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ABSTRACT

Psychological biases in consumer testing may lead to misinterpretation of results and
lower experimental power. Reports on various hedonic scales associated with psychological
biases induced by sample presentation are limited in the literature. An appropriate experimental
protocol could enable sensory scientists to accurately determine if a product is more or less liked.

Overall, in this study some drawbacks of hedonic scales were revealed and some
recommendations were made under specific circumstances. A more powerful design (SPRCBD)
helped minimize positional and First Serving Order (FSO) biases in consumer tests by extracting
more explained variances, resulting in decreased Type-Il error in the model. Logistic regression
analysis was proven to be an alternative methodology to quantify sensory contrast effects. For
sensory testing, a multidimensional attribute tended to be more affected by the contrast effects
than a simpler attribute. Several scales have been used for assessing the degree of food
liking/disliking. This study provided a good practice protocol, suggesting use of a regular scale
length (100 mm.) for assessing a degree of food liking/disliking while Labeled Affective
Magnitude (LAM) would be an alternative choice where the scale length effects may be a critical
issue. Depending on the type of scale and its polarity, a negative attribute (e.g., bitterness) was
more affected than was a positive attribute. When testing extremely liked product, one should be
aware of contrast biases that affected more toward positive attributes than negative attributes.

This study demonstrated some psychological biases that affected the hedonic ratings.
There are many more factors that could sway sensory responses and prevent experimenters from
getting accurate, valid and actionable outcome. Understanding of psychological biases, proper
product selection, and proper data analysis should be further studied to minimize

misinterpretation of hedonic ratings.

Xi



CHAPTER 1 INTRODUCTION

1.1 Significance of research

A reasonable process within an individual’s mind that leads a person to perform and
select some products refers to a consumer’s decision of purchasing (Booth, 1995; Meilgaard et
al., 2006; Moskowitz, 2003). In order to gain a chance of success in new product development,
sensory scientists are typically part of the R&D team. Meilgaard et al. (2006) mentioned “Being
consumer-centric is a path to success and resources need to be managed well in a highly value-
driven marketplace.” A new product development process must proceed carefully with the aim to
satisfy people’s desires. The information gained from sensory testing can help maximize
consumers’ satisfaction, which in turn will help minimize the risk of products’ failure. In general,
approximately within one year after introduction of new products, about 80-90% of these
products fail to survive in the market (Morris, 1993). Several factors including marketability,
profitability and feasibility (Barabba and Zaltman, 1991; Bradley and Nolan, 1998; Clancy and
Krieg, 2000; Pine and Gilmore, 1999; Stanton, 1997; Zaltman, 2003) contribute to a products’
failure. The earlier we know and the more we know about the product, the lower the products’
failure rate.

Sensory sciences provide a tool to gain product insight. This will help us not only to get
to know the product but also to speed up a problem solving if necessary. The top three
advantages of using sensory evaluation in product development are to properly design the
studies, to properly collect data from both experts and consumers and to properly interpret the
results (Moskowitz, 2000). The ideas from marketing, RD teams and consumers are unique and
useful, and can be combined to increase productivity of product design and development (Eng

and Quaia, 2009; Lu and Yang, 2004). Whether the product development will succeed partially



depends upon how well sensory scientists communicate with the R&D team through a consumer
language. An appropriate protocol, including proper experimental designs, practical and valid
preference tests, and appropriate data analysis, could enable sensory scientists to reliably
determine whether a product is more or less liked.

Sensory evaluation has been extensively reviewed by many books, such as Amerine et al.
(1965); Lawless and Heymann (1999); Meilgaard et al. (2006); and Stone and Sidel (2004).
Consumer acceptance testing is known as a method to quantify degrees of liking/ disliking of
products. This method occupies a unique feature compared to many sensory techniques in term
of general applicability (Cordonnier and Delwiche, 2008; Peryam and Pilgrim, 1957), simplicity
(Villanueva et al., 2005), and the use of untrained panelists (Daroub et al., 2010). It can be used
to determine food choice (Yeomans et al., 2008) and critical information of individuals’ likes and
dislikes (Jaeger and Cardello, 2009). However, misuse of sensory techniques can induce
negative/biased results. To increase a power of an experiment, an experimentor should have a
better understanding of sensory foundation of physiological and psychological biases.
Psychological effects, induced by sample presentation including positional, halo, central
tendency, contrast and convergence effects may influence sensory scores. Failure to detect and
take them into consideration may lead to serious misinterpretation and wrong conclusions.

Thus, this dissertation was conducted to provide insight knowledge of physico
psychological biases in consumer testing as well as to propose alternative choices of
experimental design, statistical analysis and disliking/liking scales for sensory scientists. This
may help to decrease a risk of products’ failure.

Currently, information related to physico-psychological biases in consumer testing

induced by sample presentation is limited in the literature. This dissertation will be the very first



research devoted to such an area. The dissertation was divided into 7 chapters. Chapter one
provides an introduction and justification of this dissertation research. Chapter two provides a
review of relevant literature. Chapters three to six provide results of a series of experiments
pertinent to physico-psychological biases including position, contrast, scale types, scale lengths,
scale polarities, attributes and product impression effects. Several methods have been conducted
to minimize an extraneous error. Theoretically, a proper experimental design (Macfie et al.,
1989; Williams, 1948), a proper product selection (Lee and Meullenet, 2010; Villanueva, et al.,
2005) and a proper data analysis (Hottenstein et al., 2008) could help minimize an irrelevant
error. Some of these factors were discussed in this dissertation. Chapter seven provides a
summary and significance of this dissertation. All cited references are given at the end of each
chapter. The appendices include all supplementary information associated with these studies.

1.2 References

Almeida, S.B., Aparecida, M. and Da Silva, A.P. 2002. Hedonic scale with reference:
performance in obtaining predictive models. Food Quality and Preference 13(1): 57-64.

Amerine, M.A., Pangbnor, R.N. and Roseller, E.B. 1965. Principles of Sensory Evaluation of
Food. New York and London: Academic Press.

Barabba, V. and Zaltman, G. 1991. Hearing the voice of the market: Competitive advantage
through creative use of market information. Boston: Harvard Business School Press.

Bradley, S.P. and Nolan, R.L. 1998. Sense and Response. Boston: Harvard Business School
Press.

Clancy, K.J. and Krieg, P.C. 2000. Counterintuitive Marketing: Achieving Great Results Using
Common Sense. New York: Free Press.

Cordonnier, S.M. and Delwiche, J.F. 2008. An alternative method for assessing liking: positional
relative rating versus the 9-point hedonic scale. Journal Sensory Studies 23: 284-292.

Daroub, H., Olabi, A. and Toufeili, 1. 2010. Designing and testing of an Arabic version of the
hedonic scale for use in acceptability test. Food Quality and Preference, 21(1): 33-43



Eng, T.Y. and Quaia, G. 2009. Strategies for improving new product adoption in uncertain
environments: A selective review of the literature. Industrial Marketing Management
38(3): 275-282.

Hottenstein, A.W., Taylor, R. and Carr, T.B. 2008. Preference segment: A deeper understanding
of consumer acceptance or a serving order? Food Quality and Preference, 19: 711-
718.

Jaeger, S.R. and Cardello, A.V. 2009. Direct and indirect hedonic scaling methods: A comparison
of the labeled affective magnitude (LAM) scale and best-worst scaling. Food Quality and
Preference 20(3): 249-258.

Lawless, H.T., and Heymann, H. 1999. Sensory Evaluation of Food: Principal and Practices.
Maryland: Aspen publisher. 827p.

Lee, Y.S. and Meullenet, J.F. 2010. Comparison of eliminating first order samples for minimizing
first serving order bias to data correction. Food Science Biotechnol 19 (3): 703-709.

Lu, L.Y.Y. and Yang, C. 2004. The R&D and marketing cooperation across new product
development stages: An empirical study of Taiwan's IT industry. Industrial Marketing
Management 33(7): 593-605.

Macfie, H.J.H., Bratchell, N., Greenhuff, K. and Vallis, L.V. 1989. Designs to balance the effect
of order of presentation and first-order carry-over effects in hall test. Journal Sensory
Studies 4: 129-148.

Meilgaard, M.C., Civille, G.V. and Carr, B.T. 2006. Sensory Evaluation Techniques. 4™ edition.
Florida: CRC Press. 448p.

Morris, C.E. 1993. Why new product fail. Food Engineering 65 (6): 132-136.

Moskowitz, H.R. 1996. Experts versus consumers: A comparison. Journal Sensory Studied 11:
19-37.

Moskowitz, H.R. 2000. “R&D driven product evaluation in the early stage of development.” in
Developing new food products for a changing marketplace. Lancaster, PA: Technology
Publishing Co.

Peryam, D.R. and Pilgrim, F.J. 1957. Hedonic scale method of measuring food preference. Food
Technology (September), 9-14

Pine, B.J.Il. and Gilmore, J.H. 1999. The experience economy. Boston: Harvard Business
School Press.

Stanton, J.L. 1997. Who’s no. 1? Consumer! Food Processing December: 55-57.



Stone, H. and Sidel, J. 2004. Sensory Evaluation Practices. 3" edition. New York: Academic
Press. 338p.

Villanueva, N.D.M., Petenate, A.J., and Da Silva, M.A.A.P. 2005. Performance of the hybrid
hedonic scale as compared to the traditional hedonic, self-adjusting and ranking
scales. Food Quality and Preference, 16: 691-703.

William, E.J. 1948. Experimental designs balanced for the estimation of residual effects of
treatments. Australian Journal of Scientific Research, A(2): 149-169.

Yeomans, M.R., Chambers, L., Blumenthal, H. and Blake, A. 2008. The role of expectancy in
sensory and hedonic evaluation: The case of smoked salmon ice-cream. Food Quality and
Preference 19(6): 565-573.

Zaltman, G. 2003. How customer think. Boston: Harvard Business School Press.



CHAPTER 2 LITERATURE REVIEW

What is “Sensory Evaluation?” Several definitions have been defined since 1954. One of
the definitions provided by the Sensory Evaluation Division of the Institute of Food
Technologists is:

“Sensory evaluation is a scientific discipline used to evoke, measure, analyze and interpret
reactions to those characteristics of foods and materials as they are perceived by the senses of
sight, smell, taste, touch and hearing” (IFT, 1975).

Referring to this statement, sensory evaluation is the studies, associated with five human
senses that are used to judge/score a product. The best possible way to increase a product’s
success is to get to know the target consumer in order to determine a key that drives products’
satisfaction and purchase intent. The questions such as what consumers like and want need to be
answered beforehand. Knowing how a consumer behaves may help predict the product’s growth
rate and survival rate. Sensory techniques could serve as a useful tool to quantify such
estimation. It also helps product developers to transfer consumers’ needs into a product
description. This is not only used for improving an existing product but also helping to explore a
new area of opportunity for further development. The sensory techniques have been extensively
applied to various studies, but when did sensory science actually begin? And why it is so
popular?

The beginning of sensory science was extended from the psychological research area.
Back to 1947, the history of systematic sensory analysis in the United State began during
wartime. Sensory techniques were developed in an attempt to improve food acceptability for the
American military (Dove, 1947 mentioned in Pangborn, 1964) by Peryam. His colleague and he
introduced sensory science to assess a consumer preference. During that time, the growth of

trading has made sensory testing more popular. The assessment of food quality based on sensory



perception has become more important as a reflection of food grading and prices (Meilgaard et
al., 2006). Pfenninger (1979) is the one who conducted the very first study using the word
“organoleptic testing” that was referred to as a measurement of sensory testing. At the time, the
sensory tests were too subjective and informal. The interpretation was opened to arbitrary
unfairness. Sensory evaluation was not well known until 1954. The hedonic method used to
assess consumer acceptance, is a well known method developed by Peryam and his colleague. It
was adopted very quickly by many companies to assess a degree of products’ liking/disliking.
However, several questions regarding applications of sensory science and reliability have been
raised. Meilgaard et al. (2006) said

“Scientists have only recently developed sensory testing as a formalized, structured, and
codified methodology, and they continue to develop new methods and refine existing ones. This
is a hard science and much more with sense and feeling”

Regarding this statement, consumer’s sense and feeling are somewhat unpredictable and
changeable. The equation to predict consumers’ need and satisfaction cannot perform perfectly.
The sensory results can only be used as a guideline for development and improvement. We
cannot create an exact equation to predict true consumer responses. It has to be a case-by-case
basis study. This makes sensory science more interesting. It has been almost six decades some
sensory science was initiated, yet there is still a need for study associated with fundamental
sensory science. This would help to solidify further applications of sensory techniques. Much
more evidences are demanded to understand consumer perception and to support various sensory
theories and assumptions. Many sensory techniques have been developed to gain more
consumers understanding. Three areas of sensory studies including discriminative testing,
descriptive testing and consumer preference and acceptance tests will be briefly reviewed in the

next topic.



2.1 Sensory evaluation techniques
Each sensory technique requires different elements to maximize its performance and to
obtain valid results. Three main elements required for each sensory technique include:
(1) Type of target consumers
(2) Choices of test locations
(3) Objectives of an experiment
Several questions regarding abovementioned elements need to be answered prior to
selecting sensory techniques to be applied. What types of panelists will be used: trained or naive
consumers? Where the tests take place in a laboratory, central location or home use test? What is
the aim of the study: to determine quality change, to evaluate a products’ shelf life, to
characterize a product profile or to assess the degree of liking/disliking of new products?
Sensory techniques can be classified as:
(1) Discrimination or difference test
(2) Descriptive analysis
(3) Preference and Acceptance test
Each technique is applied for a different purpose to gain products’ insight. Three
techniques are described below. However, the first two areas will be brief with more details for
preference - acceptance tests.
2.1.1 Discrimination/Different test
The objective of this test is to determine if products are perceived differently. Several
tests based on this objective include Paired comparison, Duo-Trio, Triangle, 2-AFC, 3-AFC,
same/difference test, A-Not-A and so on (Bayarri et al., 2008; Bi, 2007; Duineveld et al., 2003;

Hautus et al., 2009; Kim et al., 2010; Kuesten, 2001; Lee et al., 2007; Lee and Kim, 2008;



McClure and Lawless, 2010; Meyners, 2007; Sauvageot et al., 2012; Wichchukit. and
O’Mahony, 2010). There are several different ways to perform different tests but in general this
type of test is used to answer the question, for example “Are products different in anyway? Do
sensory differences exist between samples? Or “How does attribute X differ between samples?”
(Meilgaard et al., 2006).

Some researchers apply this type of test to determine the products’ similarity. However,
this type of sensory technique can not provide a degree of difference or a degree of liking among
products. In terms of target participants, discriminative tests require untrained panelists to
participate, and in some cases, in house panelists are used. The recruitment, selection and
familiarization process needs to be accomplished. Panelists should attend a “warm-up” session to
know how to answer the question or how to judge the product. For test location, the test can be
executed in a laboratory or central location; a home use test should not normally be performed.

2.1.2 Descriptive Analysis

This sensory technique is considered to be the most complicated method among all three
areas. It is time consuming, labor intensive and costly. Several methods including flavor profile,
flash profile, texture profile, free-choice profile, time-intensity, Quantitative Descriptive
Analysis® (QDA) and Spectrum® (Albert et al., 2011; Bleibaum et al., 2002; Campo et al., 2010;
Delarue and Sieffermann, 2004; Feria-Morales, 2002; Goto et al., 2009; Lassoued et al., 2008;
Moon and Li-Chan, 2007; Nissen et al.. 2004; Wang et al., 2007) are recognized as descriptive
analysis. The objective of this type of study is to answer the question “Which attributes are being
major influences on the product? What can be explained as the sensory characteristic of those

attributes? How big is the difference between specific products?” (Meilgaard et al., 2006).



Major advantages are to gain insight on product information for more in-depth analysis,
to create prototypes, to define sensory properties, and/or to characterize products. In terms of
target panelists, this method requires a panel of 8-12 people who are subject to a training period
up to 6 months or so. Panelist recruitment is a key element in conducting a successful descriptive
test. Panelists should, at least, have proven capability to communicate and express their
perception. They must be able to describe and differentiate product attributes and quantify
intensities. The longer training period costs more. So it is wise to conduct a thorough screening
process rather than to train unqualified panelists. There are a number of steps for selection and
training of panelists for descriptive analysis which is not covered in this dissertation. This type of
research can only be managed in the laboratory with controlled conditions.

2.1.3 Affective test (Preference - Acceptance test)

In affective testing, we talk about qualitative and quantitative tests separately. Qualitative
tests include focus group interviews, in-depth interviews (IDI), focus panels, mini groups, diads
and triads and acceptance tests ethnography. Quantitative tests include Paired preference test, and
Multi paired preferences ranking tests. For acceptance tests, hedonic scaling and/or the Food
action rating scale will be discussed. The objective of this study is to answer the question “Which
products are preferred? or “How well are products liked? (Meilgaard et al., 2006).

The advantages are to quantify a degree of product liking/disliking with untrained
panelists. There is no need for selecting and training of panelists who are product users and
potential users. It works well with actual consumers. The choice of test location can be a
laboratory, central location (CLT) or home use test (HUT) depending upon a budget, time frame,
objective, and product types. The advantages and disadvantages are discussed below (Table 2.1).

Thousands of literature articles have been published regarding hedonic scales and their
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application. However, because consumers are used as a tool to perform a test, several

uncontrollable factors including physical and psychological biases are major concerns. Biases

will affect consumers’ perceptions and hedonic ratings.

Table 2.1 Advantages and disadvantages of test location choices

Test location

Advantages

Disadvantages

Controlling for sample
preparation and presentation
Shorter time to recruit in-house
employees

Visual appearance can be

Lack of normal consumption
Preparation and procedures may
not reflect consumer experience
at home

Location can influence

Laboratory tests controlled with lights expectation and product
e High percentages of returning knowledge
responses
e Cost effective (several samples
can be tested at a time)
e Moderate control for product e Artificial condition compared

Central location
tests

evaluation

Lower rate of miscommunication
or misunderstanding

High percentages of returning
responses

Cost effective (several samples
can be tested at a time)

with experiencing at home
Limited number of questions
Limited information to be gained
Response based on the first
impression

Home use tests

Natural condition (experience at
home).

Wide range of information and
number of questions

Response based on a repeated
purchase

Easy to apply a statistic sampling
plan

Time consuming

Expensive

Low rate of returning responses
Limited number of samples per
household

Large variation due to less
control in sample preparation and
time, and being used in
combination with other materials

Source: Meilgaard et al. (2006)

An in-depth discussion on psychological biases will

example of the description, explanation and requirement for

biases and possible solutions will also be discussed.
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2.1.3.1 Focus Group Interviews

The focus group interview is one of the original tools of qualitative techniques. It has
been widely used and offers a powerful investigation (Bovell-Benjamine et al., 2009; Cardinal,
et al. 2003; Huston and Hubson, 2008; Hyde et al., 2005; Letelier, et al., 2000; Meinert et al.,
2008; Pigott, 2002; Raz et al., 2008; Rook, 2003; Walsh et al., 2009). This method allows
consumers to freely express their opinion toward products, concepts, and services. The benefits
of using a focus group discussion are being easy to convene and cheaper than any other market
research, getting new ideas from people who are not part of companies, listening and getting a
voice from real consumers, and, importantly, helping to “understand human-based phenomena”
(Huston and Hubson, 2008; Clancy and Krieg, 2000). This method requires a small group of
consumer participants approximately 8-12 selected consumers based on specific criteria
(demographic, product usage, available time, etc). The time required per session is about 1-2
hours, operated under the guidance of an experienced moderator.

2.1.3.2 In-Depth interviews

Another qualitative affective test, IDIs (In-depth interviews) is reviewed here. This
technique is very similar to a focus group discussion except that it uses individual interviews
(one-on-one or face-to-face). The advantages over a focus group interview are that this method
can eliminate a group’s biases and get information that is more personal and honest without
mimicking others’ opinion in group setting. This technique is very useful for sensitive issues
related to illness, weight, etc. or too personal information such as sexual desires. Applications of
in-depth interview can be found in the literature (Baker and Fortune (2008); Burnett et al. (2010);
Carkhuff and Pierce (1967); Koenigsmann et al. (2006); Kort et al. (2007); Newman et al. (2010);

Nicolson and Burr (2003); Stevens and Ahmedzai (2004); and Walter et al. (2004)). The
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disadvantages of in-depth interview are analytical time and cost required to complete the task
(Meilgaard et al., 2006). This method requires a larger group of consumers to participate,
approximately 12-50 selected consumers. Meilgaard et al. (2006) mentioned that this method is
unique in term of its test protocol, i.e., to have a person to use/prepare product at an interview
site or at the consumer’s house. However, later on this group of consumers can be brought in to
discuss and compare consumer’s and company’s expectation. This consumer interview or
consumer observation can be used to understand and gain insight information for further
prototype creation or innovative development to meet consumer’s need.

2.1.3.3 Hedonic

Comparing among scales and protocols, a hedonic scale is unique in terms of general
applicability (Cordonnier and Delwiche, 2008; Peryam and Pilgrim, 1957), having a significant
ease of use and simplicity (Villanueva et al., 2005), prediction between the target product and the
prototypes (Almeida et al., 2002), determination of food choice (Yeomans et al., 2008), and
offering critical information about individuals’ likes and dislikes (Jaeger and Cardello, 2009).
The word “Hedonic” or “Hedonism” means pleasure or the highest good. This word was
expressed at first in the 19" century and it was known in the social sense as “The greatest
happiness for the greatest number” (Gosling, 1969). In the past, sensory scientists questioned a
meaning of preference; although it is referred to choices regardless of the reasons for that choice,
and it also implies pleasantness or degree of liking. Psychologist named this value as “Hedonic
Value.” The hedonic scale was created to relate a degree of liking of an emotive energy human
behavior (Figure 2.1) in many psychological applications. The concept of a linear hedonic scale
represents an emotion as “a scale ranging from an extremely pleasant or positive pole, t0 an

extremely unpleasant or negative pole” (Johnton, 1999).
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Figure 2.1: The emotive energy behavioral diagram
Source: Keeran (2004).

The hedonic methodology in the United State was first developed by David Peryam and
his colleagues in a sensory laboratory at the Quartermaster Food and Container Institute of the
U.S. Armed Forces (Peryam, 1954). The hedonic scale has been used to assess the degree of
liking with untrained panelists who frequently use or interest in products (Cordonnier and
Delwiche, 2008). In general, the hedonic scale has been used to (1) determine an overall
acceptance or product’s liking by a target consumer and/or product users, (2) determine a factor
affecting overall acceptance or product’s liking and (3) establish a relationship between
consumer responses and descriptive data. The data generated from this method are spontaneous
without requiring prior experience and it is appropriate for use with a wide range of populations.
In term of target population, this method requires a large sample size to have a valid inference. A
group of consumers approximately 50 to several hundreds selected target consumers is required.

The 9-point hedonic is most popular among other scales. The scale has nine points with

given word description at both anchors ranging from dislike extremely to like extremely with a
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neutral category (neither like nor dislike) in order to make the scale even. All categories are

described below.

1 = Dislike Extremely 2 = Dislike Very Much 3 = Dislike Moderately
4 = Dislike Slightly 5 = Neither Like nor Dislike 6 = Like Slightly
7 = Like Moderately 8 = Like Very Much 9 = Like Extremely

The label or word description along with numerical values was used to aid consumers’
interpretation (Cordonnier and Delwiche, 2008). The utilization of hedonic scale has been
applied to global populations for all ages. Several scales have been developed to overcome some
weakness of the 9 point hedonic categorical scale; however, none of these has proven to have
superior performance than the original version. Three scale types that are typically found are
listed (Figure 2.2 (a-c)):

(@) A nine point categorical hedonic scale (CAT)
(b) A nine point line scale (LIN)
(c) A labeled affective magnitude scale (LAM)

In the late 1900s, some publications reported the use of a magnitude estimation (ME)
scaling or the ratio scaling intended to replace and/or minimize the use of hedonic. With ME,
panelists freely assign a chosen number or the number may be given from the experimenter as a
reference to the first sample to describe a sensation. Panelists are then asked to assign the
subsequent samples in proportion to the first sample score. In this case, if the score of the
subsequent sample is two times greater than the first sample score, it implies the second sample
is twice as strong as the first sample. However, it is time consuming, less effective and
complicated to consumers.

In 2001, Schutz and Cardello developed a LAM scale (Figure 2.2 (c)), a modification of

ME, to assess a degree of liking/disliking score. It was found to be successful as an alternative
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choice for quantifying a degree of liking. Still, these three scales have been debated regarding its
sensitivity and application and which scale should be utilized. These three below mentioned
scales were used in this dissertation research to identify the scale that best suits different
objectives. The application, advantages and disadvantages of each scale will be discussed in

chapters (5-6).

Dislike Dislike Dislike Dislike Neither Like Like Like Like Like

Extremely Very much Moderately Slightly nor Dislike Slightly Moderately Very much Extremely
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Figure 2.2 (a) A 9-point categorical hedonic scale (100 mm.)
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Figure 2.2 (c) Labeled Affective Magnitude scales (100 mm.)
Source: Schutz and Cardello (2001)
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Back to 1950s, when a nine-point hedonic scale was developed, several questions such as
how does this scale work? Is it possible to use shorter or longer scale? Are the data generated
from such scale reliable? Can statistical analysis be applied?”” were raised. Jones et al. (1955)
proved that longer scales up to nine intervals tended to be more discriminating than shorter
scales; however, the longer line up to eleven intervals was user unfriendly. Peryam and Pilgrim
(1957) also supported that the responses from a nine interval scale were repeated more
consistently within a similar consumer group. The question about an effect of different scale
positions: vertical vs. horizontal was answered by Peryam and Pilgrim (1957) who reported such
variations appeared minimally on the outcomes. The questions about a violation of parametric
statistics assumption, ANOVA, including the lack of equivalence of the interval scale, the
excessive use of neutral space (mid-scale), avoiding the use of an extreme choice at the end of
both anchors and etc. are remain unclear (Dine and Olabi, 2009; McDaniel and Sawyer, 1981;
Schutz and Cardello, 2001; Warnock et al., 2006). Despite these concerns, parametric statistical
analysis rather than non-parametric statistical analysis has been continuously used (Cardello et
al., 2005). Regarding hedonic scale issues can be found in more detail (Lawless and Heymann,
(1999) and Meilgaard et al. (2006.)

2.2 Evolution of hedonic scaling method

There are thousands of literatures published related with hedonic scales. In this
dissertation, an author would like to provide details of hedonic scale chronological order to
facilitate a discussion (Table 2.2).

Table 2.2 Evolution of hedonic scaling method

Year Authors Milestone
1952 Peryam, D.R. and o Developed a hedonic scale to use with naive consumer
Girardot, N.F. e Laboratory tests found to be more reproducible than field
tests.
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Table 2.2 Continued

Year
1952

Authors

Peryam, D.R. and
Girardot, N.F. (cont.)

Milestone

Standard deviation about 0.68-2.04 considered to be
typical, reflecting that there are normally wide differences
among people in their feeling.

Scores below 5 considered as “poor quality”, over 7.5
considered “good quality.”

1955

Jones, L.V, et al.

As the longer the hedonic scale, the higher the power of
discriminating.

The values increase when the number of intervals
increases and when the midpoint is omitted.

1957

Peryam, D.R. And
Pilgrim, F.J.

Conducted an experiment to investigate scale types.
Major effects of vertical or horizontal scale.
Spontaneously obtained the hedonic data can be without
prior experience and can be handled by the statistics of
variable.

Suitable for a wide range of consumers.

Useful for indicating general levels of acceptance.
Experimental designs can be applied to increases the
sensitivity of the tests and reduce the sample size.

1957

Steven, S.S. and
Galanter, E.H.

There are prothetic (apparent length, duration, area, etc.)
and metathetic (visual position, inclination, pitch, etc.)
factors affecting hedonic scores.

The result showed an equal power over range (prothetic
continua) between both scales (ME and category scale).

1971

1996

Moskowitz, H.R. and
Sidel, J.L.

Moskowitz, H.R., et al.

Compared a magnitude estimation (ME) ratio scale with a
hedonic 9-point category scale of food acceptance.

Result indicated an equal sensitivity for food
differentiation between these two scales. The ME scale
helped to quantify the ratio of food acceptability while the
hedonic provided a numerical and verbal interpretation.

Conducted a study to quantify the odor intensity and
pleasantness using ME and hedonic scales.

The result showed higher variation in hedonic judgments
than in intensity judgments.

1981

McDaniel, M.R. and
Sawyer, F.M.

Conducted a preference testing of whiskey sour
formulation to compare ME and 9-pt category scale
between laboratory and home panel environment.

The ME resulted in more statistically significant
difference for both group of panel than a hedonic scale.
Home panel resulted in more significant results than lab.
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Table 2.2 Continued

Year
1983

Authors

Giovanni, M.E. and
Pangborn, R.M.

Milestone

Conducted a test to measure taste intensity of beverages
and degree of liking using Graphic scaling (GS) and ME.
GS was a structured 10-cm horizontal line anchored with
“Dislike extremely” and “Like extremely.”

GS was simpler and less affected by numerical and
contextual effects. The data were reproducibly except for,
a lemonade testing.

1990

1996

1998

2000

Kroll, B.J.

Green, B.G., et al.

Yeh, L.L., et al.

Preston, C.C. and
Colman, A.M.

The nine (child friendly) verbal scale with “Super good”
to “Super bad” performed better than either traditional 9-
pt or smiley facial scale with children 5-10 years.

Developed a Labeled Magnitude Scale (LMS), a vertical,
semantic scale with quasi-logarithmic verbal labels.

LMS is as easy to use as a 9-point hedonic scale and has a
greater significant ease of use than Magnitude estimation
(ME).

It can be used with broadly defined sensation taste.

The 9-point hedonic scale was first translated to
determine a cross-cultural (Americans, Korean, Chinese
and Thais) effect on 9-point hedonic scale usage.

These ethnic groups use a smaller range of scale than
Americans regardless of residency or length of stay.

Conducted an experiment to determine an optimum
number of hedonic categories to be used.

2, 3, and 4 point scales performed poorly but the hedonic
score was found significantly higher for scales with up to
7 intervals.

The test-retested reliability is likely, to decrease with
more than 10-point category.

Recommended to use 7, 9 or 10 point interval.

2001

2001

Cox, D.N., et al.

Schutz, H. G. and
Cardello, A. V.

Both a labeled 9-pt category scale and an unstructured-
anchored line scale found no systematic cultural bias
(Malaysians and Australians). However, an unstructured
line scale encouraged greater use of a range of possible
responses.

The Labeled Affective Magnitude (LAM) was proposed
as a specialized type of modified LMS.

LAM is a line scale anchored at its end points with the
phrases “‘greatest imaginable like” and “greatest
imaginable dislike.”
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Table 2.2 Continued

Year

Authors

Milestone

2001

Schutz, H. G. and
Cardello, A. V. (cont.)

It was found to have equal reliability, but greater
sensitivity than a 9-point hedonic scale and more user
friendly than ME.

2001

Curia, A.V,, et al.

A 9- point hedonic scale was translated into Spanish to
compare with an English version for testing with
Argentina population.

It was found that approximately 30% of the subjects rated
the translated phrases differently in relation to the
English version

Translated version needs to be used with caution.

2002

Bergara-Almeida, S. and
Da Silva, A.A.P.

The study was conducted to determine a performance of
a hedonic scale with a reference to generate predictive
models.

The models generated by the two scales were similar
with respect to the adjusted R?.

2004

Jeon, S.Y. et al.

Conducted an experiment to compare between a category
and line scale under various experimental protocol

It was found that neither scale has advantages over each
others. Category and line can be used interchangeably.

2004

Cadello, A.V. and Schutz,
H.G.

Offered a precise numerical value corresponding to a
verbal term in the scale intended for investigators’
utilization with either paper or computer-based ballots.

2005

2005

Cardello, A.V,, et al.

Villanueva, N.D.M. et al.

Developed Satiety Labeled Intensity Magnitude (SLIM)
scale in compared with Visual Analogous Scales (VAS)
to indicate perceived hungry/fullness.

SLIM has higher sensitivity, reliability and ease of use
compared with VAS.

The results evidenced the superiority of the hybrid
hedonic scale as compared to the structured and self-
adjusting scales. Both with respect to the discriminating
power and the ANOVA assumptions.

Both the structured and hybrid hedonic scales had greater
significant ease of use than the self-adjusting scale.

2006

Greene, J.L., et al.

Conducted a research to test an off flavor of fermented
fruity using category and line scales.

Line scale was applied and it was more effective than
category scale in terms of sensitivity even with low
intensity testing.
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Table 2.2 Continued

Year

Authors

Milestone

2007

Epler, S., et al.

Based on paired preference testing, the hedonic scale
resulted in better prediction of optimal sweetness than the
JAR scale.

JAR gave a significantly lower score than hedonic scale.

2007

2008

Munoz, A.M. and King,
S.C.

Cardello, A.V., et al.

The nine points was translated into several foreign
languages and test for validity across many countries
including Argentina, Brazil, Canada, China, French,
Republic of India, Japan, Republic of Korea, Mexico,
The Netherlands, New Zealand, Australia, Philippine,
Poland, Spain, Thailand and United Kingdom to see if
countries and cultures affect consumer products.

Conducted an experiment to test the scale end anchors
between “Greatest imaginable like/dislike for any
experience” and “Greatest imaginable like/dislike.”

It was found that no apparent advantage of using
different anchor in term of discriminating power.

Using “any experience” restricted the range of scale or
created a compression effects.

2008

2009

Hein, K.A., et al.

Lim, J., et al.

Comparing 9-point hedonic, labeled affective magnitude
and unstructured line scales, they found an equal ease of
use and accurate information among three scales.
However, they suggested sample size, product type and
type of data produced should be taken into account when
selecting a test.

Developed a Labeled Hedonic Scale (LHS)
LHS yielded identical ratings to those obtained from ME.
LHS obtained a similar result with the 9-point scale

2009

2009

2010

Cook, D.A. and
Beckman, T.J.

Villanueva, N.D.M.,
Maria, A. and Da Silva,
A.P.

Hein, K.A., et al.

Conducted an experiment comparing 5 and 9 point
hedonic scale for the mini clinical evaluation exercise.
The nine point scale was found to provide more accurate
score (54%) than 5-point scale (44%) while both yielded
the same reliability (0.40-0.43).

The results indicated superiority of the hybrid scale over
the traditional hedonic and self-adjusting scales based on
MDPREF values of significantly fitted consumers: 79.5
(hybrid scale), 54.5% (self-adjusting) and 51.8% (9-point
scale).

The contrast between a natural consumption context and
accurate hedonic ratings were observed.
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Table 2.2 Continued

Year Authors

Milestone

2010 Hein, K.A., et al. (cont.)

When removing a product from its natural consumption
context, accurate hedonic ratings may not be obtained.

2010 Daroub, H., et al.

Results showed that the 9-point scales either Arabic or
English version was equal in terms of reliability,
sensitivity, skewness, kurtosis and percent of neutral
value.

2010 Nicolus, L., et al.

Foods that were placed in the same verbal category might
be given different numerical scores on the second scale.
The proportion of those responding differently to the two
scales ranged from 100% to 79%.

To check polarity effects: verbal categories (bipolar) and
the numbers (unipolar), the experiment was conducted
using a bipolar number scale (—4 through 0 to +4). The
relative strategy was confirmed for the unstructured
numerical scale but the absolute strategy was not
confirmed for the scale using only verbal categories

2010 Lawless, H.T., et al.

Three scales: 9-point scale, LAM scale, and an 11-point
category scale being compared, it was found that LAM
was more preferred to evaluate the acceptability of highly
liked foods.

All three scales performed equally well without showing
a consistent superiority over another. All three scales were
able to differentiate acceptability.

2010 Lim,J. and Fujimaru, T.

Comparing a 9-point scale and Labeled Hedonic Scale
(LHS), both of which have an equal discriminative power.
LHS has more resistance to ceiling effects.

Data obtained from LHS satisfied the normality
assumption for statistical analysis.

The misuse of LHS was observed with consumers who
had a prior experience with a 9-point scale.

2.3 Advantages and disadvantages of hedonic method

The hedonic scale applied in sensory area was first developed by Peryam and his

colleagues in 1954. Afterward, Jones and Thurstone (1955) developed a balanced 9-point

hedonic categorical scale; however, the unused highest/lowest categories and the frequent use of

22



a midpoint were questioned. Thirty two years later Peryam developed an 8-point unbalanced
scale with more like than dislike categories; it was found somehow better than a 9-point scale but
only when use with a well-liked sample. Several scales have been continually developed in the
last 5 decades including the labeled affective magnitude (LAM), labeled magnitude scale (LMS),
labeled hedonic scale (LHS), magnitude estimation (ME), unstructured line, self-adjusting,
ranking scale, hybrid hedonic, oral pleasantness and unpleasantness (OPUS), and positional
relative rating (PRR) (Cardello et al., 2008; Cordonnier and Delwiche, 2008; EL Dine and Olabi,
2009; Giovanni and Pangborn, 1983; Green et al., 1993, 1996; Guest, et al., 2007; Lim et al.,
2009; McPhearson and Randall, 1985; Peryam and Pilgrim, 1957; Schutz and Cardello, 2001;
Warnock et al., 2006) as an alternative choice for assessing food liking. The hedonic scale is
unique in terms of general applicability (Cordonnier and Delwiche, 2008; Peryam and Pilgrim,
1957), having a significant ease of use and simplicity (Villanueva et al., 2005), prediction
between the target product and the prototypes (Almeida et al., 2002), determination of food
choice (Yeomans et al., 2008), offering critical information about individuals’ likes and dislikes
(Jaeger and Cardello, 2009) and the use of untrained panelists (Daroub et al., 2010).However,
Meilgaard et al. (2006) mentioned “an exploration into alternative approaches is an ongoing
endeavor.” Lawless et al., (2010b) and Stone and Sidel, (2004) confirmed that taking efforts to
replace a nine-point hedonic scale was not successful.

However, several drawbacks of such scale are several human biases such as error of
habituation, contextual and central tendency effects, restricted consumers’ freedom, lacking of
residual normality, and not reflecting equal difference in perception, (Curia et al., 2001; Gay and
Mead, 1992; Giovanni and Pangborn, 1983; Lim and Fujimaru, 2010; Marchisano et al., 2003;

McPherson and Randall, 1985; Schutz and Cardello, 2001; Villanueva et al., 2000 and Villegas-
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Ruiz et al,. 2008). The verbal phases of a nine point hedonic scale are hard to examine on the
basis of quantitative data regarding a psychological magnitude (McDaniel and Sawyer, 1981,
Stevens, 1975). This non-equivalence issue may reduce a mathematical power when statistical
analysis is used parametric analysis; however, most researchers still apply a parametric analysis
instead of non-parametric analysis (Cardello et al., 2005).

Briefly, a hedonic method is a tool to gain insight information from an actual choice
made by consumers in normal consumption environments. There are three main advantages:
simple (easy to conduct and understand), cost effective in term of budget and time (the use of
untrained panelists), and the data can be analyzed by various statistics (Peryam and Pilgrim,
1957; Daroub et al., 2010). Sensory attribute of the food and its product usage can help
consumers determine food acceptance (Booth, 1995). The hedonic scale reflects the attitudes
and/or acceptance of consumers toward certain foods under a given condition. However, there
are several factors that can influence an experiment not to get a true response. The proper test
protocol: the testing experimental plan, sampling procedure, sample preparation and environment
(Amerine et al., 1965) could impact consumers’ attitudes. Meilgaard et al. (2006) also suggested
that researchers should be responsible for proper tests with selected target consumers,
representative products and cost effectiveness. An improper testing due to testing protocol,
experimental design, questionnaire, target consumer, and data analysis could decrease
discriminative power of an experiment. A proper protocol is needed to minimize possible
extraneous errors. The biases created by consumers during testing will be discussed below.

2.4 Biases of sample presentation
The ultimate goal of a sensory testing is to properly use human subjects as measuring

instruments. Sensory scientists do realize that consumers are prone to biases. To properly
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conduct an experiment, an experimenter should understand a foundation of physiological and
psychological biases that can sway sensory perception and scoring. Failure to detect such effects
may lead to serious misinterpretation (Macfie et al., 1989). The biases found frequently in
sensory testing are sample order presentation biases, halo effects, and contrast and convergence
effects (Dine and Olabi, 2009) will be discussed below.

2.4.1 Expectation error

Expectation error refers to an error when consumers may intentionally or accidently
know about products, research or company. Consumers will consequently use their
autosuggestion to judge the product and may disregard perceived product characteristics. For
example, during the test period, if a panelist knows that an aged product is being tested or a
storage test is being tested, she/he tends to report/focus more on an off flavor whether the
product contains such compound or not. The appropriate way to avoid this error is to keep the
product detail secret by using the blind coded sample in conjunction with a random presentation
(Meilgaard et al. 2006).

2.4.2 Error of habituation

Error of habituation refers to an irrelevant error from panelists who tend to give the same
response continuously even when a series of samples are served. As a result, a researcher may
miss a developing trend and possibly accept a false sample when a sample with small difference
is tested. Such biases can be found in quality control process or during the storage test. For
example, panelists are asked to evaluate samples daily; the acceptable level will be
unintentionally developed so they tend to disregard the subtle difference. One way to avoid this
error is to provide proper task instruction, and use balanced and randomized presentation

(Meilgaard et al., 2006).
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2.4.3 Stimulus error

The word stimulus can be explained as a factor or event that could evoke a specific
reaction. Stimulus error can be induced from several unrelated cues (confounding factors) such
as light, container color or styles, product un-uniformity, etc. Some consumers tend to use any
cues, given or not given to help judge the product instead of rating based on actual perception.
The unrelated criteria will be used and it would influence the panelist if the experiment was not
well planned. For example, with non-randomized presentation, consumers may expect/rate a
sample that will be served at last to be more flavorful. The remedy to this case is to provide
proper task instruction, and use balanced and randomized presentation, and avoid leaving
irrelevant cues (Meilgaard et al., 2006).

2.4.4 Logical error

The meaning of logic is a reasonable assessment based on prior experience. Prior
knowledge or experience can influence on how consumers rated the product if the sample
characteristics are related to personal experiences (Meilgaard et al., 2006). This type of error can
be induced in conjunction with stimulus error. Consumers are likely to use relevant cues,
logically related them to the question of interest, and then score a sample. For example, the more
yellowness of mangoes, which indicates more ripening, tends to taste sweeter; the lighter the
toasted bread, the less crispiness; the darker the roasted coffee, the stronger the coffee flavor and
etc. Such biases can be avoided by keeping the sample uniform, masking any unintentional cues
and using balanced and randomized presentation.

2.4.5 Halo effect

The word “halo” means an association of something to ideal or a circle of something

resembling. Based on this meaning, the prior attribute evaluated may affect scores of the
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succeeding attributes. In situation in which consumers simultaneously score several attributes
along with overall acceptability; they tend to adjust the scores to correlate with the overall
acceptability score. However, the score might be different if those attributes are rated separately.
This error has been observed regularly in consumer testing. For example, in a consumer test of
grape juice, panelists are requested to rate the sample for 3 different attributes: color, taste and
overall acceptability. If subjects evaluate taste and color of the product as like moderately, they
are likely to rate the overall acceptability as like moderately as well. In this case, the process of
judgment does not involve a direct interest but the initial response sets the range for the
subsequent response. Also with many questions and many samples, re-tasting results in
physiological fatigue in addition to this halo effect.

2.4.6 Mutual suggestion

The facial expression, the posture and/or the vocalizing opinion can affect others’ opinion
in either positive or negative way. The response of one observer can influence others. This type
of biases generally occurs in consumer testing. The most effective way to solve the problem is to
use a separated booth for each panelist while performing the sensory test. Otherwise consumers
tend to distract, interfere or interact with each other. Also proper task instructions should be
given. The researcher should clearly state that the interactions among subjects are discouraged.

2.4.7 Sample coded biases

People tend to use all intentional or unintentional cues around the product to help with
decide their preference scores. Some may try to get some cues from even the blinded code that
was originally intended to use to minimize cues. The number of digit can be used ranging from
to four digits (several random number tables or the random number generator from the internet

has been utilized). Miller (1956) reported that memory span is limited in terms of the largest
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meaningful unit in the presented material that the person recognizes. Three was an ideal size and
meaningful for grouping the letters and numbers. It has been found that some digit should be
avoided such as 1, 2, 3 or 4 which may be related to the order or product quality (Lawless and
Heymann, 1999). Caul and Raymond (1965) mentioned that numbers or letters e.g., the letter X,
the letter-number code A-I, the butter-score numbers 88 or 93 for margarine, or G-11 for soap
would also introduce biases.

2.4.8 Order of presentation

The order of sample presentation can influence consumer’s perception which
consequently causes acceptance score to become inflated or deflated. Several biases can be
classified under sub-category “presentation order” biases.

2.4.8.1 Contrast effects

The meaning of contrast is “the state of being different from something else.” The
contrast effect in sensory field typically means the evaluation bias affected by earlier or previous
samples (Amerine et al., 1965; Ferris et al., 2003; Lawless and Heyman, 1999). Meilgaard, et al.
(1999) defined the contrast effect as “The presentation of good quality just before the poor one
may cause the subsequence sample to receive a lower score than if it had been rated
monadically.” Clark and Lawless (1994) referred this bias to the positive correlation of unrelated
attributes with the negative correlation being called “horns effect”. Even though we know that
the contrast effect has pronounced in many cases, no logical relationship or an exactly ratio of
correlation has been reported in the literature. Several studied has been conducted to investigate
and/or to minimize this bias. Elss et al. (2007) studied the potential effect of carry-over in odor
and taste off-flavor compounds in orange and apple juice. From the sensory threshold data, it

became evidence that carryover effects on several orange juice samples were more obvious for
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odor than taste. An important carryover flavor component in orange and apple juice is y-
decalactone and limonene. Brockhoff and Sommer (2008) found that the closer the products are
the lower the contrast standard error, and, in contrast, the farther the products are the greater the
contrast standard error. Cordonnier and Delwiche (2008) observed that the ability to differentiate
samples of both traditional 9-point hedonic scale and Positional Relative Rating (PRR) was
similar; however, the mean values from PRR were consistently lower than those of the traditional
9-point hedonic. Moreover, they suggested a simultaneous sample presentation rather than a
serial monadic presentation with the former showing reduced consistency errors.

2.4.8.2 Centering bhiases

The word “center” means a middle point of a circle or any circumference. Stevens and
Galanter (1957) referred “centering biases” to as “central tendency” or “regression effect.” It is
likely to happen when panelists match the midpoint of stimulus with the midpoint of the
response scale to spare adjustment for further samples having more intense sensation. Poulton
(1989) tested identical samples with different scales anchored with “weak” to “strong” and
“none” to “moderate,” and reported that participants tended to match the midpoint of the stimuli
to the midpoint of the response. This resulted in suppression of end category scale usage and
limited a discriminative ability (Cardello, et al., 2005). Also Meilgaard et al. (1999) found that
samples, scales and categories placed near the center tend to be preferred over those placed at the
ends. This, consequently, would induce misunderstanding when products or processes need some
value to interpolate on a psychophysical function or equation.

2.4.8.3 Positional bias

Change in a sequence of samples tested affect sensory results. Consumers may feel very

hungry for the first sample, and very fatigue for the last sample. Often the first sample is rated
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with bias which results in abnormally preferred or rejected. Meilgaard et al. (2006) mentioned
that the first sample often encounters a bias for a short period test (sip and evaluate); in contrast,
for a long term test, the last sample will expereince the bias. This bias is recognized as one of
often observed biases in sensory testing; however, the research devoted for this type of biases is
scarce. The popular method used for minimizing this bias is by applying a randomized design.
One of the most popular designs is a randomized complete block design (RCBD); however,
Macfie et al. (1989) found the RCBD was ineffective in reducing the serving-order bias. Another
widely used design for minimizing positional biases called “William design” or “carry-over”
design, a modification of Latin Square (LS) design was purposed by William in 1948. It is more
complicated than RCBD and user unfriendly. Therefore, an attempt to develop an effective
design continues.
2.5 Sensory Analysis

The immediate effects on one person leading to performing and picking some products by
reasonable processes within that individual’s mind refer to a consumer’s purchasing decision
(Booth, 1995; Meilgaard et al., 2006; Moskowitz, 2003). To develop a successful new product,
Meilgaard et al. (2006) mentioned “Being consumer-centric is a path to success and resources
needed to be managed well in a highly value-driven marketplace.” The new product development
process must proceed carefully with what can be used to satisfy people’s desires. To use
consumer data, a proper sensory data analysis is necessary.

A source of variances generated by human cannot be completely controlled in sensory
test. Sensory techniques are used to draw data via the behavioral research and to quantify human
responses with fluctuating data inevitably. The non-equivalence scale interval and lacking of

residual normality in hedonic testing remain an important issue. However, many researchers
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prefer to apply the most popular parametric mathematics including an analysis of variance
(ANOVA) and post-hoc comparisons, instead of non-parametric analysis for hedonic responses
(Cardello et al., 2005). As a result, misinterpretation of data may occur. Subsequently, consumers
lose their chance to purchase a great product that they want while companies also cannot sell a
truly compelling product (Meilgaard et al., 2006). This confirms why sensory data and analysis
contributes to products’ success or failure.
2.6 Experimental design

Several experimental designs have been applied for different purposes. For sensory study,
in particular, consumer research, consumer responses have been treated as an outcome variable.
RCBD has been extensively utilized in order to minimize extraneous effects. However, Macfie et
al. (1989) and Kunert and Sailer (2007) mentioned that a simple randomize design might not be
sufficient for preventing the position and carryover effects. Lee and Meullenet (2010) proposed a
method to minimize such effect by removing the first sample score from the experiment; this is
not known to be a proper idea. Their method may help minimize a bias in term of serving a
doctored sample; however, it created unintentional carry-over, and if unaccounted for, the first
presentation, would inflate the error term. For a Latin Square (LS) design, there are concerns
about a restriction of LS design that prevents crossing all factor levels with other factor levels,
thus limitation of interaction. A better alternative would be a “Split plot or nested design”. By
applying this design, one could reduce the error term in the model by including a variable into
the model for the same reason that adding blocks. This is a simply way to reduce the error term
and increasing a power for an experiment. Each panelist is not crossed with all possible
combination but is rather put on one set of the sample; this favors a limitation of panelists

(number of panelist and consumer’s fatigue). “Split-plot with repeated randomized complete
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block design”, allows blocking the confounding effect, which is generally referred to variation of
consumer assessment. The SP design may approach the problem better and could minimize the
error term better than regular RCBD design. This dissertation research will explore the
possibility.

Yijk= pt+ px + ait O + Bj + (offy) +&ijk 0 (1)

Yij is the observed value for the K replication of the i" level of factor A and the jth level of factor B;
wherei=1toa j=1tobandk=1tor.

M is the grand mean.

px is the block effect for the k™ block; the block effect may be either fixed or random.

a; is the effect of the i level of factor A; the effect may be either fixed or random.

8ix is the whole plot random error effect, for the i, k™ combination of block and factorA

B;is the effect for the j™ level of factor B; the effect may be either fixed or random.

afi is the interaction effect of the i"™ level of factor A with jth level of factor B; the interaction effect may
be either fixed or random.

gij IS the subplot random error effect associated with the Y. subplot unit.

This design is useful when there is a random effect, i.e., a panelist effect. The levels of a
factor that is chosen at random rather than being fixed are called a random effects model. The
response (Yijk) was computed from the sum of a common value (grand mean). The definitions of
each effect for Factor A, Factor B, the interaction effect of Factor A and B, the whole plot
random error effect, block effect, and the residual are shown in the equation (1).

2.7 Multicategorical Logit Models

Both quantitative and qualitative data can be obtained from consumer response. If the
result can be quantified as continuous values, a regression will be applied otherwise a logistic
regression will be performed. Multicategory logistic regression is used to model categorical
response variables with more than two categories. The models can be classified into two different
versions based on an outcome variable: nominal and ordinal response. The analyses are different
but both use the maximum likelihood method. When there are more than two categories, a

multinomial distribution will be assumed as the count in the categories of response (Y).
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2.7.1 Baseline-Category Logits

This model uses a nominal variable as a response variable. Each model will compare
each category with a baseline category. Agresti (2007) mentioned “Multicategory logit models
simultaneously use all pairs of categories by specifying the odds of outcome in one category
instead of another.” Let Z denote the number of categories for Y. Let m denote the response
probability of each category (w1, 2, ..., ma) and Y A w, = 1. Because this category treats the
response variable as nominal, the order of category is ignored. The baseline is arbitrary but by
default the SAS program usually sets the last category (Z) as a baseline-category logit; the log
odds model is shown in equation (2). The model shown below when a referred to 1, 2, ..., A-1

log (Ma/Tta) = g + BaXerivereiienieresiniieniee e (2)

This model will have A-1 equations with separate a and 3 for each. The model has one
less equation because the last category set as a baseline. When there are 2 categories (A=2), the
model will be: log (m1/m2), or it is equal to log (1) in ordinary logistic regression for dichotomous
responses. Denote log (m1) = log (m1/ 1-m;) = log (m1/n2). However, when there are more than 2
categories, for example, A=3, the model will paire each probability with the baseline category.
For instance, A = 1, 2 and 3, the SAS program will provide two possible outcomes with two
different o and B for both models: log (71/73) and log (m2/n3). Then we can calculate the model of
log (m1/m,) as shown in equation (3).

logmy =log (my/n3) =log my — log o
n,  log (mo/m3) 3 3

= (01 + BaX) - (02 + B2X)
=(01-02) T (P1-B2) X e (3)

The model of log (m1/m2) will be presented in the form of a + B x. The intercept (a) IS
equal to (oq - a2) and the slope (B) is (B1 - B2). The choice of the baseline is arbitrary and it could

be any category decided by the experimenter.
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To estimate the response probability, the log odds model can be converted 