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The 9-point hedonic scale and hedonic ranking
in food science: some reappraisals and
alternatives
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Abstract

The 9-point hedonic scale has been used routinely in food science, the same way for 60 years. Now, with advances in technology,
data from the scale are being used for more and more complex programs for statistical analysis and modeling. Accordingly, it
is worth reconsidering the presentation protocols and the analyses associated with the scale, as well as some alternatives. How
the brain generates numbers and the types of numbers it generates has relevance for the choice of measurement protocols.
There are alternatives to the generally used serial monadic protocol, which can be more suitable. Traditionally, the ‘words’
on the 9-point hedonic scale are reassigned as ‘numbers’, while other ‘9-point hedonic scales’ are purely numerical; the two
are not interchangeable. Parametric statistical analysis of scaling data is examined critically and alternatives discussed. The
potential of a promising alternative to scaling itself, simple ranking with a hedonic R-Index signal detection analysis, is explored

in comparison with the 9-point hedonic scale.
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INTRODUCTION

Part of food product development and the launching of new
products in the market require some measure of whether the
products are liked or not by the appropriate consumers. There
have been many rating scales developed for measuring degree of
liking"-2 of which the Labeled Hedonic Scale, sometimes called the
LIM scale,>** and the LAM scale>% are more recent developments.
The latter has been reviewed.!

However, in food science, probably the most used scale over the
last 60 years has been the 9-point hedonic scale®® introduced as
an aid to menu planning for US soldiers in their canteens. The
scale comprises a series of nine verbal categories ranging from
‘dislike extremely’ to ‘like extremely’ and is described as such in
various sensory texts (e.g.'°~'2). For subsequent quantitative and
statistical analysis, the verbal categories are generally assigned
numerical values, ranging from ‘like extremely’ as ‘9" to ‘dislike
extremely’ as ‘1.'3'* Here, a scale like the traditional 9-point
hedonic scale which is comprised of a series of labels, will be called
a ‘words only’ scale. A hedonic scale which is purely numerical and
which may only have labels at each end and sometimes in the
middle, will be called a ‘'numbers only’ scale (see Fig. 1).

This paper will not be a general review of hedonic scales, docu-
menting their form and their various applications. This has already
been done recently.! Instead, the authors examine the traditional
protocols and analyses used with the applications of the 9-point
hedonic scale to consumers, while suggesting some alternatives.
Furthermore, an alternative to scaling itself — simple ranking - will
be considered. With a signal detection R-Index analysis, this lat-
ter method provides the same information as is obtained using
mean values from a numerical hedonic scale, without requiring
consumers ever to use a scale.

LIKING AND PREFERENCE

For an appraisal of the 9-point hedonic scale, it is best to consider
why it is being used. What are the goals of the measurement?
The original ‘words only’ 9-point hedonic scale is a scale of liking.
Consumers are required to assess a product and report how much
they like it. As an aid to planning menus and for similar tasks it
is useful; foods that are liked by many customers can remain on
the menu while those that are disliked by many customers can be
removed. The goal here is not to compare the comparative degree
of liking between foods but merely to register whether a food is
liked well enough to remain on the menu. The judgements are
more absolute than comparative.

On the other hand, in food science, the scale is generally used
comparatively. Logically, it can be inferred from this ‘words only’
scale that if food ‘A’ is ‘liked extremely’ and food ‘B’ is ‘liked
very much’ or ‘liked moderately’, then food ‘A’ is liked more or is
preferred to food ‘B’. Used in this way, the scale becomes one of
preference. Thus, assigning numbers 1-9 to the verbal responses
on the ‘words only’ hedonic scale would be assigning at least an
ordinal measure of preference to the products in question.’?
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Figure 1. Versions of the 9-point hedonic scale. The traditional ‘words only’ version is shown in part (a), with the numbers that are assigned to the words for
statistical analysis. The numerical ‘numbers only’ scale shown in part (b) is sometimes presented to consumers and is labeled at the ends and sometimes

at the midpoint.

It is not surprising that Peryam and Giradot® and later Peryam
and Pilgrim® when introducing the scales in the food science
literature discussed them in terms of their comparative use; they
were scales of liking from which preference was to be inferred.
Therefore, the words on the scale were to be considered as points
on a continuum rather than categorical discrete data. Using the
responses for the ‘words only’ scale in an absolute fashion, as with
menu planning, was considered a special case.’

Yet, the point s not trivial. If the goal of the measurement is pref-
erence, then the experimental protocol should make comparisons
between the products as simple as possible. What is often ignored
during the design of scaling protocols is the effects of rapid forget-
ting. Therefore, consumers should be allowed to re-taste stimuli to
check their hedonic assessments as much as required and to alter
their scores accordingly.

Notwithstanding, it is sometimes argued that in the interests
of realism, products should be tested serially monadically (each
product assessed once with no re-tasting or reference to previous
scores). The idea is that in the purchasing situation consumers
do not taste a set of products in the shop and then choose
the one they prefer. They simply choose one product and buy
it. This is quite true but it can also be argued that consumers
choose products, albeit one at a time, based on their memory of
comparisons with previous tastings of the available products.

The idea of the serial monadic protocol is to promote absolute
judgements that are not influenced by comparisons with other
products. The idea is to eliminate context effects. Consequently,
using a serial monadic protocol for comparative measures of
preference would be to measure preference as interfered with by
the effects of forgetting. It will introduce errors whereby a more
preferred or more intense stimulus can be given a lower score than
alessliked or less intense stimulus, as discussed in the next section.

HOW DO CONSUMERS ASSESS SCALES: WHAT
ARE THE COGNITIVE STRATEGIES?

As mentioned above, the 9-point hedonic scale is a liking scale
used to measure preference. The nine verbal categories on the
‘words only’ scale are generally assigned numbers from 1-9 and
the responses to the verbal categories are treated as responses

to numerical values along a preference continuum, namely a
‘numbers only’ scale. The developers of the scale admit that the
numbers produced on this ‘numbers only’ scale are not equally
spaced®® and more liked ranked data, but treating them as equally
spaced is justified by the need and does not cause any major trou-
ble. In the light of this, it is useful to consider cognitive strate-
gies or decision rules, used by the brain, for some background on
the use of category scales. There are two rival models for cogni-
tive strategies: Zwislocki’s absolute model'>'® and Mellers’s rela-
tive model."”-'® They will be discussed here using ‘numbers only’
scales as examples; examples of ‘words only’ scales are discussed
below.

Zwislocki’s absolute model

The absolute model hypothesizes that a stimulus to be assessed
for intensity or liking, is compared to a set of internal exemplars
stored in the brain, each representing a given degree of intensity
or liking and to which is assigned a numerical value (see Fig. 2a).
For example, product ‘A" is perceived as being more intense or
liked more than exemplar 2, but less intense or liked less than
exemplar 4. Accordingly, itis given a score of ‘3". A similar argument
applies to product ‘B’ (4) and product ‘C’ (8). This model demands
a protocol whereby the judgement made for one stimulus is not
affected by judgements made for other stimuli. There should
be no context effects. When consumers are assessing product
‘B, they should only be attending to the exemplars and their
numerical values. They should not be remembering product ‘A’
because comparison with its sensation and assigned score might
bias the assessment of product ‘B". Basically, product ‘A" should
be forgotten. In the same way, the memory of products ‘A” and
‘B" should not affect assessment of product ‘C’. To attaint these
conditions, to avoid any context effects, a monadic protocol would
be suitable. Each product would then be assessed on a different
day or in a different week. Yet, this is usually not practical so the
compromise serial-monadic protocol is used, where products are
assessed one after another but once the assessment has been
made the product and access to the responses given to other
stimuli are removed. This presentation protocol is a standard
procedure for the 9-point hedonic scale, although it is more
suitable for calibrated laboratory instruments, where calibration
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establishes the numerical exemplars and there are no context
effects.

Mellers’s relative model

The alternative relative model (see Fig. 2b, top row of numbers)
assumes that the score given to a product depends on the scores
given to the other products. For example, product X’ is only
slightly less intense or less liked than product ‘W'. Therefore, the
score assigned to it will be only slightly less (8 vs. 9). However,
product ‘X’ is certainly more intense or more liked than product
"Y', which accordingly is given an appropriately lower score (5).
Product ‘Z' is much less intense or less liked and is assigned an
appropriately even lower score (1). Another way of describing this
is that the process is akin to ranking and using the scale numbers
to describe the spacing between the ranks. Because all consumers
do not use rating scales in an identical manner, other consumers
may have given the scores 7, 6,4 and 1 or 8, 7,5 and 2 (see Fig. 2b,
bold numbers, 2"¢ and 3™ rows). They may have used different
numbers, but they are all trying to describe the same picture: ‘W’
came first with ‘X’ a close second; 'Y’ came third but a little further
behind, while ‘Z' came fourth and far behind. Furthermore, unlike
the absolute model, there is no implication that a score of ‘9’ for
product ‘W’ represents a greater intensity or a greater degree of
liking than score of ‘7’ or ‘8’ given by other consumers.

Which models apply to ‘numbers only’ and ‘words only’ scales
The question becomes: which model is correct for consumers
using hedonic scales? For purely numerical scales, context
effects’”~23 provide evidence for the relative model. Indeed,
Mellers'”'® used such effects to argue against Zwislocki."'® Law-
less and Malone?* also used context effects to argue that intensity
scaling was relative. Poulton’s? stimulus equalizing bias has also
been used as an argument for a relative model.2*2%?” This bias
refers to the fact that stimuli that are relatively similar and stimuli
that are relatively different tend to be spaced in the same way
across the whole length of the scale.

Still further evidence comes from studies on forgetting. The
scores given to products during rating and the exact sensa-
tion elicited by those products can be forgotten within seconds.
Rank-rating is a protocol?® whereby consumers are able to re-taste
stimuli as often as desired and review and alter their scores as
often as is required; this allows them to avoid giving inappropriate
ratings caused by forgetting. One way of achieving this is simply
to print the numbers (1-9) on a suitably large visible scale and
require consumers to place products on or in front of the appropri-
ate numbers. With the ability to re-taste the products as much as
required, they can be freely moved up and down the scale, until the
final ‘picture’ of their relative intensities or degrees of liking is rep-
resented. For example, they can check whether they really did give
a higher score to a stimulus they liked more. When this protocol
is compared with a serial monadic protocol, where re-tasting and
the monitoring of scores are not allowed, the rank-rating protocol
unsurprisingly elicits fewer errors due to memory loss, which sup-
ports the fact that a relative model best fits the cognitive strategy
for a ‘numbers only’ scale.”-2°~32 These results and their relevance
to the absolute and relative models have been reviewed.?' There-
fore, in view of these results, it would be wise to recognise that the
‘numbers only’ scale is best described by a relative model and from
this, it follows that a rank-rating protocol which allows re-tasting
and monitoring of the scores given, is appropriate where possible.

On the other hand, for the ‘words only’ version, there is evidence
that the cognitive strategy is closer to the absolute model.26-?”

Here, the words act as linguistic exemplars, which may stay con-
stant for a given consumer for the length of time that measure-
ments are being made. The task of the consumer is merely to
categorise each product as liked or disliked to different degrees.
It is similar to assessing products for menu planning. Regarding
the categories or exemplars used on the scale, it would not be
expected that these word-generated exemplars would stay con-
stant. Also, they would not necessarily express the same degree
of liking between consumers or for the same consumer over a
longer time.

WHAT SORT OF NUMBERS ARE GENERATED
BY ‘'NUMBERS ONLY’ SCALES?

Types of numbers

Regarding the types of numbers generated during scaling,
Stevens333* devised a language to allow adequate description of
the status of numbers. They can be categorized as nominal (num-
bers used as names), ordinal (ranks), interval (numbers equally
spaced without a true zero) or ratio (equal spacing and a true
zero). With this scheme in mind, it is possible to consider evidence
for a consumer’s behavior during scaling.

Numbers obtained from category scales

For a ‘numbers only’ scale, it is common for a consumer to be
reluctant to use the end of the scale. In psychology, this is called
an end effect. It is as though it appears cognitively more difficult
to pass from 8 to 9 on a 9-point scale, than it is to pass from
4 to 5. Somehow the journey requires more cognitive effort; it
is as though the distance feels greater. It is as if the spacing
between 8 and 9 is bigger than that between 4 and 5. It is as
if although numbers per se are equally spaced, psychologically
numbers generated by a rating scale are not; thus, we do not have
an interval scale. If one consumer spaces numbers in one way, it is
unlikely that a second consumer would space numbers in exactly
the same way. This is not an insurmountable problem:; it is easily
circumvented by using an appropriate experimental design.

A second line of evidence comes from the process of fitting
d’ values to rating data.> Estimates of distribution means and
decision boundaries are obtained by the method of maximum
likelihood, using an extension of the method discussed by Dorf-
man and Alf*® and Ogilvie and Creelman.?” From this method, the
variance—covariance matrix of the parameter estimates can be
obtained so that statistical tests on the estimates (e.g. significance
of differences between d’ values) can be conducted. Software has
been written to facilitate this (IFPrograms, Institute for Perception,
Richmond, VA, USA). As expected, the boundaries between adja-
cent categories do not turn out to be equally spaced, because
some scores are used more frequently than others. These bound-
aries are equivalent to a set of p-criteria®®~4° in signal detection
theory*'*#2 and as such are variable between consumers and over
time. This phenomenon is called boundary variance.*?

Considering these facts, it would seem that data generated by
the ‘'numbers only’ version of the 9-point hedonic scale are at
least ordinal. Yet, they provide more information because the
consumers use the numbers to represent the spacing between the
ranks. However, this does not make them as good as interval data.
Consequently, the data provided by the ‘numbers only’ version of
the 9-point hedonic scale are better than ordinal but not as good
asinterval.

Regarding the ‘words only’ version of the 9-point hedonic scale,
Peryam etal.'® reported that because of its construction, the
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Figure 2. Models for cognitive strategies used in scaling. Part (a) represents the absolute model whereby scores of intensity or degree of liking are
generated by matching them to exemplars stored in the brain. Part (b) represents the relative model whereby scores for a product are generated relative

to the scores given to other products, to provide an overall picture.

data generated are only ordinal. They acknowledged that fitting
numbers to such ‘words only’ data was not statistically correct.
Other researchers concerned with the development of the scale
reached the same conclusion (e.g.*).

ON ASSIGNING NUMBERS TO THE ‘WORDS
ONLY’ 9-POINT HEDONIC SCALE

Development of the 9-point hedonic scale

At this point, it is worth considering how the U.S. Army Quarter-
master Food and Container Institute developed the 9-point hedo-
nic scale as an aid for menu planning in army canteens, as far back
as 1949. This has been described by several authors.>'%1213 After
introduction of the scale,® developmental work was performed by
Jones and Thurstone* and Jones et al.* using scaling techniques
developed by Edwards.* For this, 834 or 829 soldiers, depending
on which report you read,*** were given 51 words and phrases
that could be used as hedonic descriptors. The hedonic strengths
of these words and phrases were rated on a numerical bipolar cate-
gory scale, ranging from ‘—4’ (greatest dislike) through ‘0’ (neither
like nor dislike) to ‘+4’ (greatest like). The assumption was made
that the grand total of scores from all words and phrases were nor-
mally distributed along the scale. The center of this distribution
did not fall exactly on the zero value of the scale. The raw scores
(—4 to +4) were then converted to z-scores. Normal distributions
for these z-scores, associated with each individual word or phrase,
were noted and their means and standard deviations were com-
puted. Distributions with small standard deviations, having little
overlap, indicated a lack of ambiguity for the hedonic strengths of
these words and phrases. Those that were suitably unambiguous
were selected for the hedonic scale. This resulted in an 11-point
scale, which in the days of typewriters, did not fit on the paper, so
the scale was reduced to a 9-point scale. There was no pretence
that the words and phrases chosen were equally spaced along the
scale, resulting in ordinal data. This was later supported by experi-
mental work by Stroh.”

Peryam and Girardot® suggested assigning the numbers 1 to 9
to the nine verbal categories in the scale and the data be treated
quantitatively, calculating means, standard deviations and signif-
icance of difference between means using analysis of variance.
Interestingly, Peryam and Pilgrim® later stated that the data were
no better than ranks. Yet, both sets of authors stated that although
the validity of using such statistical methods might be questioned
by some statisticians, such analysis was required and could be jus-
tified on practical grounds, until appropriate techniques became
available. Since then, assigning numbers to the words and phrases
in the traditional ‘words only’ version of the 9-point hedonic scale,
with subsequent parametric statistical analysis, has become a gen-
erally unchallenged routine; the numbers are commonly treated
as at least interval data, derived from a normally distributed
population.

A cautionary note

Yet, as statistical analysis and modeling becomes more compley, it
is as well to remember the assumptions involved. Merely writing
numbers next to categories does not make the categories numer-
ical. It is merely using alternative names for the categories. For
example, if the category ‘like extremely’ is assigned the number ‘9,
the category has not become a number; it has merely been given
a new name: ‘nine’. There is a further point. As discussed above,
data from a ‘numbers only’ scale are better than ordinal but not as
good asinterval. The numbers assigned to a ‘words only’ scale have
the same property as the words; they are merely ordinal. Giving
it a category new name does not magically turn it into a number,
which comes from a normal distribution and is subject to paramet-
ric statistical analysis. Any such analysis is liable to be approximate,
because the ordinal nature of the assigned numbers would distort
any normal distribution. This position was disputed by Stone and
Sidel," who claimed that the 9-point hedonic scale does not vio-
late the normality assumption. In support of their position, they
showed cumulative data from the scale that was represented by a
sigmoid-shape curve. Yet, distorted as well as regular normal dis-
tributions can yield sigmoidal functions.
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The simplest illustration that the assigned numbers are merely
new labels is that if ‘eight’ is subtracted from ‘nine’, the answer is
‘one’. Yet, if ‘like very much’ is subtracted from ‘like extremely’, the
answer is hardly likely to be ‘dislike extremely’.

Therefore, in summary, it must be said that there is no problem
with the 9-point hedonic scale per se. It has the advantage of
being convenient and easy to use, while many companies have
records of its use, for comparison with past products going back
for many years. The problem arises with those who are not aware
of the true nature of their scaling data and the approximate nature
of their parametric analyses. For parametric statistical analysis,
interval data are required. This means that the statistical analysis of
numbers assigned to the words on the scale will be approximate.
This will not necessarily cause a great deal of harm, as long as
the users are aware of this and can interpret the data accordingly.
There is no problem in working with approximate data as long as
the user realises that it is approximate. The potential for problems
occurs when sensory professionals treat their data as though they
were produced by a calibrated laboratory instrument.

With this in mind, it is worth contemplating the words of
Oppenheim® from his textbook on consumer testing: ‘The use of
ratings invites the gravest dangers and possible errors, and in untu-
tored hands the procedure is useless. Worse, it has a spurious air of
accuracy, which mislead the uninitiated into regarding the results
as hard data.’

‘WORDS ONLY’ AND ‘NUMBERS ONLY’
9-POINT HEDONIC SCALES

Versions of the 9-point hedonic scale
Generally, the ‘words only’ version of the 9-point hedonic scale is
presented to consumers and the numbers 1-9 are attributed to
the words for subsequent statistical analysis. However, recently,
some researchers have been presenting ‘numbers only’ 9-point
scales to consumers with the ends of the scales representing
liking most and liking least (or disliking). These labels can be
communicated either verbally or by labeling the ends of the scale.
Unfortunately, authors sometimes fail to report whether they
present the ‘words only’ or ‘'numbers only’ version of the scale.
Inspecting the literature, it can be seen that there are plenty of
examples in the way these variations are presented. For example,
some authors using the ‘numbers only’ scales are precise in the
way they describe their scales,*~>' while for others, it can be
inferred.” The same is true for the ‘words only’ scale, where some
authors are precise in their descriptions or have given personal
communications (for example:>7~57), while others have referred
to textbooks (for example:*®). In other reports, there is room for
ambiguity (for example:*°~62),

‘Words only’ scales and ‘numbers only’ scales are not
equivalent

Using the ‘words only’ version of the 9-point hedonic scale, food
products that were liked, would be expected only to be rated
in the top half of the scale (like slightly to like extremely). For a
‘numbers only’ scale, it would be expected that products would be
rated across the whole length of the scale, with no implication of
dislike for scores ranging 1-4. As mentioned above, this tendency
is described as Poulton’s?® stimulus equalizing bias. Accordingly, it
would be possible for some foods all to be rated as ‘like very much’
(all with derived scores of ‘8’) on the ‘words only’ scale, while they
might stretch along the whole length of a‘numbers only’ scale. The

numerical mean values derived from the two scales would not be
the same.

This has been demonstrated experimentally using both
rank-rating and serial monadic protocols.?®?” Interestingly, for
the serial monadic protocol, some consumers made errors in that
they gave relatively lower hedonic scores to foods that they liked
relatively more. This was despite the fact that consumers had
earlier ranked the products in order of liking and a duplicate set of
this ranking was visible, while the consumers were making their
ratings; they agreed that the errors were caused by forgetting the
ratings they had given and being unable to make checks. Such
errors would reduce the power of this scaling protocol.

Cognitive strategies were also studied using Poulton’s?> stimulus
equalizing bias. This indicated that consumers using the ‘numbers
only’ scale used a relative cognitive strategy, while with the ‘words
only’ scale, consumers used a cognitive strategy that was mostly
but not totally absolute in nature.

In summary, researchers reporting the use of a ‘9-point hedo-
nic scale’ should specify whether consumers were presented with
the traditional ‘words only’ scale or the alternative ‘numbers only’
scale. These two protocols do not give equivalent data so that
direct comparison is not possible. Accordingly, any other presen-
tation forms of the 9-point hedonic scale like a structured scale? or
a'box scale’®>~% need to be carefully described and an illustration
might sometimes be required.

VARIOUS ANALYSES FOR THE 9-POINT
HEDONIC SCALE

A product might be developed to fit a concept, which in turn was
developed by a marketing department. Alternatively, a product
might be developed to challenge a market leader or to decrease
(e.g.salt, fat) or add particular ingredients (e.g. omega 3 fatty acids,
fibre). For such product development, it is important to produce a
product that consumers will like; after that, itis up to the marketing
department to turn this into a product that consumers will buy.
After the usual preliminary testing for product development, it
becomes time to perform some form of hedonic testing on a
sample of appropriate consumers.

‘Numbers only’ analysis

With a ‘numbers only’ scale, the new product could ideally be
tested against the market leader in the same product niche, as well
as, perhaps, a market middle seller and the market loser. If the new
product gets a score close to the market leader, it is good news;
the new product is liked as much or more than the market leader
and it does not matter whether the market leader’s score was ‘Y,
‘8’, or '7" as long as the new product’s score is close. A ‘'numbers
only’ scale is relative not absolute like the ‘words only’ scale. On
the other hand, if the new product has a score closer to the market
loser or even the market ‘middle’, the news would not be good.
The product development might be cancelled.

It can be argued that the clever thing about this approach is that
the market research for the new product has already been done.
The product is compared with foods whose market performance
is known. Because these are measures of liking, the tasting would
be performed ‘blind'.

Should the new product be liked more than or as much as the
market leader or even closely behind the market leader, the deci-
sion may well be to give the product to the marketing depart-
ment, for them to develop an appropriate marketing strategy.
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At this point, the sensory department may no longer be involved.
However, in sensible companies, where marketing and sensory sci-
ences are part of the same department or at least work closely
together, a similar approach could be advised to test the efficacy of
the marketing strategy. The same protocol could be used, except
that a purchase intent scale would be used instead of the hedo-
nic scale. In this case, however, the products would not be tasted
‘blind’. They would all be presented in their cartons, along with
any marketing messages and advertisements that were used in
their marketing campaigns. It is quite possible in this case that a
well-liked new product would not score as highly as the market
leader. It might even be closer to the market loser. If this were
so, the marketing department would have been warned that their
planned marketing strategy was likely not to be effective. Accord-
ingly, because of the use of suitable sensory testing, the company
would have been saved from wasting money on an inadequate
marketing strategy. A better marketing plan is required.

‘Words only’ analysis

Regarding the ‘words only’ hedonic scale, it is not likely that a com-
pany whose usual protocol is to attribute ‘numbers’ to the words
on the scale, would want to change their analysis. A company may
have records that show that mean scores of these attributed 'num-
bers’ have some predictive ability. A sensory professional may have
gained sufficient experience to make meaningful predictions from
these mean scores. If this were truly the case; stay with the method.
If it is not broken, don't fix it.

However, the experienced sensory professional might eventually
retire at some time or a company may not have extensive records.
Therefore, a method that represents the data more clearly would
be suitable. A standard method for analyzing data from verbal cat-
egoriesis to use a simple histogram. Yet, this was suggested before
for the 9-point hedonic scale. Peryam and Girardot® in 1952 sug-
gested that using the percentages of responses that fell into each
of the verbal categories, was statistically more respectable, and as
useful as attributing numbers to the categories and computing
a mean. However, this approach was not adopted. Later, Peryam
et al.,'® in their discussion of the appropriate analysis for the ‘words
only’ scale, considered this approach but rejected it as “much more
cumbersome to reportand discuss than if a single index (the mean)
were used.” They went on to point out difficulties with analyzing
such data and the fact that a variance could not be accurately
determined. Yet, with the data they were using, their computation
of variance would hardly be accurate. Furthermore, with comput-
ers, histograms are not cumbersome and give more information
than a mean.

For example, consider the two histograms shown in Fig. 3. Both
have the same mean (5.8) which would be interpreted as ‘like
slightly’. Yet, the histograms tell very different stories. The top
histogram indicates that the product A is fairly innocuous. The
highest frequency falls in the ‘neither like nor dislike’ category;
it offends nobody. Yet, enough consumers like it ‘slightly’ or
‘moderately’ to give it a mean score in the ‘like slightly’ category.
This is typical of products which are designed to appeal to a wide
range of consumers and which might be considered safely bland.
The marketing decision may be to put the product on the market
to achieve high market share and the marketing strategy would
reflect this. On the other hand, the bottom histogram for product
B has the same mean value but its distribution is quite different;
it indicates serious segmentation. It is not bland and inoffensively
safe like product ‘A’. Some consumers appear to like it while others
dislike it. This would be more suitable as a niche product and

should be marketed differently from product ‘A’, if at all. It elicits
many ‘like very much’ and ‘like extremely’ responses, none of
which are elicited by product A. Statistical analysis is not really
needed for these products; the histograms tell the whole story.
However, if a statistical analysis is required, suitable use of binomial
type comparisons can be arranged with a little creativity.

If a company or its experienced sensory professional insist on
calculating a ‘mean’ and ‘standard deviation’ from the numbers
assigned to the words on the scale, it is as well to add histograms
to the analysis, to avoid any misinterpretations. Also, the histogram
picture is easy to understand for those in the business community.

HEDONIC RANKING AND A SUGGESTED
ANALYSIS

Advantages of hedonic ranking

A different approach to hedonic measurement is hedonic rank-
ing. There are some advantages to hedonic ranking. Although
rating scales are not problematic for a large proportion of the
population, they can cause problems for some elderly consumers,
as well as those with reading difficulties or simply less at ease
with mathematical tasks. Ranking, however, is an activity which
most consumers find easy because it is something at which they
are practiced. From childhood, people have ranked things. Little
boys may rank their favorite football team, second favorite, third
favorite, etc. Their sisters may rank their favorite pop star, second
favorite, third favorite, etc. Accordingly, it is sensible to test con-
sumers using a method with which they are familiar. A second
advantage to ranking is that it encourages judges to re-taste stim-
uli that they may have forgotten; such double-checking avoids
errors due to forgetting. A third advantage is that it uses human
behavior as its data source rather than the imperfect numerical
estimates obtained from rating.

Analysis of ranked hedonic data: John Brown’s R-Index

Unlike ranking for intensity, where protocols tend to be forced
choice, tied ranks are generally allowed to enable expression
of ‘just about equal’ liking. One obvious numerical measure of
hedonic preference for ranking is to take mean ranks. Yet, these
are context dependent. Another measure is to use John Brown’s
R-Index.%® This is a probability measure that was first used in food
science for difference testing. It has been reviewed in detail®”
and also more briefly.®® Tables of significance are also available.®®
The R-Index has been applied in various difference testing studies
(e.g.7°_72).

The R-Index has also been used as a measure of degree of
preference.”>~7° Yet, it is the use of the R-Index made by Pipatsat-
tayanuwong et al.’® as a substitute for hedonic scaling that is of
interest here. They used a ranking technique to assess consumers’
liking for different temperatures of coffee. They used ‘hedonic
R-Index’ measures to represent the degree of difference in liking
between the rank order of preferred coffee temperatures.

The use of hedonic R-Indices gives the same information as
would be obtained from mean scores on a hedonic scale; this is
illustrated in Fig. 4. Consider the case, shown in the figure, where
four products, ‘R, ‘L', ‘M" and ‘N" were given mean hedonic scores
of '8, '5’, ‘4" and ‘2', respectively. This is interpreted as product ‘R’
being liked considerably more than product ‘L’. Products ‘L’ and
‘M’ are liked more similarly and product ‘M’ are liked rather more
than product ‘N'. This information gives us the rank order of the
products, with the mean scores describing the spacing between
the ranks.
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mean = 5.8

Figure 3. Two histograms representing data from the traditional 9-point hedonic scale. Even though products ‘A’ and ‘B’ have the same mean values, their
distributions are very different. Product ‘A’ is fairly inoffensive while product ‘B’ is either liked or disliked.
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Figure 4. Mean hedonic scale values calculated for products ‘N’, ‘M’, ‘L, ‘R’.
These give the rank order of liking for these products, with the mean scores
representing the spacing between the ranks. The hedonic R-Index values
give the same information, using probabilities of consumers choosing the
more preferred product over the less preferred product.

Hedonic R-Index values give the same information, yet, in a
different way. R-Indices in Fig. 4 indicate that 85% of the consumers
tested preferred ‘R’ to ‘L. Only 56% preferred ‘L’ to ‘M’, while 73%
preferred ‘M’ to ‘N’. A hedonic R-Index of 50% indicates equal
overall preference for two products, while 100% indicates that all
consumers have the same preference.

COMPUTATION OF THE HEDONIC R-INDEX

The method of computation

Although the R-Index computation has been described before for
difference tests,- it has not been described in detail for the
hedonic R-Index. Accordingly, consider Fig. 5. Four fruit flavored
products: apricot (A), banana (B), cherry (C) and nectarine (N) are
ranked for liking by 10 consumers. Obviously, this is far too few, but
it will be enough to illustrate the computation. Consumer #1 can
be seen to like ‘A’ the most and ‘N’ the least. Consumer #2 likes ‘B’
the most, while consumer #5 likes ‘C' the most. All 10 consumers
like ‘N’ the least or dislike ‘N’. The frequencies of coming 1%, 2"d, 3™
or 4" are given for each product in a response matrix (see Fig. 5). It
is from this matrix that hedonic R-Indices can be computed.

LIKE MORE

LIKE LE
< 1st 2nd 3rd 4th ——SS>

Apricot

A
Banana B 2 3 5
Cherry C

Nectarine N . . . 10
LIKE MORE
——

LIKE LESS
consumer #1
consumer #2
consumer #3
consumer #4
consumer #5
consumer #6
consumer #7

consumer #8

o » >» ® O >» >» W >
> O T >» » W O >» @
W W OO0 mw O w O O

consumer #9

zZ2 Z2 2 Z2zZ2 Z2 Z 2 2 Z2

>
O
@

consumer #10

Figure 5. Rank order of liking for fruit flavored products: apricots (A),
banana (B), cherry (C) and nectarine (N), using 10 consumers. A summary
of their rankings is given in an R-Index matrix.

From the matrix, consider the computation for the preference
of product ‘A’ over product ‘B". Imaginary comparisons are made
between all ten ‘A" products and all ten ‘B’ products. This gives a
total of 100 (10 x 10) comparisons. In such comparisons, a product
ranked as more liked would be judged to be preferred to a product
ranked as less liked. The number of comparisons from 100 in which
‘A’ is preferred to ‘B’ is the R-Index. It can be seen as the percentage
probability of these consumers preferring ‘A’ to ‘B’ or alternatively
the percentage of consumers in the sample who preferred ‘A’ to ‘B'.
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LIKE MORE : 1st | 2nd | 3rd | Ath —LIKELESS
Apricot A 6 4 .

Banana B 2 3 5

Prefer Ato B 30 + 18 = 48 Grand total

68 +24+8=100

PreferAto B 20 total 68

Matrix tie 12

Matrix tie 12 total Matrix tie 24
Prefer B to A 8

Figure 6. Summary of the hedonic R-Index computation, representing
preference for the apricot flavored product (A) over the banana flavored
product (B).

Using the hedonic R-Index matrix shown in Fig. 6, consider the
six ‘A’ products ranked 1% being compared to the five ‘B’ products
ranked 3™ and the three ‘B’ products ranked 2", Because the ‘A’
products were given ranks indicating greater ‘liking’ than the ‘B’
products, it can be said that the ‘A’ products would be preferred.
This gives (6 x 5 =30) + (6 X 3 = 18) = 48 estimated preferences for
‘A’ over ‘B". Now consider the four ‘A’ products ranked 2" and the
five ‘B’ products ranked 3. Using the same logic, these 4 x 5 =20
comparisons would indicate, once again, preference for ‘A’ over ‘B'.
Thus, so far, we have estimated a total of 48 + 20 = 68 preferences
of ‘A’ over ‘B'.

Now consider the six ‘A’ products ranked 1 and the two ‘B’
products also ranked 1. In this case, we cannot decide which of
these 6 X2 =12 comparisons indicate a preference for ‘A’ or ‘B'.
Both ‘A’ and ‘B’ were given 1 place, but that does not necessarily
mean that they were liked equally. Thus, these 12 comparisons
will be scored provisionally as a ‘matrix tie’. Likewise, the four
‘A’ products that came 2" and the three ‘B’ products that also
came 2" produce 4 x 3 = 12 more matrix ties. Finally, the two ‘B’
products that were ranked 1%* when compared with the four ‘A’
product ranked 2" would produce 4 x 2 =8 preferences for ‘B’
overA’.

Overall, there are 68 preferences for ‘A’ over ‘B’ and 8 for ‘B’ over
‘A’. The next task is how to treat the 12 + 12 = 24 matrix ties. A tie
in the matrix could occur either because ‘A’ is slightly preferred
to ‘B’ or vice versa. As there is no way of estimating the relative
numbers of these preferences, the easiest procedure is to split
them equally. This gives 12 + 68 = 80 preferences for ‘A’ over ‘B’and
20 preferences for ‘B’ over ‘A’. Another way of expressing this is that
the probability of these consumers preferring ‘A’ to ‘B’ is 80% or
that 80% of the consumers prefer ‘A’ to ‘B’, while preference for ‘B’
over ‘A’ is 20%.

Next, we can consider preference for ‘A’ over ‘C’. The numbers
for this computation are exactly the same as for calculating the
preference for ‘A" over ‘B’. Accordingly, the preference for ‘A’ over
‘C" is 80% and for ‘C’ over ‘A" is 20%. Considering the preference
for ‘B’ over ‘C/, it can be seen from the matrix that the rankings
are identical. Therefore, a calculated hedonic R-Index will equal
50%. Considering comparisons with product ‘N’, all consumers
preferred ‘A’, ‘B’ and ‘C’ over ‘N’, resulting in an R-Index of 100%
(Fig. 7).

Hedonic ranking allows ties. Should two products tie and be
ranked in 2" place, the usual statistical rule is employed and they
are regarded as tying for 2"® and 3 places. They both get the
rank of 2.5". Thus, an extra column is introduced into the matrix

LIKE MORE LIKE LESS
< 1st 2nd | 3rd 4th T———m
Apricot A 6 4
Banana B 2 3 5
Cherry C 2 3 5
Nectarine N 10

HEDONIC R-INDEX

PreferAtoB = 80%
PreferAtoC = 80%
PreferBtoC = 50%
PreferAtoN = 100%
PreferBtoN = 100%
PreferCtoN = 100%

Figure 7. Preferences between all products as calculated from the hedonic
R-Index matrix.

between the 2" and 3™ columns representing the rank of 2.5".
The hedonic R-Index computation is carried out in the same way
with the addition of an extra column. In reality, with large samples
of consumers, it would be anticipated that several of these ‘tie’
columns would be necessary. However, this does not affect the
computational method.

A more realistic example

Consider a more realistic hedonic R-Index matrix for 400 con-
sumers, assessing a prototype product against the market leader,
the market number 2 and a market loser (see Fig. 8). Because there
are so many consumers, the number of consumers who report that
they liked some of the products ‘just about the same’ and accord-
ingly produce tied ranks, is likely to be substantial. Therefore, this
matrix has extra columns for products that tied for 1% place, 2"
place and 3 place and were accordingly assigned the ranks of
1.5, 2.5 and 3.5, respectively. From the matrix, the calculated hedo-
nic R-Indices indicate that only 52% of the consumers preferred
the market leader to the prototype, which itself was preferred to
the market number 2 by 82% of the consumers. The market num-
ber 2 was preferred to the market loser by 67% of the consumers.
Regarding significance, Bi and O’Mahony’s®® tables indicate that
for 400 consumers, a hedonic R-index of 53.99% or greater is sig-
nificant at P < 0.05. This means that there was not a significant
preference for the market leader over the prototype, which was
greatly preferred to the market number 2. In this case, the com-
pany would be very likely to consider seriously continuing with the
programme of launching the prototype on the market.

Ryar and Ryg

The computation of R-Indices using the matrix is only one way of
calculating this index. John Brown®7 had an alternative method.
He simply counted the number of times that a given product
preceded a second product in the rankings. For example, it can
be seen from Fig. 5 that ‘A’ was ranked in front of ‘B’ 8 out of
10 times giving an R-Index of 80%. ‘B’ was ranked ahead of ‘C’
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RANKS 1 1.5 2 2.5 3 3.5 4

MARKET
LEADER | 280

79 41 0 0 0 0

PROTOTYPE| 277 | 50 40 33 0 0 0

MARKET
NUMBER2 | 82 | 0 [119 |40 | 79 | 77 | 3

MARKET
LOSER

0 0 152 8 80 75 85

Figure 8. A more realistic hedonic R-Index matrix using 400 consumers, to
compare a prototype product to products already on the market.

50% of the time, while all were ranked ahead of ‘N' 100% of
the time. These are the same values as were computed from the
matrix (see Fig. 7). R-Index values computed from the matrix are
designated 'Ry, while those computed by John Brown’s method
are designated ‘Rjg". By happy coincidence, in this example, both
sets of values were identical, but this is not always the case, so it
is as well to check. Neither value is more correct than the other;
they are simply different. ‘R, has the advantage of including
the degree of difference between two products, because they are
placed in different columns in the matrix, which in turn affects
the overall R-Index value. On the other hand, Rz only considers
how many times one product precedes another in the ranking,
regardless of the rankings of any other products; it is thus more
context free.

It is unlikely that sensory professionals married to the 9-point
hedonic scale will abandon it in favor of R-Index hedonic rank-
ing. This is despite the fact that R-Indices are derived from human
behavior rather than the imperfect numbers generated from rat-
ing scales and that R-Indices, being probability values, are sus-
ceptible to parametric statistical analysis. However, R-Indices can
easily be computed from the data obtained by hedonic scaling
by simple conversion into ranks. This is especially easy using Rjg.
Giving a percentage of consumers who prefer ‘A’ to ‘B’ is use-
ful information that helps clarify the meaning of the relationship
between their two mean numerical scores on the 9-point hedo-
nic scale. It is certainly a useful tool for communication with those
outside the sensory community. When asked, what it means when
one product is given a mean score of ‘8 and another is given
a mean score of ‘5’, it can be explained that 85% of consumers
preferred the former product (see Fig. 4). It can also be used to
bring new meaning to past records. Thus, although the present
authors see the advantages of R-Index ranking, they do not antic-
ipate that sensory professionals will rapidly switch away from the
9-point hedonic scale after sixty years of tradition. At present, it
can be seen as a useful clarifying supplement to data obtained
by the 9-point hedonic scale and which may eventually precede
it.

However, for disciplines other than food science, which might be
free of the compulsion to use the 9-point hedonic scale, ranking
with an R-Index is a suitable method to adopt as the primary
method for measures of liking, because of its simplicity for those
being tested. It is suitable for any discipline that makes behavioral
measures of liking.

The R-Index ranking technique has been applied to more mea-
surements than hedonic scaling. It can be applied to the measure-
ment of abstract consumer concepts. It has been applied, using
simple ranking, for measuring how strongly visual appearance elic-
its the feeling of refreshingness for toothpaste.””-’8

SOME PROBLEMS WITH THE 9-POINT
HEDONIC SCALE

Preferences among equally liked products
Simone and Pangborn® tested over 2000 attendees at the Califor-
nia State Fair, to determine preference for canned cling peaches,
with and without added citric acid. Consumers responded using
the ‘words only’ 9-point hedonic scale. They reported that ‘partic-
ipants were frustrated when they liked the two samples equally,
but had a preference for one, and could not indicate this on the
response sheet.’ However, they did not report the proportion of
participants who had made this complaint. Villegas-Ruiz et al.®°
investigated this, using three strawberry yogurts and the same
‘words only’ scale. Of their 116 consumers, they noted that 32
(28%) gave identical responses for two of the yogurts, while one
consumer gave identical responses for all three. In all cases, all con-
sumers reported that tied scores did not represent equal liking.
There are several ways round this problem. The categories on
the scale could be split into subsections to provide ways of
representing preferences. Another alternative would be to require
consumers simply to rank the foods, allowing ties and use a
hedonic R-Index analysis.

Cross-cultural use of the 9-point hedonic scale

Yeh et al.8! compared the use of the ‘words only’ scale with Amer-
ican, Chinese, Korean and Thai consumers. They found that Chi-
nese, Korean and Thai consumers used a smaller range of the scale
than Americans. They hypothesized that these smaller ranges were
due to an Asian enculturation to avoiding extreme responses. They
also suggested an Asian tendency to be polite by not expressing
negative responses. Yao et al.®? compared responses among Amer-
icans, Japanese and Koreans on a ‘words only’, ‘numbers only’ and
a third scale using both words and numbers. For all three scales,
they found that Japanese and Koreans used a smaller range of
scores than the Americans. Subjective responses indicated that the
smaller range for the Japanese was avoidance of the lack of polite-
ness in expressing extremes. However, for the Koreans, it was the
avoidance of the Korean translation for the ‘like extremely’ and ‘dis-
like extremely’ categories, because the translation of ‘extreme’ into
Korean had a meaning with excessively strong semantic weight-
ing.

With globalization, it becomes important for multinational com-
panies to be able to compare consumer acceptance for the same
product in different countries. For this, hedonic measures will be
one of the tools required. Accordingly, it would be necessary to
use the same testing protocol and the same scale in different coun-
tries. Yet, these results indicate that the Asian groups tested were
using a shorter scale than the Americans, so that direct comparison
becomes problematic. A universal scale, used in the same manner
in different countries is required. One solution is to use hedonic
ranking. The length of the ‘scale’ will be the same in all countries,
namely the number of stimuli being tested. Feng® used hedo-
nic ranking to compare responses between mainland Chinese and
American consumers. She also used ‘words only’ and ‘numbers
only’ hedonic scales. As with the former research, she found that
Americans used a wider range scores for both ‘words only’ and
‘numbers only’ scales. However, this effect was obviously absent
for hedonic ranking, demonstrating its utility.

Too many products to rank
Finally, if there are too many products to assess, as can happen
with a product optimization exercise, products can be divided into
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separate groups, for example: high, medium and low. Each group
can then be ranked separately and then the three groups joined
to produce one long ranking. This cannot be done for scaling
data. In psychology, this procedure is called ‘two-stage’ ranking.
Another possibility would be to use the ‘words only” hedonic scale
to divide the products into separate groups. Again, each group
can be ranked separately and later joined for a complete set of
ranks. Birch et al.%* used a similar procedure, creating groups from
a 3-point ‘smiley-face’ scale.

CONCLUDING SUMMARY

It can be sensibly argued that if a hedonic scale is only being
used to get an idea of the relative liking for various products, so
that the most liked can be selected for further development, it
probably does not matter which hedonic scale is used. Ratings
derived from all hedonic scales should give the same rank order,
other things being equal. So it may be asked why the present
authors are being so pedantic. This is because sensory science
is at a point where data from hedonic scales are being entered
into complex multivariate programs used for statistical analysis
and modeling. Because of this, it is time to pause and consider
whether sometimes the questionable nature of the numerical data
from rating scales that we are using in these programs, could cause
problems.

Despite the fact that the tradition of assigning numbers to the
verbal categories on the ‘words only’ 9-point hedonic scale has
lasted for approximately 60 years and has become accepted as
a norm, it does not mean that it is a good idea. Such ‘numbers’
are merely alternative names for the categories and consequently
are no more numerical than ranks. This creates obvious problems
if they are treated as ‘interval’ data sampled from normally dis-
tributed populations and are subjected to parametric statistical
analysis or modeling. Because the spacing between ranks is uncon-
trolled, normal distributions would be distorted rendering statis-
tical analyses or models to be approximate. If users are aware of
this, allowances can be made. Yet, problems of interpretation will
occur for those users who are unaware of the true nature of their
numbers. Similar arguments can be advanced for ‘numbers only’
hedonic scales where the cognitive strategy is to rank the prod-
ucts and use numerical values as an approximate measure of the
spacing between the ranks.

The continued use of the serial monadic protocol for ‘numbers
only’ scales can be called into question because it ignores the
problem of forgetting and assumes the incorrect absolute model
for the cognitive strategies used by consumers. Accordingly, based
on the more correct relative model, the use of the rank-rating
protocol would seem more appropriate. This protocol is simple and
appropriate in cases where the products do not exhibit excessive
adaptation effects which can hinder re-tasting. However, with the
use of a ‘words only’ hedonic scale, where the goal is to measure
liking per se rather than preference, it can be argued that the task
is to match hedonic strengths to verbal exemplars. Accordingly,
a serial monadic protocol can be argued to be appropriate. Yet,
mistakes due to forgetting will still be encountered.

The serial monadic protocol would also be appropriate in the rare
cases where trained judges had been calibrated for intensity like
a calibrated laboratory instrument. Yet, calibration, even for sim-
ple estimations of stimulus concentration, requires several weeks
of practice if the concentration exemplars are to be remembered
accurately.®> The Spectrum method of descriptive analysis® also
uses a form of calibration for their panelists for judging attribute

strength. It uses a calibration to scale values rather physical quan-
tities.

Although mean scores for the numbers assigned to the cate-
gories on a ‘words only” hedonic scale are generally used, the rep-
resentation of the data using histograms would seem preferable. A
histogram clearly displays the distribution of responses to the var-
ious categories on the scale and any central tendencies. It should,
at least, be used as an accompaniment to the traditional analy-
sis. If a statistical analysis is mandatory, simple analyses based on
binomial or chi-squared statistics can readily be adopted for com-
parison among products.

To avoid the potential problems with scaling, hedonic ranking
with R-Index analyses is simple for consumers and produces data
that are based on human behavior rather than consumers’ some-
times questionable skills at using rating scales. Furthermore, such
data (probabilities) are susceptible to parametric statistical analy-
sis and do not suffer from the range compression encountered in
East Asian countries. Also, for measures like product optimization
where many products are assessed, a version of two-stage rank-
ing based on initial categorization using the ‘words only’ version
of the 9-point hedonic scale, can solve the problem of obtaining
numerical measures of hedonic strength, when memory problems
associated with too many products can distort the data. Despite
its obvious advantages, it is anticipated that such analyses will be
used as secondary to the traditional analysis for a while.

The purpose of this paper was merely to provoke some thoughts,
stimulate some questions and maybe encourage some changes in
the analysis or at least some additions to the analysis of 9-point
hedonic scales.
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