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Abstract of Thesis

Sensory evaluation plays various important roles in industry. For example, in the marketing and development
of new products, it is important to know the sensory characteristics of (competing) products and to what
extent these products are preferred by consumers, and to compare the new product's performance against the
performances of these existing products. Even after a new product is launched, sensory evaluation plays a role
in quality control and quality assurance by, for instance, verifying whether the quality of the manufactured

product meets the specified standard or is within the tolerance range.

When conducting these evaluations, we often encounter a so-called “scaling difference” problem, the problem
that different participants use the response scale in different ways —— wider or narrower use, or different
origins — and as a result, the collected data is affected by these individual differences. This problem of
individual scaling differences is often a topic of concern in sensory field, and several statistical approaches of
extracting information of interest from data with individual scaling differences have been studied. The
(mixed) assessor model is one of the most comprehensive methods for this problem, in which the scaling

difference and product effect are handled within single statistical model.

The usefulness of the assessor model has been demonstrated, both by numerical experiments conducted with
artificial data and re-analysis of several real sensory data sets. However, we point out that there remain
several practical situations that the existing methods cannot handle. For example, the assessor model
assumes uni-dimensionality in the product effect; hence it cannot be used in investigating the preference
direction or segments of affective evaluation data. Even when analyzing the analytical evaluation data, the
model is designed for analytical evaluation with a sequential monadic design (in which only one product is
presented at the same time); hence, it cannot handle data of a paired-comparison study (in which two products
are presented). Besides the above limitations, there is room for improvement in extracting information from

data through the assessor model; i.e., improvements in the parameter estimation procedure.

This study developed new statistical approaches for both affective and analytical sensory evaluation,
specifically for traditional and commonly adopted data-collection methods. The statistical approaches
proposed in the current study [1] extend the assessor model for another data-collection methods or incorporate
new statistical concepts to enhance the interpretability of the results and thus meet practical requirements

and [2] integrate the essence of the assessor modeling with other powerful methods.

To begin with, some important mathematical concepts and statistical models including the assessor model
were reviewed in Chapter 2. At first, singular value decomposition and ten Berge’s theorem were explained;
then, maximum likelihood estimation, statistical property of maximum likelihood estimator, and EM
algorithm was described. Afterwards, L1 penalized estimation methods and a powerful algorithm to solve L1

penalized problem was explained. Finally, the assessor models and their development were described.

Chapter 3 proposed a new statistical approach to address a practical aspect of analyzing preference data for

two different categories, namely understanding how the consumers' preference for one product category is




related to that for another product category. Sensory evaluation data are often affected by individual scaling
differences, and the traditional canonical correlation analysis procedure is thus incapable of producing
practically fruitful analysis results. To tackle this issue, the use of separate oblique bi-factor rotation was
proposed, by reformulating canonical correlation analysis as maximizing the generalized coefficient of

determination. The usefulness of the proposed approach was illustrated for a real-data example.

In chapter 4, a new method for simultaneous dimensionality reduction and clustering is proposed, taking the
individual scale level difference into account. The method was derived by introducing a scale level variance
parameter into Fixed Cluster Factor Analysis (FCFA) model. A simulation study confirmed that the proposed
method outperformed FCFA in terms of the cluster structure and parameter recovery. A real-data example

illustrated how the proposed method works in application.

In chapter 5, an extension of the assessor model for Scheffé-type paired comparison data was proposed. The
usefulness of the proposed method was demonstrated in numerical experiments and real-data analysis, with
the proposed model showing a greater ability to detect small product differences than the existing method
(because the standard errors obtained for the proposed model well reflect the asymmetry of the MSE with

respect to the size of the true product difference).

Chapter 6 proposed a new estimation procedure for the assessor model. The method was formulated as the
maximization of a cluster-lasso penalized marginal likelihood, which was accomplished by an EM algorithm
along with the ADMM. A numerical experiment was conducted to evaluate the performance of the proposed
procedure with respect to the recovery of each parameter and the cluster structure. The results suggest that
the proposed approach, as is usual in penalized estimation, provides stable estimates for small sample and/or
data with large noise. A real-data example demonstrated that the proposed method outperformed the existing

unpenalized method in terms of the interpretability of the analysis results.

Chapter 7 summarized the contributions of the proposed approaches and discussed the possibility of extending
the concept of modeling individual scaling differences for novel sensory data collection methods, such as
temporal methods, Check-All-That-Apply questionnaire, and the combined methodology of these two new
methods. Since humans are used as a measurement instrument (in analytical evaluation) or their attitudes
are investigated (in affective evaluation), the collected data are inevitably affected by individual differences.
The necessity of modeling individual differences in the data analysis is unquestionable and such modeling

needs to advance alongside the development of data-collection methods.
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