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ITEM 1 USEFUL BACKGROUND BEFORE STARTING

Why use statistics in sensory and consumer measurement? Problems with statistical
analysis of rating scales. Possible alternatives. How to live with approximate measures.
Why bigger samples are more powerful. Measures of central tendency. Why have more
than one? Measures of dispersion. Why have more than one? How not to lie with
statistics. Addition of variances. Nominal, ordinal interval and ratio data, parametric
assumptions and rating scales. What data do humans provide from rating scales? End
effects. Why between judges comparison is a psychologists unrealistic dream. The food
scientist’s answer to the problem. Related and independent samples designs. Probability.
Addition and Multiplication Laws. Application to chance effects with difference tests. The
use of Normal distributions. Normal and non-normal distributions. Null hypotheses.
Sampling distributions. Central limit theorem. Rejecting chance. How a statistician thinks

about data analysis.

ITEM 2 HOW STATISTICAL TESTS ARE CONSTRUCTED AND THE LOGIC BEHIND THEM:
BINOMIAL STATISTICS AND WHEN TO APPLY THEM. FORCED CHOICE DIFFERENCE TESTS
AND OTHER APPLICATIONS.

The logic of statistics as illustrated by the binomial tests. Binomial expansion. Pascal’s
triangle. How the binomial expansion gives an easy way of calculating probabilities.
Applying a binomial calculation to a statistical problem. Null hypotheses. Levels of
significance. The arbitrary Sir Roland Fischer. Type | and Type Il errors. One and two-
tailed tests. Binomial tables. Application of binomial statistics to forced choice difference
tests. A significance test is not enough. Measures of degree of difference. Approximation
to normality. Some advertising ‘lies” with binomial statistics. One sample and two
sample tests. Independent and related samples tests. Design problems with these
protocols with human judges. The Sign test. Applications in sensory testing. The binomial
comparison of proportions. Food science applications. Difference tests: one or two
tailed? Chance probabilities. Introduction to replicate testing. The beta binomial.

Overdispersion.



ITEM 3 CHI-SQUARED AND t TESTS AND WHEN TO APPLY THEM

Chi-squared. One sample and many sample tests. Comparison of binomial and chi-
squared analyses. Test power. Non-null hypotheses and their application in consumer
preference measurement. The chi-squared distribution. The one and two-tailed
confusion. Why? Two-by-two designs in food science. New ideas on Yates correction. Chi-
squared court cases. The t-test. One sample, two sample independent and related
sample designs. Application in food sensory science. Equal and Unequal variance.
Limitations of parametric tests for sensory data. Alternatives. Sampling distributions and
why the t-test has assumptions of normality. Why rating data breaks the assumption for

t-tests and what to do about it. Practical applications.
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ITEM 4 ANALYSIS OF VARIANCE, ITS LOGIC AND HOW IT WORKS. APPLICATIONS Why
ANOVA is needed as a screening test.common applications in sensory food science. The
mechanics of one factor ANOVA. Deriving formulae and showing that ANOVA compares
variances but it looks like something completely different. Correction terms are
misnamed. Why ANOVA is two-tailed. Typical food applications. Multiple comparisons
and when to use them. How they all have similar forms and their own tables. Fisher’s
LSD, Sheffé, Newman-Keuls, Duncan’s, Tukey, Dunnett, Dunn. Applications in food
science. Multiple comparison tests range from more powerful to more conservative.

Choose the right one. Beware of statistical packages.

ITEM 5 BETTER EXPERIMENTAL ANALYSIS OF VARIANCE DESIGNS. SOLVING THE PROBLEMS
CREATED BY HUMAN VARIATION . Two factor ANOVA with and without interaction. What
are the factors. Completely randomized vs Repeated measures designs. What is best for
intensity scaling and why? What is interaction? When do you get interaction F-values in
Food Sensory Science, Enology, Psychology. Who bothers with multiple comparisons for
given factors. What does interaction look like on a graph, a rating scale? What if you do
not have replicate tastings, can there still be interaction? The tradition of pooling.
Science vs quality control. How do our broken assumptions affect ANOVA. What are the

solutions for human measurement?

ITEM 6 MORE COMPLEX DESIGNS FOR ANALYSIS OF VARIANCE AND WHEN TO USE THEM



Three and four factor ANOVA designs. When would you use them. Wines, vineyards,
years, temperatures etc. Multiple factor designs. Are they a good idea? Define your
question carefully and select your design. Just because you can use a many factor
design, it may not tell you what you want to know. Interpreting many factor interactions;
what do they tell us? Limits to the calculation of highest order interaction F values.
Fixed, random and mixed effects models. Judges are usually random effects but there
are exceptions in Food Sensory Science. Spectrum descriptive analysis vs QDA. Two
types of explanations for dividing by interaction terms. Beware of the language of other
disciplines: residuals, error terms and interaction terms. Different ideas on choice of error
terms for mixed effects models. Split plot designs. Adjustments for storage studies and

modifications for quality control.
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ITEM 7 CORRELATION AND REGRESSION. ITS USE AND MISUSE.

Uses of linear correlation and linear regression in food sensory science. Drivers of liking
are not linearly related to attribute concentration. Recapitulation on calculus. Pearson’s
product-moment correlation. Assumptions and restrictions on its use. Significance vs
importance. Using t-tables is not wrong. Mean of several coefficients. Use of Fisher’s Z.
Significance of difference between correlations coefficients. Correlation does not

necessarily imply causality. Storks nests, smoking and grades, race, epidemiology.

Spearmans . Ties. r vs P. Which correlation coefficient is suitable for correlating
sensory and physical properties. Basic linear regression. Alternatives. An brief
introduction to advanced linear regression..

ITEM 8 Advantages in the use of ranking for consumer testing. Simplicity fo ranking tasks.
Advantages of ranking designs over rating designs for global measurement. Ranking
analysis gives ordinal data although there are ways of obtaining ratio data: R-index and
d’analyses. Wilcoxon, Mann-Whitney U and Rank sums two sample tests. Mentions of
other tests like Kolmogorov-Smirnov tests etc. Ranked ANOVA.

Measurement approaches for one way and two way ranked ANOVA designs. One long
ranking vs grouped rankings best for hedonic measures. Friedman test and its difficulties.

The demise of the Kramer test. Basker, Newell-MacFarlane and Christensen et al. two



factor ranked ANOVA tests. Kruskal-Wallis one factor ranked ANOVA. Page test and

mentions of Jonckheere. Pros and cons of rating and ranking.
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