A Sensory Evaluation Model with Multiple Linguistic Scales
Applied to Affective Test

M. Espinilla
University of Jaén
Computer Sciences

Spain, Jaén
mestevezQujaen.es

R. Rodriguez
University of Jaén

Spain, Jaén
rmrodrig@Qujaen.es

Abstract

The evaluation processes are used
for quality inspection, marketing
and other fields in industrial com-
panies. This contribution focuses
on sensory evaluation where the va-
luations (perceptions) implies uncer-
tainty, vagueness and imprecision.
The use of the Fuzzy Linguistic Ap-
proach [17] has provided successful
results managing such a type of in-
formation. In situations where in-
dustries need to optimice the ac-
ceptation of a product is applied
a sensory evaluation test, so-called
affective test, which involves a pa-
nel of untrained judges. In order
to facilitate such evaluation process
seems suitable that the judges can
express their assessments according
their knowledge. In this contribu-
tion, we present a sensory evaluation
model applied to affective test that
manages frameworks with multiple
linguistic scales.

Keywords: Sensory Evaluation, af-
fective test, multiple linguistic sca-
les, extended linguistic hierarchies.

1 Introduction

Evaluation is a complex cognitive process that
involves different mechanisms in which it is
necessary to define the elements to evaluate,
fix the evaluation framework, gather the infor-
mation and obtain an evaluation assessment

J. Liu
University of Ulster

L. Martinez
University of Jaén

Computer Sciences School of Comp. and Math. Computer Sciences
BT37 0QB, Northern Ireland

Spain, Jaén

jliu@ulster.ac.uk martin@ujaen.es

by means of an evaluation process. The aim
of any evaluation process is to obtain infor-
mation about the worth of an item (product,
service, material, etc.), and a complete des-
cription of different aspects, indicators, crite-
ria in order to improve or compare, and this
way identify which are the best ones.

Here, we focus on Sensory Evaluation [6, 12,
15, 16], due to its importance in many sectors
related to the consumer products industries
(food and beverage, cosmetics, personal care
products, fabrics and clothing, pharmaceuti-
cal, and so on). The sensory evaluation is
an evaluation discipline that was defined as
a scientific discipline used to evoke, measure,
analyze and interpret reactions to those cha-
racteristics of foods and materials as they are
perceived by the senses of sight, smell, taste,
touch, and hearing [14]. The information in-
volved in a sensory evaluation process is al-
ways subjective and therefore difficult to as-
sess quantitatively in a precise way. It is more
adequate to express the information perceived
by the human senses in a qualitative way by
means of linguistic terms.

On the other hand, the success of any new
product on the market depends on the abi-
lity of this product to match the consumers
needs, tastes and requirements. To increase
the success of products and their profits, the
food industry must ensure that new products
match consumer requirements. The potential
acceptability of a new product can be asses-
sed carrying out sensory evaluation tests, af-
fective tests, by means of a panel of untrained
judges (ordinary consumers) [16]. The panel



of untrained judges of the product should be
diverse in order to guarantee the success of
test. Therefore, this set must be composed
by consumers of different age, sex, knowledge,
etc. However, this diversity implies that the
members of the panel might have different de-
gree of knowledge and/or perceptions about
the product. Hence, the possibility of offering
different scales appropriate for each consumer
would improve the evaluation the evaluation
results. Due to the fact that sensory evalua-
tion usually deals with qualitative and sub-
jective information the use of the Fuzzy Lin-
guistic Approach [17] has provided successful
results modeling such a type of information in
evaluation processes [2, 4, 13].

Therefore, the aim of this contribution is to
present a sensory evaluation model applied to
affective tests with evaluation framework that
provides a multiple linguistic scales to the pa-
nel of consumers and also provide an accurate
computational model to accomplish the pro-
cesses of computing with words by means of
extended linguistic hierarchies [7].

This contribution is structured as follows, sec-
tion 2 reviews the extended linguistic hierar-
chies, section 3 presents our proposal for the
sensory evaluation model, section 4 presents
an example of our model. Finally, section 5
points out some conclusions.

2 Extended Linguistic Hierarchies

We have aforementioned that our proposal
for sensory evaluation will deal with multiple
linguistic scales in order to make more flexi-
ble the evaluation framework to the untrained
consumers taking part in affective test.

In the literature there exist different approa-
ches to deal with multiple linguistic scales
[3, 8, 10, 11]. In our proposal, we will use
the 2-tuple fuzzy linguistic representation mo-
del [9] and Extension Linguistic Hierarchy
(ELH). The ELH [7] is an extension of hie-
rarchical linguistic that was introduced in [10]
in order to improve the precision in the pro-
cesses of C'W in linguistic multi-granular con-
texts but does not allow to use any linguistic
scale. We use the (ELH) because maintains

the accuracy and improve the flexibility in the
contexts with multiple linguistic scales allo-
wing management of any linguistic scale in
such structure.

2.1 Building an Extension Linguistic
Hierarchy

An extension linguistic hierarchy is a set of
linguistic scales, where each scale (level) is a
linguistic term set with different granularity
from the remaining of levels of the ELH.

Each level belongs to an FLH is denoted as
1(t,n(t)), being t the level of the ELH and
n(t) the granularity of the linguistic term set
of the level t.

We assume levels containing linguistic terms
whose membership functions are triangular-
shaped, symmetrical and uniformly distribu-
ted in [0,1]. In addition, the linguistic term
sets have an odd number of elements.

The building of an extended linguistic hierar-
chy satisfies the following rules, which we call
extended hierarchical rules [7]:

o Frxtended Rule 1: to include a finite num-
ber of the levels, I(t,n(t)), with t =
1, ..., m that defines the context with mul-
tiple linguistic scales.

e Frxtended Rule 2: to add a new level
[(t',n(t")) with ¢ = m + 1 with the fo-
llowing granularity:

n(t') = (LCM(n(1)—1,...,n(m)—1))+1

being LCM the Least Common Multi-
ple in order to keep all the former modal
points of all the previous levels I(t,n(t)),
t =1,...,m within this new level.

Therefore an ELH is the union of the m le-
vels required and the term set [(t',n(¢')) that
keeps all the former points in order to provide
accuracy in the processes of CW.

t=m-+1

ELH = | ((t,n(t)

t=1

Given a ELH, S™" denotes the linguistic
term set of ELH corresponding to the level



t of ELH with a granularity of uncertainty of
n(t): §70 = {55, 5D}

A graphical example of an FLH is showed in
Fig. 1. We can observe that the last level (t =
3) contains all the former modal points of the
membership functions of each linguistic term,
such as we imposed in the building process.

Figure 1: Extended linguistic hierarchy

2.2 CW Processes in ELH

To accomplish CW without loss of informa-
tion in ELH [7], we will use the linguistic
2-tuple computational model and the trans-
formation functions designed for transforming
labels from different levels in the FLH. Then,
the computational model is expanded as fo-
llows:

First, information is unified in ¢/, the linguis-

tic terms, s?(t), must be transformed into the
level ¢ of the ELH.

(s?(t), a) = TFtt/(s?(t),a) = (sz(t,), a')
The 2-tuple computational model is used to
make the processes of CW over the linguistic
2-tuples expressed in the term set, $™(!). The
results is expressed in linguistic 2-tuples in the
level t'.

Once the results have been obtained in the
term set, ¢, by means of linguistic 2-tuples,
can be expressed in the initial linguistic term
set, t, by means of the transformations:

TF (s}, ap) = (51", )

These functions of transformation guarantees
the accuracy because the involved levels to
keep all the former modal points [10].

3 A Sensory Evaluation Model
with Multiple Linguistic Scales
Applied to Test Affective

The aim of this contribution is to propose sen-
sory evaluation model for affective test to deal
with multiple linguistic scales in order to ob-
tain an evaluation framework where the con-
sumers can express their preferences in diffe-
rent scales depending on their knowledge.

The model is based on the decision analysis
scheme [5] that consists of the following pha-
ses showed in the Fig. 2.

The following subsections present in detail the
main phases of the previous linguistic sensory
evaluation model.

3.1 Evaluation Framework

This phase defines the evaluation framework,
such that, the problem structure is defined
and the linguistic descriptors, and semantics
that will be used by the consumers to express
their information about the sensory features
of the evaluated objects are chosen.

The selection of the linguistic term sets uti-
lized to assess those features will depend on
the knowledge of the each consumer. The-
refore, we propose an evaluation framework
with multiple linguistic scales where consu-
mers can express their opinions by means of
linguistic labels. Hence, the evaluation frame-
work will be as bellow:

e C ={cy,...,cm} set of consumers.

e X = {x1,...,x,} set of products to be
evaluated sensorially

o F' = {fi1,..., fn} set of sensory features
that characterizes each evaluated item x;

e Fig is formed by m different scales that
the consumers will use.

Once the consumers have defined the neces-
sary term sets to express their information,
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Figure 2: Sensory evaluation model scheme

the ELH that manages the information of the
sensory evaluation process is built.

3.2 Gathering Information

After the framework has been defined in order
to evaluate the different products, the evalua-
tion process must obtain the knowledge from
the consumers.

Due to the fact that, the consumers will pro-
vide their knowledge by using utility vectors
that contain a linguistic assessment for each
evaluated feature. Each consumer, c¢; provi-

(®)

des his/her preferences in S;"’ by means of

an utility vector:
— i i ) % 7 7
Ui — {u117 seeey ulh, UQl, ceey u2h, “eey uml, ceey umh}

where uék € Sl-n ®) is the assessment provided
to the feature f; of the product z; by the
consumer c;.

Consequently, in the gathering process every
¢; will provide his/her utility vector U; expres-
sed by linguistic labels in a linguistic term set
in the FLH.

3.3 Rating Objects

The aim of the sensory evaluation process is
to obtain information about the worth of an
evaluated item, so this phase of the evaluation
model computes a global value for each item
according to the information gathered in the
previous phase.

To compute such a global value, first the in-
formation gathered is expressed by means of
linguistic 2-tuples using the following remark:

Given that the linguistic information provi-
ded by the consumers is expressed in different

scales and we cannot compute directly with
it, we must be conducted the information into
level ¢/, by means of the transformation fun-
ctions, TF}, with ¢ any level in {1,...,m} and
t'=m+1.

n(t) —1

1)
Once the information has been conducted in
one domain, our model proposes the compu-
ting of a global value for an object by means
of a multi-step aggregation process [1], the ag-
gregation operators could be the same or dif-
ferent ones depending on each affective test.

A1 n(t) n(t)y . n_1
Tth(s?(t)’an(t)):A< (s; ™) - (n(t) — 1)

o Computing collective evaluations for each
feature. First, the rating process will
compute a collective linguistic 2-tuple,
(ujk, @), for each feature, f, of the pro-
duct x;, using an aggregation operator,
AQO1, on the assessments, ué-k, provided
by all the consumers, ¢;, and represented
in t':

(wjp, o) = AOl((ujl-k, A1)y ey (u}’k,an))

o Computing a collective evaluation for
each object. The final aim of the rating
process is to obtain a global evaluation,
(uj, ), for each evaluated product, z; ac-
cording to all the consumers and features
that take part in the affective test. To do
so, this process will aggregate the collec-
tive linguistic 2-tuples for each feature,
(ujk, ), using an aggregation operator,
AOQ:

(uj7 a) = AO?((ujla 041)7 ooy (ujha Oéh))

The aggregation results will be expressed in ¢/,
if the problem required it in the initial scales,

)



Table 1: Utility vectors

C1 5? 81 80 SO

C2 81 51 80 30

C3 SI 52 30 82

our model can be applied the transformation
function TF! to the results.

4 Example of Affective Test

In order to understand easily the main phases
of the model, we present and solve an example
of affective test.

4.1 Evaluation Framework

Let’s suppose a sensory evaluation process of
four consumers C = {cy, ..., c4} that will eva-
luate the intensity of the four features: As-
pect, Smell, Flavor and Texture that will be
noted as F' = {f1, ..., f4} of a sample of coffee
F = {z1}. The fixed scales have been 5 labels
that the consumers ¢; and ¢y will use and 7 la-
bels for the consumers c3 and c4. These scales
are building the ELH shown in Fig. 1.

Scale with 5 labels
s5  Like very much (0,0,.25)
sy Like (0,.25,.5)
s3  Neither like nor dislike (.25,.5,.75)
s3  Dislike (.5,.75,1)
sy Dislike very much (. 757 1,1)

Scale with 7 labels
sé  Like extremely (0,
si  Like moderately (0, 16 .34)
ss Like slightly (.16, .34, .5)
T Neither like nor dislike (.34, .5, .66)
si  Dislike slightly (.5, .66, .84)
7
5 (-
6 (-

16)

Dislike moderately 66, .84, 1)

Dislike extremely 84, 1, 1)

4.2 Gathering Information

In our qualitative framework, the preferences
provided by the consumers are showed in Ta-
ble 1:

Table 2: Utility vectors in linguistic 2-tuples

N f2 f3 Ja
a (541137 0) (541137 0) (3(1]3’ O) ( Sv 0)
c2 | (55°,0) | (54°,0) | (s0°,0) (533,0)
c3 | (55°,0) | (s6%0) | (50%0) | (s6%,0)
C4 (561337 O) (sil))?)’ 0) (5%37 O) (5}’)37 0)

4.3 Rating Objects

The consumers’ preferences are transformed
into linguistic 2-tuples in the level £ = 3 by
means of the transformation functions, TF31
and T'FZ, the results of this transformation is
showed in Table 2

We will use the 2-tuple mean operator to ag-
gregate the preferences (AO). The collective
values obtained for each feature are:

AO(( 3’0) (54 ’ )’( 350)7(56 70)) ( 3) 25)
AO((s5%,0), (s1%,0), (s8°,0), (s3%,0)) = (s>, .25)
((‘9037 0)7 (80 )7 (863, 0)7 (Sé37 O)) = (8%37 _'25)
((8(1)3’ 0)» ( 5 0)’ (8(1537 0)7 (Sé‘gv 0)) = (8537 '25)

The collective value obtained for the sample
X1 is:

AO((s13,.25), (s§3, .25), (s1?
(s13, —.125))

) _'25)v (8%37 25) =

The collective value can be expressed in any
linguistic term set of the ELH by means of
the transformation functions, TF} and TF3.

In the scale with 5 labels, the collective value
is (s3,—.04) (Like,-.04) and in the scale with
7 labels is (s],.43) (Like moderately,.43).

5 Conclusions

The affective test is a type of sensory evalua-
tion test used by the industry to optimice a
market product acceptability. In this test, the
information provided involves uncertainty be-
cause it is acquired via human senses. Usua-
lly, this information is vague and uncertain, so
a qualitative modeling is quite suitable. Addi-
tionally, the affective test is carry out by a set
of consumers chosen at random with different
knowledge. In this contribution, we have pre-
sented a sensory evaluation model applied for



affective test that manages frameworks with
multiple linguistic scales the consumers in or-
der to offer a greater flexibility to express the
consumers’ knowledge and obtain better re-
sults in the affective test.
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