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ABSTRACT: This paper reports on a research project that compared two different approaches for the indexing of ordinary im-
ages representing common objects: traditional indexing with controlled vocabulary and free indexing with uncontrolled vo-
cabulary. We also compared image retrieval within two contexts: a monolingual context where the language of the query is the
same as the indexing language and, secondly, a multilingual context where the language of the query is different from the in-
dexing language. As a means of comparison in evaluating the performance of each indexing form, a simulation of the retrieval
process involving 30 images was performed with 60 participants. A questionnaire was also submitted to participants in order to
gather information with regard to the retrieval process and performance. The results of the retrieval simulation confirm that
the retrieval is more effective and more satisfactory for the searcher when the images are indexed with the approach combining
the controlled and uncontrolled vocabularies. The results also indicate that the indexing approach with controlled vocabulary is
more efficient (queries needed to retrieve an image) than the uncontrolled vocabulary indexing approach. However, no signifi-
cant differences in terms of temporal efficiency (time required to retrieve an image) was observed. Finally, the comparison of
the two linguistic contexts reveal that the retrieval is more effective and more efficient (queries needed to retrieve an image) in
the monolingual context rather than the multilingual context. Furthermore, image searchers are more satisfied when the re-
trieval is done in a monolingual context rather than a multilingual context.

1.0 Introduction ages on the World Wide Web” (Harpring 2002, 20).

Among the many types of images available on the

For the past several years, the increasing development
of databases and collections consisting of various
types of text or multimedia documents has posed new
challenges for the retrieval process. Searching for im-
ages 1s one of the most popular categories of searches
on the Internet (Tjondronegoro and Spink 2008, 340—
41). Although in recent years it has become easier to
identify images with, among others, the use of search
engines specifically designed for this purpose, image
retrieval still presents a significant degree of difficulty.
“Images are notoriously difficult to retrieve with accu-
racy, as is evident to anyone who has searched for im-

Internet, the ordinary image (i.e., non-artistic) occu-
ples an important place in the user’s search of the
Web. By ordinary images, we mean images of common
objects used daily, such as a television, a coffee mug, a
tennis racket, etc. The growth of the Internet has
highlighted the pressing need to develop tools for the
description of images in order to facilitate their re-
trieval, as we find them in most resources: personal
Web pages, museum collections, digital libraries,
commercial products and services catalogues, govern-
ment information, and so on. In general, we consider
the image as language independent (Gonzalo et al.
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2006). However, image indexing gives the image a lan-
guage status similar to any text document, which may
affect retrieval. Unfortunately, language barriers still
prevent users from accessing information (Marlow et
al. 2007), including visual information.

Since the beginning of the 19th century, catalogu-
ing, classification and indexing processes have been
primarily devoted to textual documents. However,
obtaining access to multimedia material presently
raises a lot interest. According to Guinchat and
Menou (1990), the indexing process of visual material
poses particular problems because of its own nature
and mode of consultation. Clearly, the choice of suit-
able indexing terms for image description is an endur-
ing issue whether it is in a monolingual or multilin-
gual retrieval context. This research project examines
what occurs at the retrieval stage when an image is
indexed according to each of the two following ap-
proaches: traditional image indexing, which recom-
mends the use of controlled vocabularies, that is, the
indexing terms are chosen from an artificial language
whose main function is to generate formal document
representation; or free image indexing, which uses
uncontrolled vocabulary, that is, the indexing terms
being used to describe the image do not follow any
pre-established rules. While these two indexing ap-
proaches show common characteristics, there are also
differences that may influence image retrieval. This
research aims to establish whether one of these index-
ing approaches surpasses the other in terms of effec-
tiveness, efficiency and satisfaction of the searchers
for image retrieval in a multilingual context.

2.0 Related studies—an overview
2.1 Meaning of images

Over the years, image indexing has been the focus of
several key studies. Panofsky (1955) identified three
levels of meaning in works of art: pre-iconography
for the primary or natural subject matter, iconogra-
phy for the secondary subject, and iconology for the
intrinsic content of the work. A few years later,
Markey (1983; 1988) applied these levels for the
identification of themes or concepts illustrated in
images. Shatford (1986) defined three groups of at-
tributes, which are “specific of,” “generic of” and
“about,” corresponding to the three classes in Panof-
sky’s (1955) classification. In the same manner,
Krause (1988) divided the information contained in
an image into “hard indexing” (what can be observed
in a picture) and “soft indexing” (subjective meaning

and the personal response that it evokes). Layne
(1994) suggested that an image could be of and about
something. While ofness is mainly concrete and ob-
jective, aboutness is more abstract and subjective. The
various types of attributes of images and the terms
used to describe them have been the subject of sev-
eral studies. In order to determine what the appro-
priate access points are, image indexing and retrieval
have been studied extensively over the years (Turner
1993; Turner 1994; Ornager 1996; Armitage and En-
ser 1997; Jorgensen 1998; Chen 2001; Goodrum and
Spink 2001; Choi and Rasmussen 2002; Choi and
Rasmussen 2003; Greisdorf and O’Connor 2008).
When examining the different approaches to index-
ing an image, it is clear that the majority of the im-
ages are indexed on a minimum and often offer a
single point of access (Jérgensen 1998, 162). Several
studies (Besser and Snow 1990; Roddy 1991) show
that most of the indexing approaches are not suitable
for picture researchers, while other studies (Ohlgren
1980; Krause 1988; Turner 1993) emphasize the fact
that the main problem concerning image retrieval is
the approach chosen for the indexing process.

2.2 Controlled vocabulary indexing

The controlled vocabulary is a language with its own
terms, syntax and semantics (Wellisch 1995, 214). The
main advantage of vocabulary control is to promote
consistency in indexing and to increase, through a sys-
tem of referrals, the probability of matching the words
chosen by the indexer and those of the researcher
(Jorgensen 2003, 105; Arsenault 2006, 141). The use
of controlled vocabularies offers many advantages for
retrieval, browsing and interoperability while also aim-
ing to facilitate the indexing process. However, con-
trolled vocabularies also present some weaknesses, the
main one being that they represent the concepts in an
artificial way (Macgregor and McCulloch 2006, 294).
The indexing terms offered by controlled vocabularies
often have very few relevant connections with the
terms used by individuals in the formulation of their
queries (Furnas et al. 1987). Furthermore, controlled
vocabularies have a tendency to become quickly out-
dated, therefore constituting another disadvantage
since neologisms take considerable time before they
are integrated in the various controlled vocabularies
(Lancaster 2003, 255). Moreover, the use of these vo-
cabularies remains a complex task for the majority of
indexers (Goodrum 2000, 66). Finally, most con-
trolled vocabularies suggested by metadata schemas
and commonly used for image indexing only exist in
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English. Consequently, an indexer having little knowl-
edge of the English language and wishing to use these
vocabularies will face a major linguistic problem unless
an effective translation mechanism is offered to facili-
tate their use.

2.3 Uncontrolled vocabulary indexing

Unlike indexing with controlled vocabulary, indexing
with uncontrolled vocabulary is not governed by any
predetermined rules regarding the choice of words
used. The indexing terms are extracted from the natu-
ral language (Cleveland and Cleveland 2001, 35; Chu
2003, 47). In recent years, we observed the advent of
a new phenomenon perfectly illustrating indexing
with uncontrolled vocabulary. It is the collaborative
indexing whose main characteristic is to use uncon-
trolled vocabulary for indexing documents. Collabo-
rative indexing, also known as “social tagging,” has
emerged as a means of organizing information re-
sources on the Web and is contradictory to the tradi-
tional philosophy of controlled vocabularies (Mac-
gregor and McCulloch 2006, 292). The primary ob-
jective of collaborative indexing is to enable an indi-
vidual to share the indexing terms for a set of re-
sources (Macgregor and McCulloch 2006, 294). The
main advantage of this indexing approach, according
to Marlow et al. (2006), is to solve the problem of
vocabulary, as perceived by Furnas et al. (1987) when
different people use different terms to describe simi-
lar concepts. In other words, this system of social
tagging has the potential to improve the conventional
indexing with controlled vocabulary which generates
many problems during the retrieval process (Marlow
et al. 2006). Collaborative indexing offers the benefit
of providing additional access points that are often
very different from the conventional ones (Kipp
2007). The tags produced with collaborative indexing
may take any form, according to the user’s inspira-
tion. In addition, the tags can be constructed from a
single language or may combine several languages
(Marlow et al. 2006). The popularity of social index-
ing increased quickly and is no longer for textual
documents only. For example, online image sharing
systems also use this type of indexing (Le Deuff
2006, 67; Marlow et al. 2006; Mathes 2006; Angus et
al. 2008; Rorissa 2008). These systems allow users to
index and share their own images. People can share
images on a theme and create an exchange commu-
nity based on their labels (tags) or keywords. The
system Flickr® offers users the possibility to index
their own images and make them public, that is, the

images can be viewed by all or only a group of indi-
viduals chosen by the user of the system.

Given its recent nature, little is known about col-
laborative indexing. Golder and Huberman (2005)
analyzed the structure of sharing systems using this
type of indexing. The results of this study indicate a
great variability in the keywords assigned, ranging
from the very general (e.g., dog) to the most specific
(e.g., Fido sleeping after playing all afternoon with
Mary and John). Some individuals use many key-
words, others only a few to describe an image ac-
cording to how they perceive it. However, in cases
where several words are used, it seems that this pro-
cedure is for personal purposes rather than public.
Indeed, the meaning of some keywords often re-
mains ambiguous for the larger number of users
(e.g., mylife, strangeday 14nov07). The information
added by many users of the system is useful only to
the extent that all users understand the content in
the same way and if there is an overlap in their
choice of categories of keywords. Nevertheless, the
collaborative indexing, even if it largely depends on
the ability of individual indexers, can be of great
value, provided it is used across the Web and not just
by a few individuals (Golder and Huberman 2005).

2.4 Dilemma

Several elements emerge from this review of litera-
ture. First, the ordinary image, contrary to the artis-
tic image, is not really described in the literature.
Second, this review highlights that we know very lit-
tle about the influence of the vocabulary used for in-
dexing images on its retrieval in a multilingual con-
text. Third, analysis of the literature reveals that
there are two approaches to indexing images, one us-
ing the more traditional controlled vocabulary and
the other advocating the use of uncontrolled vocabu-
lary. The latter approach is attracting increased inter-
est with the phenomenon of collaborative indexing.
The use of either controlled or uncontrolled vo-
cabulary raises a number of difficulties for the index-
ing process that impact image retrieval. The choice
between the two approaches is extensively discussed
in the literature surrounding this study where schol-
ars explore which is the best vocabulary to be used
for the indexing process. Some results indicate that
uncontrolled vocabularies offer a better retrieval per-
formance than the controlled vocabularies (Savoy
2005), a point of view shared by Rao Muddamalle
(1998). Other scholars (Markey et al. 1980; Kamps
2004) consider that the controlled vocabularies im-
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prove the precision of results at the time of retrieval.
It is clear, nevertheless, that many searchers recognize
the advantages of both indexing approaches accord-
ing to the circumstances (Arsenault 2006). However,
it seems that some authors have increasingly recog-
nized the usefulness of combining the two ap-
proaches when indexing images (Matusiak 2006;
Macgregor and McCulloch 2006; Enser et al. 2007).

As noted in the work of several researchers
(Goodrum and Spink 2001; Goodrum et al. 2003;
Jorgensen and Jorgensen 2005; Tjondronegoro and
Spink 2008), we see an evolution in how queries are
formulated for image retrieval. For example, queries
consisting of a single term are less frequent than be-
fore. This transformation point forces us to recon-
sider the way in which the image must be indexed and
whether the controlled vocabulary traditionally em-
ployed for image indexing is well suited to this par-
ticular type of document. The study of the Web im-
age searcher’s behaviour is therefore necessary in or-
der to improve retrieval systems. In the same way;, it
is essential to carry on the study of retrieval strategies
of image searchers in order to establish better index-
ing and, more specifically, a vocabulary more adapted
to the needs and behaviours of the image searchers.

With this in mind, several questions are raised
about image retrieval in a multilingual context. We
can consider whether the choice of the vocabulary
used for image indexing will influence the retrieval
results in a multilingual context and, if such is the
case, what this influence is. Moreover, we can inves-
tigate which image indexing approach is preferable to
implement to facilitate the retrieval of images in a
multilingual context. As few studies address these
questions, finding the image indexing process that
allows for effective and efficient retrieval with a high
degree of searcher satisfaction in a multilingual con-
text is a vital step requiring more attention.

3.0 Methods
3.1 Image Database

As a first step of this exploratory study, a database
containing ordinary images extracted from a com-
mercial online catalogue representing common ob-
jects was constructed. A total of 3,950 images were
selected and then indexed according to four indexing
forms: French and English controlled vocabularies,
and French and English uncontrolled vocabularies.
For reasons of availability and economy, indexers in-
volved in the project had no professional experience

in indexing. The indexing with uncontrolled vocabu-
laries was performed by two different indexers (one
native French speaker and one native English
speaker) while the controlled vocabulary indexing
(French and English) was produced by an indexer
fluent in both languages.

For the indexing process with controlled vocabu-
lary, the indexer was asked to use the Nouvean dic-
tionnaire visuel multilingue (Corbeil and Archam-
bault 2003). Even if this dictionary cannot be for-
mally considered an authentic controlled vocabulary,
it was chosen for three reasons. First, this dictionary
contains words and images of common objects simi-
lar to the type of images included in the database.
Second, it provides a form of term standardization
allowing maximum control on regionalisms, archa-
isms and anglicisms. Third, this dictionary offers
both French and English terms (in addition to Span-
ish, German and Italian terms), which facilitated the
indexing process while maintaining a form of inter-
linguistic consistency. The process of indexing with
controlled vocabularies proceeded as follows: the in-
dexer was shown the image to be indexed and then
located the best corresponding image in the diction-
ary. The French and English terms associated with
the image of the dictionary were then used as index-
ing terms. Between one and five controlled indexing
terms could be assigned to each image.

For the indexing process with uncontrolled vo-
cabularies (French and English), the indexers saw the
images and then used their own words as indexing
terms. No limit was imposed on the number of in-
dexing terms assigned to one image. At the end of
the indexing process, all images were associated to
four categories of indexing terms as illustrated in
Figure 1.

3.2 Retrieval System

An image retrieval system specifically designed for
this experiment and linked to the image database was
used for the simulation. This system, called El@ine,
was programmed with the language ASPNET 1.1 and
used a MySQL database. The search interface of
El@ine included two sections. In the upper part of
the display, the images to be retrieved were shown to
the participants who could enlarge the images by
clicking on them. In the lower portion of the display,
there was a search box where the participants typed
their French queries when trying to retrieve the im-
ages presented to them. No terminological sugges-
tions were made to the participants who had to
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Examples of images extracted from

presentation o)

I the image and the associated text (I’ul

the database Controlled Vocabulary Uncontrolled Vocabulary
French Terms English Terms French Terms English Terms
brodequin de tra- h duty boot bottes de travail Ko- | Kodiak work-
vail cavy-auty boo diak boot
aspirateur- cylinder vacuum aspirateur Shark Shark portable
traineau cleaner vacuum
e
;g:@:‘ chaussure de . . . women’s
A %@Q sport running shoe espadrilles Wilson sneaker

Figure 1. Images and the associated indexing terms

Original query Translated query
bottes boots
bottines boots
souliers shoes

souliers sport

shoes sport

souliers bruns

shoes brown

bottes de construction

boots of construction

aspirateur vacuum cleaner
poussiere dust
balayeuse sweeper

aspirateur portable

vacuum cleaner portable

aspirateur central

vacuum cleaner exchange

balayeuse electrique

sweeper electric

soulier shoe
— chaussures shoes
g
“.ﬁ :@} course race
N\ ' basket shoe
p— souliers course shoes race
espadrille espadrille

Figure 2. Examples of queries with the translated equivalent

transpose in their own words the image shown. Once
the mapping between the query terms and the index-
ing terms was done, the display interface showed
again the image to be retrieved to the participant in
the upper part of the screen with the resulting images
shown in the lower part. If needed, participants could
then make another query. For our study, it was de-
cided that no text would be displayed with the im-
ages. This approach stands in contrast to the conclu-
sions of some studies advocating the simultaneous

2005; Clough et al. 2006; Karlgren and Olsson 2006),
and also differ from our analysis of several key search
engines such as Google Images, Yahoo! Search,
Alltheweb and AltaVista revealing that these engines
often offer to their users the possibility to visualize
keywords with the retrieved images. This decision
was taken so that the participants would not be influ-
enced by a term they did not think of themselves for
the formulation of their queries.
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This study compared image retrieval within two
contexts: a monolingual context, that is, where the
language of the query (French) was the same as the
indexing language (French); and a multilingual con-
text, that is, where the language of the query (French)
was different from the indexing language (English).
For this second context, the French queries of the par-
ticipants were first translated into English by Babel
Fish (Yahoo! 2008), a machine translation system in-
tegrated in the retrieval system, and then mapped to
one of the English indexing forms. For the purpose of
this study, the machine translation of the queries was
better suited because the queries for images generally
contained only a few words (Chen 2001; Fukumoto
2004; Spink and Jansen 2004; Pu 2005). Hence, the
translation could be done more quickly and at a low
cost. No verification was made whether the transla-
tions obtained were correct or not. If the machine
translation system returned no result, the French
query terms were retained. The query translation
process was done without the knowledge of partici-
pants who did not know to which indexing form they
were linked. Figure 2 illustrates a few query examples
and the equivalent translated queries:

3.3 Participants

For this research, a nonprobability sample was used
where the elements of the population are chosen be-
cause of the correlation between their characteristics
and goals of the research (Fortin 1996, 362). With
this type of sample, it is possible to both increase the
usefulness of the information and limit the number
of subjects (Contandriopoulos et al. 1990, 62).
Moreover, it was a voluntary sample since each par-
ticipant had to take an appointment to participate in
the experiment.

In order to strengthen the validity of the results,
the simulation of the retrieval was made with 60 par-
ticipants randomly divided into six independent
groups assigned to one of the six indexing forms
(the four forms mentioned, in addition to the com-
bination of French controlled and uncontrolled vo-
cabularies and the combination of English controlled
and uncontrolled vocabularies). For ethical consid-
erations, our participants were aged 18 and older. In
addition, to ensure the homogeneity of the group of
participants (Fortin 1996, 34), three selection criteria
were defined: participants whose mother tongue is
French, undergraduate students of the Université de
Montréal and, given the nature of the tasks to per-
form during the experiment, the participants should

have no professional experience in a field involving
image indexing and retrieval. Each participant had to
meet these minimal inclusion criteria to be selected
to perform the retrieval simulation. These criteria
were used to control the bias which may come from
heterogeneous participants. However, we were aware
that the sample size and too much homogeneity
could limit the generalization of the statistical results
to the single category of participants selected for our
research (Fortin et al. 2006, 180).

The recruitment of participants was done using
posters displayed in strategic locations at Université
de Montréal (display boards, libraries, etc.). A mone-
tary compensation of $20 was allocated to each re-
spondent suitable for the experiment. The retrieval
simulation was conducted in a relatively short pe-
riod, from September 27 to November 13, 2007, to
prevent the effect of data contamination.

3.4 Data Collection

During this experiment, performed with the retrieval
system El@ine, the participants were shown each of
the 30 images, in the same order of presentation.
Each participant was randomly associated with one
of the six conditions (one indexing form) established
for this study. Once the participants were satisfied
with the result of the retrieval task, they recorded
the retrieved image directly into the retrieval system.
Before searching for the next image, the participants
were asked to evaluate their degree of satisfaction re-
garding the retrieval results they obtained after each
image retrieval task. The variables used in our study
were recorded directly by the retrieval system. Each
transaction of the participants was retained in the da-
tabase, with the date and time (to the nearest sec-
ond) at which it took place. For each image retrieval,
the following variables were recorded:

— The time of the beginning of each retrieval task

— The indexing form

— The queries used by the participant to retrieve an
image

— The translation returned by the system if applica-
ble

— The total number of results for each query

— The number of queries used for each image

— The time of the end of each retrieval task

— The image selected by the participant for each re-
trieval task

— The evaluation of participant satisfaction after
each retrieval task
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3.5 Data analysis

The recorded data at the time of the retrieval simula-
tion of tracking, as well as responses to the satisfac-
tion questions, have been transcribed into an Excel
file. To test the research hypotheses, descriptive sta-
tistics were computed and the two-factor analysis of
variance was used. Also known under the name of
two-way ANOVA, this statistical test is regularly
used to determine whether or not the differences ob-
served between the means measured with specific
populations are significant. In addition, analysis of
variance is used to make comparisons of means be-
tween independent groups (Ouellet 1994, 251). Re-
garding our research, this statistical test was feasible
since it included a multiple independent variable (six
indexing forms), a single dependent variable (retrieval
performance) and a ratio level of measurement of the
dependent variable (Sproull 1995, 257). As part of
our research, analysis of variance was used to com-
pare the averages obtained for each indexing form and
to determine whether there were significant differ-
ences. In short, the analysis of variance allowed for
the verifying of the statistical significance of differ-
ences between averages obtained at the time of the
simulation, for effectiveness, temporal and human ef-
ficiency, and satisfaction of the image searcher. In ad-
dition, to complete the two-way ANOVA test, the
Tukey HSD (Honestly Significant Difference) Test
was used to compare averages for each pair of index-
ing approaches. This test allows for the classification
of the average processed into subsets and for control
over the Type I errors (Howell 2001, 426-27).

3.6 Measures

The quantification of the image retrieval perform-
ance of each indexing approach was based on the us-
ability measures recommended by the ISO 9241-11
standard, that is, effectiveness, efficiency and user
satisfaction (Association francaise de normalisation
1998). In general, effectiveness refers to the ability
to achieve a given goal, while efficiency rather refers
to the ability to perform a given task with minimum
time and effort (Brangier and Bracenilla 2003, 47).
Traditionally, several indicators can be considered for
these two measures. For our research, the measures
were defined as such:

— Effectiveness of image retrieval: measured by the
success rate of retrieval calculated using the re-
trieved number of images divided by the total
number of images to be retrieved.

— Temporal efficiency of image retrieval: measured by
the average time (in seconds) for each retrieved
image.

— Human efficiency of image retrieval: measured by
the average number of queries used for each re-
trieved image.

— Satisfaction of the image searcher: measured by a
scale of participant evaluation with the results ob-
tained for a specific retrieval task. Satisfaction was
assessed individually after each retrieval task.

4.0 Findings

The six following indexing forms were compared:
French controlled vocabulary (FCV), French uncon-
trolled vocabulary (FUV), combination of French
controlled and uncontrolled vocabularies (FCUV),
English controlled vocabulary (ECV), English uncon-
trolled vocabulary (EUV) and combination of English
controlled and uncontrolled vocabularies (ECUV).

4.1 Retrieval effectiveness

For this study, we considered the success rate, that
is, the ability to achieve the objective (shown image
retrieval), as the main indicator of effectiveness. Fig-
ure 3 shows the average proportions of retrieved im-
ages and highlights the observed differences of each

indexing form.

ECUV 70%
EUV 41%
ECV 44%

FCUV 86%
FUV 76%
FCV 69%

0% 20% 40% 60% 80% 100%

Figure 3. Effectiveness of image retrieval (% of retrieved
images)

4.1.1 Monolingual retrieval context

We observed that a greater proportion of images were
retrieved when they were indexed with the combina-
tion of controlled and uncontrolled vocabularies,
compared respectively to the controlled vocabulary
and the uncontrolled vocabulary approaches. A two-
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factor ANOVA test was carried out on these findings
to ascertain whether the observed differences were
significant. The factors taken into account were the
indexing language (two levels: French and English)
and the indexing approach (three levels: controlled
vocabulary, uncontrolled vocabulary and the combi-
nation of controlled and uncontrolled vocabularies).
The results indicated that there was no significant in-
teraction between the language and the indexing ap-
proach and it was therefore possible to independently
examine the effects of the language and the indexing
approach on the proportion of retrieved images. Since
the two-factor ANOVA test revealed a difference be-
tween the average proportions of retrieved images in
terms of the indexing approach, the Tukey HSD Test
was used to compare averages for each pair of index-
ing approaches. The differences between the propor-
tions of retrieved images were significant between the
combination of controlled and uncontrolled vocabu-
laries approach and the controlled vocabulary ap-
proach, and also between the combined approach and
the uncontrolled vocabulary approach. However, no
significant difference was observed between the con-
trolled and the uncontrolled vocabulary indexing ap-
proaches.

4.1.2 Multilingual retrieval context

Our analysis revealed a considerable influence from
the indexing language on the effectiveness of re-
trieval since the difference between the proportions
of retrieved images indexed using a French vocabu-
lary (monolingual retrieval context) and images in-
dexed using an English vocabulary (multilingual re-
trieval context) is significant. Additionally, the com-
bination of French controlled and uncontrolled vo-

ecuv I, .
euv I,
ecv I ;.

FCUV | 35.
FUV | 40.
FCV | 32.
0. 10. 20. 30. 40. 50.

Figure 4. Temporal efficiency (in seconds)

cabularies (FCUV) was the most effective indexing
form, in terms of retrieved images while the English
uncontrolled vocabulary (EUV) was the least effec-
tive form.

4.2 Temporal efficiency of retrieval

Regarding efficiency, we distinguished between two
forms: temporal efficiency and human efficiency
(Brangier and Bracenilla 2003, 50; Ménard 2007).
First, the temporal efficiency is measured by the
time in seconds, on average, used to retrieve an im-
age. Figure 4 shows the mean average time required
to retrieve an image.

4.2.1 Monolingual retrieval context

The results of the two-factor ANOVA test showed
that there was no significant effect of the language
on the average time required to retrieve an image as
the difference between the monolingual and multi-
lingual contexts is not significant. Then we observe
that there is an effect of the indexing approach on
the average time needed to retrieve an image. How-
ever, the Tukey test revealed that the observed dif-
ferences were not significant between each pair of
indexing approaches.

4.2.2 Multilingual retrieval context

The French controlled vocabulary (FCV) was the
most efficient indexing form, while the combination
of English controlled and uncontrolled vocabularies
(ECUV) was the least efficient form. However, the

results of our analysis showed that the observed dif-
ference in terms of temporal efficiency (time re-

£cuv I .
Euv I
ECv I .

FCUV | 2.

FUV | 2.

FCV | 2.

0. 1. 2. 3. 4.

Figure 5. Human efficiency (in queries)
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quired to retrieve an image) between the two linguis-
tic contexts was not significant.

4.3 Human efficiency of retrieval

Human efficiency is measured by the average number
of queries used to retrieve an image. Figure 5 shows
the average number of queries required to retrieve an
image and highlights the differences observed.

4.3.1 Monolingual retrieval context

The results of the two-factor ANOVA test on the av-
erage number of queries required to retrieve an image
revealed that there were no significant interaction be-
tween the indexing language and the indexing ap-
proach. Once again, the influence of the indexing
language and the indexing approach could therefore
be studied independently. As indicated by the Tukey
Test, the difference between the average number of
queries required to retrieve an image was only signifi-
cant between the controlled and uncontrolled index-
ing approaches. The indexing with controlled vocabu-
lary was the most efficient in terms of queries re-
quired compared to the indexing with uncontrolled
vocabulary. No significant difference, however, was
observed between the combined and the controlled
indexing approaches, or between the combined and
the uncontrolled indexing approaches.

4.3.2 Multilingual retrieval context

In addition, the combination of both French con-
trolled and uncontrolled vocabularies (FCUV) stood
out as the most efficient indexing form with an aver-
age of 2.1 queries per retrieved image while the Eng-
lish uncontrolled vocabulary form (EUV) was the
least efficient with an average of 3.3 queries per re-
trieved image. Our findings revealed a significant dif-
ference between the indexing forms using a French
vocabulary compared to the indexing forms using an
English vocabulary. In the context of our study, im-
age retrieval in the monolingual context required
fewer queries, on average, to retrieve an image than
in the multilingual context.

4.4 Satisfaction of the image searcher

For this study, the satisfaction of the image searcher
corresponded to a scale of arbitrary values ranging
from 1 to 5. The value “1” represented the minimum
satisfaction, while “5” represented the maximum sat-

isfaction. The average levels of satisfaction for all 30
images to be retrieved have been calculated and are
shown in Figure 6.

ecuv I .
evv I ;.
Ecv I ;.

FCUV | 4.
FUV | 3.
FCV 7\ 3.
0. 1. 2; 3. 4. 5.

Figure 6. Satisfaction of the image searcher
4.4.1 Monolingual retrieval context

The two-factor ANOVA test on the mean satisfac-
tion rate recorded after each one of the 30 image re-
trieval tasks revealed that there was no significant in-
teraction between the indexing language and the in-
dexing approach. Therefore we independently exam-
ined the influence of the indexing approach and the
indexing language on image searcher satisfaction.
The results of the Tukey test indicated that the dif-
ference between the satisfaction rates was significant
between the combined and the controlled vocabulary
approaches. No significant difference was noticeable
between the combined and the uncontrolled ap-
proaches, or between the controlled and uncon-
trolled indexing approaches.

4.4.2 Multilingual retrieval context

We observed that the participants seemed much less
satisfied when images were indexed with the English
controlled vocabulary form (ECV) and English un-
controlled vocabulary form (EUV). Our analysis
also revealed that that the indexing language played
an influencing role since the observed difference in
the average satisfaction rate between the monolin-
gual and multilingual context is significant, the par-
ticipants being more satisfied when the image re-
trieval occurs in the monolingual context rather than
the multilingual context.



Knowl. Org. 36(2009)No.4

209

E. Ménard. Image Retrieval: A Comparative Study on the Influence of Indexing Vocabularies

5.0 Discussion and conclusions

The results of our research have led to the conclusion
that the retrieval of ordinary images representing
common objects, when initiated with a shown image,
is more effective (proportions of retrieved images)
when the images are indexed with the combination of
controlled and uncontrolled vocabularies rather than
the controlled vocabulary or the uncontrolled vocabu-
lary approaches respectively. Since the combined in-
dexing approach holds the advantages of both index-
ing approaches, the effectiveness of the retrieval is
maximized. The results of our study also indicate that
differences in terms of temporal efficiency (average
time required to retrieve an image) are not significant.
For human efficiency, the results indicate that the con-
trolled vocabulary indexing approach is more efficient
than the uncontrolled approach in terms of the num-
ber of queries required to retrieve an image. In the
context of this study, the use of the controlled vo-
cabulary offers the maximum consistency for the rep-
resentation of concepts contained in the image and has
an influence on the human efficiency of image re-
trieval. However, the combination of the controlled
and uncontrolled vocabularies, while improving effec-
tiveness by providing more mapping possibilities be-
tween the query terms and the indexing terms, results
in an increased number of images displayed and hence
a loss in temporal efficiency. With regard to the satis-
faction of the image searcher, the results of the analy-
sis confirm that searchers consider themselves more
satisfied when retrieving images indexed with the
combined approach rather than the controlled ap-
proach. Regardless of its subjectivity, the assessment
of image searcher satisfaction reinforces the results
obtained for the effectiveness and efficiency of image
retrieval from the perspective of the image searcher.

In regard to the two studies of linguistic retrieval
contexts (monolingual and multilingual), the results
of this research, conducted with the system El@ine,
have shown that the retrieval in the monolingual con-
text 1s more efficient (queries used to retrieve an im-
age) and more satisfactory for the searcher. More-
over, the retrieval in the monolingual context is more
effective than the retrieval in the multilingual context,
with a greater proportion (25%) of retrieved images.
This result differs slightly from those generally re-
ported by the studies on multilingual image retrieval.
For example, the retrieval performance of the multi-
lingual system Ewurovision proposed by Clough and
Sanderson (2006, 706) showed a performance for the
monolingual retrieval superior by about 11% com-

pared to the multilingual context, under conditions
similar to our study in some respects (image retrieval
initiated by a shown image, use of a machine transla-
tion system, queries of the participants translated
into English). Thus, the analysis of the retrieval effec-
tiveness performance obtained by our study clearly
demonstrates that it is less effective when the index-
ing language is different from the query language, all
indexing approaches combined. Since participants did
not know to which form of indexing their queries
were associated, we can reject the possibility that they
changed the way they formulated their queries in re-
lation to a particular indexing language. Conse-
quently, the observed differences between the pro-
portions of retrieved images obtained in multilingual
and monolingual context, regardless of the indexing
approach, are likely related to the processing of the
queries, that is, the translation mechanism used in the
retrieval system.

The observed differences when comparing the ef-
fectiveness of the two linguistic retrieval contexts can
perhaps be explained by the translation of queries to
be carried out when the language of the query is dif-
ferent from the indexing language. Several linguistic
resources can be used in cross-language information
retrieval (CLIR) systems: bilingual or multilingual
dictionaries (Pirkola et al. 2001; Hedlund et al. 2004),
machine translation (MT) systems (Chen and Gey
2004; Zhang and Vines 2004) and parallel or compa-
rable corpora (Braschler and Schiuble 2000; Xu and
Weischedel 2005). The review of the literature con-
ducted on the various linguistic resources that can be
used in CLIR systems demonstrated their advantages
and limitations. The methodological choice made
when designing the retrieval system El@ine has fo-
cused on the participants’ queries being translated by
an incorporated machine translation system (Fluhr
2006, 237). At first, it was believed that the queries
used for image retrieval could be properly translated
by a machine translation system, since they generally
contain only a few words, that is, 3.7 words per query
on average, as noted by Goodrum and Spink (2001).
Studies by Chen (2001), Fukumoto (2004), Spink
and Jansen (2004) and Pu (2005) also confirmed that,
in general, people tend to formulate short queries to
retrieve images. For this research, analysis of queries
shows that the participants made queries containing
an average of 1.3 words. This average is slightly less
than what is usually found in the literature and is
probably a consequence of the image type used for
this study.
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We could think a priori that short queries gener-
ated by the retrieval tasks performed for this study
would be most appropriately translated by the ma-
chine translation system. However, a partial analysis
of the translations obtained automatically indicates
that the queries are sometimes too short, that is,
they do not provide sufficient context (Oard and
Diekema 1998, 231; Kishida 2005, 435; Gey et al.
2005, 427) to be interpreted and, therefore, are in-
correctly translated (see Figure 2). Indeed, the trans-
lation is often faced with many problems of semantic
and syntactic ambiguities (Braschler 2004, 189). In
the context of this research, the semantic ambiguity
of the request for translation, mainly due to a lack of
context, may result in a misinterpretation. This is in-
deed one of the main problems of CLIR systems us-
ing a machine translation mechanism (Kishida 2005,
439). As a result, retrieved and displayed images do
not always correspond to the desired image, or que-
ries whose translation is wrong do not generate any
results. This largely explains the differences between
the proportions of images retrieved in monolingual
and multilingual context.

The failure of the machine translation system was
mentioned by Fluhr (2006, 237) who emphasized
that the quality of translation systems [automatic]
cannot guarantee that the translation is good. In the
case of a bad translation of the concepts of the query,
the search may not succeed. For example, French
queries of “vélo” or “bicyclette” would be, in princi-
ple, easily translated into the English term “bicycle.”
However, we noted that the indexing forms with
ECV or EUV often used the word “bike” to describe
this object. However, the word “bike” translated
back into French, by the same machine translation
system, is the word “vélo” and not “bicyclette.” In
other words, if the participant used the word “vélo”
in the query, the image of this object could be re-
trieved, but not if using the word “bicyclette,” which
is incorrect since the words “vélo” and “bicyclette”
are considered synonyms.

It is worth mentioning that these kinds of termi-
nological difficulties are not confined to the retrieval
in a multilingual context. The retrieval in the mono-
lingual context also has its share of problems. For
example, a participant who uses the word “chandail”
to identify an image indexed with the word “maillot”
or “pullover” meets the same type of obstacle. Thus,
we can suppose that a retrieval device that would in-
clude a system of references such as a thesaurus
could improve effectiveness both in monolingual and
multilingual retrieval contexts. However, as high-

lighted by several studies (Markkula and Sormunen
1998; Baca 2003; Joérgensen 2003), there are many
obstacles for the use of these controlled vocabular-
ies, including the cultural bias of the term included
and inconsistencies chiefly due to their intrinsic
complexity (Jérgensen 2003, 98-99).

The present research studied the retrieval of ordi-
nary images representing common objects within two
different linguistic contexts. By doing so, this study
fills an important gap in the literature about ordinary
images. These observed differences between both lin-
guistic contexts may be explained by the semantic
ambiguity occurring at the time of the query transla-
tion. However, other research seems necessary to fur-
ther the knowledge obtained by this study, in order to
enrich the field of information organization and rep-
resentation. For example, the linguistic context sug-
gested by this study concerned only two languages
from the same family of Indo-European languages.
The results of this research could be complemented
by the study of other languages to not only identify
constants in indexing, but also in the retrieval per-
formance in terms of effectiveness, efficiency and the
satisfaction of the image searcher. Comparisons be-
tween indexing vocabularies extracted from other lin-
guistic groups (Semitic, Chinese, Niger-Congolese,
Austronesian, etc.) could also be considered. In the
same manner, the definition of the sample used for
this research predicted that the respondents had to be
undergraduate students whose mother tongue is
French. A comparison with other populations speak-
ing different mother tongues could also enrich the
knowledge of image retrieval performance in a multi-
lingual context.

Finally, the results of this research are closely re-
lated to the image type used. Thus, one can assume
that the study of indexing and retrieval of other image
categories could adequately complement the results of
this study. The analysis of indexing terms of docu-
mentary images, such as images related to a specific
field (sports news, medical imaging, etc.) or artistic
images (museum objects, famous works, etc.) is a cru-
cial research avenue to obtain a better understanding
of the best indexing approach to adopt to optimize
image retrieval. Moreover, there are ever-increasing
multimedia documents available in information sys-
tems on the Internet. The methodology proposed by
this study could be applied to other types of docu-
ments, such as audio files or videos for example, in or-
der to study how to index and retrieve these multime-
dia documents and make the necessary suggestions to
improve organization and, consequently, retrieval.
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