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a b s t r a c t

The usage of verbal-based methods beyond conventional descriptive analysis is increasing in sensory
analysis, either as full-methods or as a complement to holistic methods. They contribute to a better
understanding of the consumers’ likes and willingness, important factors to the food industry. A prime
objective of this paper is to give a global vision of the scientific publications in food science related to this
topic from their abstracts. Textual statistics, combining multidimensional methods such as correspon-
dence analysis, multiple factor analysis for contingency tables and characteristic words, are proving to
be useful for extracting information from the corpus of abstracts. These abstracts have evolved over time
towards a higher concern for research about methodology, which has become more complex and requires
sophisticated statistical methods. Sensory methods, such as free choice profile, flash profile, repertory
grid, sorting task, napping, word association and CATA, have emerged or have been revitalised. New sta-
tistical methods, such as multiple factor analysis, have been introduced to analyse data issued from ver-
balisation tasks. However, correspondence analysis, a reference method for dealing with texts and, more
generally, frequency tables, is used with too much restraint.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Since the pioneer work by Cairncross and Sjostrom (1950),
conventional descriptive analysis (CDA) and its variants have been
widely used in the food and beverage industry. CDA aims at provid-
ing an objective measure of the sensory properties of a set of prod-
ucts. A tasting sheet, as a list of descriptor words, is established,
usually associated with references, covering all of the essential
sensory aspects. Trained panellists score each descriptor for each
product to establish the sensory profile of the products individu-
ally. Furthermore, these sensory scores, globally taken into account
through principal component analysis (PCA), offer a global config-
uration of the products, showing how closely the products are
related based on the similarity of their scoring on each descriptor.
CDA is classified in verbal-based methods as the quality of its re-
sults relies on the panellist’s ability to match perceptions and
descriptor words (Murray, Delahunty, & Baxter, 2001; Strigler
et al., 2009; Valentin, Chollet, Lelièvre, & Abdi, 2012). This method
has proven to be essential and remains the basis of sensory
descriptions.

However, the need to innovate and to place new or updated
products on the market has led to new considerations beyond
the sensory characterisation of the products and to looking for less
time-consuming methods (Strigler et al., 2009; Valentin et al.,
2012; Varela & Ares, 2012; Worch, Lê, & Punter, 2010). The study
of the interactions between sensory attributes and consumers’
acceptance, likes and dislikes or even emotions has led to give a
voice to the consumer (Van Kleef, Van Trijp, & Luning, 2005). To
this end, the verbal-based approach, proving to be an asset, has
diversified. Techniques have been imported from market research
and psychology (Simeone & Marotta, 2010). The techniques of
collecting and analysing the verbal data have evolved and have
shaped new methods, gathered here under the label ‘‘verbal-
based’’ because they rely on either pre-established or freely formu-
lated verbal descriptions from the panellists, usually consumers.
The free comments used to enrich similarity-based methods are
also included. This point of view differs from the one proposed
by Valentin et al. (2012) who globally encompass the similarity-
based methods and their verbal supplements as a whole in the
similarity-based family. Here, both tasks, similarity-based and
verbal supplement, are separately assigned to their own family.

The main characteristics of the methods of interest in this work
are described hereafter.

Lexicon development in a session prior to the CDA, leading the
panellists to finally agree on a common set of descriptors, is a
current practice used to describe new products (Barcenas, Pérez
Elortondo, Salmerón, & Albisu, 1999; Civille, Lapsley, Huang, Yada,
& Seltsam, 2010; Kinski et al., 2006; Lawless, Hottenstein, &
Ellingsworth, 2012). However, the panellists may have difficulties
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embracing a common definition of descriptors (Quarmby & Rat-
kowsky, 1988); thus, the idea of letting them completely free to se-
lect their own descriptors but avoiding hedonic words is the basis
of Free choice profiling (FCP, Williams & Langron, 1984), Flash profile
(FP; Dairou & Sieffermann, 2002; Delarue & Sieffermann, 2004;
Sieffermann, 2000) and Repertory Grid (RG, Veinand, Godefroy,
Adam, & Delarue, 2011). In FCP, the panellists rate the intensity
of each attribute for each product individually, whereas in FP, they
rank the products according to each attribute successively, thereby
favouring the choice of discriminative descriptor words. In RG, the
products are randomly grouped in triads, and the panellists have to
describe, using free verbal descriptions, how two products of each
triad differ from the third, another means to generate discrimina-
tive words. Then, the panellists are required to score the intensity
of their own descriptors for each product. The data issued from
these three methods, which are alternatives to CDA, are analysed
through Generalised Procrustes analysis, which yields a global con-
figuration of the products. Discussed points include the huge vari-
ability of language when individual words are used and
disagreements about the meaning of certain terms, even after
training (Quarmby & Ratkowsky, 1988; Strigler et al., 2009), which
is a common problem in all verbal-based methods.

More recently, free verbal descriptions expressed by the panel-
lists have been introduced to complement non-verbal methods. In
the methods called answers to open-ended questions or free com-
ments, the consumers are required to complete their liking scores
by writing down free remarks with a view towards a better under-
standing of their preferences. Variants are observed. Ten Kleij and
Musters (2003) gave the consumers an option whether to answer
and, if they do, to either explain why they gave particular liking
scores or to express whatever crossed their mind. Ares, Giménez,
Barreiro, and Gámbaro (2010) forced the consumers to give a re-
mark but limited the remark to 4 words. Symoneaux, Galmarini,
and Mehinagic (2011) gave consumers the non-mandatory option
of separately stating through free comments what they liked and
what they disliked about each sample. The verbal tasks called
Labelling (Blancher et al., 2007; Bécue-Bertaut & Lê, 2011; Cadoret,
Lê, & Pagès, 2009; Faye et al., 2004) and ultra flash profiling (UFP;
Perrin & Pagès, 2009; Perrin et al., 2008) have been used to enrich
similarity-based methods such as sorting task (labelled sorting) or
napping/projective mapping (napping + UFP). In a labelled sorting
task, the panellists are asked to form groups of products depending
on the perceived similarities and then to label each group with
some words. In napping, each panellist places the samples on a
two-dimensional space depending on their similarities and then
describes each sample with words. Through these verbal tasks,
the consumers provide information about the characteristics of
the products to support the similarities and dissimilarities that
they perceive, in addition to providing descriptions. Sensory but
also hedonic words are usually provided. The latter can be consid-
ered in the analysis to link sensory and hedonic aspects and to
underline the characteristics that are relevant in the consumers’
view. A drawback of these free descriptions is the wide variability
of vocabulary, from which information can be arduous to extract.

To avoid this variability, Check-all-that-apply (CATA; Ares, Deliz-
a, Barreiro, Giménez, & Gámbaro, 2010; Dooley, Lee, & Meullenet,
2010; Lancaster & Foley, 2007; Lee, Findlay, & Meullenet, 2013;
Puyares, Ares, & Carray, 2010), recently introduced in sensory anal-
ysis, turns to pre-established lists of words or sentences that are
not limited to sensory attributes. Therefore, this method maintains
the benefits of free comments to explore descriptions by the con-
sumers while also collecting information on preferences and even
emotions. CATA requires the consumers to choose, within a list, all
of the words or sentences that they consider appropriate to
describe a product. This type of questioning has been used in con-
sumer studies to determine which sensory attributes consumers
perceive in a food product. The possibility of letting the panellists
use their own words is also considered, which turns CATA into a
variant of Free Choice Profiling, but relying on citation counts and
not scores (Dooley et al., 2010).

Word association, a simple technique recently imported from
psychology into food science, constitutes a tool to grasp the mean-
ing of specific words, to explore food choices, to elicit the attributes
that are drivers of liking or disliking and to understand the
consumers’ perceptions of new and undefined concepts (Ares,
Giménez, & Gámbaro, 2008; Guerrero et al., 2010; Roininen, Arvola,
& Lähteenmäki, 2006).

Reviews and comparative works highlight the advantages and
disadvantages of the different methods (Ares et al., 2010; Dooley
et al., 2010; Moussaoui & Varela, 2010; Tournier, Martin, Guichard,
Issanchou, & Sulmont-Rossé, 2007; Valentin et al., 2012; Varela &
Ares, 2012; Veinand et al., 2011).

The relevance of verbalisation tasks is reflected in the increasing
number of publications devoted to them compared to the total
number of articles published in food science journals. Whereas
the average number of articles published per year in these journals
has doubled from 1990–1994 to 2008–2012, the average number
of those devoted to verbal methods has increased by a factor of
12. Several works have considered the contributions of these meth-
ods as essential. The relationships between consumers’ acceptance
and vocabulary are valuable to marketing (Carr, Craig-Petsinger, &
Hadlich, 2001). In the music domain, where the perception issues
are similar to the food industry, verbal description offers a detailed
description of the main features used by the panellists in assessing
comparative judgments (Stepanek, 2006). Some panellists give
very subtle sensory descriptions, whereas others remain at a low
descriptive level (Thamke, Dürrschmid, & Rohm, 2009). Verbalisa-
tion facilitates the recognition and sharing of a sensory experience
(Baccino et al., 2010). Letting the panellists choose their own words
is the only way to identify the customary terms used by the con-
sumers (Galmarini, Symoneaux, Chollet, & Zamora, 2013).

The number of verbal-based methods, their increasing use, the
growing number of publications devoted to them and their ability
to capture the consumers’ exact wording, an ever more pressing
need, argue for the relevance of verbalisation tasks. This relevance
motivates the present study, whose prime aim is to uncover the
evolution of the verbal-based methods mentioned above and to
detect changes and novelties through a content-oriented biblio-
graphic analysis of the abstracts published in food science jour-
nals. To replace the journals in this evolution and to determine
the abstracts presenting a vocabulary ahead of their publication
date constituted collateral aims. Moreover, as an original method-
ology, gathering a series of textual statistics methods is proposed
and applied for tracking time in the data base of abstracts, an-
other aim is to show the potentiality of this type of bibliographic
study.
2. Material and methods

2.1. Base of abstracts

The collection of abstracts was gathered from the Web of Science
at the end of January 2013 as a response to the query shown in
Table 1. The set of words building up the topic was selected to ad-
dress the verbal-based methods beyond conventional profiling in
the widest sense. Therefore, in addition to the methods cited in
the introduction, generic terms, such as vocabulary and textual
data, have been included.

Only English-language publications in food science journals
were selected. Equivalence between American English and British
English was automatically managed by the query system.



Table 1
Request submitted to the Web of Science.
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A total of 423 abstracts were downloaded, with the format
displayed in Table 2. Thirty-seven of these abstracts were ex-
cluded because they were not related to verbal-based methods;
they were selected for containing the expression ‘‘open-ended
coaxial’’. Each of the 386 conserved abstracts had complete
information concerning the title, authors, journal and publication
year.

Fig. 1 summarises the distribution of the abstracts by year and
journal (60). This figure shows how the topic of interest here,
which arose in abstracts in 1990, increases its presence in food
science journals over the years, as mentioned in the Section 1.
Only five journals have published more than 10 articles concern-
ing this topic, and three of them, Journal of Sensory Studies, Food
Quality and Preference and Journal of Food Science, contain 50% of
the articles.
2.2. Pre-processing of the abstracts

The set of abstracts was pre-processed as follows:

� The compound words that identify sensory or statistical
methods were written so that they were considered as a
single word (for example, descriptive word or analysis of
variance).

� The function words, also called stopwords (articles, prepo-
sitions, and so on), and some general words were removed
from the data to prevent them from playing a major role
and inducing unwelcome proximities between abstracts
(Lebart, Salem, & Berry, 1998). In this case, the stop-list
proposed in R package tm (Feinerer, 2013; Feinerer, Hornik,
& Meyer D., 2008) was used.

� Minimum thresholds have been imposed on the word fre-
quencies (10) and on the number of abstracts using a word
(5), to make comparisons between documents meaningful
from a statistical viewpoint.

As a result, 821 of the 6709 different words and 28,259 of the
76,611 occurrences were kept.
2.3. Aims of the statistical analysis of the bibliography

Content-based bibliographic studies attempt to detect the main
topics in a research domain, together with their associations or
oppositions, and to track their evolution to locate changes,
advances and novelties. Here, words account for content or topics
because it is established that documents (here, abstracts) using the
same words have closely related contents (Benzécri, 1981). Corre-
spondence analysis (CA; Benzécri, 1973, 1981; Lebart et al., 1998;
Murtagh, 2005) accounts for similarities among documents (here,
abstracts) from words and word co-occurrences, which makes its
use a favoured tool for content-oriented bibliometric studies
(Bansard, Kerbaol, & Coatrieux, 2006; Bansard et al., 2007; Kerbaol,
Bansard, & Coatrieux, 2006; Šilic, Morin, Chauchat, & Dalbelo Bašic,
2012).

Advances in research usually occur through a link of works
starting from a first proposal that is later applied and then enriched
or discussed in others, leading to an evolution of the topic, a main
concern here. This evolution is expressed through vocabulary
renewal over time because an innovative proposal brings a new
set of words that is later employed in other works, which further
develop and discuss the proposal. To track the evolution, a time-
oriented viewpoint is adopted, but a word co-occurrence approach
is maintained, by resorting to multiple factor analysis for contin-
gency tables (MFACT; Bécue-Bertaut & Pagès, 2004, 2008).
Mappings of words and abstracts, as in CA, but taking into account
both the chronology and co-occurrences of words are provided,
enhancing the vocabulary evolution over time. By taking advantage
of the ability of MFACT to compare both the chronology and vocab-
ulary of the abstracts, possible novelties are spotted. MFACT is also
able to locate abrupt changes and to identify lexically homoge-
neous periods in the corpus, further characterised by the vocabu-
lary. Using the possibility of adding illustrative elements, the
associations between journals and topics are underlined.

This content-oriented approach strongly differs from the indica-
tor-oriented bibliometric studies, such as those proposed by Alfa-
raz and Mirta-Calviño (2004) and Vijay and Raghavan (2007), in
food science field, which are only concerned with quantitative
indicators without any reference to the content of the research.
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Format of an abstract as downloaded from the Web of Science.
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The methods and types of achieved results used in this work are
detailed hereafter.

2.4. Correspondence analysis

CA is an essential tool for organising documental databases
from a content viewpoint (Benzécri, 1981; Lebart et al., 1998; Mur-
tagh, 2005). The corpus is encoded into a lexical table with docu-
ments (here, abstracts) in rows and words in columns. Weights
for row-abstracts and column-words are automatically handled
by CA from the margins of this lexical table and are proportional
to abstract lengths and word counts.

CA embeds the row and column spaces, endowed with chi-
square distances, into classical Euclidean spaces and computes
the principal axes of both the weighted row and column clouds.
On CA displays, the abstracts are mapped closer when they use a
similar vocabulary, and the words are mapped closer when they
are frequently present in the same abstract or associated with
the same words. This result demonstrates the ability of CA to
automatically retrieve synonymy relationships without introduc-
ing them as external information through ontologies. As a
consequence, abstracts whose contents are similar in meaning,
although expressed through different words, are brought closer
together. Both mappings are related in such a way that links
between words and abstracts are uncovered, allowing for the
interpretation of the similarities between abstracts in terms of
their vocabulary and content (Lebart et al., 1998). Therefore, CA
accounts for and visualises the following:

� Similarities among abstracts based on their verbal content.
� Similarities among words based on their distribution

among abstracts, taking into account context, that is, asso-
ciations between words.

� Mutual associations between abstracts and words through
a simultaneous representation of rows and columns on a
same graphic. On every axis of this graphic, the rows/
abstracts are, up to a constant, the weighted average of
the columns (words) they use and vice versa.

The interpretation of the CA results consists of looking, axis by
axis, for the ‘‘metakeys’’ and ‘‘metadocs’’ that characterise them.
For a given axis, ‘‘metakey+’’/‘‘metakey�’’ (Kerbaol et al., 2006) is



Fig. 1. Distribution of the abstracts a. by journal b. by year; 2013⁄ is incomplete.
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the set of the words that most contribute to its inertia and lie on its
positive/negative part. Similarly, for a given axis, ‘‘metadoc+’’/
‘‘metadoc�’’ is the set of the documents that contribute the most
to its inertia and lie on its positive/negative part. Therefore, one
or two metakeys/one or two metadocs can characterise each axis
depending on the word/abstract configuration, given that all of
the highly contributory words/abstracts can lie at only one axis
end. The words belonging to a same metakey are frequently used
in the same abstracts and, all together, correspond to a given topic.
A word can belong to several metakeys, associated in each of them
with different other words, that is, with different contexts. Each
context corresponds to either a different meaning (for example, so-
cial acquires a different meaning in social security than in social
class) or a different concern (green tea can be cited in an abstract
because it is used as a support to present a new sensory method
or because its attributes or properties have to be established).
The words included in a high number of metakeys, known as high
dimensional words, give a good account for the distinct concerns of
the corpus.

A metadoc and a metakey characterising the same axis end are
associated through CA transition relationships. The abstracts
belonging to a metadoc use words belonging to the associated
metakey. This allows for the easy location of the abstracts related
to the topics revealed by the metakeys.

The CA performed on the abstracts �words table can be en-
riched by projecting the quantitative variable publication year,
accounting for the chronology, as illustrative; its correlation with
each axis is computed. However, chronology is not the only factor
at work on the vocabulary selection, and if not dominant, chronol-
ogy will not be properly represented on the first axes. Using MFACT
eases the tracking-time through vocabulary renewal. In the follow-
ing, chronology and publication year are used as synonyms.

2.5. Multiple factor analysis for contingency tables

Multiple factor analysis (MFA; Escofier & Pagès, 2008) offers the
possibilities of introducing the chronology as active in the analysis
and of mapping the abstracts based on their vocabulary, similarly
to CA, but also their publication date.

2.5.1. Principles
MFACT (Bécue-Bertaut & Pagès, 2004; Bécue-Bertaut, Álvarez-

Esteban, & Pagès, 2008), an extension of MFA, can manage a
multiple table juxtaposing several quantitative, categorical and
frequency sets of columns. In this work, the data structure is very
specific. The abstracts are described by both the vocabulary
(frequency set with as many columns as different words) and the
chronology (set of only one column whose different values are
the publication years, considered as quantitative values). There-
fore, the multiple table to be tackled juxtaposes row-wise a lexical
table with as many columns as words and a quantitative table
reduced to one column. MFACT gives an active role to both sets
but balances their influence in the global analysis. If a relationship
does exist between chronology and vocabulary, a first axis highly
correlated with chronology is provided. Bécue-Bertaut et al.
(2008) detail MFACT as applied to a similar data structure.

2.5.2. Types of results
In the case of the particular structure described above, MFACT

offers the following:
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� Global results on the active rows and columns, as in any
principal axes method: eigenvalues, representations of
the row-abstracts and column-words in a CA-like way
(the abstracts/words are, up to a constant, the weighted
average of the words/abstracts that they use/are using
and a representation of the chronology through its correla-
tion with the axis, in a PCA-like way. In this global repre-
sentation, the distance between two abstracts
corresponds to the weighted sum of the distances induced
by both the vocabulary (as in CA performed on the lexical
table) and the standardised chronology (classical Euclidean
distance).

� Partial results on the active rows and columns: contribu-
tion of each set to each axis inertia; superimposed repre-
sentations of the abstracts from either the chronology or
the vocabulary viewpoint, easing the discovery of those
abstracts that are more advanced from vocabulary than
from chronology viewpoints (here, called pioneer works
because their vocabulary is used more often after than
before their publication date).

Illustrative columns can be introduced and displayed on the
principal graphs. Year-in-categories and journal, both considered
as categorical illustrative variables, are of interest here. Year-in-
categories is built from the quantitative variable publication year,
with the different years as the categories of this variable. Each cat-
egory (year or journal) is displayed, as illustrative, at the centroid
of the abstracts published during that year or in that journal, either
on the global or partial (chronology or vocabulary) representations.
In this case, it is worthwhile to display the following:

� The category-years from only the vocabulary viewpoint.
Years’ trajectory is the trace of the vocabulary evolution
and its rhythm, with possible steps forward and backward
or decelerations. This trajectory notes gaps in vocabulary
renewal and leads to the discovery of abrupt changes and
identifies lexically homogeneous periods in the corpus, fur-
ther characterised by the vocabulary.

� The journals, but limited to those with a minimum of 10
abstracts in the present corpus. In this case, both partial
points of view, namely chronology and vocabulary, are of
interest. From the first, the journals are placed at the aver-
age date of their abstracts, indicating which period con-
cerns them. From the second, the vocabulary viewpoint,
they are placed with regard to one another based on their
content.

2.5.3. Validation
A test based on permutations assesses the significance of the

first global eigenvalue that accounts for the link between chronol-
ogy and vocabulary. The null hypothesis is that of the exchange-
ability of the publication year with respect to the abstracts or,
equivalently, the non-existence of a chronological dimension in
the vocabulary variability. Thus, the rows of the column-year are
permuted at random and, for every permutation, MFACT is per-
formed, leading to an empirical distribution of the first eigenvalue
under the null hypothesis. A large, number of replications allows
for the computation of the p-value associated with the observed
value of the first eigenvalue (one-tail test).

2.6. Lexical characteristics of the periods

As mentioned above, a chronological partition of the corpus is
obtained by cutting the trajectory of the years from the vocabulary
viewpoint (vocabulary partial representation) where large gaps
between consecutive years point to substantial changes in the
vocabulary. The lexical characterisation of the periods facilitates
the understanding of the novelties responsible for the changes.

To characterise the periods, it is possible to identify the follow-
ing (Lebart et al., 1998):

� The characteristic words of each period or words whose
frequency in a period is significantly greater than what
randomness would indicate. This observation provides
evidence about the content of the abstracts of the period.

� The characteristic increments or words whose frequency
significantly increases in a period compared to the previous
periods. The increments denote topics that newly appear in
the corpus or sharply increase their presence.

� The chronological characteristic words, which are the words
assigned to the period or groups of consecutive periods that
they best characterise. These words qualify the former
information by showing that changes are not abrupt.

2.6.1. Characteristic words
With the aim of identifying the highly frequent (versus highly

infrequent) words in parts of the corpus, such as those formed by
grouping the abstracts on a yearly basis or by journals, the test de-
scribed hereafter is performed.

The following notation is used:

– k.., the grand total, that is, the total number of occurrences
in the whole corpus;

– k.j, the number of occurrences in part j;
– ki.., the total count of word i in the whole corpus;
– kij the count of word i in part j.

The count kij of word i in part j is compared to the other counts
that are obtained with all the possible samples composed of k.j

occurrences randomly extracted from the whole corpus without
replacement (which is the null hypothesis).

If the word i is relatively more frequent in part j than in the
whole sample, that is, if kij/k.j > ki./k.. (less frequent in part j than
in the whole sample), the p-value of the test is computed through
(1) (through (2)):

pi;j ¼
Xk:j
x¼kij

ki:

x

� �
k:: � ki:

k:j � x

� �

k::

k:j

� � ð1Þ

pi;j ¼
Xkij

x¼1

ki:

x

� �
k:: � ki:

k:j � x

� �

k::

k:j

� � ð2Þ
2.6.2. Characteristic increments
As a chronological corpus is manipulated, the words whose

usage significantly increases in a given period (characteristic incre-
ments) are relevant information. The same test as above is per-
formed for every couple (word, period), truncating the corpus at
the end of the period under study.

2.6.3. Chronological characteristic words
Certain words better characterise a group of consecutive

periods than a single period. Therefore, each word is successively
tested as a possible characteristic word of each period (first level),
of each group of two consecutive periods (second level), of each
group of three consecutive periods (third level) and so on. A
p-value is associated with each test. At the end of the process, each



Fig. 2. Representation of the most contributory words and abstracts on the first CA principal plane.
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word is assigned as a chronological characteristic word to the per-
iod or group of periods that it best characterises, i.e., to the group of
periods associated with the lowest p-value (under the condition
that this p-value is under 0.05).

A careful examination of the list of chronological characteristic
words allows for an understanding of the flow of the vocabulary.

2.7. Statistical software

Statistical analyses were performed using R version 2.15.1 (R
Development Core Team, 2012). The function ‘‘MFA’’ of the package
FactoMineR (Husson, Josse, Lê, & Mazet, 2007; Lê, Josse, & Husson,
2008) was used for MFACT (Kostov, Bécue-Bertaut, & Husson,
2013). The R function, developed by Belchin Kostov, for character-
istic words and lexical increments is available upon request from
the author.

3. Results

3.1. Glossary of frequent words

The glossary provides a first overview of the abstracts through
the frequent words. They refer to the following:

� Usual topics in sensory analysis: perceptions of flavour, tex-
ture, aroma, taste and odour are evaluated by trained panel-
lists, assessors or consumers. Liking, preference, acceptance,
feelings, emotions and willingness are elicited. Among the
attributes, descriptors and characteristics, the most cited
are acid, sweet and sour.

� Products: cheese, meat (beef), dairy products, fruit (apple),
wine, desserts, tea (green tea), bread, water, sauce, soy, potato,
chicken, choi and whey.
� Sensory methods: descriptive analysis and profiling tech-
niques –frequently associated with lexicon generation or
development– free choice profile, flash profile, napping/projec-
tive mapping, check_all_that_apply, repertory grid and word
association.

� Statistical methods: principal component analysis, procrustes
(also known as procustes), analysis of variance and multiple
factor analysis.

� Words related to verbalisation: terms, lexicon, free (text or
comments), language and vocabulary.

The glossary not only draws attention to the presence but also
to the absence of words and low frequencies. Disliking, despite
being an important driver of consumers’ choices, is uncommon.
Correspondence analysis is not as frequent as expected, although
it is a reference method for analysing word count-based methods,
such as open-ended questions but also check_all_that_apply and
word associations.

3.2. CA on the abstracts � words table

3.2.1. Main features of the global analysis on the first plane
CA, performed on the table crossing the 386 abstracts and the

821 retained words, provides the metakeys and metadocs associ-
ated with the principal axes.

The first two axes, with eigenvalues equal to 0.30 and 0.26, cor-
respond to the axes to which a high number of words and abstracts
contribute (Benzécri, 1973), although they account for a minor part
of the global inertia (together, 2.70%). This low percentage, typical
when dealing with large spare matrices but highly significant with
respect to the hypothesis of independence between words and
abstracts, is frequently associated with a satisfactory structure of
the data, as discussed by Lebart et al. (1998).



Table 3
Proportion of the inertia of the cloud of words explained by the first two axes of CA
and MFACT.

Axis 1 (%) Axis 2 (%) Cumulate (%)

CA 1.43 1.26 2.69
MFACT 0.87 1.36 2.23
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Fig. 2 displays the metakeys and metadocs characterising the
first principal plane issued from CA. These metakeys and metadocs
gather the words and abstracts whose contribution is over 6 times
the mean contribution of their respective set on any of the first two
axes. The configuration highlights a tripolar structure, present in
both the word and abstract clouds. The first axis contrasts a set
of words (or metakeys) related to consumer-oriented sensory
methods and their objectives (consumer(s), expectation, cata, liking
and information) to two others concerned with (1) profiling food
and beverage attributes (whey, cheese(s), green tea, brown rice, attri-
butes) and (2) resulting qualities of heat processing food (cooked,
beef, acid, aroma, compounds, oxidation, meat, putting the accent
on dietary properties such as vitamin). These two latter metakeys
are, in turn, opposed on the second axis. These oppositions are also
found in the metadocs, or sets of contributory abstracts. These ab-
stracts are identified by their number on the graph and, in some
cases, by their title (Fig. 2). Their consultation places the men-
tioned topics in their context.

A summary of the information conveyed by these and the fol-
lowing axes (up to 50) is provided by the list of the high dimen-
sional words, ranked from the number of dimensions to which
they contribute (information not reproduced here). First, a series
of products and their sensory attributes or dietary and health-re-
lated properties are mentioned. Then, the willingness, feelings,
expectations and liking of the consumers or close-meaning words
are very cited. Finally, sensory methods, such as napping/projective
mapping, sorting task, CATA, flash profile, free choice profiling and
word associations contribute to small number of dimensions, indi-
cating their more specialised role.

3.2.2. Relationship with chronology
The variable year, used as an illustrative quantitative column in

this analysis, is weakly correlated with the first axes (corr (year,
axis1) = �0.20; corr (year,axis2) = �0.25; corr (year,axis3) = 0.17).
When 50 axes are considered, the quality of the representation of
year, as projected on the corresponding subspace, is only 0.40. This
analysis, although accounting for the main research topics in this
domain, does not explain their evolution over time because the
chronology influence is spread over many axes. Many topics are
transversal to time, whereas changes are driven by multiple fac-
tors. The methods evolve towards the consumer viewpoint, first
to capture their perceptions and later their likings, feelings or will-
ingness. The consumers modify their demand towards dietary and
healthy aspects, new products are introduced, and new attributes
(umami, for instance) are considered, in particular because coun-
tries such as Korea have recently devoted efforts to sensory analy-
sis of their own products. This multiplicity of factors requires
introducing chronology for following the evolution of the research,
which leads to MFACT.

3.3. MFACT on the multiple table juxtaposing the lexical table and the
year column

3.3.1. Main features of the global analysis on the first plane
MFACT is performed on the multiple table juxtaposing the

abstracts �words table (with dimensions 386 � 821) and the
abstracts � year column (with dimensions 386 � 1), leading to
mapping of the abstracts according to both their vocabulary and
chronology. The first eigenvalue of MFACT is equal to 1.49. This va-
lue is far from randomness, as evidenced by the permutation test
(p-value = 0.000 computed from 1000 replications) and is a
medium value; in this case, the maximum is equal to 2 (Escofier
& Pagès, 2008). Although the abstracts could not be ranked from
their vocabulary in chronological order, which was not expected
because vocabulary variability is influenced by other factors, a
rough chronological order does exist along the first global axis.
MFACT provides a representation of the words on the first glo-
bal plane that accounts for almost as much variability of the words
as CA which, by construction, offers the optimum planar represen-
tation of this variability (Table 3). The first axis to which the words
contribute 40.6% and the year contributes 59.4% of the inertia is a
dispersion direction, present in both sets of columns, words and
chronology, that differs from the first principal axis obtained in
the separate analysis of the words (that is, in CA). With regard to
the words, MFACT conserves a small proportion of the total inertia
on the first axes as CA applied to short texts. However, because the
first MFACT axis retains a proportion of inertia of the word cloud
relatively close to the proportion of inertia explained by the first
CA axis, it can be considered as a relevant dispersion direction
for this cloud. Regarding chronology, the high correlation of the
MFACT first axis with publication year (corr = 0.94) suggests that
this axis accounts for the variability of the vocabulary related to
time, which is a prime concern.

Fig. 3 shows the global representation of the words and ab-
stracts on the first principal plane. In this figure, the abstracts are
differentiated by shades of grey depending on three time periods
(1990–2004; 2005–2009; 2010–2013). These time divisions are
justified in Section 3.3.2. The rules for a conjoint interpretation of
both figures, which could be superimposed, are those of CA. The
relationship between the abstracts and chronology, not repre-
sented here, is summarised by the correlations mentioned above
and as interpreted in PCA.

Concerning the representation of the words on the first axis, the
information provided by Fig. 3 is completed by Fig. 4. This first axis
opposes words related to accurate descriptions of several products
from their sensory attributes (on the left) to words related to
consumers’ perceptions and consumers’ willingness (on the right).
As observed in Fig. 3b, the abstracts are placed in a rough chrono-
logical order on this axis. From the quantitative variable year, the
categorical variable ‘‘year_in_categories’’ is built. The category-
years (or group of years) are projected as illustrative on the first
axis at the centroid of the abstracts published during this period,
from the global point of view (Fig. 4). The most relevant words
(mainly products and attributes, sensory or statistical methods
and their objectives) are also represented on this axis from their
coordinates (Fig. 4). This representation allows for the replacement
of vocabulary renewal into time flow. As expected, the category-
years lie on the first axis in their natural order, although they are
separated by different length intervals.

The second axis (Fig. 3), minimally linked to the chronology
(corr = 0.14), is closely related to the first axis of the separate CA
(corr = �0.87). Therefore, this axis opposes roughly the same words
and abstracts as the first CA axis. Words related to sensory and
statistical methodology (negative coordinates) are opposed on this
axis to several products and attributes as well as abstracts that
favour one or another of these topics (positive coordinates).
3.3.2. MFACT: Partial representation of year_in_categories from a
vocabulary viewpoint

The partial representation of year_in_categories from only the
vocabulary viewpoint (Fig. 5) is of interest because it offers the
chronological trajectory of the abstracts grouped on a yearly basis.
Far from being regular, this trajectory presents notable gaps



Fig. 3. Global representation of a. an excerpt of the words and b. the abstracts on the first MFACT principal plane.
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corresponding to the publication of innovative works and the
newly introduced vocabulary in the corresponding year. Behind
the observed trajectory, different factors are at work, especially
laboratories and researchers that broaden and widen their
innovative contributions, which are also applied and discussed
by other laboratories. Researchers come from different fields
(sensory analysis, statistics, marketing, psychology) with their
own concerns but also methods and vocabulary. As the corpus is



Fig. 4. Global representation of an excerpt of the words (active) and year_in_categories (illustrative) from their coordinates on the first MFACT axis.

Fig. 5. Partial representation of years_in_categories (illustrative) from only the
vocabulary point of view on the first MFACT principal plane.
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relatively small for this type of study, the local phenomena are not
smoothed and should not be considered as relevant.

Nevertheless, general trends can be identified. From 1990 to
2004, little change in vocabulary is observed. A transition occurred
in 2005, marked by the introduction of new words that persisted in
2006, as shown in the next section. This vocabulary was used until
2009. Another gap between 2009 and 2010 shows that the latter
year is marked by a new vocabulary, which was later used during
the ‘‘2010–2013’’ period.
3.4. Segmentation of the corpus into lexically homogeneous periods

The segmentation suggested by Fig. 5 and commented on in the
former section is retained, and the periods 1990–2004, 2005–2009
and 2010–2013 are described by their lexical features, enabling the
characterisation of the evolution of the vocabulary. The results are
consistent with those of the former sections.

Fig. 6 shows how the studies in sensory analysis related to ver-
bal descriptions have diversified from 1990 to 2013.

In the 1990–2004 period, the main issue was about generating a
lexicon for the sensory description of products, possibly new prod-
ucts, by trained panels. The descriptors were discussed (lexicon,
vocabulary) and Free Choice Profile, introduced by Williams and
Langron (1984), was used to overcome the difficulties of forcing
panellists to adopt a common definition of descriptors. As a re-
mark, the innovative work by Williams and Langron (1984) has
no abstract and therefore does not belong to the database consid-
ered here.

Both 2005 and 2006 brought many new words used without
noticeable change until 2009, reflecting novelties in objectives
and methods. These words show a new interest for consumers’
acceptance and preferences, which led to the introduction or revi-
val of holistic methods (flash profile, napping, sorting task, word
association). New products (bread, beef) and new aspects of the
products (fibre, freshness), possibly linked to dietary properties
were the aim.



Fig. 6. Lexical chronological characteristics and significant lexical increments.

Fig. 7. Representation of the ahead-of-date abstracts on the first MFACT principal
plane from 2005 to 2011.
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The words introduced in 2010 showed an increasing interest for
consumers and not only their likings but also their feelings/emotions
and willingness that researchers attempt to understand. New prod-
ucts were also studied.

Although topics of interest prior to 2005 remain in the
following years, there is a more noticeable homogeneity in the
vocabulary observed from 2005–2013 than from 1990–2009, as
shown by the greater number of chronologically characteristic
words relative to 2005–2013 than to 1990–2009. This observation
is reinforced by the strong similarity between the lexical
increments observed in 2005–2009 and 2010–2013. For instance,
napping appears from 2006–2009 (5 citations) and its usage in-
creases from 2010–2013 (33), in some cases named as projective
mapping. The words consumer(s) are used 110 times from 1990
to 2004, 149 times from 2005 to 2009 and 306 times from 2010
to 2013. Still, sensory science did not lose sight of its scope and
continued exploring more and more diversified products (desserts,
beef, fillets and pomegranate). In parallel, the methodology becomes
more complex and requires more sophisticated statistical methods,
frequently imported from other fields.

3.5. Abstract s with ahead-of-their-date vocabulary

The superimposed representation of the partial points-abstracts
from either the chronology or vocabulary viewpoint allows for
spotting the abstracts with a vocabulary ahead of their date.
However, the set of words contributes to only 40.5% of the inertia
of the first axis, whereas the column-year contributes 59.4%. This
unequal contribution of both sets of columns to the first axis
inertia makes the partial points ‘‘chronology’’ placed on average
farther from the centroid on the first axis than the partial points
‘‘vocabulary’’. This is particularly clear for the oldest dated ab-
stracts due to their low numbers in the same year. These abstracts
tend to mechanically present a partial point ‘‘vocabulary’’ ahead of
the partial point ‘‘chronology’’. On the contrary, this effect, notably



Table 4
Excerpt of the ahead-of-date abstracts from 2009 to 2011.

Nr. Title First author Journal Year

81 Consumers’ perception of farmed
fish and willingness to pay for fish
welfare

Solgaard, HS British Food
Journal

2011

143 Consumer expectations and
perception of chocolate milk
desserts enriched with
antioxidants

Ares G. Journal of
Sensory
Studies

2010

152 A Factorial Approach for Sorting
task data (FAST)

Cadoret M. Food
Quality and
Preference

2009
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less marked, works the opposite way in the case of the recent ab-
stracts, which allows for interpreting partial points ‘‘vocabulary’’
ahead of partial points ‘‘chronology’’ as corresponding to abstracts
using an innovative vocabulary (Fig. 7). These abstracts contain
words with a high coordinate on the first axis of MFACT (Fig. 4)
and use these words at an early stage. Table 4 gives the title, first
author, journal and year of the most ahead-of-its-date abstract in
2009, 2010 and 2011, although all should be consulted. A gap in
the number of ahead-of-date abstracts (1 in 2011, 9 in 2010, 2 in
2008, 1 in 2007, 3 in 2006 and 4 in 2005) corresponds to a gap
in the trajectory of the years from the viewpoint of vocabulary
(Fig. 5). Examining their content facilitates the understanding of
the research advances. The ahead-of-date abstracts often corre-
spond to new innovations.

The most recent abstracts cannot be selected from this criterion
(no pioneer work has been identified for either 2012 or 2013), and
recent innovative articles may have been missed. Nevertheless, it is
possible to look for recent abstracts (published either in 2012 or
2103) that favour advanced vocabulary. They are detectable be-
cause they present a high partial coordinate on the first axis from
the vocabulary viewpoint. For instance, abstract-2 (Thompson &
Crocker, 2013) was selected from this criterion. Dealing with
investigating the feelings of consumers, it uses many recently
Fig. 8. Superimposed global and partial representations of the journal
introduced words with high coordinates on the first axis, such as
willingness and feeling.

3.6. Profiles of the journals

Fig. 8 offers the global and partial representations of the 5 jour-
nals containing at least 10 articles in this corpus (Journal of Sensory
Studies, Food Quality and Preferences, Journal of Food Science, Meat
Science and Journal of the Science of Food and Agriculture). Each jour-
nal is placed on the axes at the centroid of the abstracts published
in the journal. On the first axis, all of the journals have their global
and partial coordinates close to each other. This placement de-
notes, on average, an agreement between the vocabulary and date.
On the second axis, all of the journals have partial coordinates from
the chronology viewpoint close to the centroid because chronology
does not contribute to the inertia of this axis. The partial viewpoint
given by the vocabulary is, on the contrary, of interest. The position
of each journal from this partial coordinate reveals its focus
according to the words opposed on this axis (Section 3.3.1). Thus,
the Journal of Sensory Studies and the Journal of the Science of Food
and Agriculture are both product- and methodology-oriented jour-
nals, as far as verbalisation tasks are concerned. Food Quality and
Preferences is methodology oriented, whereas the Journal of Food
Science is product oriented. Finally, Meat Science, which is devoted
to products (meat in this case), in accordance with its coordinate
on the second axis, is characterised by minimal use of newly intro-
duced words, as indicated by its coordinate on the first axis.

4. Discussion

This study provides several insights regarding the scientific
bibliography related to alternative verbal-based methods in food
science. The main topics are the different products and their attri-
butes, the effects of processing food, the dietary and health-related
qualities of the products and the use, discussion and comparison of
the sensory methods. These alternatives have to face objectives in
constant evolution, driven by a growing need to better understand
s with more than 10 abstracts on the first MFACT principal plane.
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consumers’ ever-evolving habits. Their perceptions were first
considered, then their likings and, recently, their feelings and
willingness as prime concerns. These changing objectives stimu-
late the search for new sensory methods, possibly imported from
the marketing domain. The multiple sources interact, causing their
trends to scatter in different directions.

If journals are considered, the study shows that the scientific
research concerned with the studied verbal-based methods is
concentrated in 5 main journals, which nevertheless differ in their
focus towards either more methodological- or more product-
oriented methods.

Identifying the abstracts with ahead-of-date vocabulary reveals
milestones in research advances. An evident limitation of this
methodology is its inability to identify the recent works that will
be identified as innovative advances in the near future. Neverthe-
less, other methods favouring recently introduced words can bring
clues to the future value.

Among the statistical methods used to analyse verbalisation
data, CA is little used (Section 3), whereas word count-based meth-
ods (such as open-ended questions, free text comments, word
associations and check-all-that-apply) could take advantage of
CA and MFACT properties. Emphasis must be put on the ability of
CA to identify words with similar meanings, provided that they
are used in similar contexts, and texts with similar content, pro-
vided that they use either the same words or synonyms. Therefore,
tedious pre-processing of the corpus aimed at unifying synonyms
or different forms of a lemma (such as the singular and plural of
a noun) is not necessary.

With respect to the statistical approach, relying on an inten-
sive use of correspondence analysis and related methods is indis-
pensable when facing a large set of abstracts. A classical human
reading cannot synthesise such a large number of abstracts with-
out making subjective decisions that can lead to the inadvertent
omission of essential features. In contrast, the statistical methods
systematically operate and render an overall view by counting the
words and comparing their distributions in the whole set of ab-
stracts. CA maps the abstracts from the words, closely related
to their content, and the words from the viewpoint of the ab-
stracts using them while establishing relationships between both
sets of abstracts and words. Therefore, the different end-users can
easily find the abstracts of interest by identifying the proper
metakeys and corresponding topics, which lead to the associated
abstracts.

The application of MFACT to a bibliography study, an innovative
contribution of this work, is useful when many sources are at work
to stimulate changes in the publications, which is the case here.
MFACT forces the computing of the first principal axis to be related
to both word dispersion and chronology. This approach allowed for
the identification of the common direction of the change trends of
the different sources.

The decision to deal only with abstracts related to a targeted
question is another issue. The advantage is that it allows for setting
a well-delimited reference corpus of abstracts. The drawback is
that this corpus reflects a reduced part of the literature. Conse-
quently, the selection step is crucial. With these cautions in mind,
the reported results are of interest. This method could be enlarged
to the study of the general literature in food science.

However, some limitations must be emphasised to avoid misin-
terpretations and non-pertinent conclusions. A critical point is that
only the most frequent words are taken into account because, from
a statistical point of view, words and co-occurrences of words have
to be highly frequent to define robust relations among abstracts.
Another limitation is that this procedure cannot be fully automated
because a complete interpretation of the results requires interac-
tion with specialised users, possibly leading to local studies on a
subcorpus of their interest.
The viewpoint of the abstracts provided by this study and its re-
sults differs from a classical review, such as those cited in the Sec-
tion 1. However, this approach can be used as a first step in a
systematic review on a well-determined topic. It eases the choice
of the articles to be selected, which turns this statistical approach
into a strategic tool to follow the trends in food science or other
scientific fields.
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