ from an attribute ‘Fat content’ has a utility
+10 and another element ‘Chocolate flavored’ from attribute ‘Flavors’ has a
utility +20, in a conjoint analysis with absolute values a researcher could
make a conclusion that ‘Chocolate flavored” product adds 20% to
conditional probability of consumers interest to buy this product, while ‘Fat
free’ adds only 10% to such probability. In a conjoint analysis based on
relative values, these utilities could not be directly compared as they have
meaning relative to the elements in their own attributes only.
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Appendix C. RDE categorization

| |
| [ Consumer Needs Based ] [ Production Engineering Based ) |
| |
T |
Method Level | _ _ _ _ _ ol L -
| Y A 2 y y |
' Perceptual Attribute :
: L Conjoint Analysis Ma pin Preference Other |
| 3 3 ppIng Ranking |
LE—--—--——-—— e e —— el [}

e g PR Application Level

>[Incomplete Concepts] —» Ada;::jvel anjoint
Fractional Design ; nalysis

|

|

|

|

1 [ Discrete Choice | :

- ; | Conjoint Analysis |
*[ Individual Models ] : \ J |
: [

|

|

|

|

| Self-Explicated
i’ Conjoint Analysis |

Partial Profile :
Conjoint Analysis | : —b[ Other J

Figure A-1. General categorization of RDE as applicable to NPD. RDE elicits and
analyzes consumer preferences of the product prototypes on the concept level. The
experimentally designed concepts are tested through partial profile conjoint analysis
utilizing a special type of fractional main effects experimental designs (isomorphic
permuted experimental designs). RDE incorporates different features from conjoint
analysis including modifications introduced by the author. (Source: created by the
author).
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Appendix D. Example of Implementation of RDE

The process is illustrated on the example of Study III (Dataset 1). First, the
input data are collected and formatted into individual elements (Appendix F).
Then they are entered into RDE program such as Ideamap.NET (Appendix E
has screen captures of the steps in the process in a demo project). As this set of
elements comprises six attributes with six elements in each, an appropriate
original experimental design for this specific set of elements has been selected
(Appendix G). There is a number of different source designs available in statis-
tical literature as well as they could be created with such software packages as
SPSS (SPSS, 2007). The permutation module applies the original experimental
design to permuted (per each individual respondent) sets of attributes and ele-
ments. Appendix A shows two individual permuted designs for Respondents 1
and 2 created utilizing IPEDs approach. The table also includes the ratings as-
signed by the respondents to each individual concept corresponding to each ex-
perimental unit in the source experimental design.

In the next step, respondents evaluate individual sets of concepts cor-
responding to the individual permuted experimental designs and assign ratings
(liking scores) to each concept. The collected data are analyzed with a regres-
sion module (elements are independent variables and the rating is a dependent
variable) to calculate individual utility scores for each elements per each
respondent generating a set of utilities for each element.

The key to understanding the data for product development is the utility
scores of the individual elements. To the degree that the elements perform well,
the developer will be able to synthesize new and, potentially, breakthrough con-
cepts. To the degree that the concept elements perform only modestly, the
concepts will not be breakthrough. Moskowitz et al. (2005) provides the norms
for interpreting utility scores and additive constants, listed in Table A-3. The
numbers in the table are conditional probability (%) of people being interested
in buying the product described. Additive constant in conjoint analysis with
incomplete concepts is a baseline interest of respondents in the idea of the
product (without any elements present).

For the Dataset 1, 439 respondents rating 60 individually varied concepts
generated a set of utilities that were averaged in Table 3 (Study III). Additive
constant of 34 means that approximately 34% of the respondents would rate the
concept as interesting. This 34% is substantially lower than the 45% of respon-
dents who rate the same concept interesting if the concept is positioned either as
one’s snack or for serving to guests (Datasets 2 and 3). Positioning therefore
appears to have a major effect overall. This means that without end use po-
sitioning the elements must do more of the work to convince the respondent to
be interested in the concept.
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Table A-3. Norms for the additive constant and the utilities (Source: Moskowitz et al.,

2005).
Additive
constant Interpretation
>60 Respondents are very predisposed to the product
50-60 About half of the respondents are very positive
40-50 Respondents accept the idea
30-40 The elements need to do the work
<30 The product is a commodity and the elements must do the work

Utility score

Interpretation

>15 The element performs exceptionally well, breaks through clutter
10-15 The element performs well

5-10 The element breaks through the clutter

0-5 The element is barely effective, if at all

<0 The element actively detracts from acceptance

To create a winning concept for the Total Panel in the Dataset 1 (averaged
across all respondents in the dataset), a developer should select the highest
scoring elements from each of the attribute.

Estimated consumer interest (total utility score of the concept) could be
constructed as a sum of the corresponding additive constant and the utilities of
each of the selected elements (Appendix F):

where C;is the score of the optimized concept for the Total Panel (Dataset 1);
A;is element one of attribute A; B;is element one of attribute B, etc. The
resulting number (76%) is a conditional probability that the respondents would
be interested in the product described by the selected elements.

For comparison, estimated consumer interest for the Dataset 2 is:

Ct2=A4+Bs+C5+D3+E4+F1= 45 + 6 + 5+2 + 8 + 3 + 1 = 70,

where Cy, is the score of the optimized concept for the Total Panel (Dataset 2).

If a developer by mistake selects the lowest scoring elements (e.g., in case
when conjoint research has not been conducted and the selection was made
based on predilections), the estimated consumer interest would be:

Cli= Ay +By+Cs+Dy +E,+F, =34 + 1 +(-1)+ 2 +(=9)+ 2 + 2 = 31,

where C/; is the score of the concept comprising the lowers scored elements for
the Total Panel (Dataset 1). This means that if a developer does not use a
structured experimentation and chooses, by chance, the lowest scored elements,
the resulting concept would have conditional probability of consumers
interested in buying it by about 60% lower than C;4 (highest scored).
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RDE uses systematically permuted designs, allowing the developer to
identify combinations of product features, which exhibit unusually high or
unusually low scores relative to what might be expected based on simple, non-
interacting effects. The project in study III has six attributes of features, six
elements per attribute, 15 pairs of attributes, 36 interactions per pair or a total of
540 interactions which could not be tested by current methods.

In this project only four pairs of elements have strong synergistic effect:
E,+F, AstEs, B;+F; and Cs+E;. For example, the combination of the elements
Ag (Jumbo size... for when you want a little extra) and Es (Comes in a crush-
proof box... no more broken cookies) in a model that ignores interactions (a
common approach) would produce neutral utilities of +2 for each of the
elements with the additive constant +35. This could lead to a conclusion that it
is not a very effective combination of features as the conditional probability of
respondents being interested in buying this product is less than 40%. A more
precise model afforded by RDE with IPEDs checks for all possible interaction
between the elements of the project. In this case, the interactions effect is much
bigger than utilities values themselves resulting in the total concept score (sum
of the constant, individual utilities and interaction effect) of +59. This number
suggests that there is a conditional probability of 59% that the respondents
would consider buying this product.

In addition, because RDE generates absolute values of the utilities rather
than relative, it is possible to compare utilities across the attributes and even
some similarly structured projects conducted with the same type of consumers.
For example, this allows comparisons of the utilities and additive constants for
Datasets 1, 2 and 3 in Study III.

In summary, RDE leads to more reliable results that could be aggregated,
stored and reused. The discovered quantitative relationships between the ele-
ments include individual contribution of each element to consumer preferences
as well as pattern-based latent segmentation, explicit interactions and scenarios
(implicit interactions).
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Appendix E. Sample Screens of Ideamap.NET RDE Tool (Software-
as a-Service Model) (www.ideamap.net)

e IdeaMap.Net - Windows Internet Explorer
6\:-}; A |§, http:}fideamap.netfclientsmnublewProject. Vl (| % |
TQ? '1'% [@IdeaMap.Net ]_ ﬁ @ i [3

IdeaMap® Net =

Moskowitz Jacobs Inc. [Account Info] [Log Ouf] [Resources]

= - ;b Page v {0 Todls ~

] . ?
My Projects New Project 3

Creating Projects

» Select the project type [Conjoint, Questionnaire, ConScreenl or Stylemapl).
# Choosze the design you need [Conjoint and Stylemapl only] and Images if your project has visual elements [Canjoint okl
# Fillin Tite and Description info of the project,

= Specify the baze size [how many rezpondents pou need for thiz project]. |deatd ap Met will not allow more respondents
specified.
» Chooze the language of survey [for proper fonts and support].

Type: | Conjoint A |
Design: - Pleaze zelect design - w Images
Title: 3 Categories with 4 Elaments ead |

3 Categories with 5 Elementz ea
3 Categonies with B Elementz ea
3 Categories with 10 Elements e3 |
4 Categories with 3 Elements ea

Sample Size: 4 Categonies with 4 Elements ead
4 Categonies with 5 Elementz eag
4 Categories with & Elements eag
4 Categories with 9 Elements ead
5 Categories with 4 Elements eag
B Categories with 4 Elementz ead
& Categories with & Elements eag
7 Categories with 4 Elements ead
¥ Categoriez with 5 Elements eag
8 Categonies with 3 Elementz eag -,
10 Categories with 8 Elements eg
12 Categaries with & Elements &2
4 Categories with 15 Elements eg
4 Categories with 18 Elements eg
5 Categories with 12 Elements eg
5 Categories with 16 Elements &3

D ezcription:

Language:

©1559-2007T Moskowitz Jacobs Inc. o

~
< | &

[loene €D Internet FH100% v

Figure A-2. Screen capture of the project creation step in Ideamap.NET. Drop-down
menu shows available designs. (Source: created by the author).
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e IdeaMap.Net - Windows Internet Explorer

L |& http:ffideamap.netfclients /mnuEdit. asp

'72? ale I@IdeaMap.Net

IdeaMap®.Net

Moskowitz Jacobs Inc. [Project Infa] [Log Qut] [Resources]

My Projects Edit
Ratinglz) Elements D emographics Setup Template n

|

Category/Element list

Press n to edit the element list. The structure of the project [number of categories and elements)
cahnot be changed.

Category1: origin factor u—
Made in ... a specific country of ongin
Madein ... ltaly / France / Switzerland / UK / US
Made in ... India / Brazil / China
Made in ... Japan

Category2: exclusivity Factor u—
exclugive design
exclugive technology
outstanding service support
with exclusive mix of product design + functional features + service

Category3: price factor u
premium priced
exclugive priced
moderately priced
very affordable

Category4: residual value factor u
the value will increase over time:

will become a collactar's item

rezell value above purchase price
not a purchaze.. An investment

©15%5-2007 Moskowitz Jacobs Inc. email: support@mji-designlsh. com
b
| =
[# € mnternet # 100% -+

|

Figure A-3. Screen capture of the elements editing step in Ideamap.NET. (Source:
created by the author).
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& http:fisurvey.ideamap. net/F 6024 3fiwframe.asp - Windows Internet Explorer,

@-\- A |g, http:fisurveyw ideamap.net/FaQ24 3 iwframe, asp V| "f X |
v b [Sgl'lﬁldeaMapNet I@http:,l’,l’sur... xl l i ﬁ - B g%a ~ |2 Page - f} Tools =

1127

Made in . India / Brazil / China
with exclusive mix of product design + functional features + service
moderately priced

the value will increase aver tfime

How WELL does this product describe the future HIGH-( 00060000 )

END product?

1 =POORLY . . . 9=EXTREMELY WELL

Done [& € mtermnet H100% ~

Figure A-4. Screen capture of a concept evaluation page in Ideamap.NET. Every
respondent evaluates a set of such concepts. The example shows all four attributes
present in the concept. (Source: created by the author).
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e IdeaMap.Net - Windows Internet Explorer

@ L |& http:ffideamap.netfclents/mnuRepCoj.asp ¥ | || X |
E— . — s »
ﬂ? '1'1}? I @ Idealap. Met ] ‘ ﬁ ﬁ ol [3 [ j Page - f)} Tools -
® =
IdeaMap™.Net il
Moskowitz Jacobs Inc. [Account Info] [Log Out] [Resources]
Reports
Topline Distribution Daverload
Additive Model Table
Total Panel
Baze Size (43)
'yl
Constant 22
dezigned not ko impact the environment 17
eco-frisndly praduction process 13
helps to zave the environment in the long term 11
helps local communities to improye 10
benefits the people in local communities producing it 9
ot polluting 2
produced rezpecting the local communities 5
helps me ave time [}
simple to use 5
can be upgraded over time 4
simplifies my life 3
makes complex technology friendly to me 2
makes sense in my life 2
cuztomizable o my own needs 2
improves the life of people in my own cormmunity 1
improwes the guality of the space around me 1
@Printable Wersion
215552007 Moskowitz Jacobs Inc. email: supportf@mji-designlab. com
b
2 2
foane [ €D nternet F100% -

Figure A-5. Screen capture of Topline report page in Ideamap.NET. The numbers in the
right column represent a conditional probability of consumers assigning top 3 rating
scores on the rating question to the element. (Source: created by the author).
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Appendix G. Source Experimental Design Utilized in Study Il

Table A-5: Original (source) experimental design utilized in Study III for individual
permutations. (Source: created by the author).

ST VI VR it U B U B TR E_2 I N B VR E UR R B TR e
= < < < < < < = < < < < < <
= e e = e
U xd | 22| 23 | xd | xf | xf 25 | xd | x2 | X3 | xk | xP | x$§
2 | xt | x2 | xd | xd | x5 | x 26 | xd | x2 | a3 | x| x5 | x$
3 xd | x| x5 | xf | xS | x§ 27 | x¢ | x2 | xd | x5 | 2P | x§
4 | xk | x5 | x3 | x5 | x| x§ 28 | xk | xZ | x3 | xt | x5 | x$
5 xd | x2 | x3 | xt | x5 | x8 29 | xk | xZ | x3 | x¥ | x5 | x$
6 | x3 | x% | x3 | x| x5 | x§ 30 | xd | x2 | x| x| x5 | x$
7l xd | x| 23| x| x5 | x§ 31 | xd | x2 | xd | x§ | x2 | x8
8 | xd | x2 | x5 | xt | x5 | x§ 32 | xd | x2 | X3 | x| x5 | x$
9 | xd | x2 | x5 | x| x5 | x§ 33 | xd | x% | x5 | x| xf | x
10 | xd | x| 3 | x¢ | x3 | x8 34 | xb | xE | x3 | xF | x5 | x§
11| xd | x2 | 3 | xf | x2 | x8 35 | xk | x2 | xd | x| x5 | x8
12 | xd | 22 | 23 | x§ | x5 | x8 36 | xd | x2 | xd | x| x5 | xE
13| x3 | x| x& | x¢ | x5 | x8 37 | xd | x2 | X3 | xf | x5 | x§
14 | x3 | x2 | 28 | xt | x5 | x 38 | xd | x2 | xd | x5 | x5 | x$
15 x3 | x2 | 23 | x5 | x5 | x 39 | xd | x2 | x5 | x| x2 | x§
16 | x3 | x2 | x8 | x& | x2 | x8 40 | xf | x2 | x8 | x% | x5 | x$
17 | xd | x2 | 22 | x§ | x5 | x a1 | x| xZ | x| xd | x| xg
18 | xd | x2 | x2 | x& | x2 | x8 a2 | xd | x2 | x3 | xk | x5 | x
19 | x| x2 | x3 | x¢ | x| x$ a3 | xd | 22 | 3 | xt | x5 | x§
20 | xd | xd | xd | x| x5 | x$ a4 | xd | x| 23 | xd | XD | x§
21 | xf | x% | 23 | x§ | x5 | x8 a5 | x| x2 | x8 | xx | x2 | x§
22 | x3 | x2 | xd | xd | x5 | x 46 | xi | x2 | x3 | xd | x5 | x$
23 | xf | xZ | x5 | x| x2 | x 47 | x| xZ | X8 | xt | x5 | x
24 | x} | xE | xd | x| x2 | x8 48 | xd | x| a8 | xd | x5 | xf
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SUMMARY IN ESTONIAN

Eelistusanaliiiisi tdiustatud metoodika rakendamine
eksperimendipohises tootearenduses kiipsusfaasis
toidukaupade niitel

TOO AKTUAALSUS JA
VALDKONNA ULEVAADE?

Innovatsioon on saanud iiheks peamiseks &dri edukust médravaks jouks. Vii-
maste aastakiimnete jooksul on tarbijaid itha enam kaasatud innovatsiooni-
protsessi. Von Hippeli (1986, 1988, 2005) ning von Hippeli ja Katzi (2002)
uuringutes juhitakse tdhelepanu selle kaasatuse tdhtsusele innovatsiooniprot-
sessis, isedranis tootearenduses: tarbija ja turu tundmine vdimaldab parandada
protsessi tulemuslikkust (Berghman, Matthyssens ja Vandenbempt, 2006; Gold,
Malhotra ja Segars, 2001; Moller, 2006) ja efektiivsust (Inkpen ja Dinur, 1998;
Sanchez ja Mahoney, 1996).

Uue toote arendus (UTA voi lihtsalt: tootearendus) ning vastavad driprotsessid
omandavad iiha kasvavat tahtsust teadmuspdhises majanduses. Paljud uurijad ja
kasvav hulk ettevotteid on joudnud arusaamisele UTA tdhtsusest ettevotte
konkurentsieeliste loomisel (Hunt ja Morgan 1995). Kiire, efektiivne ja reegli-
pirane toodete uuendamine on otsustava tdhtsusega kaasaegse ettevotte majan-
dusedus, sest see voimaldab firmal héivata eelispositsiooni turul, arvavad Wood
ja Otto (2006).

Uute toodete turuletoomine on muutunud drikasvu mootoriks (Riquelme,
2001; Sherman, Berkowitz ja Souder, 2005; Thomke, 1998, 2001, 2003).
Paraku, suur osa uue toote lansseerimistest ebadnnestub. Flavini (2008) pdhjal
on enamikus valdkondades ebadnnestumise mair 50 ja 75 % vahel. Valdkonna-
spetsiifiliselt, eduméir toidutodstuses on madalam kui t6ostussektoris tildiselt.
Goldman (2005) viidab, et enamik uue toidukauba turuletoomisi on konkurendi
kopeerimine, see on viinud ebadnnestumise médra 72—-88 %-ni (vaata samuti:
Buisson, 1995; Rudolph, 1995; Lord, 1999).

Costa ja Jongen (2006) pdhjal on radikaalselt uued tooted Euroopa toidu-
turul harv ndhtus (ainult 2,2 % tootelansseeringute koguarvust), ehkki Lordi
(1999) ja Rudolphi (1995) varem tehtud uuringud annavad selleks védrtuseks 7
ja 25 protsendi vahemiku 1990-nendate keskel ja teisel poolel.

Viimaste kiimnendite sotsiaalmajanduslik areng La4ne iihiskonnas on toidu-
toostuses kdivitanud nihke tootmisorientatsioonilt turuorientatsioonile (Grunert
et al., 1996; Meulenberg ja Viaene, 1998; Traill ja Meulenberg, 2002), selle
tulemusena on alanenud toote kittesaadavuse ja hinna tdhtsus toidukaupade

Spetsiifiliste mdistete selgitus on toodud k.o. kokkuvdtte 1dpus
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ostmisel ja kasvanud on tarbija valikuvdoimaluse kui kriteeriumi suhteline
tdhtsus (Meulenberg ja Viaene, 1998; van Trijp ja Steenkamp, 1998).

Galizzi ja Venturini (1996) viidavad, et toidut6dstuse innovatsiooni pdhi-
takistuseks on jatkuvalt toitumiseelistuste aeglane muutus ja tarbijate vastuseis
liigselt uudsetele toidukaupadele. Paljud tunnused viitavad sellele, et toitumis-
harjumused on suhteliselt muutumatud (Prescott et al, 2002). Kuid samas,
tarbijaid eristab nende toidueelistus, nagu on tdestanud Grunert et al (1996) ja
Rabino et al (2007). Selle tdhelepaneku pohjal Grunert et al. (1996) ning Trail ja
Grunert (1997) jareldavad, et innovatsioonist globaalsetel toiduturgudel on
saamas ennemini vajadus kui lihtsalt vdimalus.

Garcia et al (2007) mérgib, et uute toidukaupade korge ebadnnestumismaér
on tingitud kasutatavast tootearendusprotsessist. Kuigi on teada palju toote-
arendusprotsessi edu ja ebaedu mojureid, pShineb nendest arusaamine ennemini
muu toostuse kui toidutoostuse uuringutel (Kérkkdinen, Piippo ja Tuominen,
2001; Stewart-Knox ja Mitchell, 2003). Fernandez ja Gomez (2005) leiavad, et
UTA protsessi keerukuse kasvu toidutdostuses on teravalt mdjutanud turu
iseloom, kuna toidukaupade turg on kiipsuses ning selle kogumaht ja véértus on
pigem piisiv kui kasvav. Harris (2002) mirgib, et osa toidukaupade sortimendi
ulatuslik mitmekesistamine on paljude toodete turu viinud kiillastussse ning
ajanud tarbijad segadusse.

Eelmirgitud tootelansseeringute edukuse suurt varieeruvust 2.2..25%
Euroopas erinevate autorite andmetel (Costa ja Jongen, 2006; Lord, 1999;
Rudolph, 1995) voib selgitada nende uuringute vahelise ligi 10-aastase inter-
valliga. Euroopa toidu- ja joogit6ostust iseloomustab teistest majandussekto-
ritest suurem konservatiivsus ning madalam teadusuuringute ja arendustdo
(T&A) investeeringute tase. Ligikaudu 77-1 protsendil kdikidest tootelansseerin-
gutest puudub uudsus tdielikult voi on selle tase vaevumégatav (Avermaete et
al., 2004). Taoline 1dhenemine innovatsioonile, mis hoiab T&A kulutused ma-
dalad ning lubab ainult tehnoloogilisi pisiriske, ei voimalda tuua turule suhte-
liselt suurt arvu erinevaid tooteid lithiajalisel perioodil.

Garcia et al (2007) ja Beckley (2007) arvavad, et innovatiivsetel toiduainete
ettevotetel on jatkuvalt turuvdimalusi, kui nad vastavad tarbijate vajaduste ja
toiduga seotud elustiili muutustele. Uute toodete arendamine ja innovatiivsus
nduavad ettevotetelt siigavat arusaamist oma tarbijast, turust ja keskkonnast, kus
toimitakse, kuid kdige tdhtsam on selle teadmise efektiivne rakendamine tarbija
ootustele vastavates toodetes. See tekitab vajaduse rakendada efektiivset,
struktureeritud ja tarbija-orientatsiooniga UTA protsessi (Beckley, 2007).

Uheks sellise eesmirgi saavutamise teeks on eksperimenteerimine, kasuta-
des tarbija-keskset eksperimenteerimismetoodikat nagu on vélja toonud Thom-
ke (2001, 2003), Kahn, Barczak ja Moss (2006). Kasutatakse kahte vdistlevat
lahenemisviisi eksperimenteerimisele: struktureerimata ja struktureeritud. Osa
tarbijacelistusi kasutavatest eksperimenteerimismeetoditest podhinevad kas
juhuslikul vdi subjektiivsel eksperimenteerimisobjekti valikul vdi on kaua-
kestvad ja keerukad (nagu adaptiivne eksperimenteerimine, Sasena et al, 2005)
ning ei loo kasutatavaid tegevusjuhiseid. Ziman (2000) ja Trott (2008) margi-
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vad, et vaatamata arenevate eksperimenteerimismeetodite selgetele eelistele,
paljud ettevotted kasutavad tootearenduses sageli struktureerimata katsetusi.
Neid tdhelepanekuid kinnitavad Wind ja Mahajan (2001) ning Belson (2003),
nad analiitisivad driprotsesse Seiko ja Sony korporatsioonides, mis to6tavad iga-
aastaseks testimiseks vilja sadu toote prototiiiipe. See laiaulatuslik peamiselt
struktureerimata katsetamine on mdeldav, nagu arvavad Balasubramanian,
Krishnan ja Sawhney (2001), prototiitipimise kahaneva maksumuse tottu, mis
lubab paljukordset prototiilipimist ndudmata tingimata siisteemset katsetamist.

Samal ajal, on palju tdendusmaterjali, et struktureeritud ja slisteemne ekspe-
rimenteerimine on palju efektiivsem ja eesmirgipdrasem (Balasubramanian,
Krishnan ja Sawhney, 2001). Dickinsoni ja Wilby (1997) lébiviidud uuring
nditab, et paljudel juhtudel, nagu tootesarja laiendamine, efektiivsed toote-
kontseptsiooni testid ei ndua isegi tootekatseid. Vastupidi, see tdstab esile
tarbijaeelistustel pohineva tootekontseptsiooni tasemel testimise kasulikkuse
(Moskowitz, Porretta ja Silcher, 2005).

Haagedoorn (1996), Nooteboom (1999) ja Soumodip (2007) médratlevad
innovatsiooni kui uue loomist vdi vana timberkorraldamist uuel viisil kombi-
natoorse innovatsioonina (Fagerberg, 2006; Langlois, 2004). Uheks pohiliseks
protsessiks kombinatoorses innovatsioonis on kliendieelistustest tingitud
(Rabino et al, 2007) ja ennemini eksperimendi disainil kui juhulikul valikul
pohinevate oluliste tooteomaduste siisteemne rekombineerimine (Varian, 2003).
Paraku, seda késitlust on vidhe uuritud (Dobusch, 2007).

Dahan ja Srinivasan (2000) leiavad, et jatkuvalt on vajadus odava, efek-
tilvse ja usaldusvididrse uue toote kontseptuaalse prototiiiibi (kontseptsiooni)
testimise jdrele. Trott (2008) toetab samuti mdtet vajadusest siisteemse ja reeg-
listatud tootearenduse jarele.

Eelistusanaliiiis (Stated preference analysis e. Conjoint analysis) esindab
iiht peamist toote kontseptsiooni arendamise instrumentidest. See on UTA-s
kasutatava tootekontseptsiooni katsetuspdhise prototiilipimise oluline osa.
Green ja Srinivasan (1990a, 1990b), Green ja Krieger (1991) viidavad, et
eelistusanaliitisil on mitmesugused eelised kliendieelistuste mddtmisel. See eel-
dab, et toode vdi teenus on Kkirjeldatav kogumina kontseptuaalsetest kom-
ponentidest atribuutidest, millest igaiihte konkreetses prototiiiibis esindab mitte
enam kui iiks element (Krieger et al, 2004; Moskowitz et al, 2005). Esitades
kontseptsioonide seeriaid arvukatele kiisitletavatele ja leides eelistatumad,
eelistusanaliilis vdimaldab méérata iga elemendi kasulikkuse skoori (Kessels et
al, 2008).

Uheks monede statistikute poolt hiljuti uuritud l&henemisviisiks on Bayesi
meetod. Ehkki meetod tidiustab eelistusanaliiiisi, on see oluliselt arvutus-
mahukam (osaliselt seoses Markovi ahela rakendamisega Monte Carlo valimile)
ja nduab korgetasemelist statistika valdamist (Marshall ja Bradlow, 2002).

Lisaks iiksikutele elementidele, vdivad kliendi eelistusele voi ostukavat-
susele avaldada tdiendavat mdju nende elementide moned spetsiifilised paari-
kaupa kombinatsioonid. Green ja Devita (1975) ning Carmone ja Green (1981)
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on markinud, kui tdhtis on uurida selliseid situatsioone, mida kutsutakse inter-

aktsioonideks, ning méérata nende kasulikkuse mééra (skoort).

Ross ja Creyer (1993) arvavad, et miérates siinergilist efekti kahe elemendi
(nditeks, tooteomadused UTA-s) vahel, voib koguefekt olla mirksa suurem kui
mdotes iga omadust tiksikuna, mis loob ilmse vdimaluse tosta toote heakskiitu
tarbija poolt 14bi kahe elemendi kombinatsiooni. Samuti vastupidiselt, kui kahe
elemendi kombinatsioon toimib erandlikult ebasoodsalt, siis selle negatiivse
efekti teadmine nii varakult kui véimalik aitab viltida parssivaid tootemaduste
variante.

Lihtsad eelistusanaliitisi meetodid ignoreerivad interaktsioone eeldusel, et
need sisalduvad veel midramata elementide kombineeritud omadustes (Chrzan
ja Orme, 2000). Esmalt Green (1973), siis Green ja Devita (1975), Green ja
Srinivasan (1990a, 1990b) ning seejérel Aiken ja West (1991), Carroll ja Green
(1995) ning Ping (1995) votsid kasutusele {iha kasvava keerukusega meetodeid.
Sirgjooneline ldhenemine kdigile voimalikele interaktsioonidele viib tdisfakto-
riaalsele planeerimisele (Campbell ja Stanley, 1966). Reaalse suurusega toote-
arendusprobleemide puhul genereeritud kombinatsioonide arv kujuneb kiisit-
lusele vastamist takistavaks teguriks. Evgeniou, Boussios ja Zacharia (2002)
jérgi, kdigi interaktsioonide midramine kasutades olemasolevaid ldhenemisviise
on sedavord arvutusmahukas, et vajab rakendamiseks spetsiaalseid kdrgtoot-
lusega vektor-toetusega arvuteid, mida harilikult kasutatakse tehisintelligentsi
valdkonnas. See viitab vajadusele lihtsa ja tookindla meetodi jérele, et méérata,
kuidas kontseptsioonieclementide paarid mdjutavad tarbijahuvi.

Eksperimendi kavandamine (Experimental design), kontseptsioonielemen-
tide statistilise esituse plaan (Atkinson ja Bailey, 2001), on eelistusanaliiiisi
metoodika alus nagu ka mdned teised eksperimendipdhised ldhenemisviisid
(Hunter ja Hunter, 2005). Traditsioonilises ldhenemises kasutatakse eksperi-
mendi kavandamist tooteomaduste (muutujate) hulgale, mis tekitab tih(ts)e ka-
vandi kdigile kiisitletavatele (vahel juhuslikult). Lisaks, traditsioonilises ekspe-
rimendi kavandamises kasutatakse tiielikke tootekontseptsioone, kus iga
kontseptsioon sisaldab koiki tooteomadusi (Moskowitz et al, 2005). Olemas-
olevate eksperimendi kavandamise meetodite piiranguks on tdsised omavahel
seotud statistikaprobleemid analiiiisi faasis:

Moonutatud tulemused. Piiratud arv kontseptsioone pohjustab viljundi moo-
nutuse, kuna elemendid avalduvad piiratud arvu kombinatsioonidena ja
modned potentsiaalselt viga tugevad elemendid vdivad kallutada tulemusi
(Rabino et al, 2007).

Kombinatsioonide mittetdielik varieerumine takistab (paarikaupa ja kdrgemat
jarku) interaktsioonide tuvastamist ning hindamist (Moskowitz et al, 2005).

Kollineaarsus. Multikollineaarsusest tulenevalt, tdielikud tootekontseptsioonid
ei voimalda miidrata elementide kasulikkuse skoori absoluutvéirtusena
(Krieger et al, 2004).

Tarbijahuvi baastaseme toese hinnangu puudumine. Selliste tdielike toote-
kontseptsioonide statistiline analiitis nduab efektide mudeli regressiooni-
vorrandeid, kus puuduvad vabaliikme hinnangud (tarbijahuvi baastase),
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ning elementide kasulikkus igas muutujas annab summaks nulli (Beckley ja
Moskowitz, 2002).

Iga iiksiku elemendi kasulikkuse skoori iihese hinnangu puudumine. Noue, et
konstantide summa oleks null, tdhendab, et uue elemendi sissetoomisega
uuringusse, teiste elementide kasulikkus tuleks timber sobitada, kuna neil
on suhteline véirtus. Selline timbersobitamine ei taga andmete korduv-
kasutust ja nende siilitamine pole mdistlik (kasulikkuse absoluutviértused
ei ole vorreldavad teiste atribuutide vdi projektide tulemustega) (Beckley et
al, 2007).

Senikasutatava eelistusanaliilisi metoodikal pdhineva tootearenduse iildskeem

on toodud Joonis 1.

Tarbijad

Tootekontseptsioonid

Tooteideed

)

-

=
@

28

Veeb, meedia, Eelistusanaliiiis = g

tooteideed, o =

Eksperimendi kavand

konkureerivate *®
toodete info, jne

Tooteideed

Puuduvad v6i valitud
interaktsioonid

| Struktureerimata tooteinfo \
\ (piiratud taaskasutatavus) !

Tulemused

Korporatsioonid

Joonis 13. Eelistusanaliiiisil pohineva tootearenduse {ildskeem (autori joonis erinevate
allikate {ildistusena, sh. Krieger et al, 2004; Moskowtiz et al, 2005)

Protsess algab ldhteideede (tooteomadused, seonduvad emotsionaalsed sonu-
mid, komponentide kujutised) kogumisega klientidelt (saadud fookusgrupilt voi
monel muul kvalitatiivsel meetodil), ettevotetelt (ajuriinnak, ideede generee-
rimine, sisemised uuringud, konkurentsi analiiiis) ja meediast (veeb — reklaa-
mid, blogid). Algideed koondatakse lithiteksti vdi mdnda teise sdnumikandjasse
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moodustades tooteelemendid (tooteomadused) grupeerituna sarnaste omadus-
tega atribuutidesse. Niiteks, uute kiipsisetoodete atribuudid ja elemendid voivad
olla (elemendid on toodud sulgudes peale atribuute): ,,Maitse” (,,Sokolaadi-
maitseline”, ,apelsinimaitseline”, ,,maasikamaitseline”); ,,Suurus” (,,paras
amps”, ,,ilemddtmeline”, ,,paras suurus”, jne.). Elemendid vdivad olla enam
kirjeldavad ning esitatud tekstina voi graafilisel kujul.

Eelistusanaliiiisis, kasutades traditsioonilist eksperimendi kavandamist,
luuakse piiratud arv tootekontseptsioone ja esitatakse neid klientidele hinda-
miseks. Sellega mdiratakse tooteomaduse kasulikkuse suhtelised védrtused, mis
on omavahel vorreldavad sama atribuudi elementide hulga piires.

Tingituna kontseptsioonide vihesest variatiivsusest, mone elemendi tugevus
voib mojutada kogu andmestiku usaldusvéirsust. Lisaks, olemasolevad meeto-
did kas ignoreerivad nende elementide interaktsioone voi testivad neid piiratud
hulgal, kuid ei voimalda neid koiki avastada. Tooteomaduse kasulikkuse suhte-
lise viddrtuse midramine ei vdimalda struktureeritud ja korduvkasutatavat
informatsiooni, mis oleks vorreldav teiste projektide voi isegi teiste atribuutide
infoga. Eeltoodud piirangud mdjutavad kogu meetodi kasutatavust.

UTA metoodikaid on teadlased uurinud pohjalikult peamiselt toostuslike
rakenduste tarbeks (Burchill ja Fine, 1997; Calatone ja Cooper, 1979; Cooper ja
Kleinschmidt, 1995, 1996; Ford ja Sternman, 1998). Vihe on toidukaupade
arendamise alaseid toid (Stewart-Knox ja Mitchell, 2003), isedranis kiipsus-
faasis toodete kategoorias. Ehkki olulist uurimist66d on tehtud eelistusanaliitisi
valdkonnas iildiselt (Rosenbaum, 1987; Hauser, and Rao, 2003; Toubia, Simes-
ter, Hauser, and Dahan, 2003; Krieger, Green and Wind, 2004; Orme, 2006),
puudu on uuringumetoodikatest, mis leiavad elementide mistahes tiksikuid ja
koiki interaktsioone. Samuti on puudu tootearenduses kasutatavatest meeto-
ditest tooteomaduste ja -sdnumiga seotud kliendieelistuste struktureeritud ja
korduvkasutatava informatsiooni saamiseks. Stewart-Knox ja Mitchell (2003)
védidavad, et toiduto6stuse madal innovatiivsus ja toodete turule toomise korge
ebadnnestumise tase viitavad tootearenduse meetodite kiire tdiustamise vaja-
dusele.

Dissertatsioonis uuritakse olemasolevaid ja arenevaid eelistusanaliiiisil
pohinevaid tarbijakeskseid tootearendusmeetodeid kiipsusfaasis toidukaupade
klassis (Uuringud I-I1I); uuritakse tooteelementide vaheliste iliksikute ja paljude
interaktsioonide avastamise ning méidramise viise tootearenduse rakendustes
(Uuringud I ja II), ning formuleeritakse ettepanckud struktureeritud ja korduv-
kasutatava tooteomaduste ja -sonumitega seotud kliendieelistuste info loo-
miseks toidutdostuse tootearenduses (Uuringud 1I ja III).
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Uuringu eesmark ja iilesanded

Kéesoleva dissertatsiooni eesméirk on vilja arendada eelistusanaliitisil pdhinev
kliendi kaasatust parandav tootearenduse metoodika.
Dissertatsiooni eesmérgi tditmiseks on piistitatud jargmised tilesanded:

Ulesanne 1: Vilja selgitada kliendikeskse eksperimenteeriva tootearendus-
metoodika arendusvéimalused.

Ulesanne 2: Tiiustada kliendikeskse eelistusanaliiiisil pShineva tootearendus-
metoodika teoreetilist késitlust.

Ulesanne 3: Uurida viljatostatavate tootearendusmeetodite praktilisi raken-
dusi kiipsusfaasis toidukaupade niitel.

DISSERTATSIOONI TEOREETILINE TAUST

Kéesoleva t60 iildine teoreetiline taust on avatud iilaltoodud valdkonna iile-
vaates ja see pOhineb suures osas Aiken ja West (1991), Moskowitz (1994),
Dahan ja Srinivasan (2000), Krieger, Green and Wind (2004), Moskowitz,
Porretta ja Silcher (2005) ning paljude teiste téodel, mida késitletakse pohja-
likumalt dissertatsiooni teoreetilises osas. Alljargnevalt keskendutakse teema
spetsiifilisemale kisitlusele, mis osaliselt pdhineb autori ja tema kolleegide
panusel eelistusanaliiiisi metoodika arendamisse.

Uue toote arendamise kriitiliseks sammuks on turule toodava toote kont-
septsiooni valik paljude vdimalike hulgast. Dahan ja Srinivasan (2000) margi-
vad, et tootearenduses on suur vajadus 1dppturgu pdhjalikult peegeldavate toote-
kontseptsioonide odava paralleel-testimise metoodika jérele.

UTA protsessis kasutatakse sageli eksperimendi planeerimise metoodikaid,
mis on eelistusanaliiiisi aluseks. Uletamaks eelmises osas kirjeldatud ekspe-
rimendi planeerimise metoodilisi piiranguid, dissertatsioonis avatakse isomorfse
permuteeritud eksperimendi kavandamise (IPEK) metoodika (Joonis 2).

IPEK metoodikaga luuakse muutujate ja tasemete (vastavad atribuutidele ja
elementidele eelistusanaliiiisis) permutatsioon enne eksperimendi planeerimise
metoodika rakendamist. See vdimaldab luua igale testis osalejale eristavad
statistiliselt isomorfsed eksperimendi kavandid. Uhtlasi voimaldab see igale
testis osalejale luua tuhandeid unikaalseid tootekontseptsioone iihe eelistus-
analiitisi projekti raames (soltuvalt elementide ja permutatsioonide hulgast).
Interaktsioonid leiavad aset, kui kahe atribuudi kombineeritud efekt erineb
nende peaefektide summast. Mitmed autorid on uurinud interaktsioone (Green,
1973; Aiken ja West, 1991; Ross ja Creyer, 1993; Ping, 1995; Chrzan ja Orme,
2000; Toubia et al, 2003; Lusk ja Norwood, 2005), kuid teemat pole seni
tdielikult lahendatud suurema ulatusega projektides, nagu tuleneb kiesolevas
véitekirjas tehtud analiitisist.

Interaktsioone vdib kisitleda kahel erineval viisil:
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Ilmutatud interaktsioonid (siinergismid, pdrsingud): elementide paarid,
mille kombinatsioonid tekitavad statistiliselt olulisi vabaliikmeid
regressioonivorrandis v3i hilvete analiitisis.

Varjatud (ilmutamata) interaktsioonid: interaktsioon on kisitletav kui
mdne sdltuva muutuja tingimuste efekt (ndit., uuritava toote omadused
teiste elementide funktsioonina).

Muutujad

A

Muutujad
(Permutatsioon 1) +—

Muutujad
(Permutatsioon 2)

Muutujad
(Permutatsioon )

Eksperimendi kavand

!

Individuaalsed (igale vastajale)
isomorfsed permuteeritud
eksperimendi kavandid

Joonis 14. Isomorfse Permuteeritud Eksperimendi Kavandamise/Kavandi (IPEK)
kontseptuaalne mudel (autori joonis Moskowitz, H.R., and Gofman, A. 2005. U.S.
Patent Application Serial No. 11/032,834 System and method for performing conjoint
analysis. U.S. Patent Application Publication No. 2005/0177388 pdhjal)

Kuna kliendid testivad iga elementide kombinatsiooni erinevates kontseptsioo-
nides siis [PEK viib ilmutatud interaktsioonide avastamiseni. Protsess toimub
sammudena, nditamaks nii interaktsioonide olemasolu kui ka tugevust ja
suunda, jargmiselt:

Loo sisendandmestik. Iga véirtusrida esindab iihe testis osaleja kont-
septsiooni. Selle maatriksi veerud vastavad kontseptsiooni elementidele,
‘0’, kui element puudub ja ‘1°, kui element sisaldub kontseptsioonis.

Regressioonanaliitisiks: kliendi hinnangud on soltuvateks muutujateks
ja lineaarsed suhted (elemendi olemasolu v&i puudumine) ning rist-
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suhted (interaktsiooni olemasolu vdi puudumine elementidepaari vahel)
on sdltumatudeks muutujateks.

» Tuvasta kandidaat-interaktsioonide seosed esialgsest analiiiisist. Kdik
interaktsioonid pole asjakohased. Selleks, et olla seose kandidaat, peab
see lisama olulist ennustatavust lineaarsete seoste vorrandile. Olulisust
vOib médrata kasutades F-kriteeriumit.

*  Moodusta lineaarne regressioonivorrand, mis vdimaldab sisestada
tikskoik milliseid kandidaat-seoste paare, kui interaktsiooni tingimused
selgitavad statistiliselt tdiendavat variatiivsust viljaspool lineaarseid
seoseid.

* Vordle interaktsioone mittearvestavat lineaarset seost nendega, mis
arvestavad interaktsioone. Harilikult ainult vihesed interaktsiooni seo-
sed annavad olulist lisa kontseptsiooni kasulikkuse skoori varasemale
tulemusele (vt Uuringud I ja III).

Eelkirjeldatud eelistusanaliiiisi metoodika tédiustusi rakendatakse autori poolt
Reegleid kujundava eksperimenteerimise (RKE) meetodi viljatootamiseks.
RKE on struktureeritud metoodika tarbijakeskseks kontseptuaalsete prototiiiipi-
dega eksperimenteerimiseks, mis on kasutatav nii tootearenduses kui ka teistes
valdkondades. Klassifitseerimise seisukohalt RKE lidhtub kliendikesksest
proaktiivsest ldahenemisviisist struktureeritud eksperimenteerimisele, uurides
tarbija eelistusi kontseptsiooni tasemel, kasutades eelistusanaliiiisi mittetdieli-
kele kontseptsioonidele (null-tingimustega kontseptsioonid), mis pohinevad eri
tiilipi osaliste peaefektidega eksperimendi kavanditel (isomorfsed permuteeritud
eksperimendi kavandid). RKE analiiiisib latentset segmenteerimist (Green ja
Krieger, 1991) koos ilmutatud kujul interaktsioonide avastamisega (Green,
1973) ning varjatud interaktsioonide uurimisega.

Laiemas mdistes, RKE on siisteemne lahendusorientatsiooniga ekspe-
rimendiprotsess, mis kujundab, testib ja modifitseerib alternatiivseid ideid,
pakendeid, vdi teenuseid korrastatud viisil kasutades eksperimendi kavandit nii,
et arendaja ja turundaja avastavad reeglid ja mustrid, mis nditavad, mis meeldib
kliendile lahendusena, isegi siis, kui klient ei oska sdnastada oma vajadust.
(PDMA, 2007).

Joonis 3 selgitab pakutava metoodika — reegleid kujundava eksperimentee-
rimise (RKE) kontseptuaalset skeemi. Sisendandmed on jagatud atribuutidesse
ja elementidesse, mis on jaotatud IPEKi pohjal eksperimentaalselt kujundatud »
kontseptsiooni. Protsess kidivitub osaliselt samadest algideede allikatest nagu
traditsioonilisel meetodil. Lisaks, vdidakse kasutada struktureeritud infot vara-
semast RKE rakendusest, mida meetod vdimaldab salvestada ja vorrelda iile
erinevate projektide. Kontseptsioone on testitud klientide peal eelistusanaliitisi
kéigus, mille tulemusena on saadud kasulikkuse skoori absoluutviértused. Kuna
IPEK voimaldab kontseptsioonide variatiivsuse kasvu, RKE tuvastab ilmu-
tamata ja ilmutatud interaktsioonid. Individuaalsed mudelid soodustavad samuti
mustripdhist latentset segmenteerimist. Seega, RKE metoodika vdimaldab
kujundada reeglid (suunad) UTA-ks korporatsioonis — saadakse kogum
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kvantitatiivseid suhteid RKE elementide, kliendieelistuste ja suuniste vahel,
kuidas tosta kliendile meeldivust (ostusoovi) erinevate stsenaariumide korral.

Tarbijad

Tooteideed

Tootekontseptsioonid

Atribuudid / elemendid )

Eelistusanaliiiis

Veeb, meedia,
tooteideed, -
konkureerivate
toodete info, jne

pasnuas)
el pajoo|

Modelleerimine

> oo M

Tooteideed tooteinfo

Korporatsioonid

Joonis 3. Modifitseeritud eelistusanaliiiisi meetodi kontseptuaalne skeem — reegleid
kujundav eksperimenteerimine (RKE). Eelistusanaliitisil pdhineva kliendikeskse toote-
arenduse meetodi uuendused on esitatud varjutatuna (autori joonis)

RKE pohineb IPEKil, mis loob hulgaliselt permuteeritud kavandeid, elimi-
neerides traditsiooniliste ldhenemisviiside piiranguid: vdimalik andmete moo-
nutus, suhtelised kasulikkuse skoori vdértused, alusjoone midrangu puudumine
ja suutmatus tuvastada tooteomaduste (elemendid eelistusanaliiiisis) vahelisi
ilmutatud interaktsioone. Lisaks, RKE vd&imaldab varjatud interaktsioonide
analiilisi, andes disaineritele ja turundajatele voimaluse tuvastada, kuidas toote-
omaduste asendus majanduslikult ja tehnoloogiliselt mdistlike alternatiividega
juhib kliendi taju teiste tunnuste suhtes. Individuaalsed unikaalsed kavandid
loovad aluse klientide mustripdhiseks latentseks segmenteerimiseks. Seda tiitipi
segmenteerimine, teadaolevalt, annab enam sihtmérgistatud lahendusi, kuna
identifitseerib latentseid sarnase mdtteviisiga kliente (Krieger et al, 2004).
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Lisaks eeltoodule, RKE voimaldab tuvastada interaktsioone elementide
vahel ning tekitada “mis-siis-kui” analiilise tooteomaduste asenduseffektide
mdjust eelistusanaliiiisi teistele aspektidele kui ka tildistele kliendieelistustele.

Erinevalt traditsioonilise meetodi tulemustest, millel on piiratud toime-
ulatus, kdesolev terviklik kogum korduvkasutatavaid ja vorreldavaid kvantita-
tiivseid seoseid RKE elementide ja tarbijacelistuste vahel tekitab enam
kasutatavaid juhiseid, kuidas tdsta kliendile meeldivust (ostukavatsust) eri
stsenaariumide toimimisel. Uheskoos v&ib neid kasutada kui reegleid UTA-ks
luues struktureeritud juhendid arendajaile. Kasulikkuse absoluutvéirtus voi-
maldab tulemuste kogumist tulevikus kasutamiseks kui ka vordlusteks ja
taaskasutuseks. Uuringus II nédidatakse, et see soodustab tooteuuendusprotsesse.

Uuringus III analiiiisitakse innovatsiooniprotsessi kiipsiste kui kiipsusfaasis
toidukaupade néditel. Andmehulk 1 Uuringus III koosneb kuuest atribuudist
kuue elemendiga neist igas (vt. Tabel 1 Uuring III). Elemendid kirjeldavad
kiipsiste erinevaid omadusi. Elementide olemus tootearenduse eelistusanaliiiisis
peab olema spetsiifiline. Toidukaupade puhul on elementidel konkreetne sisu.
Roheline virvus, magus maitse, viirutusega kujundus, tihe struktuur — need koik
on konkreetse sisuga omadused. Arendaja saab neid kasutada kui virvisegu
sonalise pildi kujundamiseks. Vordluseks, fraasid nagu ‘hea maitse’, ’rammus
jook’, ‘lobus kogemus’, ‘vanainimese kiipsis’ on vdhem asjakohased juhised
uuenduse varases faasis, kuna need ei mirgi konkreetset omadust, mida saaks
varieerida. Need emotsionaalsed ja ebakonkreetsed omadused voivad olla
kasutusel positsioneerimisel (turunduses), kuid mitte arenduses.

Testkontseptsioonid sisaldavad lithikesi kombinatsioone, milles igal kont-
septsioonil on kolm v&i neli elementi, millest ilmutatakse ainult {ihte elementi
konkreetsest atribuudist eksperimendi kavandis konkreetsele kontseptsioonile.
Eksperimendi kavandeid permuteeritakse siistemaatiliselt saades 400 erinevat
kavandit, mis kdik on baaskavandiga isomorfsed. See kavandamise funktsioon
tagab, et peaaegu kdik testis osalejad hindavad erinevaid kombinatsioone,
vélistades ootamatult tugeva mdjuga elementidest tingitud tulemuste moonutusi.
Stistemaatiline kavandi permutatsiooni strateegia vdimaldab samuti tuvastada
kontseptsiooni elementide omavahelisi paaris-interaktsioone.

Testis osalejatele esitatakse iiks kontseptsioon korraga, nad hindavad
tootekontseptsiooni fikseeritud {iheksa-pallises skaalas *Kuivord need kiipsised
huvitavad teid?’ Vastajatelt kogutud hinnangud (soltuv muutuja) koos ekspe-
rimendi pohikavandiga (sdltumatud muutujad) on sisendiks (tavalisele vahim-
ruutude) regressioonianaliitisile, mis maérab tiksikute elementide kasulikkused
kliendi hinnangu pohjal.

RKE rakendamise ndide

Protsessi illustreeritakse Uuringu III nditel (Andmestik 1). Peale sisendandmes-
tiku kogumist ja Uksikelementidele vormindamist (vt. Appendix F), need
sisestatakse RKE programmi, niiteks Ideamap.NET (vt. Appendix E: demo-
projekti ekraanivaated). Kuna see elementide kogum sisaldab kuut atribuuti
kuue elemendiga neist igas, on vastav originaalne eksperimendi kavand valitud
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vastavalt sellele spetsiifilisele elementide kogumile (Appendix G). Statistika
kirjandusest on teada erinevaid kavandite/kavandamise allikaid kasutades
selliseid tarkvara pakette nagu SPSS (SPSS, 2007). Permutatsioonimoodul ka-
sutab originaalset eksperimendi kavandit permuteeritud (iga {iksiku testis
osaleja) atribuutide ja elementide kogumile. Lisas (Appendix A) on toodud kaks
permuteeritud kavandit osalejatele 1 ja 2 kasutades IPEK meetodit. Tabelis
sisalduvad samuti vastajate hinnangud igale tiksikule kontseptsioonile, mis
vastavad igatiks testdisaini reale eksperimendi kavandis.

Jargmise sammuna testis osalejad hindavad {iksikutele permuteeritud testi-
kavanditele vastavaid kontseptsioonide kogumeid andes hinnangu (meeldivuse
tase) igale kontseptsioonile. Kogutud andmeid analiiiisitakse regressioonimoo-
dulis (elemendid on sdltumatud ja hinnangud on sdltuvad muutujad) kalkulee-
rimaks iga elemendi individuaalset kasulikkust igale vastajale.

Votmeks andmete mdistmisel tootearenduse ja innovatsiooni seisukohalt on
tiksiku elemendi kasulikkuse skoor. Elemendi kasulikkuse pohjal saab arendaja
stinteesida uusi ja potentsiaalselt edukaid/labimurdelisi kiipsisekontseptsioone.
Tasemeni, kus kontseptsiooni elemendid toimivad ainult tagasihoidlikult,
kontseptsioon pole edukas. Kasulikkuse interpreteerimise normvéirtused ja
vabaliikmed on toodud Tabel 1.

Tabel 5. Kasulikkuse ja vabaliikme normvéértused (allikas: Moskowitz et al, 2005)

Vabaliige Interpretatsioon
>60 Vastajad on véga vastuvotlikud tootele
50-60 Ligikaudu pool vastajatest on viga positiivsed
40-50 Vastajad aktsepteerivad ideed
3040 Elemendid vajavad ldbito6tamist
<30 Toode on tavakaup ja elemendid tuleb lébi tootada
Kasulikkuse mdéidr ~ Interpretatsioon
>15 Element toimib eranditult hésti, tugev 1abilook
10-15 Element toimib hésti
5-10 Elemendil on 14bilooki
0-5 Element on vaevu, kui iildse, toimiv
<0 Element kahjustab aktsepteeritavust aktiivselt

Arvviidrtused tabelis on tingimuslik tdendosus (%), et inimesed huvituvad
kirjeldatud toote ostmisest. Eelistusanaliiiisi vabaliige mittetédielikes kontsept-
sioonides on vastajate tooteideest huvitatuse ldhtetase (ilma iihtegi elementi
esitamata).

Andmestik 1: 439 testis osalejat hindasid 60 individuaalselt varieeritud
kontseptsiooni, mis genereerisid kasulikkuse niitajad, nagu need on esitatud
Tabelis 3 (Uuring III). Vabaliige 34 niitab, et ligikaudu 34% vastajatest hindab
kontseptsiooni huvipakkuvaks. See 34% on oluliselt madalam néitaja kui 45%
vastajatest, kes hindaksid kontseptsiooni huvipakkuvaks, kui seda positsio-
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neerida (Andmestik 2 ja 3) suupistena vdi kiilalistele serveerituna. Seetottu,
positsioneerimisel on suur iildeffekt. See tdhendab, et ilma ldppkasutust
positsioneerimata, peavad elemendid toimima tugevamalt veenmaks vastajat
huvituma kontseptsioonist.

Loomaks edukat kontseptsiooni kogu paneelile Andmestikus 1 (keskmis-
tatud iile kdigi testis osalejate), arendaja peaks valima korgeima véddrtusega
elemendid igast atribuudist. Maidratud tarbija huvi skoori (kontseptsiooni
kasulikkuse mé&dr) saab konstrueerida summana vabaliikmest ja wvalitud
elementide kasulikkusest (Appendix F):

kus C¢; — optimaalse kontseptsiooni skoor kogu paneelile (Andmestik 1); A; —

atribuudi A element 1; B; - atribuudi B element 1, jne.
Vordluseks, tarbijahuvi méadratud Andmestik 2 pohjal:

Cop= Ay +Bs+Cs+Ds+E,+F, =45+ 6 +5+2+8 + 3 + 1 = 70,

kus C;, — optimaalse kontseptsiooni skoor kogu paneelile (Andmestik 2).

Kui arendaja eksikombel valib madalaima skooriga elemendid (niit.: kui
eelistusanaliilisi ei kasutata ja valik tehakse erapoolikult), tuleks tarbijahuvi
skoor jargmine:

Cho= Ay +B,+Ca+Dy+Ey+Fs =34 + 1 +(-1)+ 2 +(=9) + 2 + 2 = 31,

kus C/; — kontseptsiooni skoor kogupaneeli (Andmestik 1) madalaima skooriga
elementide puhul. See tdhendab, et arendaja ei kasuta struktureeritud eksperi-
mendikavandit ja valib juhuslikult madalaima skooriga elemendid, mille tule-
musena kontseptsiooni tarbija ostuhuvi tingimuslik tdendosus on ca 60%
madalam kui C¢; (kdrgeim skoor).

RKE kasutab siistemaatiliselt permuteeritud kavandeid, v&imaldades
arendajal tuvastada tooteomaduste kombinatsioone, mis ilmutavad ebaharilikult
kdrgeid vodi ebaharilikult madalaid skoore vorreldes sellega, mida voiks oodata
lihtsate interaktsioonideta mdjude puhul. Vdime tuvastada tugevaid interakt-
sioone suures kombinatsioonide hulgas annab tootearenduseks eriti vOimsa
vahendi, millega arendustegevust kiirendada, sest see néitab, millised elemen-
tide kombinatsioonid tdesti ’todtavad koos’. Meetod erineb pdhjalikult tava-
péarasest eelistusanaliiiisist, millega saab testida vihest arvu interaktsioone, kui
need on ’sisse chitatud’ analiiiisi alguses (viis kuni kiimme interaktsiooni).
Uuringu III projektis kasutatakse kuut tooteomaduste atribuuti, kuue elemen-
diga atribuudi kohta, 15 paari atribuute, 36 interaktsiooni paari kohta, ehk
kokku 540 interaktsiooni, mille testimine tavapédraselt pole teostatav.

Selles projektis (detaile vt. Uuring III) on ainult neljal elemendipaaril tugev
stinergiline effekt: E,+F, As+Es Bs;tF; ja Cst+E; Niiteks, elementide kombi-
natsioon A4 (Jumbo size... for when you want a little extra) ja Es (Comes in a crush-
proof box... no more broken cookies) mudelis, mis ignoreerib interaktsioone
(tavameetod) saadakse neutraalsed kasulikkused +2 iga elemendi kohta
vabalitkmega +35. Need numbrid (skoorid) viiksid jareldusele, et see ei ole viga
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efektiivne tooteomaduste kombinatsioon, kuna vihem kui 40% vastajatest arvaksid
seda ostvat. Tapsem IPEK-it kasutav RKE mudel kontrollib kdiki v&imalikke
interaktsioone projekti elementide vahel. Sel juhul on interaktsioonide mdju palju
suurem kui kasulikkused iiksikuna, andes kontseptsiooni (konstandi ja
individuaalsete kasulikkuste ning interaktsiooni effekt) skooriks +59. See number
néitab, et peaaegu 60% vastajatest arvavad ostvat seda toodet.

Lisaks, kuna RKE annab kasulikkuse absoluutvdirtused, on voimalik
erinevate omaduste kasulikkusi omavahel vdrrelda, kuid saab vorrelda isegi
sama tiilipi tarbijate ja sarnase struktuuriga projekte. Nditeks, see voimaldab
vorrelda kasulikkust ja vabaliikme konstanti Andmestikes 1, 2 ja 3 Uuringus III.

Kokkuvdtteks, vorreldes seniste eelistusanaliiiisi rakendustega, RKE annab
enam usaldusvéérsed tulemused, mida saab koguda, salvestada ja taaskasutada.
Leitud kvantitatiivsed seosed elementide vahel sisaldavad iga elemendi panust
tarbijaeelistustesse kui ka seaduspdrasusel pdhinevat latentset e. vaiksegmen-
teerimist, ilmutatud interaktsioone ja stsenaariume (ilmutamata interaktsioonid).

Kdige sagedamini kasutatavaks RKE vahendiks (dissertatsiooni kirjutamise
ajal) on veebi-pShine tarkvara kui teenus (Software as a Service — SaaS)
Ideamap.NET (www.ideamap.net), mille autor arendas vilja oma t66 varase-
mast versioonist Ideamap® ja PC-pohisest eelistuanaliiiisi vahendist Ideamap®
Wizard. Ideamap.NET kasutab tdielikku isomorfse permutatsiooniga eksperi-
mendi kavandit igale individuaalsele vastajale. See sisaldab kirjeldatud meetodit
kindlustades automaatse permuteeritud disaini, andmekogumise ja analiiiisi, sh
segmenteerimise. Lisades (Appendix E) on toodud selle instrumendi t6okesk-
konna kujutis arvutiekraanil.

DISSERTATSIOONI STRUKTUUR JA
UURIMISMUDEL

Kéesoleva dissertatsiooni uurimismudel on esitatud Joonis 4. Mudeli kolm
pohiosa (Protsess, Rakendused ja teoreetilised Alused) on uuringutes omavahel
tihedalt seotud. Dissertatsiooni iga uuring késitleb vihemalt kahte nendest kol-
mest aspektist. RKE pdhialused on esitatud uuringu teoreetilise tausta kasitluses
kui ka jargnevas kolmes publikatsioonis. Tdiendavat materjali vdib leida ka
autori teistes publikatsioonides (néiteks, Moskowitz ja Gofman, 2003, 2007).

RKE teoreetilised alused pdhinevad eelistuanaliiiisil, kujundipdhisel latent-
sel segmenteerimisel ning interaktsioonide avastamisel ja analiitisil. K&ik need
omakorda p&hinevad permuteeritud isomorfsetel eksperimendi kavanditel
(IPEK). Seoseid teoreetiliste aluste komponentide vahel erinevates aspektides
on kisitletud kdigis kolmes uuringus. Aluste siivakisitlus on toodud uuringus I.
Uuring II kisitleb RKE {ildist raamistikku kiipsusfaasis tooteklassi arendus-
vdimaluste avastamise nditel. Uuring III jitkab kisitlust ja laiendab seda inno-
vatsiooniprotsessile kiipsusfaasis toodete arenduses.
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RKE protsess on esitatav kuue universaalse sammuna, mis sisaldavad osaliselt
eelistusanaliilisi projektides harilikult kasutatavaid tegevusi, kuid juba
modifitseeritud kujul (vt. Appendix C, Joonis A-1) laiendades meetodit erineva-
tesse valdkondadesse. Neid samme on uuritud teoreetilise tausta kasitluses
Uuringus | ja arendatatud Uuringutes 1II ja III. Uuringud I — III demonstreerivad
protsessi kiipsusfaasis toote arendamise kontekstis. Uuring I uurib stigavuti uusi
lahenemisi interaktsioonide avastamisele eelistusanaliiiisis. Uuring niitab
tiksiku ja koigi interaktsioonide avastamise tdhtsust ning meetodeid RKE
protsessis ja on iihtlasi selle 1dhenemisviisi teoreetilise ja metoodilise késitluse
pohiallikaks.

Teoreetiliste aluste osa on tihedalt seotud RKE protsessiga (Joonis 4:
sammud 1, 2, 4, 5, 6), kdik uuringud késitlevad neid etappe. Uuringud II ja III
pooravad olulises osas tdhelepanu sisendandmete ettevalmistuse etapile.
Testkontseptsiooni loomist, andmete kogumist, tulemuste analiiiisi ning inter-
aktsioonide ja kujundipdhise latentse segmenterimise etappe késitletakse koigis
uuringutes. Viimast sammu, genereeritud toote vdi teenuse loomise reeglistikku
késitletakse Uuringutes I ja IIL.

PUBLIKATSIOONID

Uuring 1. Stsenaariumid, siinergismid ja pdrsingud — kisitlemata eelistus-
analiiiisis

Gofman, A. 2006. Emergent Scenarios, Synergies, And Suppressions Un-
covered within Conjoint Analysis. Journal of Sensory Studies, 21(4): 373-414.
UURING [ tutvustab kaht l&henemist interaktsioonide suuna ja tugevuse
tuvastamisele eelistusanaliitisis. Molemad késitlused kasutavad eksperimendi
kavandi peaefekte, mida on permuteeritud, loomaks sadu algse kavandi struk-
tuuriga isomorfseid uusi kavandeid (IPEK). Esimeses lihenduses stsenaariumi
analiitis loob wvastastikku erandlikult eristuvaid ja pdhjalikke spetsiifiliste
elementidega kontseptsioonide alagruppide kogumeid, esitab vabaliikmega
regressiooni igas alagrupis ja tuvastab iihe elemendi moju teiste kasutatavusele.
Teises ldhenemises tdielike ldhteandmete koosmdju analiiiisiga kehtestatakse
lineaarsed tingimused iiksikutele elementidele ja Iubatakse olulisi paaris-
kombinatsioone, kui need lisavad olulist tdiendavat ennustatavust mudelile.
Need kaks kisitlust tuvastavad mdju olemasolu ja seejirel moddavad iihe
elemendi kasulikkuse skoori mdju teistele (stsenaarium) ja ootamatuid kahe
kontseptsioonielemendi kombinatsiooni efekte (interaktsioonide analiiiis).
Késitlust illustreerivad kaks kaasust: apelsinijoogi maitse ja karastavuse
kommunikeerimine ja kiipsiste eelistatavate tunnuste tuvastamine.
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Uuring 11. Korgetasemeliste kliendiuuringu meetodite kasutamine instrumendi-
pohise juhendi ja andmebaasi loomiseks tootearenduses ja turunduses
Moskowitz, H., Gofman, A., and Beckley, J. 2006. Using High-Level Consumer-
Research Methods to Create a Tool-Driven Guidebook and Database for
Product Development and Marketing. Journal of Sensory Studies, 21(1): 54-100.
UURINGUS II uuritakse tootearenduses kasutatava informatsiooni ja
instrumendi-pShise andmebaasi erinevaid aspekte. Eesmirgiks on luua meetod,
mille abil saaks tootekontseptsioonide ja toodete alast teadmust arhiveerida,
kasutades spetsiifiliste tootekategooriate iilevaateid. Andmebaas sisaldab toote-
kontseptsioonide siisteemset analiiiisi, sh nii tooteomaduste kui emotsioonidega
seotud elemente. Andmebaasis salvestatud kontseptsioonid annavad samuti iile-
vaate testis osalejate vastustest tooteomadustega seotud viidetele, sh emotsio-
naalsetele elementidele ja brindidele, piiides kujundada mudelit, mis niitab
kuidas erinevad kontseptsiooni elemendid (tooteomadused) juhivad kliendihuvi.

Uuringu teises osas tehakse maitse analiilisi toodete konkurentsi raamistikus
enne siisteemse tootearenduse kdivitamist. Selles osas tuvastatakse oodatava ja
rahuldava ,,toote-maitse” omaduste vahemikud, tiilipiliste toodete heakskiidu
tase, seosed meeldimise ja maitseomaduste vahel ning segmenteeritakse
maitseeelistused. Tootearendajad saavad kasutada neid kahte osa koos. Meetod
on kasutav samuti olemasoleva teadmuse arhiveerimiseks, andmelevi erguta-
miseks ja info jagamiseks. Mdlema osa pdhieesmirk on vdimaldada toote-
arenduses palju efektiivsemalt kasutada ennemini klientide tihiskogemust kui
ekspertide teadmist, tegemata kompromissi korporatiivse teadmuse spetsiifiliste
koostisosade, protsesside voi drivdimalustega.

Uuringu empiiriline osa kisitleb tootearenduseks struktureeritud andme-
baasi kaasatava info tiiipe, eriti kiipsete toidutoodete kategoorias. Selle
uuringuosa eesmirk on mdista vaniljejadtise meeldimise kédivitajaid ldbi kliendi-
eelistuste teadasaamise esindusliku valiku kaudu (22 vaniljejdétise varianti).
Sellised eesmérgid on tiilipilised hinnangu-uuringute kategoorias uue toote
arendamise algstaadiumis.

Uuring I11. Suundudes kliendikesksele innovatsioonimasinale ’tavaliste’ too-
dete kategooriates nende hilises elutsiikli faasis

Gofman, A., and Moskowitz, H. 2009. Steps towards a consumer-driven
innovation machine for ‘ordinary’ product categories in their later lifecycle
stages, International Journal of Technology Management, 45(3/4): 349-363.
UURING III késitleb innovatsiooni nende toodete kategooriates, mida tiiipiliselt
peetakse kiipsusfaasis olevateks. Kasutatakse eelkirjeldatud RKE unifitseeritud
struktuurset kisitlust ja raamistikku. Analiiiis selgitab vilja arendajate poolt
leitud tooteomaduste kliendieelistused. Jargnevalt uuring tuvastab voimalused
molemas aspektis: varieerides testis osalejate {ilesandepiistitusi (hinnates
erinevaid 10ppkasutusi) ja kasutades eelistuste pdhist latentset segmenteerimist
avastamaks uusi sarnase hoiakuga inimeste gruppe, kus tuvastatakse tegelikku
innovatsioonivimalust.

256



Uuringu III empiirilises osas uuritakse innovatsioonivdoimalusi kiipsusfaasis
toodete kategoorias kiipsiste nditel, laiendades Uuringus I tehtut. Analiilisitakse
laia empiirilist andmestikku valimaks tooteomaduste eeliskombinatsioone, mis
tdstavad kliendieelistuste ennustatavust kolme erineva kasutussituatsiooni
tarbeks, sh eelistuste mustri pShine segmenteerimine ja tooteomaduste vaheline
ilmutatud interaktsioon.

KOKKUVOTE JA
TULEMUSTE ARUTELU

Dissertatsioonis késitletakse struktureeritud eksperimenteerimise kliendikeskset
proaktiivset metoodikat tootearenduses. Uuring keskendub tootekontseptsioo-
nide kliendieelistuste viljaselgitamisele ja analiitisile eelistusanaliitisi metoo-
dikas, mis on iiks peamisi instrumente toote kontseptsiooni arendamises ja on
tihtlasi eksperimenteerimispohise prototiitipimise lahutamatuks osaks. Esitades
arvukale testis osalejatele tootekontseptsiooni sarju, ja leides nende hulgast
enam eelistatud, eelistusanaliilisi meetod vdimaldab miérata iga tooteelemendi
kasulikkust.

Korporatsioonid loodavad sageli disainerite vaistule uute toodete vilja-
arendamises. Schroeder (2005) arvab, et edukas tootearendus soltub disaineri
(arendaja) geniaalsusest, kui see juhtub teadma, mis kliendile meeldib. Uurin-
gud [-III nditavad kliendiuuringutel pdhineva struktureeritud innovatsiooni-
protsessi vidrtust, vastandudes Schroederi vaadetele (kokkuvdte peamistest
uuringu tulemustest on toodud Tabel 6). Dissertant on {themdtteliselt samal
meelel suure uurijate koolkonnaga, kes usub kliendieelistuste teadmise jousse
tootearenduses (Moskowitz et al, 2005; Malhotra ja Segars, 2001) kui ka
kliendikesksesse stistematiseeritud ja reeglistatud tootearendusse (Trott, 2008).
Uuringute I ja III empiirilised tulemused demonstreerivad tootearendajale
kéttesaadava olulise informatsiooni rohkust tarbijaeelistuste teadmisele tugine-
vas innovatsiooniprotsessis.

Uuring I kinnitas Greeni ja Devita (1975) ning Carmone ja Greeni (1981)
tulemusi, et lisaks iiksikutele tooteomaduste kliendi meeldivuse vdi ostusoovi
(kasulikkuse) skoorile mdjuvad mdned paarikaupa kombinatsioonid — inter-
aktsioonid. Osa uurijaid kirjeldavad jatkuvalt lihtsaid eelistusanaliiiisi meeto-
deid, mis ignoreerivad interaktsioone, eeldusel, et méddramata interaktsioonide
védrtused juba sisalduvad kombineeritavates tooteeclementides (Chrzan ja Orme,
2000). Uuringute I ja III tulemused tdestavad, et olulised ilmutatud inter-
aktsioonid vdivad lisada 10 kuni 30 % kliendi ostukavatsuse tingimuslikku toe-
ndosust v3i seda vihendada samal miéral, kui kombinatsioon osutub pérssivaks.

Eelistusanaliiiisi aluseks on eksperimendi kavand. Traditsioonilised meeto-
did, nagu neid kirjeldavad Atkinson ja Bailey (2001) ning Hunter ja Hunter
(2005), kasutavad eksperimendi kavandamist atribuutide kogumile ainult
tihekordselt, luues tihekordse kavandi koigile vastajatele (vahel juhuslikus-
tatult).
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See vdib pdhjustada tulemuste moonutatust, kuna moned tugevad elemendid
voivad mdjutada reitinguid tulenedes mittepiisavast kombinatsioonide variee-
rumisest. Moskowitz (1994) soovitas teist 1dhenemisviisi permuteerides algset
kava ja niimoodi luues laiemalt jaotunud kontseptsioonide kogumi ning
tdiustades protsessi kvaliteeti. Uuringu I tulemused kinnitasid selle viisi eeliseid
kasvatades unikaalsete kontseptsioonide arvu. Dissertatsioon arendab edasi seda
lahenemist meetodiga, mille nimetuseks pakutakse Isomorfne Permuteeritud
Eksperimendi Kavandamine/Kavand (IPEK). IPEK-d loovad laia ja erilaadse
kogumi kontseptsioonidest, mis sisaldavad {ihtlaselt jaotatud elementidevahelisi
paarikaupa kombinatsioone, voimaldades niiviisi statistiliselt testida kdiki
selliseid interaktsioone arvestades nende tugevust. Sellega tletatakse veel iiks
seniste meetodite piirang — kombinatsioonide vihene varieeruvus. Uuring |
nditas, et permuteeritud kavandid aitasid vihendada testkontseptsioonide
piiratud arvust tulenevaid tulemuste moonutusi, mis olid omased alternatiiv-
setele eelistusanaliilisi meetoditele (Atkinson ja Bailey, 2001; Hunter ja Hunter,
2005). Uuringute I-1IT tulemused néitavad, et klientide jaotamine latentsetesse
eelistuspShistesse segmentidesse IPEK-i abil, vdimaldab paremini sihtmérgis-
tada tooteid (korgema kliendieelistuse tasemega) kui demograafiliste ala-
gruppide analiiiisi meetod, kinnitades Moskowitz et al (2005) tulemusi.
Koolkond eelistusanaliiiisi uurijaid (Melles, Laumann ja Holling, 2000)
kasutab tidielike tootekontseptsioonide meetodit, milles kdik tooteomadused on
omistatud kdigile kontseptsioonidele. Selle eksperimedi kavandamise ldhe-
nemisviisi puuduseks on tdsised omavahel seotud statistilised probleemid
analtititilises faasis, mis vOib pdhjustada moonutatud tulemusi, kollineaarsust,
vOimetust médrata liksikute elementide huvitaseme ja kasulikkuse skoore.
Moskowitz et al (2005) kirjeldatud meetod kasutab mittetédielike kontsept-
sioonide késitlust, mis lubab monede atribuutide puudumist valitud kontsept-
sioonide hulgas. IPEK-de meetod pohineb sellel késitlusel. Uuringute I-III
tulemused kinnitavad selle meetodi eeliseid. Uuringutes II ja III kirjeldatud
mittetdielike tootekontseptsioonide eeliseks on vdimalus andmete vorrelda-
vuseks ja akumuleeritavuseks, mis loob eeldused tooteomaduste taaskasuta-
tavate andmete kogumiseks ja arendajatele kiireks uuendusprotsessi kéivita-
miseks kui ka tdelise huvitatuse baastaseme ja individuaalse kasulikkuse
midramiseks tdnu varasemate meetodite kollineaarsuse probleemi iiletamisele.
Mboningate arvamuste kohaselt uute toodete turuletoomise madal eduméér
toidutdostuses on osaliselt tingitud jitkuvast korporatiivsest eksiarusaamast, et
toitumiseelistused muutuvad aeglaselt, ja et tarbijatele on vastumeelne tilemééra
uudne toidukaup (Galizzi ja Venturini, 1996). Prescott et al (2002) mérgivad
vastupidiselt, et tarbijate toitumise eelistused on pidevas muutuses. Dissertat-
siooni Uuringu II kui ka dissertandi varasemate pikaajaliste uuringute tulemu-
sed kinnitavad Prescott et al (2002) tulemusi. Lisaks, uuring kinnitas samuti
Grunert et al (1996), Moskowitz et al (2005) ja Rabino et al (2007) jareldusi, et
tarbijad erinevad mdirgatavalt oma toidueelistustes (vt nditeks, Uuringu II
tulemused mustripdhisest segmenteerimisest). Nende tulemuste rakenduslikuks
véljundiks on kokkuvdte, et korporatsioonid on sunnitud proaktiivsemalt oma
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tooteid uuendama, et olla konkurentsivoimelised, kinnitades seega iihtlasi
Grunert et al. (1996) ning Trail ja Grunert (1997) vaateid. See on eriti téhtis
sellistes kiipsusfaasis majandusvaldkondades nagu tarbe- ja toidukaupade
tootmine.

Jareldused

Jireldus 1: Eelistusanaliiiisi eksperimendi kavandamisel pShinevat metoodikat
kasutatakse tootearenduses sageli, et paremini mdista tarbijaeelistusi. Seni
kasutatavad eelitusanaliilisi metoodikad véimaldavad testida piiratud arvu
eelvalitud elementide (tooteomaduste) kombinatsioonide vo&imalikke
interaktsioone. Praktikas vajatakse tdiustatud tootearenduse meetodit, mis
tuvastaks nii tiksikud kui ka kdik ilmutatud interaktsioonid. Tootearendus-
metoodika tdiustamise tdiendavaks vdimaluseks on varjatud interaktsioo-
nide analiilis — ,,mis-siis-kui* analiitisid vdimaldavad arendajal tuvastada
uuritavate toodete omaduste toimimist sdltuvuses teistest elementidest.

Senikasutatavate metoodikate puuduseks on kasulikkuse skoori suhte-
line véddrtus eelistusanaliiiisis, mis piirab toodete omavahelist vordlust,
tooteinformatsiooni kogumist ja taaskasutatavust. Nende piirangute iileta-
mine vOimaldab tidiustada tootearendusprotsessi, isedranis turunduse
moistes kiipsusfaasis toodete klassis.

Jireldus 2: Eksperimendi kavand on votmeks elementide (tooteomaduste)
vaheliste interaktsioonide tuvastamisel eelistusanaliiiisis. Dissertatsioonis
pakutav meetod pohineb isomorfsetel permuteeritud eksperimendi kavan-
ditel (IPEKidel). Vastavalt pakutavale mudelile IPEK-id kasutavad mir-
gitud eksperimendi kavandeid atribuutide ja elementide permutatsiooniks.
IPEK meetod vdimaldab luua hulgi unikaalseid (ehkki statistiliselt iso-
morfseid) kavandeid. Selle kasutus eelistusanaliiiisis tekitab hulgi iihtlaselt
jaotatud koikvdimalikke paari-kaupa elementide (tooteomaduste) kombi-
natsioone vOimaldades tuvastada tiksikuid ja tihtlasi ka koiki omavahelisi
paaris-interaktsioone. Lisaks, IPEK, pohinedes individuaalsetel kasulik-
kuse mudelitel, vdimaldab tuvastada kliendieelistuste pdhist latentset
segmentatsiooni, mille skooride véirtused on absoluutsuurused (tuleneb
IPEK-ist). Meetod on iildistatav elementidevahelistele kolmandat ja
korgemat jarku interaktsioonidele. Niiteks, Uuringute I ja III empiirilises
osas kasutatakse 400 taolist IPEK-i.

Jéreldus 3: IPEK-i rakendusel pohinev metoodika avab nii iiksikud kui ka kdik
paarikaupa interaktsioonid elementide (tooteomaduste) vahel eelistus-
analiitisi kontekstis. Uuuringu [ empiirilised tulemused kinnitavad seda
kasitlust. Uuring analiitisib tuvastatud interaktsioone apelsinijoogi (and-
mestik I) ja kiipsiste (andmestik II) tooteomaduste vahel. Enamiku uuritud
juhtumite puhul ainult vdike osa interaktsioonidest on olulised: 216
elemendipaari hulgast apelsinijoogi uuringus ja potentsiaalse 540
elemendipaari hulgast kiipsiste puhul Uuringus I vastavalt ainult 5 % ja
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3 % olid olulised. Olulised ilmutatud interaktsioonid voivad lisada kasulik-
kust 10 kuni 30 punkti (vastab tingimusliku tdendosuse kasvule ligikaudu
10-30 %, et klient on huvitatud toote ostmisest) vdi vihendada seda samal
maéral, kui kombinatsioon osutub pérssivaks. Uuring nditas samuti, et
ilmutamata interaktsioonide analiilis (stsenaariumid) tootearenduseks
tekitab *mis siis kui’ tiilipi stsenaariumid omaduste asendatavuse (nditeks,
tulenevalt tehnoloogilistest voi majanduslikest piirangutest) mdjust ennus-
tatavatele kliendieelistustele.

Jireldus 4: T66s uuritakse autori poolt pakutavat uut metoodilist 1dhenemist
kliendikesksele eksperimendi kavandamisel pohinevale tootearendusele,
mis on autori enda vOi tema osavotul ldbiviidud sadade empiiriliste
uuringuprojektide analiiisi tulemus. Dissertatsioonis pakutakse vilja
eelistusanaliilisi metoodikat tdiendav ja edasi arendav Reegleid Kujundava
Eksperimenteerimise (RKE) protsess koosnevana kuuest sammust: 1)
Sisendandmete ettevalmistamine (elemendid: toote omadused ja sonum);
2) Testkontseptsioonide (eksperimentaalselt kavandatud kontseptsioonid)
loomine kasutades IPEK-it; 3) Andmete kogumine klientidelt (niit.,
eksperimentaalselt kujundatud kontseptsioon-toodete ostmise kavatsus); 4)
Tulemuste analiiiis / interaktsioonid, sh. kdigi interaktsioonide tuvastamine
(ilmutatud ja ilmutamata); 5) Mustripdhiste latentsete segmentide identifit-
seerimine; 6) Genereeritud reeglite rakendamine uute toodete ja teenuste
loomiseks (reeglid — kvantitatiivsed suhted tooteomaduste vahel). Sammud
1-4 on autori poolt tdiustatud eelistusanaliilisi metodoodikast ldhtudes.
Tooteuuendusvdimaluste tuvastamisel ldhtutakse testis osalejate segmen-
teerimisest samameelsete indiviidide klastritesse (erinevate kasutusmustri-
tega), mille tdppisseadistus pOhineb avastatud (toote)omaduste interakt-
sioonidel. Uuring II demonstreerib RKE protsessi rakendatavust jditise
(toote)omaduste kliendieelistuste uuringu niitel.

Jireldus 5: Kliendieelistustest 1dhtuv oluliste tootetunnuste siisteemne rekom-
bineerimine (kombinatoorika v6i kombinatoorne innovatsioon), mida
uuritakse dissertatsioonis, on toidukaupade arendamises rakendatav eel-
koige kui kiipsusfaasis toodete uuendusprotsessi ldhtesamm. Innovatsiooni-
vOimaluste identifitseerimine kasvab vilja osalevate indiviidide mustri-
pOhisest segmenteerimisest. Uuring néitas, et kliendieelistuste ennustatavus
on korgeim sihtriihmas 2 (‘Tervise otsijad’). Pakutav metoodika loob
teoreetilise aluse voimalikuks meetodi laiendamiseks tulevikus, rakendades
‘veebi otsingumootori’ pohist sisendmaterjali automaatse kogumise ja sisu
analiiiisi.

Jireldus 6: Dissertatsiooni uuringute tulemusi kasutatakse toote omaduste ja
sonumi kliendieelistuste struktuurse ja taaskasutatava informatsiooni
kogumiseks ning rakendamiseks tootearenduses. Kasutades RKE metoo-
dikat, analiilisitakse tootearenduse suunitlusega andmebaasi aluseid
(Uuring II). Andmebaas sisaldab infot kontseptsiooni ja maitse tasanditest.
Tehakse ettepanekud kaheosalise andmebaasi kujundamiseks. Esimene osa
sisaldab tootekontseptsioonide, mis sisaldavad mdlemaid — tunnuseid ja
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emotsioone, siisteemset analiiiisi. Teise osa moodustab toodete konku-
rentsiraamistik kui ldhtesisend siisteemseks tootearenduseks. Selles osas
tuvastatakse oodatava ja mdistliku toote- ja maitseomaduste vahemikud,
tiitipiliste toodete heakskiidu tase, seosed meeldimise ja maitseomaduste
vahel ning toimub maitseeelistuste segmenteerimine.

Andmebaasi praktiline kujundamine on kajastatud Uuring II empiirilises
osas. Uuring kirjeldab andmebaasi Crave [t!™ Foundational Database 30
stisteemselt uuritud tootega. Uuring tuvastas kolm mustripdhist tarbija
segmenti: ‘Viimistle’, ‘Klassikaline’ ja ‘Fantaseerija’. ‘Klassikalise’ seg-
mendi kdrge kasutusmédraga elemendid loovad kdrgema ennustatavusega
kliendieelistusi kui ‘Viimistle’ segment. See nditab, et kliendieelistuste
mdistmine l4dbi mustritepohise segmenteerimise loob eeldused paremini
eesmirgistatud tootearenduseks.

To6 praktiline tiahtsus

Eksperimenteerimisel on ddrmiselt suur téhtsus tootearenduse igas valdkonnas,
mis soltub kliendieelistustest. T66s pakutakse vilja siistematiseeritud ja struktu-
reeritud eksperimenteerimise meetod RKE selgitamaks kliendi vajadusi ja
eelistusi isegi siis, kui kliendid ise ei suuda neid sdnastada, tehes seega toote-
arenduse sihipdrasemaks ja kliendile orienteeritumaks. Selle tulemusena kasvab
ettevotete voime lihtsustada tootearendusprotsessi, mis pdhineb usaldusvédrsel
kliendiinfol, on konkurentsivéimeline ja annab planeeritud tulemusi.

Uuritud metoodika testib rohkearvulisi tootekontseptsioone elementide
unikaalsete kombinatsioonidena individuaalsel alusel lihtsustades ennustatavat
kliendieelistuse infot vdrreldes traditsiooniliste meetoditega, mis hindavad
piiratud arvu eel-valitud kontseptsioone voi kasutavad iihte eksperimendi kava
igale testis osalejale. Tulemuseks on paremad tooted ja edukam toodete
turuletoomine. Kliendi andmestiku praktilist véértust tdstavad IPEK-id, mis
lihtsustavad tooteomaduste vaheliste interaktsioonide avastamist voimaldades
luua tooteid, mis on kliendile paremini vastuvdetavad. Lisaks, ilmutamata
interaktsioonid véimaldavad ’mis siis kui’ stsenaariume, et analiitisida toodete
asendusomaduste kasulikkuse skoori mdju ennustatavale kliendieelistusele. See
lubab tootearendajal leida praktilisi kompromisse enamiku majanduslikult ja
tehnoloogiliselt vastuvoetavate omaduste ja kliendieelistuste vahel.

Pakutav modifitseeritud eelistusanaliiiis koos aluseks oleva isomorfse
permuteeritud eksperimendi kavandamisega lihtsustab latentsete kliendivaja-
duste ja soovide avastamist, mida kliendid ise vdivad mitte tuvastada ja/voi
sOnastada tootearenduses kasutataval kujul. Tulemusena, mustritepdhine
segmenteerimine ja nii tiksiku kui koigi interaktsioonide tuvastamine viib
reeglistiku kujundamiseni (kvantitatiivsed suhted tooteomaduste vahel), mis
teeb tooted voi teenused fokuseeritumaks ja konkurentsivdimelisemaks.

Struktureeritud eksperimenteerimise meetod lihtsustab ideede formulee-
rimist tootearenduses luues produktiivse probleemilahendamise keskkonna.
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RKE projektide jaoks elementide ettevalmistamine soodustab nende kate-
goriseerimist erinevatesse atribuutidesse lihtsustades mdjusamate ideede gene-
reerimist. See annab samuti panuse korporatiivsesse tootearenduse ideeloo-
messe, mille tulemusi muidu hédlekamad v&i tdhtsamal positsioonil olevad
isikud vdivad kallutada. RKE jétab &ra hindamise faasi idee genereerimisel ja
delegeerib selle funktsiooni klientidele lihtsustades vabamat ideeloomet.
Korporatiivsete osavotjate lilesandeks saab mitte leida hdid’ tooteomadusi vaid
ennemini genereerida laia skaalat erinevaid tootemaduste ideid, mida hinnatakse
klientide poolt. See kehtib samuti fookusgruppidele, mis on muidu tugevasti
soltuvad moderaatorite kvalifikatsioonist ja objektiivsusest.

Uks tihtsamaid praktilisi RKE eeliseid on teadmuse jagamise lihtsustamine
ja soodustamine. Selle statistiline alus vdimaldab andmete kogumist, vordlemist
ja muundamist tegusaks teadmuseks lahendite mdddetavuse ja RKE strukturee-
ritud olemuse tottu. Lisaks, iildistatud 1dhenemisviis teeb kliendiandmestiku
interpreteerimise paremini arusaadavaks korporatsioonide alliiksuste ja
juhtimistasandite vahel — alates T&A-st, tootearendusesest kuni turunduse ja
juhtimiseni. Struktureeritud 1&henemisviis vdimaldab luua iildkasutatavaid
instrumente (niit., Ideamap.NET), mida saab kasutada laias drivajaduste spekt-
ris, mitte ainult UTAs ja toote sonumi arenduses. Unifitseeritud metoodika ja
instrumendid omavahel teevad lihtsamaks korporatsiooni personali koolituse ja
teadmiste levitamise.

Uuritud RKE meetodid on maailmas laialdaselt aktsepteeritud kui praktiline
viis kliendikesksuse kasvatamiseks uue toote ja selle sdnumi arenduses. Paljud
globaalsed korporatsioonid on saanud kasu selle meetodi rakendusest. Seda on
kasutatud tooteomaduste, maitse, pakendi ja sonumi arendamiseks UTA kédigus
sellistes kompaniides nagu Coca Cola, Campbell’s, McDonalds, Nestle, Pepsi,
Kraft, Dunkin’ Donuts, Lipton, Tetley, Heineken, Dannon ja m&m kliendipShise
tootearenduse varastes faasides. Seda on kasutatud (litsenseeritud) Hewlett Pac-
kard tootearenduse, turunduse, promotsiooni ja hinnakujunduse tarbeks; litsen-
seeritud kompaniile MasterCard uute krediitkaardite pakkumiseks; globaalselt
on kasutanud teiste hulgas Unilever, P&G, Microsoft, Ford, American Express
ja Johnson and Johnson.

Teoreetiline panus

Kéesolev t60 annab panuse eelistusanaliitisi metoodikasse tuues sisse uudsed
lahenemisviisid erinevate tooteomaduste omavaheliste interaktsioonide avasta-
misse ja midramisse tootearenduses. Seni kasutusel olnud meetodid kas igno-
reerisid vOi testisid ainult viikest osa neist interaktsioonidest. Teadmine
stinergiast, kus tunnuste netoefekt on palju suurem, kui vdiks eeldada tiksikute
toimete summast, on vOimalus saavutada kdrgemat kliendi rahulolu pannes
need siinergilised elemendid kokku. Samuti vastupidises situatsioonis, kui kaks
kombinatsiooni elementi toimivad omavahel pérssivalt, siis eelnev teadmine
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sellest negatiivsest efektist annab tootearendajale vdimaluse viltida omaduste
parssiva kombinatsiooni kasutamist tootes.

Lisaks, dissertatsioon annab panuse eksperimendi kavandamisse uurides ja
arendades edasi individuaalse isomorfse eksperimendi kavandamise metoodikat.
Moskowitzi (1994) algse ettepaneku sellesuunalist kasutamist varem takistas
uuringute ja tldistatud metoodika puudumine. T66s tutvustatakse nii kontsep-
tuaalset kui matemaatilist mudelit, millega see takistus iiletatatakse.

Eksperimenteerimise metoodika tdiendamisega alusteooria ja eristavate
sammudega kliendikeskses kiipsusfaasis toodete arendamises antakse panus
kliendieelistuste teooriasse tdestades protseduure ja seoseid (RKE), mis vdimal-
davad siistematiseerida teadmisi kliendieelistustest. Tanu RKE poolt vdimal-
datava individuaalsete eksperimendi kavandite permuteeritud iseloomule, saab
erinevates projektides kogutud teadmust omavahel iihendada, vorrelda ning
kasutada tulevikus toimuvateks uuringuteks ja tootearenduseks, mis polnud
realiseeritav struktureerimata voi traditsioonilise eksperimenteerimisviisidega
kavandamistel. Oma uuringute tulemusena, autor oli {iheks uue teadusvaldkonna,
mida tuntakse MindGenomics™ (Moskowitz, Gofman, Beckley ja Ashman, 2006;
Gofman ja Moskowitz, 2008) nime all, tutvustajaks. MindGenomics™,
ithendades genoomika mudelid ja informaatika tehnoloogia, loob siisteemse
arusaamise, kuidas inimesed reageerivad ideedele kasutades RKE-d paljude
testidega tuvastamaks eelistuste mustreid (genoomika pdhine muster). See
laghenemisviis voib olla aluseks siisteemsele struktureeritud kliendipohisele
tootearendusele teistes valdkondades.

Piirangud ja soovitused
edasisteks uuringuteks

Uuringud I-1IT piirdusid viikeste ja keskmise suurusega projektidega. Uheks
vOtmeaspektiks dissertatsiooni ldhenemisviisis on véime kombineerida paljude
testiosaliste andmeid iiheks andmekogumiks v&imaldamaks testida paljusid
elemente ja interaktsioone. Kuues atribuudis, millest igaiiks sisaldab kuut
elementi, saame midramiseks 540 paari-kaupa interaktsiooniefekti (muutujad).
Peamiseks tehniliseks takistuseks selle ldhenemisviisi rakenduses suurematele
andmehulkadele on olnud regressiooni andmetddtlusvara, mis pole enam prob-
leemiks kaasaegse tehnoloogia rakendamisel.

Interaktsioonide avastamise ja méddramisega seotud probleemid tulevasteks

uuringuteks:

o Kdesolevas dissertatsioonis jouti peamiselt ainult teist jarku inter-
aktsioonide praktiliste rakendusteni. Vilja to6tatud pohialuseid voiks
rakendada avastamaks kdrgemat jiarku interaktsioone rahuldava hulga
eksperimendi kavandite permutatsioonidega. Korgemat jirku inter-
aktsioonide metoodika nduab tdiendavaid uuringuid.

o Kontseptsiooni optimiseerimise iilesande lahendamine holmates paari-
kaupa ja vdimalik, et ka korgemat jarku interaktsioone.
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e Uks jitkuvaid teemasid on uurida interaktsioone ’miks’. Vdidakse
kiisida, miks teatavad kombinatsioonid t6dtavad ebaharilikult hésti voi
ebaharilikult halvasti. Kas see on lihtsalt statistiline korvalekalle? Kas
interaktsioonid on korratavad? Neile kiisimustele ei saa veel vastata ja
see on tulevaste uuringute teema.

To66 (Uuringud 11 ja III) néditas vajadust struktureeritud andmebaasi kui ’kisi-
raamatu’ ja ’innovatsioonimasina’ jérele tootearenduses. Edasiseseks uurimis-
kiisimuseks on informatsioon, mida hdlmatakse sellisesse andmebaasi.

Uuringus 111 kisitletud kombinatoorne innovatsioon loob aluse arenevateks
rakendusteks sisendandmestiku automaatsel kogumisel ja klassifitseerimisel
veebi otsingumootori abil (Chau, Zeng ja Chen, 2001) ning sisu analiiisil
(Krippendorff, 2004). See omakorda loob aluse siisteemseks RKE-rakendusega
kliendieelistuste info poolautomaatse kogumise protsessiks.

MOISTETE SELGITUS
(KASUTATAVANA TOOTEARENDUSES)

Adaptiivne eksperimenteerimine — meetod manipulatiivsete katsete eetiliseks
labiviimiseks inim-dominantsetes dkosiisteemides.

Atribuut (samuti muutuja, silo voi kategooria) — grupp seotud komponente
eelistusanaliiiisis — sarnased elemendid, millest koostatakse tootekont-
septsioonid (kontseptuaalsed prototiiiibid). Atribuudid on niiteks: “Maitsed”
(vdimalikud elemendid niiteks: “Apelsinimaitseline”, “Sokolaadimaitseline™,
“Maasikamaitseline”); “Rasvasisaldus” (voimalikud elemendid: “Rasva-
vaba”, “Madala rasvasisaldusega”). Ainult iiks element saab olla korraga
valitud eelistusanaliitisi atribuudiks. Atribuudid eelistusanaliilisis on vasta-
vuses eksperimendi kavandi muutujatega (mdisteid kasutatakse vahel vord-
védrsetena).

Eelistusanaliiiis (cestikeelses kirjanduses ka eeliskombinatsiooni analiitis voi
meetod, koondanaliiiis) — statistiline turu-uuringu tehnika, mis selgitab
kuidas inimesed véirtustavad erinevaid omadusi, millest individuaalne
toode voi teenus koosneb. Eelistusnaliiiisis palutakse osalejatel langetada
rida valikuid. Nende valikute analiiiis selgitab vilja erinevate elementide
kasulikkuse (tdhtsuse) heaolu vdi moju suhtes.

Eksperimendi kavand (testdisain) — kontseptsiooni elementide kombinat-
sioonide eksperimenteerimise (testimise) statistiline plaan. See on eelistus-
analiilisi ja eksperimendipdhiste meetodite aluseks.

Eksperimenteerimine (struktureeritud ja struktureerimata) on testdisaini
proovimine, mille kdigus tehakse kindlaks, kui hésti erinevad asjad (néiteks,
kontseptsioonid vdi elemendid) toimivad. Struktureeritud eksperimentee-
rimine pohineb testi disaini muutmisel, struktureerimata eksperimenteeri-
mine on enamuses juhuslik ja pohineb eelistuste kujunemisel.
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Element — kontseptsiooni koostisosa eelistusanaliiiisis. Elemendiks vdib olla
omadus, sdnum vOi muu tarbija testimise komponent, mis iiheskoos
kombineerituna moodustavad kontseptsiooni. Element on lithike tédpne
kirjeldav lause vdi muu tdhenduse kandja, mis loob individualiseeritud
tooteelemendid grupeerituna sarnaste omaduste atribuutidesse. Elemendid
on nditeks: “Pakendatud suletud metallpurki”’; “Tumeda Sokolaadi
tikkidega”; “Madala rasvasisaldusega”. Elemendid eelistusanaliitisis on
vastavuses eksperimendi kavandi tasemetega (mdisteid kasutatakse vahel
vordvéirsetena).

Interaktsioon esineb kui kahe atribuudi kombineeritud mdju erineb nende
kasulikkuse skooride summast. [lmutatud interaktsioonid on elementide
paarid, mille kombinatsioon kutsub esile statistiliselt olulise muutuse
regressioonvOrrandis vOi variatsioonanaliiiisis. IImutatud interaktsioonid,
millede kombineeritud efekt on suurem kui atribuutide kasulikkuse skooride
summa, nimetatakse stinergismiks (positiivne interaktsioon). Parsingud on
interaktsioonid, mis pdhjustavad vidiksema kombineeritud efekti kui on
nende kasulikkuse skooride kogusumma. Varjatud (ilmutamata) inter-
aktsioonid — interaktsiooni vaadeldakse kui tingimuste mdju monedele
soltuvatele muutujatele (nditeks, uuritavate toodete omaduste esinemine
sdltuvuses teistest elementidest).

Isomorfne Permuteeritud Eksperimendi Kavand (IPEK, vdi ka Isomorfne
Permuteeritud Testdisain) permuteerib testi disaini nii, et igale indivi-
duaalsele testis osalejale ndidatakse mitut erinevat kombinatsiooni.
Testdisaini permuteerimine loob isomorfsed disainid, mis on tiksteise suhtes
statistiliselt vordsed.

Jiark (interaktsioonil, vastasmgjul) — elementide arv, mille vastatikust mdju
uuritakse. Paari puhul on jéark 2, kolme elemendi puhul on jarguks 3 jne.
Kasulikkuse skoor (samuti kasulikkuse vddrtus, moju vOi1 osavddrtus) —
elemendi tunnetatav vairtus, samuti tarbija arusaamade ja eelistuste tundlik-
kus tooteelementide muutmise suhtes. Kasulikkuse absoluutsed vairtused
(skoorid) on vorreldavad erinevate atribuutide ja projektide vahel. Kasulik-
kuse suhtelised viairtused on vorreldavad ainult selles kontekstis, kuhu
atribuut kuulub. Niiteks, kui element ‘Rasvavaba’ atribuudist ‘Rasva-
sisaldus’ kasulikkusse skoor on +10 ning teisel elemendil ‘Sokolaadi-
maitseline’ atribuudist ‘Maitsed’ skoor on +20, siis eelistusanaliiiisis
absoluutviirtuste pohjal saab uurija teha jirelduse, et ‘Sokolaadimaitseline’
toode suurendab tarbija ostu tdendosust 20%, kui ‘Rasvavaba’ suurendab
seda tdendosust ainult 10%. Suhtelistel védrtustel pdhinevas eelistus-
analiitisis ei saa neid skoore otseselt vorrelda, kuna neil on tihendus ainult

oma atribuudis sisalduvate elementide suhtes.

Kombinatoorne innovatsioon — uue loomise vdi vana {imber-organiseerimise
protsess uuel viisil vdi vormis. UTA kontekstis kombinatoorne innovatsioon
on uurimis- ja arendustegevuse oluliste osade siisteemne rekombineerimine.

Kontseptsioon (prototiiiip, kontseptuaalne prototiiiip) — testitavate elementide
kombinatsioon eksperimendi kavandis. See on tekstiline ja/voi graafiline
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uue toote kirjeldus. Eelistusanaliiiisis on kontseptsioonideks elementide
kombinatsioonid (tooteomadused voi — kirjeldus). Tiiiipiline kontseptsioon
eelistusanaliiiisis sisaldab 3 kuni 7 elementi, mis kokku kirjeldavad toodet.
Testis osalejad hindavad erinevaid kontseptsioone testdisaini pdhjal ja
annavad hinde iihele vdi mitmele hinnatavale kiisimusele (niit., ostusoov,
huvi).

Kontseptsiooni testimine — protsess, milles kasutades nii kvalitatiivseid kui
kvantitatiivseid meetodeid hinnatakse tarbijate reageeringut tooteideele
(kontseptsioonile) enne toote turule viimist.

Lisandkonstant (Iopetamata kontseptsioonidega eelistusanaliilisis) — testis
osalejate baashuvi uue toote vastu (ilma iihegi elemendita).

Mustripdhine latentne segmenteerimine (RKE segmenteerimine, Seadus-
pdrasusel pohinev vaiksegmenteerimine) on tarbjate segmenteerimise prot-
sess, mille kdigus tarbijad grupeeritakse kontseptsioonidele reageerimise
pohjal, sdltumata nende demograafilistest andmetest.

Optimiseerimine (turunduses) — tarbijaeelistuse parendamise protsess, voOi
toote/idee/sonumi/pakendi osade muutmine, et seda tarbijatele ahvatleva-
maks muuta.

Reegleid Kujundav Eksperimenteerimine (RKE, Reglementeeriv eksperimen-
teerimine) — sistematiseeritud lahendusele orienteeritud eksperimen-
teerimise driprotsess, mis disainib, testib ja muudab alternatiivseid ideid,
pakendeid, tooteid voi teenuseid reeglipdrasel viisil testdisaini raames nii, et
arendaja ja turundaja avastavad reegleid ja seaduspédrasusi, mis nditavad
tarbijaeelistuste kujunemist, isegi kui tarbija ei suuda vajadust artikuleerida,
lahendusest radkimata.

RKE reeglid — kvantitatiivsed seosed RKE ja tarbijaeelistuste elementide vahel,
samuti juhised tarbijaeelistuse (ostusoovi) suurendamiseks erinevates
stsenaariumites. RKE suunab disainerit ja turundajat eesmirke saavutama.
RKE kirjeldab tarbijale kdige tdendolisemalt meeldivamaid ideede
(omadused, sdnumid) kombinatsioone.

Tarbijaeelistus — reaalne vo6i kujuteldav valik alternatiivide vahel ja vdimalus
alternatiivide jarjestamiseks onne, rahulolu, tinutunde, naudingu ja saadava
heaolu (kasulikkuse) pohjal.

Testis osaleja — inimene kellelt palutakse mingit suulist voi kirjalikku infot
uuringu ajal.

Téieliku kontseptsiooni meetod — iga atribuut on esindatud igas kontsept-
sioonis. Téiskontseptsioonil pohinev eelistusanaliiis hindab kasulikkuse
suhtelisi vdirtusi, mida ei saa vorrelda atribuutide ja projektide vahel.
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