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The purpose of dissertation is to utilize connotative messages for enhancing 

image retrieval and browsing. By adopting semiotics as a theoretical tool, this study 

explores problems of image retrieval and proposes an image retrieval model. The 

semiotics approach conceptually demonstrates that: 1) a fundamental reason for the 

dissonance between retrieved images and user needs is representation of connotative 

messages, and 2) the image retrieval model which makes use of denotative index terms 

is able to facilitate users to browse connotatively related images effectively even when 

the users’ needs are potentially expressed in the form of denotative query.  

Two experiments are performed for verifying the semiotic-based image retrieval 

model and evaluating the effectiveness of the model. As data sources, 5,199 records 

are collected from Artefacts Canada: Humanities by Canadian Heritage Information 

Network, and the candidate terms of connotation and denotation are extracted from Art 

& Architecture Thesaurus. The first experiment, by applying term association measures, 

verifies that the connotative messages of an image can be derived from denotative 

messages of the image. The second experiment reveals that the association thesaurus 

which is constructed based on the associations between connotation and denotation 

facilitates assigning connotative terms to image documents. In addition, the result of 

relevant judgments presents that the association thesaurus improves the relative recall 

of retrieved image documents as well as the relative recall of browsing sets.  



This study concludes that the association thesaurus indicating associations 

between connotation and denotation is able to improve the accessibility of the 

connotative messages. The results of the study are hoped to contribute to the 

conceptual knowledge of image retrieval by providing understandings of connotative 

messages within an image and to the practical design of image retrieval system by 

proposing an association thesaurus which can supplement the limitations of the current 

content-based image retrieval systems (CBIR). 
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CHAPTER I 

INTRODUCTION 

Statement of Problem 

Although research on image retrieval has been conducted for several decades, 

there is still dissonance between retrieved images and real user needs. The 

fundamental reason for this dissonance is representation, because retrieval systems 

generally return search results based on some forms of matching between document 

representation and user need representation – both usually expressed in words. During 

the representation process, some information is left behind or left out (Huibers, Lalmas 

& van Rijsbergen, 1996; O’Connor, 1996; Marr, 1982). This information loss is 

unavoidable, but, at the same time, it is acceptable because it can increase search 

effectiveness by reducing the amount of data to be searched.  However, loss of any 

significant information can cause negative effects on the retrieval process. So for 

greater search utility, it is necessary to identify which sorts of data can be left behind 

without negative impact on a search.  

The inherency of images which is expressed in the familiar sentence, “a picture is 

worth one thousand words,” suggests that the perpetual problem of image retrieval is 

closely related to information loss. It is practically impossible to expect that an indexing 

mechanism represents all possible meanings, as well as to find exact words and 

features which correspond to condensed messages of an image. Figure 1.1 exemplifies 

that a large number of messages contained within an image, especially “connotative” 
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messages, can result in discrepancies between indexers and users. If a major reason of 

image retrieval problems is information loss, a key approach for improving image 

retrieval would be to restore the discrepancies which are caused by unacceptable 

information loss. 

Cataloger applied: 

Cowboys 
Horsemen and Horsewomen 
 
 Real People said: 

Tension, ruggedness, determination,  
work clothes, unfeeling, needs a bath, 
face a challenge, anticipation, anger, 
courage, calloused, tough, another 
era, discouraging, disappointment, 
anxiety, disgust, rural scene, tough 
and rugged, resolute, Kansas, strong 

 

Cataloger applied: 

Cattle – Housing 
Beef Cattle 
Ranching – Kansas 
 
Real People said: 

Expansiveness, free of burdens, bucolic, 
prairie life, memories, Texas, cold, 
pasture, summer, quiet, view from 
porch, desolate, simple life, prisoners, 
winter morning, dryness, peaceful, rural 
road, ruggedness, serene, hot and 
dusty, tired, suffering, heat, endless 

Figure 1.1 Image index terms and user descriptions. (O’Connor & Wyatt, 2004) 

(Image are used with permission of B. O’Connor) 

For improving image retrieval through recovering unfavorable loss, an 

understanding of the nature of messages contained in an image poses the following: 1) 

What are the characteristics of messages within an image and the structures of 
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interrelations among the messages?; 2) What types of messages tend to be left behind; 

and 3) Why that message loss occurs during the representation processes? Based on 

the knowledge of the nature of messages within an image, this study is aimed toward 

proposing a model which helps users to find what they want, even when unfavorable 

information loss makes it difficult to obtain satisfactory search results.  

There have been several lines of research concerning image attributes used for 

image retrieval and investigations of user questions and needs according to such 

attributes (Eakins & Graham, 1999; Greisdorf & O’Connor, 2002a; Jörgensen, 1999; 

Rasmussen, 1997; Trant, 2004). This type of research (Besser, 1990; Fidel, 1997; 

Greisdorf & O’Connor, 2002a; Greisdorf & O’Connor, 2002b; Jörgensen, 1998; Layne, 

1994) has repeatedly emphasized the difficulties and problems of image attribute 

searches by usually referring to those attributes as abstract, affective, or interpretive 

attributes. However, most of the previous research has not thoroughly identified the 

fundamental nature of each attribute category or the structural interrelations among 

attributes within an image. As a result of lack of deep understanding of the messages 

within images, the efforts for improving image retrieval, especially through connotative 

attributes, seems to be partial solutions which have been constrained by the 

experimental environment, such as a domain of collection, a specific type of user need 

and so on.   

Following Barthes’ (1977/1985) definition, this study identifies two iconic 

messages of an image: 1) A denotative message is defined as “identifiable (namable) 

objects” (p. 195) of an image, and 2) A connotative message is a message made up of 

denotative messages with in socio-cultural context.  
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Research Approach 

In attempting to restore unfavorable information loss, this study proposes a 

model for improving “the recall of browsing sets” of images which Fidel (1997) 

suggested. This model is designed to enable users to browse connotatively related 

images effectively, as a way of bridging the discrepancies which are caused by 

insufficient representation. Two objectives are set for this purpose: (1) investigate 

components of image retrieval from the perspective of semiotics, and (2) apply the 

results of the investigation to a model design.  

For a theoretical foundation, this study applies conceptual tools which are offered 

by semiotic theories for analyzing components of image retrieval. Semiotic analysis not 

only explains the nature and structure of messages contained in an image, but also 

provides the fundamental reason of image retrieval problems and plausible solutions. 

As previous research in the information retrieval field has consistently demonstrated the 

importance of abstract or emotional attributes, semiotics also provides a means to 

incorporate the significance of connotative messages in an image. Moreover, semiotics 

asserts that connotative messages are derived from one or more denotative messages 

within a socio-cultural background. Based on the findings of semiotic analysis, this study 

proposes an image retrieval model which is supported by an association thesaurus 

which is designed to increase the recall of browsing sets by utilizing connotative 

messages.  

This study starts from the premise that connotative messages are important for 

improving user satisfaction of image retrieval results. By accepting the premise, this 
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study focuses on how to facilitate the availability of connotative messages for improving 

image retrieval. Within this context two hypotheses are posited:  

• Hypothesis 1: A connotation of an image can be inferred from a denotation (or 

a set of associated denotations) of the image.  

o Sub-hypothesis 1-1: There exist pairs of connotation and denotation 

which are significantly associated.   

o Sub-hypothesis 1-2: There exist pairs of denotations which are 

significantly associated, so that they can designate the connotations 

which are associated with one of two denotations.  

• Hypothesis 2: A connotation derived from denotation will improve 

effectiveness of image retrieval and browsing.  

o Sub-hypothesis 2-1: A connotation derived from denotation will retrieve 

additional relevant images and increase relative recall of image 

documents.  

o Sub-hypothesis 2-2: A connotation derived from denotation will retrieve 

additional relevant browsing sets and increase relative recall of 

browsing sets.  

The assumptions underlying these hypotheses are: 1) There are pairs of 

connotation and denotation which are associated in some sense, so that a connotation 

can be inferred from a denotation, 2) There are pairs of denotation which are associated 

in some sense, so that a pair of associated denotation can designate a related 

connotation when a denotation is related with more than one connotation, and 3) A 
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semiotics-based approach to these assumptions may improve image retrieval and 

browsing results.  

  Significance of Study 

In spite of the importance of connotative messages, there have been few image 

retrieval systems or models which have been proposed for supporting connotative 

messages; if any, the connotative messages of those systems are very narrowly defined 

within a specific type of collection or domain. The results of this study contribute to the 

knowledge of image retrieval by providing a more comprehensive understanding of 

connotative messages within an image as well as by developing a model for utilizing 

connotative messages practically. The model presents a framework which may be used 

to design effective image retrieval systems such that the users’ connotative needs can 

be satisfied. This study also imparts information about how to achieve greater efficiency 

in representing image documents. This model, which derives connotation from 

denotation, suggests the effective way of incorporating connotative information from 

concentrated efforts on denotative indexing rather than struggling with connotative 

indexing as a stand alone by product.  

In addition, this study presents the utility of semiotics as an analytical tool for 

image retrieval. Semiotics is a discipline which analyzes signs, studies the functions of 

sign systems, and investigates the use of signs within social situations. Since 

information retrieval is to facilitate the communication of information between human 

beings (Karamuftuoglu, 1998) and images are a type of sign for communicating 

information, it would be significant to use of semiotic analysis as a means of 
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investigating the nature of images. Since the semiotic approach to image retrieval is just 

beginning, there are still many issues yet unresolved and some which have not even 

been discussed yet. However, this study proposes that semiotics provides a possible 

solution for image retrieval problems which have been recognized for several decades.  

Scope and Limitations 

Although the contributions to pictorial semiotics have come from several schools 

of semiotics, this study is mainly based on Barthes’s work. Roland Barthes’s image 

analysis from the point of view of semiotics provides an insight into the nature of 

connotative messages within an image. His consistent research efforts on connotative 

messages are considered appropriate for this study’s motivation; that is, how to satisfy 

abstract and emotional needs for retrieving image documents. As critics indicate 

(Sonesson, 2002), Barthes considered linguistics as a more fundamental system which 

embraces non-verbal semiotic systems. Although words are problematic for 

representing images (O’Connor, O’Connor & Abbas, 1999), this study accepts Barthes’s 

assertion, “perceiving what a substance signified is inevitably to fall back on the 

individuation of language”1(Barthes, 1964/1967, p. 10). Because this study takes the 

position of Barthes’s semiotics, another pictorial semiotic approach which emphasizes 

materiality of images, i.e. low-level features, (Mukarovsky, 1966/1976 ; Veltrusky, 

1973/1976; Schapiro, 1969/1985) is left to future research.  

Structure of the Study 

                                                 
1 This is not the unique idea of Barthes; Bruner and Piaget also assumed that image is verbalized in the 
very moment of perceiving (as cited in Barthes, 1964/1967).  
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This dissertation is composed of six chapters. This chapter has provided an 

introduction to the research problem, research approaches, significance, and scope of 

this study. Chapter II reviews related literature discussing the unique features of image 

retrieval in three aspects: image documents and user needs, image retrieval systems, 

and measurement for image retrieval systems. It also introduces the basic concepts of 

semiotics, especially focusing on Barthes’ pictorial semiotics. Chapter III proposes a 

preliminary model for improving image retrieval, based on the revisited problem model 

and resolutions which are derived from the view point of semiotics. Chapter IV 

describes research methodology, including source of data and data analysis procedures, 

and demonstrates pilot study results. Chapter V presents the result of data analysis 

within the theoretical framework of this study. Chapter VI discusses the key findings of 

this study and the revisited image retrieval model with the study results, and offers 

implications for image retrieval system design and suggestions for further research.  
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CHAPTER II 

REVIEW OF LITERATURE 

Features of Image Retrieval 

The features of image retrieval are reviewed in three aspects: indexing and query, 

image retrieval systems and retrieval effectiveness. By understanding the unique 

features of images, it may be possible to identify which aspects should be primarily 

considered for designing an image retrieval system. 

Representations of Image Documents and User Needs 

Essential and unique features of image documents have been presented through 

research on image attributes. Panofsky (1962) suggested three levels of meanings of 

images: Pre-iconography, Iconography, and Iconology. Layne (1994) and Markey 

(1988) analyses were based on Panofsky’s attribute levels. Layne proposed three types 

of image attributes by expanding Panofsky’s Pre-iconography and Iconography levels: 

1) Generic Of at the pre-iconographical level, 2) Specific Of at the iconographical level, 

and 3) About at the pre-iconographical and iconographical levels. Markey subdivided 

Panofsky’s three levels of meaning by applying four facets (who, what, where and 

when). Hidderley, Brown, Menzies, et al. (1995) suggested three levels of meanings: 

biographic information, content information (overall or each object content), and the 

interpretation and mood of the image. Krause (1988) used two terms for describing the 

types of meaning: hard (description, ofness) and soft (meaning and aboutness). Jaimes 
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and Chang (2000) also divided the semantic information of images as generic, specific 

and abstract. Although these various terms may be used, it is common for most 

researchers to distinguish between perceptual attributes (factual, objective) and abstract 

attributes (symbolic, emotional, subjective) in an image. Also researchers have agreed 

on the difficulties of image representation with words; especially, the representation of 

abstract attributes.  [see O’Connor, O’Connor and Abbas (1999) – also, native elements 

essay in “Photo Provocations: Thinking in, with, and about photographs” (O’Connor & 

Wyatt, 2004)]  

As research on image documents has focused on attributes analysis, most user 

studies of image retrieval are about the analysis of query types. One of the widely cited 

query classifications was provided by Eakins and Graham (1999). They divided queries 

into three levels: Level 1 Primitive features, Level 2 Logical features and Level 3 

Abstract attributes. Enser and McGregor (1992), Armitage and Enser (1997), Hastings 

(1995), Chen (2000) and Markkula and Sormumen (1998) also collected user queries 

and analyzed them. These studies showed that perceptual attributes are used more 

often than abstract attributes in queries.  

However, through Jörgensen’s (1995, 1998) and Fidel’s (1997) research, it is 

possible to infer why abstract attributes are used less frequently than perceptual 

attributes. Jörgensen (1995) categorized image attributes into twelve classes, and then 

compared the usage of classes in three different tasks: 1) In describing tasks, 

participants wrote descriptions of six images, 2) In searching tasks, each participant 

was given two query terms representing abstract concepts, and then browsed 77 

images to find images relevant to the abstract concepts, and 3) In sorting tasks, 
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participants sorted the 77 images into groups for their own use as if the images were 

their personal collection. Regarding the results of Jörgensen’s research, Fidel (1997) 

asserted that among these three tasks, the sorting task resembled most closely the 

retrieval process, because even though participants did not create search terms, they 

were asked to organize images for future usage. Then, Fidel (1997) compared the 

results of the sorting task with her own experimental results which analyzed 100 actual 

requests using Jörgensen’s attribute classes. Together Jörgensen and Fidel results 

showed that over half of the attributes used in Jörgensen’s sorting task and in Fidel’s 

actual requests were abstract (interpretive) attributes. From this research, Fidel 

concluded that users prefer to use abstract attributes for image retrieval.  

In contrast to the sorting task, according to Jörgensen’s research, in describing 

and searching tasks, perceptual attributes were used more often than abstract 

attributes; however, when Jörgensen (1998) asked participants to describe images 

using a template which includes both perceptual and abstract attributes, the usage of 

perceptual attributes decreased and that of abstract attributes increased. From this 

result Jörgensen concluded that when participants are presented with options for 

attributes, they choose abstract terms to describe images. This probably implies that in 

spite of the importance of abstract attributes in image retrieval, users do not use 

abstract attributes since they are not familiar with retrieving images by using that kind of 

attribute. 
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Image Retrieval Systems 

Although the image retrieval system should be implemented with consideration 

for inherent features of connotative messages, only few systems and models facilitate 

connotative access by involving emotional attributes. Kansei2 research is one of those 

few efforts. The kansei based approach tries to index users’ impressions and subjective 

feelings which are evoked while viewing images (Black, Kahol, Tripathi, Kuchi & 

Panchanathan, 2004). Kansei research has focused on finding a connection between 

low-level features (i.e., color, shape, texture, and so on) and subjective impressions 

(Kato & Kurita, 1990; Tanaka, Inoue, Ishiwaka & Inoue, 1997; Bianchi-Berthouze, 

Berthouze & Kato, 1999; Bianchi-Berthouze, 2001), but recently, some researchers 

addressed the insufficiency of low-level dependent approaches. Kuroda and Hagiwara 

(2002) proposed the scenery image retrieval system which uses both specific object 

names and impression words. However, although they admitted the importance of 

objects in images, there is no significant difference from other kansei approaches in that 

impression words are extracted only from low-level features, such as color and texture.  

Black, Kahol, Kuchi, Fahmy and Panchanathan (2003) and Black, Kahol, Tripathi, 

Kuchi and Panchanathan (2004) introduced a distinct approach in their two consecutive 

papers. Their research recognized the gap between low-level features of an image and 

human perception. They believed that there are “visual concepts” which are common 

and familiar senses evoked by specific low-level features. For example, “barren”, 

“sandy” or “cloudy” is a visual word evoked by specific textural features, while “honesty” 

or “mammal” is not a visual word because it is not closely related with visual stimuli. 
                                                 
2 “What the Japanese call Kansei - a word that is typically translated into English as impression or 
sensitivity” (Black, Kahol, Tripathi, Kuchi & Panchanathan, 2004, p. 354) 
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With 94 images of outdoor scenery, they compared the similarity represented by 98 

visual words to the similarity perceived by human observers, and the results showed 

that those two similarities have parallel relations (Black et al., 2003). Their research was 

advanced by focusing on kansei factors. They thought that when a user finds an image 

which express specific feelings, the user is interested in the images which give similar 

feelings, and then tried to figure out whether visual words provide clues about the 

feelings aroused by images. From their experiments which used 94 images, 98 visual 

words and 83 kansei words, it was concluded that visual words can be used to index 

subject feelings that could link user needs to retrieved images (Black et al., 2004).  

In addition to kansei research, Colombo, Del-Bimbo and Pala (1999) were 

interested in emotional attributes. They identified image semantics as two levels, 

expressive and emotional, and proposed representing these two levels of features by 

extracting expressive features from low-level features and deriving emotional features 

by mapping expressive and low-level features into emotions. From their experimental 

results, it was concluded that emotional features can be extracted from expressive and 

low-level features. However, one limitation that should be pointed out is that they 

identified only four emotions: action, relaxation, joy and uneasiness, as the most 

relevant human emotions associated with images.  

Retrieval System Effectiveness  

Since an image probably contains various subjective meanings, a relevant set of 

images can be different depending on users. For this reason, it is difficult to objectively 

measure the performance of image retrieval systems. In spite of these difficulties, the 
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most widely used measurements for estimating information retrieval system 

effectiveness are precision and recall. However, since humans can browse more 

images with less effort in a shorter time compared to text documents, researchers agree 

that in the case of image retrieval, emphasis on recall is reasonable. Layne (1994) 

explains that since recall is more important than precision, concentrating on browsing 

with basic index terms would be better than making efforts to assign detailed indexing.  

Cox, Miller, Omohundro and Yianilos (1996) stressed the importance of recall by 

asserting that a critical problem of image retrieval is non-retrieved relevant images 

rather than retrieved non-relevant images. Furthermore, Cox, Miller, Minka, 

Papathomas and Yianilos (2000) confirmed the effectiveness of displaying diverse 

images by comparing two display modes, ‘Most-Probable Display Update Scheme’ and 

‘Most-Informative Display Update Scheme’. The most-probable display scheme, which 

is adopted by most if not all image retrieval systems, displays the best possible images 

after each query and relevance feedback. Although this performs quite well, this 

scheme could result in over-learning disadvantages. For example, when a “jungle” 

scene was searched, the system repeatedly displayed “lion” pictures after a user 

selected a lion picture in an early display. In contrast to the most-probable display 

scheme, the most-informative display scheme display images in order to gain the 

highest information from users. That is, the search is started by displaying a large varied 

set of images rather than displaying a set of very similar images which has been 

adopted in traditional image retrieval system. They insisted that by deriving as much 

information from the users as possible during the searching process, it is ultimately 

possible to finish the search iteration more quickly. Their testing result shows the 
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efficiency of most informative display schemes, especially in large database collections. 

Zhou and Huang (2003) suggested that these two schemes can be mixed in one screen 

if the balance between the two can be determined optimally.  

Fidel (1997) introduced the concept of the recall of browsing sets. That is, 

indexing should be done to create browsing sets rather than for the purpose of 

differentiating relevant images from non-relevant images. She provided the following 

situation for supporting her idea. If a user requests a picture of Paris for a travel 

brochure, he/she would be more interested in a large diversity of pictures of Paris rather 

than fifty images of a bird’s-eye view of Paris or of the Eiffel Tower. Because even with 

the same query the relevant images can be entirely different, recall of browsing sets 

could be a more effective measurement than general recall. The researchers’ common 

view is that in an image retrieval system recall is more important than precision and 

effective browsing would be more critical than searching only the small number of 

relevant images. 

Background of Semiotics 

Semiotics can provide theoretical bases for understanding perceptual and 

abstract attributes and their role in image retrieval. In this section, the basic theory of 

semiotics and pictorial semiotics is introduced. The concepts and principles which are 

discussed in this section cover only some topics which are useful for the image retrieval 

process within the purpose of this study. 
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Basic Concepts of Semiotics 

Semiotics is a discipline which studies sign systems (Karamuftuoglu, 1998). The 

scope of signs is fairly broad in semiotics; it includes not only words, images, sounds, 

gesture but also every type of sign which is produced even by animals, plants, and 

inorganic objects (Guirad, 1971/1975). The main concern of traditional semiotics is 

internal relations within a sign system; whereas, the main topic of contemporary 

semiotics is the meaning of signs in social context (Chandler, 1999). In the following 

sections, primary concepts of semiotics are discussed.  

Signs 

Saussure, a pioneer of semiotics, defined a sign as an inseparable two-sided 

entity, “signifier” and “signified”; “signifier” is the form of the sign and “signified” is the 

concept represented by the signifier. The sign must have both signifier and signified, 

and the relationship between the signifier and the signified is called “signification”. For 

example, the word “dog” which is composed of /d/, /o/, and /g/ is a signifier, and the 

signified is a mental concept of “dogness”. If a signifier is the word “open” which is put 

on the store door, the signified is the concept that the store is open for business. The 

same signifier can represent a different signified and vice versa (Cobley & Jansz, 1999; 

Chandler, 1999). The Figure 2.1presents Saussure’s model.  

 

 

 

Figure 2.1 Sign. (From Course in General Linguistics (p. 114), by Saussure, 1959, 

NY: Philosophical Library.)    

signified 

signifier 
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Saussure (1959) thought that the ‘value’ of a sign is determined by its relations 

with other signs, and a sign cannot have absolute value which is separated from the 

context of its surrounding signs. He also emphasized the arbitrariness between the 

signifier and the signified. For example, there is no reason that a mental concept of a 

dog should be engendered by the signifier which consists of /d/, /o/ and /g/; it could be 

§ΘЖ ЮД if there were social agreements.  

Denotation & Connotation 

Denotation and connotation are concepts explaining the relationship between the 

signifier and the signified. Denotation is regarded as the definitional, literal, obvious or 

commonsense meaning of a sign. So it seems that the denotational sign can be 

interpreted in similar ways by most people regardless of their cultural or social 

background; for example, most people seem to have no difficulty recognizing a picture 

of a bird as a bird. However, not every person, very young children or “uncivilized” 

people can recognize photographs until they learn how to interpret photographs. On the 

other hand, connotation is more influenced by socio-cultural and personal aspects; so 

connotation tends to have multiple meanings depending on receivers. However, it does 

not mean that connotations have ‘personal’ meaning emphasizing (or necessarily 

unique to) an individual. When considering receivers in semiotics, the concept of 

‘subject’ is used rather than ‘individual’ (Chandler, 1999). This issue will be discussed in 

detail in the sections on ‘code’ and ‘subject’.  

Roland Barthes (1964/1967) approached denotation and connotation more 

systematically. He thought that there are two different levels of signification as 

presented in Figure 2.2.  
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signifier signified   
denotative sign   

connotative signifier connotative signified 
connotative sign 

Figure 2.2 Denotation and connotation. (From Introducing Semiotics  (p. 51) , by 

Colbley & Jansz, 1997, UK: Icon Books Ltd.) 

A denotation, the first level of signification, results from the correlation between a 

signifier and a signified. The sign at this level corresponds to Saussure’s model 

(Silverman, 1983). At the second level of signification, a connotative signifier is 

constituted by a denotative sign. Here is an example for explaining the relationship 

between a denotative sign and a connotative sign; “I am at the barber’s and a copy of 

Paris-Match is offered to me. On the cover, a young Negro in a French uniform is 

saluting, with his eyes uplifted, probably fixed on a fold of the tricolour” (Barthes, 

1957/1972, p. 116).  In this example, the photographic image itself functions as the 

denotative signifier, and the corresponding concept of this image functions as the 

denotative signified. This denotative sign becomes a connotative signifier, and the 

connotative signified could be French imperiality or militarism.  

Barthes repeatedly stressed the issue of connotation in his several essays 

(Silverman, 1983). The following features summarize Barthes’ views (1957/1972; 

1964/1967) on connotations:  

• Denotation and connotation are distinguished not by univocalness and 

vagueness or referentialness and emotionalness, but by the reliance of the 

connotative signifier on the denotative sign.  

• A connotative signifier is composed of one or more denotative signs.  
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• Although a connotative sign relies on denotative signs, it does not mean that 

connotation exhausts denotation; there always remains ‘something denoted’.  

• Since connotations are closely related with culture, society and history, the 

world can be involved in the system.  

In semiotics, both denotative and connotative signs are interpreted within the 

culture. However, since a connotative sign stresses the cultural differences in 

interpreting signs, the emphasis on the connotative sign naturally leads to a shift of 

semiotic research focus, from sign system itself to meanings of sign in society and 

culture. “Code” and “Subject” are core concepts for understanding signs within society 

and culture.  

Codes 

Eco (1976) defined code as “a system of signification” (p. 8). This means that 

code is a framework within which signs make sense. Therefore, the meaning of a sign is 

determined, at least in large part, by the code within which it is positioned. Since signs 

are produced and interpreted within codes, without codes language cannot generate 

any meanings. Photographs and films also depend on codes in the process of 

translating three dimensions into two (Nichols, 1981). The range of codes varies to 

include: textual codes (genre or stylistic codes), bodily codes (gesture or facial 

expression), commodity codes (fashion, clothing), perceptual or ideological codes and 

so on (Chandler, 1999).  

Since signs are organized by codes which correlate signifiers and signifieds, the 

same signifier may have several signifieds according to differing codes. It also means 

that culturally or socially shared codes lead receivers toward ‘an intended reading’ and 
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away from ‘aberrant decoding’ (Chandler, 1999; Eco, 1976; Fiske, 1990). Therefore, on 

one hand codes provide varieties in interpreting signs, but on the other hand the 

varieties are restricted by cultural boundaries. The degree of codification of signification 

may vary. On one end of the codification spectrum, such as math formulae, there are 

explicit codes where meaning is dominated by the producer. On the other end of the 

spectrum, such as artistic drawings, which are more or less implicit, the meaning is 

determined by various receivers’ philosophical, aesthetic, or cultural backgrounds 

(Guiraud, 1971/1975).  

Subject 

As Silverman (1983) notes, “signification cannot be isolated from the human 

subject who uses it and is defined by means of it or from the cultural systems which 

generate it” (p. 3). In semiotics, when considering human aspects, the concept of 

‘subject’ is used rather than ‘individual’. Whereas the individual is a natural person, the 

subject is not an actual person but a set of roles constructed by the dominant culture, 

such as class, age, gender and ethnicity (Fiske, 1992). The individual can be involved in 

multiple subjects (Belsey, 1980). The polysemic nature (the plurality of meanings) of a 

sign implies the differences not between individuals but between subjects.  

Signs address receivers within particular codes, and a producer of signs may 

assume that receivers would read signs within the same codes with him/her or at least 

some intended codes. However contemporary semioticians insist that since not 

everyone shares the same code, a sign may have several alternative meanings and not 

every receiver can be the intended receiver.  
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Figure 2.3 Sign / Code/ Subject. 

Figure 2.3 describes the relations among sign, code and subject. If a producer 

and a receiver are in the same code, a receiver (subject 1) would get what the producer 

intended. If they share a code partially, a receiver (subject 2) would understand only 

partial meanings among producer’s intended meanings. If there is no overlapping 

between a producer’s code and a receiver’s, the receiver (subject 3) never gets what 

the producer intended. For example, in Asia, there are lunar festivals which celebrate 

the full moon; people hope for the abundance of the New Year, and give thanks to 

ancestors for the abundance of the year. Also there is a related legend saying that a 

rabbit living in the moon pounds rice in a mortar under a tree. If an Asian artist draws a 

rabbit in the moon, his/her intention may be abundance, full moon festivals, and the 

legend of the rabbit. Asian viewers of this drawing would get all meanings which the 

author intended. A foreigner who has lived in an Asian country may be reminded of full 

Sign 

 

Subject 1 
Subject 2

Subject 3 producer 

Code 1 Code 2

Code 3 
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moon festivals without knowing the legend or the symbolic meaning. A western viewer 

probably has no idea of what the rabbit is doing, but he/she could think of the Easter 

Bunny, and then associate it with the resurrection of Christ. Since a western viewer’s 

interpretation is totally different from the producer’s intended meanings, the producer 

may think that a western viewer’s interpretation is incorrect or meaningless. However, 

this drawing can function as a communicative and meaningful sign not only in an Asian 

culture but also in a Western culture. Figure 2.3 and its example can be used to explain 

the differences between denotative and connotative signs. That is, compared to a 

denotative sign, a connotative sign may be interpreted through more various codes, 

because a connotative sign emphasizes the cultural differences in interpreting signs. A 

more detailed explanation on this issue will be discussed in chapter III. 

Barthes’s Pictorial Semiotics 

One of the key writings on pictorial semiotics is Barthes’s “Rhetoric of the image” 

(1977/1985). As Inns (1985) reviewed, Barthes tried to identify the ‘internal grammar’ of 

polysemous images, and described the semiotic structure of images in which perceptual 

knowledge and cultural knowledge are mixed. In his article, Barthes analyzed a Panzani 

pasta advertisement by categorizing messages within the image into three types: 

linguistic message (all the words in the image), literal message and symbolic message. 

Since this study considers only iconic messages3, linguistic messages in the image will 

not be discussed here.  

                                                 
3 According to Barthes (1961/1977), linguistic messages which are related with images, play important 
roles in transferring meanings, but the effects of linguistic messages are very diverse based on the types 
of images; captions of newspaper photos and statements in a advertising poster give very different effects 
on images. Since this study deals with general images, linguistic messages will not be discussed.  
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Barthes asserted that the literal message is recognized by identifiable objects 

and the symbolic message is derived from the arrangement of literal messages. Since 

the literal message seems to support the symbolic message, he refers to literal as 

denotative and symbolic as connotative. The literal message is related with perceptual 

knowledge and symbolic is related with cultural knowledge.  From his example, the 

image of some packets of pasta, a tin, a sachet, some tomatoes, onions, peppers, a 

mushroom, all emerging from a half-open string bag, in yellows and greens on a red 

background functions as the denotative signifiers, while the corresponding concepts of 

the image are the denotative signifieds. The image and its corresponding concept form 

the denotative sign, literal message. Those signs become signifiers in the connotative, 

symbolic messages, and their signifieds can be “freshness”, “Italianicity”, “an idea of 

total culinary service” and “still life” – although as Barthes said, it is difficult to identify 

the word which corresponds to the connotative signifieds. Since in reality a receiver 

recognizes both types of messages simultaneously, it seems almost impossible to 

separate two messages. However, the distinction is meaningful in an operational sense.   

Barthes made some key points about the features of literal and symbolic 

messages. In a literal message, the signifieds are the mental representation of the real 

objects in the image and the signifiers are the same objects photographed or drawn. In 

a sense, the literal message itself is a sufficient message. However, when people 

recognize the literal message, the literal message is not recognized in a pure state and 

a symbolic message is always involved. Symbolic messages are generated based on 

literal messages. Since symbolic messages are deeply affected by cultural codes, the 

meaning of a symbolic message is determined by both producers and receivers. In 
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contrast to the denotative message which is interpreted based on the substance, 

Barthes thought that the connotative message is the essential idea which is derived 

regardless of substance. Therefore, the connotative system of the image and that of 

other substances have common signifieds which are called ideology. Silverman (1983) 

explained that ideology is composed of the “deployment of signifiers for the purpose of 

expressing and surreptitiously justifying the dominant values of a given historical period 

(p. 27)” and that connotation is one of the devices of expressing some dominant values 

of a given society within a culture in shared ways. From the example of Panzani or the 

young Negro in a French uniform (refer to the section explaining the concepts of 

denotation and connotation), connotative signifieds indicate the dominant ideas of a 

given society or culture.  

Barthes explained the structural relationship between connotation and denotation 

by emphasizing a naturalizing function of denotative messages. While connotative 

messages are discontinuous and not all the elements of an image are transformed into 

connotators, there are always some denotative messages which make the “discourse” 

possible; then, the discontinuous connotators are associated, naturalized, and 

represented by means of the denotation. This relationship represents the underlying 

framework of this study and the model posed. 

Semiotics Elements for Image Retrieval 

Semiotics provides some important concepts and principles which are useful for 

image retrieval and serve the purpose of this study summarized as followings:   
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Figure 2.4 Denotation and connotation of an image. 

• The iconic connotative message is more significant than the iconic denotative 

message. Denotative messages are complemented by a connotative message, 

and receivers do not encounter a denotative message in a pure state.  

• Connotators are composed of one or more denotative messages which are 

recognized as identifiable and namable objects.  

• There are no words which precisely correspond to a connotative message.  

• When a connotation is generated, various knowledge bases, such as cultural, 

historical, practical, and aesthetic are involved. That is, connotations are closely 

related with both reception and production processes within codes. 
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• Recognition of connotations varies according to subjects. 

The properties of an image can be diagramed as Figure 2.4. 

Semiotics can be considered as a plausible approach for analyzing image 

retrieval not only theoretically but also practically. Referring back to Figure 1.1, 

O’Connor & Wyatt (2004) present the result of an experiment which shows the 

differences between indexers and users. Figure 1.1 presents index terms, which are 

applied by slide catalogers using Library of Congress Subject Headings, and user 

descriptions of the images. Catalogers’ index terms are denotative messages 

(“Cowboys”, “Horsemen and Horsewomen” and “Cattle-Housing”, “Beef Cattle”, 

“Ranching-Kansas”), and user descriptions are both other denotative messages (“work 

clothes”, “rural scene” and “pasture”) and connotative messages (“courage”, “anxiety”, 

“Kansas” and “free of burdens”, “peaceful”, “summer”). From this and other examples 

including the discussion of O’Connor and Wyatt, the following patterns emerge: 

• There can be significant differences between formal index terms and user 

descriptions. 

• Index terms tend to be denotative messages, but users use connotative 

messages much more than denotative messages. 

• Connotative messages are not only abstract or adjective terms but also 

namable or noun. Descriptions, such as Kansas, summer or winter morning, 

are not indicated in the images; these terms are selected because images 

look like Kansas (actually the first example is a picture of California), summer, 

or winter morning. Users think of those descriptions based on the 

components of the images combined with their knowledge and experience. 
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• User descriptions are varied and in some cases contradictory. (free of burden 

and peaceful vs. tired, suffering) and (summer vs. winter morning) 

• Although the meaning is different from the producer’s intention, it could work 

for some users. The example in Figure 1.1 could make sense for users 

looking for an image of Kansas (often the impression can be more important 

than the actual fact). 

• The same connotative message can be an expression derived from different 

denotative messages. (ruggedness is a description for both images) 

The researcher of this study is assured that semiotics can provide a plausible 

framework for image retrieval processes. The main concerns of semiotics are to analyze 

the structures of a sign and to identify how a sign can deliver meanings between 

senders and receivers. Because an image is a type of sign and the retrieval process is 

designed for facilitating communication between producers and receivers, it is regarded 

as a worthwhile endeavor to investigate image retrieval with a semiotics approach. 

From this author’s perspective, Barthes’s semiotics, which focuses on revealing the 

nature of connotations, is considered a proper framework for approaching resolution to 

image retrieval problems caused by connotative messages contained within images. In 

the following chapter, based on a semiotic framework, problematic issues of image 

retrieval are discussed and an image retrieval model is proposed.  
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CHAPTER III 

PRELIMINARY MODEL 

In chapter I, one of the main problems for the image retrieval is explained as 

unacceptable information loss. Upon reviewing the concepts surrounding semiotics, it is 

suggested that semiotics can provide a framework which explains why information loss 

occurs and gives insight on how this unfavorable information loss can be restored with 

connotative messages.  In this chapter, the initial problem statement is reconsidered 

and probable solutions are presented based on semiotic understanding. Then, a 

preliminary model is proposed for enhancing the recall of browsing sets of images.  

Formal Problem Model 

Figure 2.3 explains the relationship between a sign producer and sign receivers 

within the frame of a code. When a model is applied to image retrieval, another element 

should be included. In the image retrieval process, receivers do not necessarily access 

a sign directly; they access the sign through the image document representation which 

is generated by indexers. Since an indexer also occupies a specific subject position, the 

model of Figure 2.3 needs to be modified in image retrieval situations.  
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Figure 3.1 Sign / Code / Subject in Iimage retrieval (denotative sign). 

 

 

Figure 3.2 Sign / Code / Subject in image retrieval (connotative sign). 
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In Figure 3.1, the degree of code overlapping among a producer, an indexer and 

a receiver is relatively broad, even though they do not completely overlap. Since 

denotative signs have definitional and commonsense meanings, this model would be 

proper for strictly denotative signs. On the other hand, Figure 3.2 shows that a sign is 

interpreted on different coding systems. The sign could be meaningful to most or all 

receivers, regardless of the producer’s intention, as discussed in the example of a rabbit 

in the moon. However, in image retrieval situation, since an indexer is located between 

a sign and a receiver, the degree of overlapping between receiver and indexer 

influences search results. In Figure 3.2, an indexer and receivers are situated in 

different subjects. Therefore, index terms given by indexers would not be matched to 

receivers’ interpretations, and as a result, receivers may have low probability of 

successful retrieval. This model would correspond to connotative signs.  

This semiotic analysis explains why it is generally too difficult to process 

connotative signs in image retrieval. In spite of the importance of connotative messages, 

the user need, which could be related to a connotative message, has been regarded as 

difficult to satisfy in current image retrieval systems.  

 

 

 

 

 

 

Figure 3.3 Image retrieval process.  
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Figure 3.3 describes the process of image retrieval. Although the success of the 

search depends on the relationship between the original document and user need, 

search results are determined by the matching between the index terms (document 

representations) to the queries (representations of user needs). During the 

representation process, some information is left behind or left out (O’Connor, 1996; 

Marr, 1982). Then, what kinds of information are left behind in each representation 

process, and why are they left out?  

Since an indexer, who intervenes between images and index terms, occupies a 

specific subject position within a code, it is impossible to expect that indexers can 

produce all possible connotative index terms. An indexer can produce index terms only 

based on his/her socio-cultural background or other socio-cultural settings that have 

been studied. In addition, connotative messages are difficult to represent in words; 

whereas, denotative messages are relatively easy to express in common words. Of 

course, there are still limitations in representing objects in images with words. However, 

compared to the connotative messages, the seeming objectiveness of denotative 

messages makes it easier to assign denotative index terms and the information loss in 

denotative indexing might be regarded as acceptable and moderate information loss.  

Information loss from user perspectives is related with the inability to represent 

connotative messages as part of the retrieval process. Users can have connotative 

needs whether they can represent those needs as system queries or not. In some 

cases, users express their connotative needs using words from connotative concepts, 

although there may be no exact correspondence between those needs and the queries. 

In other cases, users cannot find the exact words which can express their connotative 
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needs at all. In such cases, users may be able to think of a representative object which 

can return images that may have relevant connotative messages. However, there are 

serious problems in both cases: in the first case, the query term may not match with an 

index term, or there could be very low possibilities for matching. In the second case, 

some images would be returned based on the matching between index terms and 

queries. However, a user’s real need is often related with a connotative message rather 

than simply a denotative message, and the actual connotative need could be satisfied 

by other denotative messages which are different from the query. For instance, a user 

wants to find images which express “peaceful”, and he/she types “dove” as a search 

term. But the images of a smiling child, a scene from a small beautiful village, and a 

sleeping baby in a mother’s arms can also give the same connotative message, 

“peaceful” impression.  From the perspective of user needs, search results which 

include only doves are part of his/her potentially useful results. In addition, “dove” can 

have other connotative messages without implying “peaceful” emotion. Often users 

have denotative needs; however, even in those cases, connotative messages may have 

an effect on selecting the most satisfactory image among the multiple images which 

include the specific denotative messages. 

Two assumptions are used in this study for making a complex searching situation 

simpler. First, image index terms are mostly denotative messages not connotative. 

Second, if index terms do not represent connotative messages, a connotative query will 

yield no results. So, at this time, only the denotative query is considered for a proposed 

image retrieval model.  
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Synthesis for Resolution 

From the above assumptions, this analysis focuses on the connotative need 

expressed with a denotative query. Consider, there is a denotative query, and a user 

has a connotative need in his/her mind, whether he/she realizes the need “correctly” or 

not. Even when the user chooses the denotative message as a query term, the user 

may be interested in the connotative message not in the denotative message. Therefore, 

for satisfying unrevealed connotative needs, the system should return images related to 

those potential connotative needs along with images matching the denotative query.  

The relationship between connotative needs and a denotative query is very 

similar to the relationship between relevance and pertinence. The distinction between 

the two concepts has been studied for several decades in the information retrieval 

research field. Generally, these concepts have been explained in terms of differences 

between information needs and actual query statements.  

Saracevic (1975) explains the two concepts, relevance and pertinence, as 

follows:  

Relevance is the property which assigns certain members of a file (e.g. a set of 

documents) to the questions; and pertinence is the property which assigns them 

to the information need. Subsequently, (as known from experience) some 

relevant answers are also pertinent; but there could be relevant answers that are 

not pertinent and pertinent answers that are not relevant. It has often been 

argued that, from the user's point of view, desirable answers are pertinent 

answers; but, in reality, an IR system can only provide relevant answers. (p. 332) 
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Figure 3.4 shows the relationships among pertinent sets (|P|), relevant sets (|R|), 

and retrieved sets (|A|). If a query exactly represents a user need, |P| and |R| would be 

completely overlapped. However, since users are not always able to express their 

needs or they do not know exactly what they want, in many cases |P| and |R| are only 

partially overlapped. Moreover, as the discrepancy increases between queries and user 

needs, the overlapped area between |P| and |R| decreases. This means that even a 

highly effective system, which brings wide overlap between |A| and |R| with an 

outstanding query-index term matching mechanism, cannot guarantee that the retrieval 

results will satisfy user needs well. User needs are satisfied by the area of |P| ∩ |A| ((6) 

+ (8)) rather than the area of |A| ∩ |R| ((3) + (8)). Furthermore, users want to get the 

results in the area of ((5) + (7)) also, because these areas contain the document sets 

related with potential needs. Since the issue of this study is not about system 

effectiveness which is related with the degree of overlapping between |R| and |A|, it is 

assumed there is no discrepancy between query and retrieved set. It means that |R| and 

 

Figure 3.4 Pertinence and relevance. 
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|A| are assumed to be essentially the same. This study concentrates entirely on the 

relationship between |R| and |P|. 

Pertinence and relevance can be applied to the relationship between connotative 

needs and a denotative query in image retrieval. Consider that a denotative query is 

given. Since a denotative query may be generated from various connotative needs 

depending on the user’s subject position, the relationship between the query and the 

needs can be illustrated as in Figure 3.5; |R| is a relevant set for a given denotative 

query, and |P1|, |P2|, |P3| or |P4| are potential connotative needs which are related to 

that denotative query. The (a) images match both denotative query and connotative 

need; the (b) images do not match the denotative query, but they have a possibility of 

satisfying user connotative needs. Figure 3.6 shows an example of Figure 3.5. The 

images with horses are the relevant set for the denotative query “horse.” The other 

images without “horse” are connotatively related images.  

 

Figure 3.5 A model for improving the recall of browsing set. 
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Figure 3.6 An example of model for improving the recall of browsing set. (Image are 

used with permission of B. O’Connor) 

 

In Figure 3.5, if a user’s connotative need fits |P1|, the ideal system should 

display all and only images in |P1| ((a1) U (b1)). However, with only the given query, 

there is no way to figure out which potential connotative messages would possibly 

satisfy the user need, |P1|, |P2|, |P3| or |P4|. In addition, because the current text-based 

image retrieval system matches a user query and index terms and then displays the 

results randomly or based on weighting value, it is impossible to retrieve the (b) images 

which do not match the query terms. If the system displays only (a)s, the user will not be 

exposed to the non-related images, (b2), (b3) and (b4); but he/she also will not have a 
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chance to look at the images in (b1). If the system displays (b)s as well as (a)s, the user 

will have a chance to find images in (b1), but he/she has to spend more effort to browse 

more non-related images in the other (b)s. 

Displaying images for potential connotative needs retrieves more images which 

could satisfy user needs but also includes more images which may not relate with user 

needs. However, as discussed in chapter II, in measuring image retrieval system 

effectiveness, the recall is regarded as more meaningful than the precision. Especially, 

as Fidel (1997) suggested, the recall of browsing sets could be a better measurement 

than general recall.  

This study proposes a model for improving the recall of browsing sets by 

displaying not only sets of denotatively related images but also sets of connotatively 

related images. As shown in Figure 3.5, when the images that match a denotative query 

are returned, the search results would be grouped by connotative messages which 

derived from the combination of denotative messages [(a)s]; then, based on user 

selection, the search results would be expanded to the images which do not match the 

denotative query but do relate connotatively [(b)s]. These two functions are called 

grouping and expanding functions, respectively, and these functions can be 

implemented by developing an association thesaurus. The association thesaurus is 

different from a traditional thesaurus which narrows or broadens the search results 

through vocabulary control, such as narrow term (NT), broad term (BT) and related term 

(RT). The purpose of this thesaurus is to increase the potential for user satisfaction 

through a need which is not expressed in the query by effectively enhancing the recall 

of browsing sets.  
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In constructing an association thesaurus, two main points are taken from 

semiotics. First, the association thesaurus should provide guidelines for the proper 

grouping of images which are retrieved by matching a denotative query term. According 

to Barthes, a connotative message is composed of one or more denotative messages 

which means that a denotative message generates a connotative message with the 

combination of other denotative messages in an image. Therefore, grouping images 

based on the combination of denotative messages provides a possible way of inferring 

connotative messages. This characteristic is based on the distribution of denotative 

messages in image documents. For implementing this characteristic into an association 

thesaurus, term association techniques are used. Through the grouping function of the 

association thesaurus, when a denotative query is given, the search results may be 

grouped by possible connotative messages. This process corresponds to the (a)s in 

Figure 3.5.  

Second, the association thesaurus should provide guidelines for expanding 

retrieved images which do not match a given denotative query but are potentially related 

to a user’s connotative needs. Since a connotative need can be satisfied by other 

denotative messages in addition to the specific denotative message in the query, an 

expanding function including the data about which denotative messages share the 

same connotative message with a given denotative query are needed. This data can be 

collected from user judgments using a pseudoclassification method. Through the 

expanding function of the association thesaurus, the search results can then include 

various but related images for satisfying users’ connotative needs. This process 

corresponds to the (b)s in Figure 3.5. 
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Related Background Theory 

For improving the recall of browsing sets by grouping and expanding functions, 

two techniques, term association and pseudoclassification, are considered.  Both of 

them have been used in traditional text retrieval systems as automatic term 

classification techniques, but the former is a document-oriented technique and the latter 

is a user-oriented technique (Salton, 1980). In this section, the theoretical frameworks of 

these two techniques are briefly introduced.  

Term Association 

Term association, which mainly depends on the degree of term co-occurrences 

in a text or text collection, has been used in the text retrieval area as an automatic term 

classification technique. The main principle is as follows (Salton & MacGill, 1983):    

The similarity between terms might be based on the frequency distribution 

characteristics of the terms across the documents of a collection … Thus, if two 

or more terms co-occur in many documents of a given collection, the 

presumption is that these terms are related in some sense and hence can be 

included in common term classes. (p. 228) 

 

Term association can be calculated based on a set of document vectors (Di ) and 

term vectors (Tk ) shown in the following expression [Figure 3.7 (a)]. From the document 

and term vectors, the document collection can be illustrated by a document-term matrix 

[Figure 3.7 (b)]. Then, by applying the association measure [Figure 3.7 (c)] to the matrix 

of document vectors, the term-term similarity matrix is generated [Figure 3.7 (d)]. A pair 
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of terms which have higher similarity value than a threshold K1 can be regarded as 

sufficiently related and can be grouped into the same class. 

 

Di = (di1, di2, …, dit,)      
Tk = (t1k, t2k, …, tnk) 

  (a) Document vector and Term vector 

 

 T1 T2 … Tt 
D1 D11 D12 … d1t 
D2 D21 D22 … d2t 
… …   … 
Dn dn1 dn2 … dnt 

  
            (b) Matrix of Document Vectors 

 

S(Tk, Th) = ∑tik·tih 

(C) Term Association Measure  

 

 T1 T2 … Tt 
T1 S(T1, T1) S(T1, T2) … S(T1, Tt)
T2 S(T2, T1) S(T2, T2) … S(T2, Tt)
… …   … 
Tn S(Tn, T1) S(Tn, T2) … S(Tn, Tt)

 (d) Term-Term Association Matrix 

 

Figure 3.7 The procedure for calculating the association measure. (From Introduction 

to Modern Information Retrieval (pp. 79-80), by Salton & McGill, 1983, NY: McGrawHill) 

Here is an example. Consider, a matrix of document vectors which contain four 

documents and four terms [Figure 3.8 (a)]. It shows that the terms contained in D1 are 

Apple and Orange, and the terms contained in D3 are Apple, Banana and Orange. Then, 
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the values of association between two terms are computed using the term association 

measure. Figure 3.8 (b) shows the calculating process with three examples of term 

pairs, and Figure 3.8 (c) demonstrates the completed term-term association matrix. If 

the threshold chosen is 2, four term pairs, which are Apple and Banana, Apple and 

Orange, Banana and Orange, and Banana and Pear, are considered as closely related 

term pairs.  

 

 Apple Banana Orange Pear 
D1 1 0 1 0 
D2 1 1 1 1 
D3 1 1 1 0 
D4 0 1 0 1 

(a) Matrix of Document Vectors 

 
S (Apple, Banana) = (1 X 0) + (1 X 1) + (1 X 1) + (0 X 1) = 2 
S (Apple, Orange) = (1 X 1) + (1 X 1) + (1 X 1) + (0 X 0) = 2 
S (Apple, Pear) = (1 X 0) + (1 X 1) + (1 X 0) + (0 X 1) = 1 
 
(b) Calculating Term Association  

 

 Apple Banana Orange Pear 
Apple  2 2 1 
Banana 2  2 2 
Orange 2 2  1 
Pear 1 2 1  

(c) Term-Term Association Matrix 

 

Figure 3.8 Example of generating Term Association Matrix 

However, the term association measure presented in Figure 3.7 just shows the 

number of shared index terms without considering the frequency of each term. As a 

result, it tends to assign high association values to frequently occurring terms. For this 
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reason, this study applies normalized term association measures, that is, the absolute 

frequency is calculated using a formula containing individual term frequencies (van 

Rijsbergen, 1975). Many association measures have been proposed, applied and 

compared in previous studies (Chung & Lee, 2001; Kim & Choi, 1999; McGill, Koll & 

Noreault, 1979; Rorvig, 1999; Rorvig, Sullivan & Oyarce, 1998; Sneath & Sokal, 1973). 

Among them, Cosine, Dice, and Jaccard association measures are the most commonly 

used normalizing measures in the information retrieval area (Kim & Choi, 1999; 

Rasmussen, 1992). These three association measures are based on binary term 

vectors and normalize the association value ranging from 0 to 1 (Salton, 1989). In 

addition to these typical association measures, this study considers two more 

association measures: Yule’s Y and Pearson’s r. As a well-known association measure, 

Yule’s Y, normalizes the association value between -1 and 1, and has been used in 

query expansion and demonstrated good performance (Chung & Lee, 2003). Pearson’s 

r (Pearson correlation coefficient) is also a frequently used measure in the numerical 

taxonomy field (Chung & Lee, 2001), and a commonly used measure for co-citation 

analysis in the information retrieval field (Klavans and Boyack, 2005). The definition of 

these association measures are defined by their respective formulas as shown in Figure 

3.9: 
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* T k : Average value of  T k  

Figure 3.9 Formulas for calculating the association measure. (Modified from 

Introduction to Modern Information Retrieval (pp. 203), by Salton & McGill, 1983, NY: 

McGrawHill; Selecting the right interestingness measure for association patters, In 

Proceedings of the 8th ACM SIGKDD International Conference on Knowledge Discovery 

and Data Mining (p.34), by Tan, Kumar, & Srivastava, 2002) 
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Pseudoclassification 

This section explains the concept of Pseudoclassification which is introduced in 

Salton (1980) and Salton and McGill (1983). Pseudoclassification is a method for 

constructing an automatic term classification or a thesaurus. It uses user relevance 

judgments of certain documents with respect to certain queries. The 

pseudoclassification process is based on four types of data: 1) a collection of 

documents, 2) a set of queries, 3) a retrieval threshold K2 for deciding retrieved 

documents, and 4) a set of user relevance assessments specifying the relevance of 

individual documents with respect to the set of queries.  

Consider, a collection of documents D and a set of queries Q. Each document-

query pair (Di, Qj) would be one of following four cases:  

1) relevant document Di is retrieved in response to a query Qj  

2) non-relevant document Di is not retrieved in response to a query Qj   

3) relevant document Di is not retrieved in response to a query Qj   

4) non-relevant document Di is retrieved in response to a query Qj.  

The first two cases are favorable, but the others are considered failures because 

documents are incorrectly rejected or incorrectly retrieved. For an ideal information 

retrieval system, the (Di, Qj) pairs which are incorrectly rejected or retrieved should 

move toward the first two cases. In the case of incorrectly retrieved documents, the term 

association measure S4 with the query should be decreased to S(Di, Qj) ≤ K2; on the 

                                                 
4 Term association measure can be computed using vector representation as follows: 

Di = (di1, di2, …, dit) 
Qj = (qj1, qj2, …, qjt) 
S(Di, Qj) = ∑dik·qjk 
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other hand, for incorrectly rejected documents, the term association measure with the 

query should be increased to S(Di, Qj) > K2.  

What can be done to change the value of the term association measures for 

incorrectly retrieved or rejected document-query pairs? Consider, there is a given term 

classification (p different classes), and each term is assigned to one of the classes. 

Document and query vectors can be represented as: 

Di = (di1, di2, …, dit, ci1, ci2, …, cip) 
Qj = (qj1, qj2, …, qjt, cj1, cj2, …, cjp) 

 

In this vector, when class k pertains to Di  (or to Qj), cik (or cjk) is set equal to 1. To 

increase the term association measures between a document-query pair, two or more 

terms that did not originally produce a term match in the respective vectors should be 

placed into a common term class. The term association measures can be decreased by 

appropriately reducing the number of matching term classes. For example, there are 

document and query vectors consisting of four terms as followings (0 means the 

corresponding term is absent):   

Di = (Apple, Banana, 0,            Pear) 
Qj = (Apple, 0,            Orange, 0) 

If the Di is incorrectly rejected with the original document vector, the document might be 

retrieved by adding a term class which includes two different terms. It means that, for 

example, by placing Apple and Pear into the “class-Fruit1” and adding the “class-Fruit1” 

to both Di  and Qj, it is possible to increase the association value between the document 

and the query.  

Di = (Apple, Banana, 0,            Pear, class-Fruit1) 
Qj = (Apple, 0,            Orange, 0      , class-Fruit1) 
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Salton (1980) explained several methods for implementing the above 

pseudoclassification theory. This study introduces one of those pseudoclassificaion 

methods, “Use of term-term frequency matrix”. In this method, instead of constructing 

classes, a special identifier is added to the document and query vectors in order to 

indicate the relations between term pairs5. The relationships between term pairs depend 

on the characteristics of each particular term pair in the documents and user queries of 

a collection. Since the characteristics of a term pair are derived from user judgments, 

this is a user-oriented method rather than document-oriented.  

Let’s examine this method using an example. Consider, there is a query and two 

documents which contain six terms [Figure 3.10 (a)]. In this method, first of all, 

‘acceptable term pairs’ should be determined according to the term pairs (Tk, Tl) 

extracted from a given document and query pair, (Di, Qk). There are four possible cases 

of term pairs as follows:  

Di= (Tk, Tl) Qk = (Tk, Tl) 
Di= (Tk)  Qk = (Tl)  
Di = (Tk) Qk = (Tk, Tl)  
Di= (Tk, Tl)  Qk = (Tk) 

 

Among these four cases, the first case which shows a full term match is not considered 

for the purpose of pseudoclassification. When the acceptable term pairs are correctly 

retrieved or correctly rejected, no particular action is required. However, if the term pairs 

are incorrectly rejected, it can be assumed that a positive semantic relationship exists 

between the corresponding terms. This incorrect rejection is because the retrieval 

system does not retrieve it, yet users judge that the term pairs are related. Analogously, 
                                                 
5 However, the model of this study will construct term classification by using this method.  
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if the term pairs are incorrectly retrieved, a negative semantic relationship is assumed 

between the corresponding terms. Therefore, in the example of Figure 3.8 (a), if users 

judge Di as an incorrectly rejected document and Dj as an incorrectly retrieved 

document, some actions should be performed on the acceptable term pairs of those 

document query pairs.  

 

 T1 T2 T3 T4 T5 T6 
Qk 0 1 0 1 0 1 
Di 1 1 1 0 0 1 
Dj 1 0 0 1 1 1 

(a) Original Vectors of a Query and Documents 

 
(Di, Qk) : (T1, T2), (T1, T4), (T1, T6), (T2, T3), (T2, T4), (T3, T4), (T3, T6), (T4, T6) 
(Dj, Qk) : (T1, T2), (T1, T4), (T1, T6), (T2, T3), (T2, T5), (T2, T6), (T4, T5), (T5, T6) 

 
(b) Acceptable Term Pairs 

 T1 T2 T3 T4 T5 T6 
T1  X  X  X 
T2 O   X X X 
T3  O     
T4 O O O  X  
T5      X 
T6 O  O O   

O: from incorrectly rejected items
X: from incorrectly retrieved items

(c) Term-Term Matrix of Acceptable Term Pairs 

Null relationship Positive relationship Negative relationship 
T(1,2) = 0 T(2,3) = 1 T(2,5) = -1 
T(1,4) = 0 T(3,4) = 1 T(2,6) = -1 
T(1,6) = 0 T(3,6) = 1 T(4,5) = -1 
T(2,4) = 0 T(4,6) = 1 T(5,6) = -1 

 (d) Term Relationship Factors 

 

Figure 3.10 The example of producing pseudoclassification.  
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The acceptable term pairs in this example would be determined as shown in 

Figure 3.10 (b), with a term-term matrix of acceptable terms demonstrated as Figure 

3.10 (c). From the acceptable term pairs, ‘O’ is assigned to the acceptable term pairs of 

Di which are the incorrectly rejected documents and ‘X’ is assigned to the acceptable 

term pairs of Dj which are incorrectly retrieved.  

For each acceptable term pair, a term relationship factor is computed using the 

following term relationship formula. The term relationship factors are shown in Figure 

3.10 (d).  

(T(k, h) =  (Pos(k, h) – Neg(k, h)) / (Pos(k, h) + Neg(k, h)) 

Then, the term relationship factor is incorporated into the document-query 

matching process for modifying the term association measures during retrieval with g1 

(Tk, Tl) and g2 (Tk, Tl) representing the Positive relationship (k, h) and the Negative 

relationship (k, h), respectively:  

S’ (Di, Qk) = a0S(Di, Qk) + a1g1 (Tk, Tl) + a2g2 (Tk, Tl) 

Preliminary Model for Improving Image Retrieval 

This image retrieval model utilizing an association thesaurus is proposed for the 

purpose of improving the recall of browsing sets and increasing user satisfaction by 

including connotative needs. For thesaurus construction, six data sets are needed: 1) a 

collection of images, 2) index terms for each image, 3) queries, 4) relevance judgment 

set, 5) retrieval threshold used for term association (K1), and 6) retrieval threshold used 

for pseudoclassification (K2).  
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The thesaurus construction procedures are divided into two steps. First, the term 

association method is applied to the collection of index terms describing each and every 

image. As discussed above, this study assumes that only denotative messages are 

assigned as index terms.  By using the term association method, the pairs of denotative 

messages which frequently co-occur in images are identified. The pairs of denotative 

messages which have a higher indicator value than a given threshold K1 are stored as 

an entry in the association thesaurus. This leads to a grouping function where images 

which have a given denotative message can be grouped based on their association with 

other denotative messages in an image. This grouping is regarded as providing possible 

connotative messages.  

Consider that there are a number of horse images in a given image database 

similar to Figure 3.6. Each horse image may be indexed with not only “horse” but also 

other various index terms that occur frequently in horse images, such as “running”, 

“human”, “ranch” and so on; whereas “horse” and “motorcycle” or “horse” and “goat” 

might not co-occur very frequently. These frequently co-occurring terms with horse are 

regarded as closely associated with horse. These pairs of terms (horse-running, horse-

human, horse-ranch) become thesaurus entries for providing connotative groupings.  

Second, the pseudoclassification method is applied. Before using 

pseudoclassification, the pairs of denotative messages which are selected as thesaurus 

entries are added to the set of index terms. For example, if an image has both T1 and T2, 

and the term association indicator of this pair is higher than the threshold K1, then the 

combined term T1·2 is selected as a thesaurus entry and added to the index term of the 
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image. With this set of modified index terms for each image, the pseudoclassification 

method is applied.  

Users assess connotatively relevant images against given queries. As in the 

original pseudoclassification, there are four types of results: 1) Relevant - Retrieved, 2) 

Not relevant - Not retrieved, 3) Relevant – Not retrieved, and 4) Not relevant – Retrieved. 

For the pseudoclassification, the first two are not considered and the last two are 

considered as positive / negative term relationships. Because this study considers recall 

as relatively more important than precision, in this model the negative relationship is not 

processed and only the positive relationship is processed. If the indicator of a positive 

term relationship is higher than threshold K2, the acceptable term pair is identified as a 

related term pair (RT) of the corresponding index terms (i.e. entry). This procedure 

supports the expanding function and provides additional browsing sets that incorporate 

connotative messages.  

Consider again the above example. When users are asked to assess the 

relevant images, it is possible to collect term pairs which have relevant connotative 

messages. For example, users can identify that an image of a running horse and that of 

a waterfall yield similar connotative messages, because both of them represent power 

and dynamics. If the indicator of this term relationship is higher than the threshold, 

waterfall becomes a related term (RT) of horse-running. The thesaurus construction 

procedure is illustrated in Figure 3.11. 
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Figure 3.11 Thesaurus construction procedure. 

After the association thesaurus is constructed, it will be used in the search 

process. Consider that a user sends a query T1. The results will display images where 

index terms match a query term grouped by entries, such as T1, T1·2, T1·3 and T1·4. From 

Figure 3.5 the browser displays the results by grouping (a1), (a2), (a3), and (a4). If a 

user has a connotative need that is not satisfied by the (a)s, this result alone would not 

produce sufficient opportunity for viewing other related images. By expanding the 

results, the user can have a chance to look through more images which have similar 

connotative messages but different denotative messages. At this level, the browser 

images 

Keyword indexing 

D1 = (T1, T2, T3) 
D2 = (T2, T4, T5) 

… 

Constructing term-term matrix.  
Adding associated terms as index term. 

D1 = (T1, T2, T3, T1·3) 

D2 = (T2, T4, T5, T4·5) 

Constructing Pseudo thesaurus 

T1  
    RT 
    RT 
T1·3 

    RT 
    RT 
    RT 
 
T2 
    RT 
    RT 
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displays the images contained in the related terms (RTs) which correspond to the (b)s in 

Figure 3.5. 

Figure 3.12 shows a search example of the model. If a user submits a query 

“horse”, the image retrieval system displays the horse images arranged by the 

combination of the denotative query and other related denotations. If the user is 

specifically interested in a group of images of “a running horse”, he/she can expand the 

group. Then the next screen will show the images which give similar connotative 

messages (power and dynamics) of running horse images. Running people, sports, and 

even some nature scenes might give the same connotative messages, dynamic and 

power.  
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T1 (Horse) T12 (Horse-Run) T13 (Horse-Human) 

   

   

   

   

 

 

 

EXPAND EXPAND EXPAND 
 

RT1 (Run) RT2 (Sports) RT3 (Nature) 

   
   

   
   

   

Figure 3.12 Search examples using the association thesaurus. (Images are used with 

permission of B. O’Connor) 
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CHAPTER IV 

METHODOLOGY 

In chapter III, a thesaurus based model for improving image retrieval systems 

was proposed based on a semiotic approach. This chapter discusses the research 

methods used for investigating the following hypotheses which were defined in chapter 

I:  

• Hypothesis 1: A connotation of an image can be inferred from a denotation (or 

a set of associated denotations) of the image.  

o Sub-hypothesis 1-1: There exist pairs of connotation and denotation 

which are significantly associated.   

o Sub-hypothesis 1-2: There exist pairs of denotations which are 

significantly associated, so that they can designate the connotations 

which are associated with one of two denotations.  

• Hypothesis 2: A connotation derived from denotation will improve 

effectiveness of image retrieval and browsing.  

o Sub-hypothesis 2-1: A connotation derived from denotation will retrieve 

additional relevant images and increase relative recall of image 

documents.  

o Sub-hypothesis 2-2: A connotation derived from denotation will retrieve 

additional relevant browsing sets and increase relative recall of 

browsing sets.  
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The underlying framework for this investigation derived from semiotic analysis is 

that connotative messages can be inferred from one or more denotative messages. The 

first hypothesis is designed for validating the nature and interrelationship of denotation 

and connotation, and the second hypothesis is for evaluating whether the suggested 

model increases the relative recalls of image documents as well as of browsing sets.  

Data Source 

Under the assumption that images are mostly indexed with only denotative terms 

from which connotatively related messages can be derived, the following three data sets 

are required for constructing an association thesaurus which supports grouping and 

expanding functions for improving image retrieval: 1) an image collection indexed by 

denotation terms, 2) a set of denotative query terms, and 3) human judgments which 

assess the connotatively relevant images against each denotative query. 

Data sources are selected with the following considerations. First, the purpose of 

this study is to determine if a connotation can be derived from denotations by 

demonstrating the relation between connotations and denotations. With a priority on 

collecting and analyzing as much data as possible for verifying semiotic features, this 

study includes a large image database having both denotative and connotative index 

terms. Then, denotative and connotative index terms are extracted, and their relations 

are identified via term association measures. Second, it is difficult to develop a complete 

list of denotative and connotative terms or to identify each term as denotation or 

connotation, using only a single researcher’s discretion. So this study chooses a 

structured controlled vocabulary system which provides the list of terms corresponding 
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to denotation and connotation. Because vocabulary systems are often referred to as an 

“ontology” or “world model” (Jörgensen, 1999), this study poses that a structured 

vocabulary system may provide a sufficient term list, even though it is not perfect or 

complete. The data source with controlled vocabulary has advantages in focusing on 

the main objectives of this study. Research which reflects more diverse and natural 

connotative messages from various human subjects is left to future studies. 

With those considerations, the “Artefacts Canada: Humanities6” and the “Art & 

Architecture Thesaurus7” (AAT) are selected as data sources. Artefacts Canada 

provided by the Canadian Heritage Information Network (CHIN) is composed of 

approximately 2.5 million records which are gathered from contributing museums and 

galleries. Their main subject areas are archaeology, decorative arts, fine arts, ethnology, 

and history. The collected records are mapped to 641 fields which cover a variety of 

information such as, System, Institution, Identification, Title, Artist/Manufacturer, 

Merchant, Dating, Dimension, Description, Descriptive, Origin/Use, Ethnological, 

Archaeological Site, Registration, Credit and Copyright, Natural Science, Publication, 

Photo and Image, and Exhibition. CHIN has integrated the AAT into its search interface, 

so that users can search or browse the AAT terms and the system presents the results 

based on matching between selected AAT terms and bibliographic information of 

records. Figure 4.1 is the main screen of the CHIN database interface, and Figure 4.2 is 

a sample record from the CHIN database (from now on, CHIN database refers to 

“Artefacts Canada: Humanities” by CHIN). 

 

                                                 
6 http://daryl.chin.gc.ca/Artefacts/e_MasterLayout.cgi 
7 http://www.getty.edu/research/conducting_research/vocabularies/aat/ 
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Figure 4.1 Interface of CHIN database. 

The Art & Architecture Thesaurus is provided by the Getty Vocabulary Program 

for covering art, architecture and material culture areas. It contains approximately 

125,000 terms with facet structure as shown in Table 4.1. From these seven facets, this 

study considers the Associated Concepts facet as connotations, because it includes 

terms for abstract concepts, theories, ideologies, and so on. For denotations, Agents 

facet, Activities facet, and Objects facet are selected, because each of them contains 

terms for role, occupation, and persons, terms for actions or tasks, and terms for entities, 

respectively. On the other hand, the terms for quality or design elements (Physical 

Attributes facet), the terms for produced substances (Materials facet), or the terms for 

artistic classification (Styles and Periods) are not regarded as either connotations or 

denotations.  
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Title Untitled (from the series "A Symbiotic Moment")  
Artist/Maker Patrick Robin Traer  
Object Name drawing  
Category drawing  
Medium charcoal, pastel  
Support paper  
Accession Number 1992.9.1  
Exhibition Title 1998 MAG, Saskatoon, SK. 28 Aug-1 Nov 
1993 MAG, Saskatoon, SK. 15 Jan-7 Mar 
1991 AKA Artists Centre, Saskatoon, SK.   
Institution Mendel Art Gallery  
Department Collections  
Institution City Saskatoon  
Institution Province Saskatchewan  
Origin-Province Ontario  
Origin-Country Canada  
Origin-Continent North America  
Culture Canadian  
Earliest Production Date 1990  
Latest Production Date 1991  
School/Style Canadian  
Height 150.2  
Width 311.2  
Unit-Linear cm  
Quantity 1  
Marks/Labels Watermark, repeated across b: DESSIN JA /// DESSIN JA ///  
Subject/Image allegory 
biomorphic 
references the body and illness  
Description The heavily worked surfaces of Traer's drawings and the visible 
signs of erasure create a strong sense of materiality. In each drawing, 
large, visceral forms are embroiled and penetrated by fluid, arterial 
elements. Traer makes no attempt to produce a unitary image of the body; 
instead he is interested in acknowledging the body as a site of symbiotic 
relationship. Symbiosis refers to an intimate association between two 
dissimilar organisms that coexist in mutual dependence. This is a compelling 
metaphor, challenging the conventional models that we use to describe the 
body. Within the field of medicine, and specifically in the discussion of 
AIDS, great emphasis is characteristically placed on battling the virus 
without acknowledgement being made that an infected body enters into a 
symbiotic relationship with the virus. The body and the virus can no longer 
be separated into discreet entities but must, as Traer's images suggest, 
acknowledge their mutual dependence. (Bruce Grenville, CANADIAN ART, Winter 
1991, p.83).  
Credit Line - Object Collection of the Mendel Art Gallery. Purchased 1992.  
Photo Type colour transparency 35 mm 
negative 4 x 5  
Copyright - Object Traer, Patrick Robin  
Publication Citation Grenville, Bruce. "Reviews: Saskatoon." 8, 4(Winter 
1991): ref. p.83  

Figure 4.2 A sample record of CHIN database. 
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Table 4.1  

AAT Facets 

Facets Description 

Associated 
Concepts 
 

Terms used for abstract concepts, qualities, and phenomena 
that relate to the study and execution of art and architecture. 
This facet also includes terms used for theories, criticisms, 
ideologies, and so on 

Physical 
Attributes 

Terms that describes appearance or quality (round, light 
green, etc.). This facet also includes terms for specific design 
elements.  

Styles and 
Periods 

Terms for descriptions and classifications used by scholars 

Agents 
 

Terms for the role, function, or occupation or persons or 
groups of persons (painter, librarian, etc.). This facet also 
includes generic names of organizations and corporations. 

Activities 
 

Terms that describe actions, endeavors, tasks, and 
techniques  
 

Materials  
 

Terms for naturally or synthetically produced substances  
 

Objects 
 

Terms for perceptible inanimate entities.  

 

For this study, 5,199 records were collected from the entire Artefacts Canada 

collection, according to two criteria: 1) For confining record types to images or 

photographs, values of the OBJECT NAME and related fields are limited to DESSIN, 

DRAWING, PAINTING, PHOTOGRAPH, PRINT, WATERCOLOUR and variations of 

these values (e.g. plurals and corresponding French), and 2) Records should include 

terms from the Associated Concepts facet in ‘subject related fields’. This study identifies 

‘subject related fields’ as nine selected fields among the 641 entire fields. Since the 

primary interest of this study is on subject indexing, the fields which are not related with 
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the subject information are excluded from the entire experimental process by examining 

the “Humanities Data Dictionary.8” From now on, the data set implies the data of subject 

related fields of selected records.  

Table 4.2  

List of Subject Related Fields 

Field name Field description* 

TITLE This field contains the title of the object. For fine art, the 
curatorial title is based on that assigned by the artist. 

TITLE TRANSLATION This field contains the English or French translation of the 
title. 

TITLE VARIATION This field contains any variations of the title for the object. 
ORIGINAL TITLE This field contains the exact title assigned by the artist or 

maker of the object, and it retains the original language with 
original spelling, capitalization and punctuation. 

INSCRIPTION This field contains the inscription or transliteration of the 
inscription found on the object. An inscription consists of the 
actual words in the original language and script on the object. 
A transliteration is the corresponding English or French. 

MARKS/LABELS This field contains a description of the maker's marks or 
labels associated with the object. 

NARRATIVE This field contains comments, stories, or contextual 
information about the object. Can include associated people, 
organizations, places, and events in the object's history, 
comments from an interpretive/curatorial perspective, text of 
a wall label, entry from a published catalogue, etc. 

SUBJECT/IMAGE This field contains keywords or terms that refer to 
iconographic content to describe the subject or image of the 
object. 

ICONOGRAPHIC 
MEANING 

This field describes the symbolic significance of the 
iconography (subject or image) of the object, and is used in 
conjunction with the Subject/Image field. 

* Field descriptions are informed by the Humanities Data Dictionary 
 

                                                 
8 http://www.chin.gc.ca/Artefacts/Info/e_HumanitiesDictioHead.html 
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The data set is processed with two procedures. First, French terms are translated 

into English terms; since entries of the CHIN database are contributed by various 

Canadian organizations, some records are written in French. For more precise analysis, 

the necessity of consolidating language is proposed during the pilot study. Using a Free 

Text Translator9, French terms are translated into English. Second, the Porter’s suffix 

stripping procedure (Porter, 1980) is applied to the data set for stemming purposes. 

Porter’s stemming procedure is widely used in information retrieval applications to 

convert term variations into their common linguistic roots. For example, “fly”, “flies” and 

“flied” are converted into the common root “fli”. The Natural Language Toolkit (NLTK)10 

for Python is used for the stemming procedure. The processed 5,199 records are 

divided into two sets, which are used as a training set and a testing set respectively, 

with a ratio of 3:1. The training set is composed of 3,900 records and the testing set is 

1,299 records.  

Data Analysis I: Verification of Semiotic Features 

That a connotation can be derived from a denotation (or a set of associated 

denotations) can be demonstrated in two steps. The first step is to identify the 

association between a connotation and a denotation in order to demonstrate that a 

connotation is able to be derived from a denotation. The second step is to identify sets 

of associated denotations, so that when one denotation is associated with more than 

one connotation, a pair of associated denotative terms can be used to identify more 

                                                 
9 http://www.freetranslation.com 
10 http://nltk.sourceforge.net/r 
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precisely related connotations.  For verification, the training set can be analyzed by term 

association measures using SPSS.  

As mentioned in chapter III, the term association measure assumes that “if two or 

more terms co-occur in many documents of a given collection, … these terms are 

related in some sense and hence can be included in common term classes”(Salton, 

1983, p. 228). Since this assumption has been verified in prior experimental research, it 

is plausible to apply the same assumption to hypothesis 1.  

Assumptions for hypothesis 1:  

• Sub-hypothesis 1-1: If a denotation and a connotation co-occur in many 

images, these two terms are related in some sense, so that they can be 

included in a common class.  

• Sub-hypothesis 1-2: If two denotations co-occur in many images of a given 

collection, these denotations are related in some sense, so that they can be a 

set of denotations generating connotation. 

Hypothesis 1 can be examined by using the following processes. For Sub-

hypothesis 1-1, a degree of term association between denotation and connotation is 

computed. Based on the discussions in Chapter III, this study uses five association 

measures, Cosine, Dice, Jaccard, Pearson, and Yule’s Y, which are widely used in the 

information retrieval field. It is not the purpose of this study to compare the effectiveness 

of these five association measures; however, since there is little consensus as to which 

types of measures are most generally applicable (Chung & Lee, 2001), five measures 

are used and compared to decide which measure would be appropriate for this specific 

data set. Based on the results of association measures, the pairs of denotation and 
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connotation which have higher value than a threshold K1 are regarded as sufficiently 

related, and it is concluded that the connotation can be inferred from the denotation. For 

Sub-hypothesis 1-2, a degree of term association between denotations is computed 

with five association measures. The pairs of denotations which have higher value than 

threshold K2 are regarded as sufficiently related and can be a set of denotations 

generating connotation.  

Data Analysis II: Effectiveness Evaluation of a Semiotic Based Model 

For an effectiveness evaluation, training set, which was used for verification, is 

used for constructing an association thesaurus. For a clearer understanding, refer to the 

following two figures. Figure 4.3 is a preliminary model and Figure 4.4 illustrates 

procedures and environments for evaluating the preliminary model.  

The preliminary model requires six data sets: image collection, denotative index 

terms, queries, user relevance assessments, threshold K1 for term association, and the 

threshold K2 for pseudoclassification. Based on the data sets, the association thesaurus 

which includes Entries (denotations or associated denotations) and Related Terms (RT, 

which is, connotatively related denotations) can be constructed. Then, the constructed 

association thesaurus is applied to the search process for grouping and expanding 

search results in order to enable connotative messages to be accessible (Figure 4.3). 

For evaluation, as shown in Figure 4.4, connotative index terms which are pre-assigned 

to the CHIN collection are used in constructing the association thesaurus, instead of 

using query and user relevance assessments. Depending on the degree of term 

association among denotations, the Entries (denotations or associated denotations) are 
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determined, and then according to the degree of term association between denotations 

and connotations, associated connotations are assigned to each denotation (Entry). The 

denotations which are linked to the common connotations would correspond to related 

terms (RT) in the preliminary model. The developed association thesaurus is then 

applied to the testing set which has only denotative index terms, and the retrieval 

effectiveness is evaluated by comparing relative recall. 

 

Figure 4.3 Preliminary thesaurus based model for image retrieval. 
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* Relevance Assessment is user judgment based on connotative similarity.  
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Figure 4.4 Procedures of effectiveness evaluation. 

Relative recall is a useful measurement in comparing different retrieval 

approaches (Tague-Sutcliffe, 1992). In this study, relative recall for an association 

thesaurus is computed for investigating to what extend the association thesaurus can 

enhance the accessibility of connotative messages even when the collection is not 

indexed with connotations. Then, the measured relative recall for an association 

thesaurus is compared with the relative recall for AAT connotations which are pre-
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assigned to the CHIN collection (from now on, Associated connotations refer to the 

connotations which are assigned through an association thesaurus and AAT 

connotations refer to the connotations which are pre-assigned to CHIN collection). 

Relative recall measures the ratio between the number of relevant retrieved documents 

for a treatment and the total number of unique relevant documents retrieved for all 

treatments (Greenberg, 2001). In this study, the relevant documents are determined 

based on two treatments: AAT connotations and Associated connotations. In the case 

of the AAT connotations, all of them are regarded as relevant connotations to the 

assigned image documents, because each AAT connotation is given by museums or 

related organizations which contribute to the CHIN database. However, in the case of 

the Associated connotations, the relevance of connotations to the assigned image 

documents is assessed by two judges who have some expert knowledge on image 

representation. The judges are asked to evaluate the relevance of Associated 

connotations by reviewing the image itself and its bibliographic record (refer to Appendix 

A for instructions for judges and sample judging sheet). Relevance evaluations involve a 

three-tier scale of “Relevant”, “Partially Relevant” and “Not-relevant”. “Partially Relevant” 

is regarded as “Relevant” during data analysis similar to prior documented research 

(Greenberg, 2001; Saracevic & Kantor, 1988). This study considers the possibility that 

even judges could interpret connotative messages of an image differently based on their 

own coding systems. In a sense, the Associated connotations, which are judged as 

“Relevant” or “Partially Relevant” by one judge but “Not-relevant” by another judge, are 

regarded as “Relevant” during data analysis.  
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The relative recall is calculated in two aspects: relative recall of retrieved image 

documents and relative recall of browsing sets, which are designed to support sub-

hypotheses 2-1 and 2-2, respectively. First, relative recall of retrieved image documents 

is computed by examining whether an association thesaurus can retrieve more image 

documents which are connotatively relevant. This evaluation is performed by comparing 

the relative recall for Associated connotations with relative recall for AAT connotations 

against evaluative connotative terms. There is an example which considers “anger” as 

an evaluative connotative term. With the AAT connotations, two image documents, I1 

and I2, are found, and with the Associated connotations, four image documents, I2, I3, I4, 

I5 are found. I1 and I2 are relevant image documents, because “anger” is assigned to 

those documents by indexers. The relevance of I3, I4, and I5 are judged by two judges, 

and the judges assess I3 and I4 as relevant and I5 as not-relevant. Then, the total 

number of unique relevant documents is four: I1, I2, I3, and I4. The relative recall for 

association thesaurus is 0.75 (3/4) and the relative recall for AAT connotations is 0.5 

(2/4). That is, the relative recall for the association thesaurus is calculated as follows: 

The number of relevant and retrieved documents according to Associated connotations 

The total number of unique relevant documents retrieved 

Second, relative recall of browsing sets is measured. In this study, the browsing 

sets are defined as connotatively related groups of image documents which are 

retrieved against a denotative query. This evaluation process explores to what extend 

the association thesaurus can facilitate expanding a denotative query by displaying 

connotatively related image groups, even when the collection is indexed with only 

denotative terms. The browsing sets which are retrieved and expanded through an 

association thesaurus are compared with the browsing sets which are expanded 

RR1 = 
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through AAT connotations. For example, there is a denotative query ‘mountain’, and it 

returns three image documents. If two AAT connotations, Chaos and Paradise, are 

found from these three images, the number of browsing sets expanded through AAT 

connotations is two. On the other hand, if four Associated connotations (Inspiration, 

Paradise, Romanticism, and Totemism) which are associated with “mountain” are found 

using an association thesaurus, those four connotations are defined as retrieved 

Associated connotations. Then, in order to judge the relevance of the Associated 

connotations, the judgment result of the three images against four Associated 

connotations are examined. The Associated connotations which are judged as “Not-

relevant” in all three images are regarded as a not-relevant connotation group and the 

Associated connotations which are judged as “Relevant” or “Partially Relevant” in at 

least one image are regarded as a relevant connotation group. In this example, among 

four Associated connotations, Totemism is judged as not-relevant in two images. 

Therefore, the number of relevant Associated connotations is three, and the total 

number of the unique relevant browsing set is four: Chaos, Paradise, Inspiration and 

Romanticism. The relative recall for the association thesaurus is 0.75 (3/4) and the 

relative recall for AAT connotation is 0.5 (2/4). The relative recall of browsing sets for 

the association thesaurus is calculated as follows:  

The number of relevant and retrieved connotations according to Associated connotations 

The total number of unique relevant connotations retrieved 

Pilot Study 

A pilot study was performed in order to explore the feasibility of this semiotic 

approach. For the pilot study, a set of sample records was used in order to verify the 

RR2 = 
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semiotic features which correspond to hypothesis 1. The 1,084 sample records 

collected contained 30 connotative terms.  The Porter stemming process was applied to 

the data, and 212 denotative terms were selected based on term frequency (8 ≤ f ≤ 50).  
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Figure 4.5 Cumulative results of term 

association between denotation & 

connotation. 

Figure 4.6 Cumulative results of term 

association between denotations. 

 

During the pilot study, translating French to English was not performed. In spite 

of this limitation, the results generated by cosine association measure shows existing 

pairs of denotation and connotation which are significantly associated (Figure 4.5). 

When the threshold of term association is determined as n ≥ 0.1, among 30 connotative 

terms 26 connotative terms have one or more associated denotative terms. Under the 

same threshold, among 6,360 pairs of denotation and connotation, 304 pairs of 

denotation and connotation are associated (4.78%). Figure 4.6 shows that there exist 

pairs of denotation which are significantly associated. When the threshold of term 
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association is determined as m ≥ 0.1, among 212 denotative terms 200 denotative 

terms have one or more associated denotative terms. Under the same threshold, 

among 22,366 pairs of denotative terms, 1,891 pairs of denotative terms are associated 

(8.45%). Also, it was found that there are strong relations between denotations which 

are commonly related with one connotation. Although the data analysis is based on a 

small sample, it is an encouraging result showing not only the plausibility of extracting 

connotative messages from denotative messages but also that of applying semiotic 

analysis to image retrieval enhancement.  
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CHAPTER V 

DATA ANALYSIS 

In this chapter, the analysis of data is presented in three sections. Section one 

describes the data set, and section two examines the semiotic features by 

experimenting with two data sets. In section three, the retrieval effectiveness of a 

semiotic based model is evaluated.  

Description of the Data Source 

A total number of 5,199 records was collected from Artefacts Canada which was 

provided by the Canadian Heritage Information Network (CHIN). As described in 

Chapter IV, the data was selected according to two criteria: 1) record types confined to 

the image or the photograph and 2) records that included terms of the Associated 

Concepts facet in subject related fields. The distribution by Object Names for the 5,199 

records is shown in Table 5.1.  

According to the Chin Data Dictionary, Artefacts Canada contains 641 fields. 

Among the selected data for this study, 85 fields appeared and nine fields were 

identified as subject related fields (refer to Table 4.2 for field descriptions). The total 

occurrence of subject related fields from the 5,199 records is 20,519, and the average 

occurrence of fields per record is 3.95. The distribution of subject related field 

occurrences is presented in Table 5.2.  

Table 5.1  
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Distribution of Records by Object Name  

Object Name N % 

Drawing 2,130 40.97 
Photograph 952 18.31 
Painting 778 14.96 
Print 410 7.89 
Dessin 262 5.04 
Watercolour 90 1.73 
Others* 577 11.10 
Total 5,199 100.00 
* These records are selected, because image or photograph related values are included in other Object 
Name related fields. 

Table 5.2  

Occurrences of Subject Related Fields 

Field Name N 

TITLE 4,751 
TITLE TRANSLATION 493 
TITLE VARIATION 115 
ORIGINAL TITLE 4 
INSCRIPTION 260 
MARKS/LABELS 320 
NARRATIVE 57 
SUBJECT/IMAGE 14,518 
ICONOGRAPHIC MEANING 1 
Total  20,519 

 

148 connotative terms were extracted from the 5,199 records. Appendix B 

presents the list of 148 connotative terms and the record occurrences. In this study, the 

frequency of connotative terms means the record frequency, that is, the number of 

records in which connotative terms occur. In other words, when a term occurs twice in a 
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record, it is counted as one occurrence. The mean number of records per connotative 

term is 40.53. 

Data Analysis I: Verifying the Features of Semiotic-Based Model 

The features of this semiotic-based model were verified using the training set of 

3,900 records. For verifying the first hypothesis and its two sub-hypotheses, the 

denotative terms, which matched with the terms of Agents, Activities, and Objects facets 

of AAT, were extracted from the training set. From the training set, 446 denotative terms 

were selected, and the mean number of records per denotative term is 10.80. 

It has been reported that reducing the number of terms is necessary for building 

an effective association thesaurus and that word frequency properties can be used for 

determining whether a term is good or bad. According to previous research (Jing & Croft, 

1994; Margulis, 1992; Qiu & Frei, 1994), high frequency terms tend to have poor 

discrimination power, and low frequency terms tend to generate high association values 

simply because of their random associations. So, in this study, two experimental sets 

were prepared for comparing the differences and effectiveness caused by term 

frequency. Set 1 was designed to use all 446 denotative terms and set 2 was prepared 

by discarding denotative terms which had high and low frequencies. For determining the 

threshold for high and low term frequency, the frequency distribution of denotative terms 

was analyzed. As shown in Figure 5.1, 115 denotative terms occur only once, but the 

number of denotative terms which occur twice drop to 48. From that point, the frequency 

curve shows that there exist a series of denotative terms which occur from 2 to 76 times, 

in sequence. However, beyond that point, the frequency of denotative terms increases 
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substantially, and only seven denotative terms are found in the range of frequency, from 

80 to 160 times. Based on this analysis, set 2 was established by removing 115 

denotative terms which occur one time and seven denotative terms which occur more 

than 80 times. As a result, set 2 is composed of 324 denotative terms which are 

approximately 73 % of the number of denotative terms in set 1 (Table 5.3). The mean 

number of records per denotative term for set 2 is 11.99. 
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Figure 5.1 Frequency distribution of denotative terms. 

Table 5.3  

The Number of Denotation for Set 1 and Set 2 

Set Criterion No. of denotation 

Set 1 All terms 446 
Set 2 2 ≤ f ≤ 80 324 

Upper  
cut-off 

Lower  
cut-off 
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Table 5.4 presents the distribution of denotative terms by three facets and their 

sub-facets. Sets I and 2 demonstrate similar distributions: 59 % - 60 % of denotative 

terms are from the Objects facet, 23% - 24% are from the Activities facet, and 16% - 

17% are from the Agents facet. In Appendix C, denotative terms and their frequencies 

are listed. 

Experimental Results from Set 1 

In the first experiment, 148 connotative terms and 446 denotative terms were 

used for verifying the semiotic features. In addition to supporting the original hypotheses, 

the data analysis also demonstrated other related findings. In this section, the results 

are examined in terms of the following four aspects, and in the summary section, the 

results are discussed with a focus on supporting hypotheses.  

• The degree of association between connotation and denotation using five 

association measures 

• Comparison of the five association measures 

• Distribution by facet of denotations  which are associated with 

connotations 

• The degree of association between a pair of denotations 
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Table 5.4  

Distribution of Denotative Terms by AAT Facet 

Facets and sub-facets No. of denotations 
(Set 1) 

No. of denotations 
(Set 2) 

Agents   
     Organizations 6 5 
     People 71 52 
     Sum of Agents 77 (17.26 %) 53 (16.36%) 
Activities   
     Disciplines 27 17 
     Events 16 11 
     Functions 28 21 
     Physical Activities 23 16 
     Processes and Techniques 12 9 
     Sum of Activities 106 (23.77 %) 74 (22.84 %) 
Objects   
     Components 45 32 
     Object Genres 10 5 
     Object Groupings and Systems 7 6 
     Built Environment   
     Built Complexes and Districts 2 2 
     Open Spaces and Site Elements 9 9 
     Settlements and Landscapes 26 19 
     Single Built Works 37 27 
     Furnishings and Equipment   
     Containers 8 2 
     Costume 8 5 
     Furnishings 10 5 
     Measuring Devices 2 2 
     Recreational Artifacts 5 3 
     Sound Devices 5 4 
     Tools and Equipment 14 8 
     Transportation Vehicles 14 12 
      Weapons and Ammunition 7 6 
     Visual and Verbal 
Communication 

  

     Exchange Media 4 3 
     Information Forms 32 28 
     Visual Works 18 15 
     Sum of Objects 263 (58.97 %) 193 (59.57 %) 
     Total 446 (100.00 %) 324 (100.00 %) 
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The Degree of Association between Connotation and Denotation Using Five 

Association Measures 

Five association measures, Cosine, Dice, Jaccard, Pearson, and Yule’s Y, were 

computed for measuring the degree of association between connotation and denotation. 

148 connotative terms and 446 denotative terms produced 66,008 connotative-

denotative term pairs, among which 3,323 connotative-denotative term pairs (5.034%) 

had positive association values (s > .0) with Cosine, Dice, and Jaccard association 

measures. Table 5.5 shows the cumulative number of connotative-denotative term pairs 

using the five association measures. Table 5.6 shows the cumulative number of 

connotative terms which have one or more associated denotative terms. Among 148 

connotative terms, 137 connotative terms (92.6 %) have one or more associated 

denotative terms when applying positive association values (s > .0) with the five 

association measures (from now on, “the number of connotative termsADT” refers to “the 

number of connotative terms which have one or more Associated Denotative Terms”).  

As shown in Table 5.5 and Table 5.6, the calculations performed using the five 

different association measures present somewhat dissimilar results; however, the 

Cosine and Pearson measures and the Dice and Jaccard measures demonstrated very 

similar results, respectively. So, the overall patterns were analyzed as three groups: 

Cosine and Pearson, Dice and Jaccard, and Yule’s Y. First, the Cosine and Pearson 

measures indicated that the number of connotative-denotative term pairs and the 

number of connotative termsADT increased slowly until the point of s ≥ .3. At s ≥ .3, there 

were only approximately .1% of the total connotative-denotative term pairs (79 and 76 

term pairs, respectively) and 30% of the connotative termsADT (45 connotative terms). 
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However, the numbers increased somewhat sharply from s ≥ .3 to s ≥ .2. At s ≥ .2, there 

were approximately .3% of the total connotative-denotative term pairs and 57 - 60% of 

the connotative termsADT respectively. Then, there is an extreme increase between s 

≥ .2 and s ≥ .1. At this point, approximately 1% of connotative-denotative term pairs and 

90% of connotative termsADT are found. However, between s ≥ .1 and s > .0, the number 

of connotative-denotative term pairs increased up to approximately 5%, but the number 

of connotative termsADT increased by only 4 terms.  

Table 5.5  

The Cumulative Number of Connotative and Denotative Term Pairs (Set 1) 

Cosine Dice Jaccard Pearson Yule's Y Association 
value n % n % n % n % n % 

S = 1 0 0.000 0 0.000 0 0.000 0 0.000 227 0.344

s ≥ .9 3 0.005 3 0.005 1 0.002 3 0.005 287 0.435

s ≥ .8 4 0.006 3 0.005 3 0.005 3 0.005 488 0.739

s ≥ .7 12 0.018 10 0.015 3 0.005 11 0.017 768 1.163

s ≥ .6 15 0.023 15 0.023 5 0.008 15 0.023 1,066 1.615

s ≥ .5 24 0.036 16 0.024 14 0.021 23 0.035 1,437 2.177

s ≥ .4 45 0.068 32 0.048 15 0.023 45 0.068 1,780 2.697

s ≥ .3 79 0.120 53 0.080 19 0.029 76 0.115 2,154 3.263

s ≥ .2 206 0.312 124 0.188 45 0.068 198 0.300 2,443 3.701

s ≥ .1 661 1.001 432 0.654 154 0.233 616 0.933 2,705 4.098

s > .0 3,323 5.034 3,323 5.034 3,323 5.034 2,910 4.409 2,925 4.431
 

Second, Dice and Jaccard presented similar patterns to the Cosine and Pearson 

measures, but they increased more slowly up to s ≥ .1 and increased more sharply 

between s ≥ .1 and s > .0. Third, Yule’s Y results were compared to the other four 

association measures. At s = 1.0, it generated 227 connotative-denotative term pairs 
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(0.344%) and 66 connotative termsADT (44.6%). Then, the numbers of connotative-

denotative term pairs and the number of connotative termsADT increased somewhat 

sharply up to s ≥ .7, where it produced 768 connotative-denotative term pairs (1.163%) 

and 134 connotative termsADT (90.5%). However, beyond the point of s ≥ .7, although 

the number of connotative-denotative term pairs increased moderately, the number of 

connotative termsADT hardly increased. These results show that in spite of some 

different patterns among the five association measures, each of them supports the 

existence of associations between connotative and denotative terms. 

Table 5.6  

The Cumulative Number of Connotative Terms which have Associated Denotative 

Terms (Set 1) 

Cosine Dice Jaccard Pearson Yule's Y Association 
value n % n % n % n % n % 

s = 1 0 0.0 0 0.0 0 0.0 0 0.0 66 44.6
s ≥ .9 2 1.4 2 1.4 1 0.7 2 1.4 91 61.5
s ≥ .8 3 2.0 2 1.4 2 1.4 2 1.4 122 82.4
s ≥ .7 9 6.1 7 4.7 2 1.4 8 5.4 134 90.5
s ≥ .6 9 6.1 9 6.1 3 2.0 9 6.1 136 91.9
s ≥ .5 17 11.5 10 6.8 9 6.1 16 10.8 137 92.6
s ≥ .4 29 19.6 21 14.2 9 6.1 29 19.6 137 92.6
s ≥ .3 45 30.4 31 20.9 13 8.8 45 30.4 137 92.6
s ≥ .2 88 59.5 60 40.5 26 17.6 85 57.4 137 92.6
s ≥ .1 133 89.9 120 81.1 71 48.0 133 89.9 137 92.6
s > .0 137 92.6 137 92.6 137 92.6 137 92.6 137 92.6
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Comparison of the Five Association Measures 

The comparative evaluation of the five association measures is not the main 

purpose of this study. However, for assessing an appropriate association measure to 

this specific data source, it is meaningful to analyze the degree of agreement among the 

five association measures. The similarity (i.e., degree of agreement) of the association 

measures was evaluated by comparing the connotative-denotative term pairs. That is, 

the connotative-denotative term pairs were ranked based on the values of each 

association measure, and the agreement ratio in ranking, which is defined as the 

percentage of overlap in term pairs (Chung & Lee, 2001), was computed. Agreement 

ratios were calculated between one measure and every remaining measure for the two 

ranked subsets of 200 pairs and 660 pairs, which correspond to s ≥ .2 and s ≥ .1 with 

the Cosine measure, respectively. Besides, these two subsets were determined for 

some additional reasons: 1) 200 pairs are 0.3% of the total connotative-denotative term 

pairs and cover approximately 60% of the connotative termsADT using the Cosine and 

Pearson measures, and approximately correspond to s = 1.0 with Yule’s Y measure, 

and 2) 660 pairs are 1% of the total connotative-denotative term pairs and cover 

approximately 90% of the connotative termsADT using the Cosine and Pearson 

measures. As shown in Figure 5.2 and Figure 5.3, Cosine and Pearson demonstrate 

almost the same lists of connotative-denotative term pairs by showing approximately 

97% to 100% agreement ratios. Dice and Jaccard show exactly same lists of 

connotative-denotative term pairs with a 100% agreement ratio. Two groups, Cosine 

and Pearson and Dice and Jaccard, also have a fairly high degree of agreement by 

showing approximately 75% to 85% agreement ratios. Yule’s Y presents the 
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unexpected pattern; it shows a low agreement ratio with all of the other association 

measures in the 200 pairs set (agreement ratios are 15 – 30%), but with the 660 pair set 

the agreement ratios increase up to 60 - 80%. Overall, the 660 pair set demonstrates 

better agreement ratios than the 200 pair set.  
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Figure 5.2 Agreement ratios between association measures up to rank 200 (set 1). 
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Figure 5.3 Agreement ratios between association measures up to rank 660 (set 1) 
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Distribution by Facet of Denotations which are Associated with Connotations 

The characteristics of the association between connotative and denotative terms 

were analyzed by the AAT facet distribution of denotative terms, i.e., whether there are 

facets with a tendency for generating an association between connotative and 

denotative terms (refer to Appendix C for denotative terms and their facets). This 

analysis was performed on the connotative-denotative term pairs which have s ≥ .1 

using the Cosine measure. The Cosine measure was selected because it is the most 

widely applied association measure in information retrieval research (Chung & Lee, 

2001) and the analysis results (Figure 5.3) show that the Cosine measure has high 

agreement ratios with the other measures (98% with Pearson, 85% with Dice and 

Jaccard, and 79% with Yule’s Y).  

The number of denotative terms which were included in the 661 connotative-

denotative term pairs (s≥ .1) is 335 which corresponds to 75.11% of the 446 denotative 

terms. Table 5.7 presents the distribution by facet of the 335 denotative terms and of 

the connotative-denotative term pairs (Since a denotation can be paired with two or 

more connotations, the number of connotative-denotative term pairs could be larger 

than the number of denotations). By comparing the distributions by three facets, no 

significant differences were found among the 446 denotative terms, 335 denotative 

terms and 661 connotative-denotative term pairs. So it appears that the association 

tendency between connotation and denotation is not affected by the facet characteristic 

of denotations. 
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Table 5.7  

Distribution by Facet of Denotative Terms (Set 1) 

Facets and sub-facets No. of terms* No. of terms** No. of pairs*** 
Agents    
     Organizations 6 5 12 
     People 71 52 100 
Sum of Agents 77 (17.26%) 57 (17.01%) 112 (16.94%) 
Activities    
     Disciplines 27 20 48 
     Events 16 10 14 
     Functions 28 17 39 
     Physical Activities 23 17 31 
     Processes and Techniques 12 9 20 
Sum of Activities 106 (23.77%) 73 (21.79%) 152 (23.00%) 
Objects    
     Components 45 39 69 
     Object Genres 10 8 18 
     Object Groupings and Systems 7 5 11 
     Built Environment    
     Built Complexes and Districts 2 2 3 
     Open Spaces and Site Elements 9 8 21 
     Settlements and Landscapes 26 17 31 
     Single Built Works 37 29 66 
     Furnishings and Equipment    
     Containers 8 2 3 
     Costume 8 7 9 
     Furnishings 10 7 10 
     Measuring Devices 2 2 5 
     Recreational Artifacts 5 5 8 
     Sound Devices 5 3 4 
     Tools and Equipment 14 11 22 
     Transportation Vehicles 14 12 21 
      Weapons and Ammunition 7 4 7 
     Visual and Verbal 
Communication 

   

     Exchange Media 4 4 4 
     Information Forms 32 24 50 
     Visual Works 18 16 35 
Sum of Objects 263 (58.97%) 205 (61.19%) 397 (60.06%) 
Total 446 (100%) 335 (100%) 661 (100%) 
* The number of terms from 446 denotations (Set 1) 
** The number of terms from 335 denotative terms which are associated with connotative terms 
*** The number of connotative-denotative term pairs. 
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The Degree of Associations between a Pair of Denotations  

As mentioned above, 335 denotative terms were extracted from 661 connotative-

denotative term pairs; so that one denotative term was associated with, on average, 

1.97 connotations. Among the 335 denotative terms, 149 denotative terms (44.48%) 

were associated with a single connotative term and 186 denotative terms (55.52%) 

were associated with two or more connotative terms. Since these 186 denotative terms 

generated 512 connotative-denotative term pairs, when considering these denotative 

terms, one denotative term is associated with, on average, 2.75 connotative terms 

(Figure 5.4).  

 

 

 

 

 

 

 

 

 

Figure 5.4 Distribution of denotations by association with connotations (set 1-(a)). 

Another test of this is whether a pair of denotations which were significantly 

associated could differentiate connotations, when those connotations are associated 

with one denotation. For example, if a denotative term ‘Bowl’ is associated with three 

connotations, ‘Hinduism’, ‘Ideal’, and ‘Worship’, is there another denotation which can 
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be paired with ‘Bowl’ that gives more weight to one of the three connotations? To 

answer this question, first, the degree of association between the two denotative terms 

was measured by applying the Cosine measure to three sets of denotative terms (Table 

5.8): 1) Set A: 446 denotative terms, 2) Set B: 335 denotative terms which are 

associated with one or more connotative terms with Cosine value s ≥ .1, and 3) Set C: 

186 denotative terms which are associated with two or more connotative terms with 

Cosine value s ≥ .1. The result demonstrated that the overall pattern was similar to the 

pattern of associations between connotation and denotation. The number of denotative 

term pairs increases slowly until s ≥ .3, then increases somewhat sharply from s ≥ .3 to 

s ≥ .2, and then there is an extreme increase between s ≥ .2 and s ≥ .1.  

Table 5.8  

The Associated Pairs of Denotations with Cosine Measure (Set 1) 

446 denotations 
(Set A) 

335 denotations 
(Set B) 

186 denotations 
(Set C) 

Association 
value 

N* %** N* %** S*** N* %** S*** 

s = 1 15 0.015 6 0.011 15 3 0.017 12 
s ≥ .9 22 0.022 13 0.023 27 4 0.023 18 
s ≥ .8 34 0.034 25 0.045 39 4 0.023 18 
s ≥ .7 68 0.069 52 0.093 79 11 0.064 38 
s ≥ .6 81 0.082 64 0.114 95 15 0.087 46 
s ≥ .5 154 0.155 110 0.197 168 34 0.198 92 
s ≥ .4 222 0.224 151 0.270 227 51 0.296 127 
s ≥ .3 367 0.370 221 0.395 331 94 0.546 204 
s ≥ .2 680 0.685 343 0.613 477 164 0.953 298 
s ≥ .1 1679 1.692 651 1.164 788 334 1.941 507 
* The number of denotative term pairs.  
** The proportion of the denotative term pairs to all possible denotative term pairs.  
*** The number of connotation and a pair of denotations sets. 
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Considering that there exist pairs of denotations which are significantly 

associated, second, it was tested whether a pair of denotations can be used for 

differentiating the connotations which are associated with one of those two denotations. 

Some pairs of denotations are also associated with more than one connotation; for 

example, a pair of denotations, ‘Bowl’ and ‘Ornaments’, is associated with three 

connotations, ‘Hinduism’, ‘Ideal’, and ‘Worship’. Table 5.8 shows the number of 

connotations and a pair of denotation sets (from now on, “the number of setsCD” refers 

to “the number of Connotations and a pair of Denotation sets”). According to Set C 

which contains denotations having two or more associated connotations, 334 denotative 

term pairs were found from 186 denotations (s ≥ .1). Since there are 507 setsCD, the 

average number of connotations per pair of denotations is 1.52.  Among the 334 

denotative term pairs, 220 denotative term pairs (65.87%) were associated with one 

connotation, which means approximately 2/3 of the denotative term pairs can 

differentiate the associated connotations. However, 114 denotative term pairs (34.13%) 

were associated with more than one connotation, and when considering 114 denotative 

term pairs, the average number of associated connotations per pair of denotations is 

2.52. Therefore, approximately 1/3 of the 334 denotative term pairs were inappropriate 

for differentiating connotations, and overall, approximately 20% of the 335 denotations 

were not able to differentiate connotations even with a pair of denotations (Figure 5.5).  

Two important points were considered as the reasons why some pairs of 

denotations cannot differentiate connotations. First, when two denotations are so 

closely related to each other (or when an association value between two denotations is 

too high), they do not have an ability to distinguish between connotations. For example, 
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if ‘Architecture’ and ‘Buildings’ always co-occur in an image, it can be interpreted that 

Architecture and Buildings are too closely related (i.e. s = 1) to differentiate connotations. 

Second, there are also some connotations which are closely related to each other. Thus, 

because of the closeness among connotations, even a pair of denotations cannot 

distinguish between those connotations. For example, a pair of denotations, ‘Bowl’ and 

‘Ornaments’, was associated with three connotations, ‘Hinduism’, ‘Ideal’, and ‘Worship’. 

In this case, it can be inferred that since three connotations are closely related to each 

other in some sense, a pair of denotations cannot adequately differentiate those three 

connotations.  

 

Figure 5.5 Distribution of denotations by association with connotations (Set 1-(b)). 

From the analysis, it is concluded that there exist pairs of denotations which are 

significantly associated, and overall, 80% of those denotations (or pairs of associated 

denotations) can differentiate connotations. However, the observed results raised an 
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issue as to designating a connotation based on pairs of denotation. A more detailed 

discussion will be found in the section of Data Analysis II.  

Experimental Results from Set 2 

The second experiment was performed with 148 connotative terms and 324 

denotative terms which were obtained by removing high and low frequency terms. The 

procedures of the second experiment were the same as the first experiment. In this 

section, the experimental results of set 2 are described and the differences between set 

1 and set 2 are compared.  

The Degree of Association between Connotation and Denotation using  Five 

Association Measures 

Table 5.9  

The Cumulative Number of Connotative and Denotative Term Pairs (Set 2) 

Cosine Dice Jaccard Pearson Yule's Y Association 
value n % n % n % n % n % 

s = 1 0 0.000 0 0.000 0 0.000 0 0.000 36 0.075

s ≥ .9 2 0.004 2 0.004 0 0.000 2 0.004 96 0.200

s ≥ .8 3 0.006 2 0.004 2 0.004 2 0.004 294 0.613

s ≥ .7 9 0.019 8 0.017 2 0.004 9 0.019 568 1.185

s ≥ .6 11 0.023 11 0.023 4 0.008 11 0.023 851 1.775

s ≥ .5 15 0.031 11 0.023 11 0.023 14 0.029 1,202 2.507

s ≥ .4 32 0.067 22 0.046 11 0.023 32 0.067 1,523 3.176

s ≥ .3 50 0.104 39 0.081 14 0.029 50 0.104 1,855 3.868

s ≥ .2 141 0.294 97 0.202 34 0.071 138 0.288 2,101 4.381

s ≥ .1 545 1.137 370 0.772 121 0.252 504 1.051 2,323 4.844

s > .0 2,760 5.756 2,760 5.756 2,760 5.756 2,491 5.195 2,504 5.222
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Table 5.10  

The Cumulative Number of Connotative Terms which have Associated Denotative 

Terms (Set 2) 

Cosine Dice Jaccard Pearson Yule's Y Association 
value N % n % n % N % n % 

s = 1 0 0.0 0 0.0 0 0.0 0 0.0 18 12.3
s ≥ .9 1 0.7 1 0.7 0 0.0 1 0.7 53 36.3
s ≥ .8 2 1.4 1 0.7 1 0.7 1 0.7 109 74.7
s ≥ .7 6 4.1 5 3.4 1 0.7 6 4.1 131 89.7
s ≥ .6 6 4.1 6 4.1 2 1.4 6 4.1 135 92.5
s ≥ .5 10 6.8 6 4.1 6 4.1 9 6.2 135 92.5
s ≥ .4 19 13.0 14 9.6 6 4.1 19 13.0 135 92.5
s ≥ .3 30 20.5 23 15.8 9 6.2 30 20.5 135 92.5
s ≥ .2 69 47.3 50 34.2 18 12.3 68 46.6 135 92.5
s ≥ .1 128 87.7 112 76.7 63 43.2 127 87.0 135 92.5
s > .0 135 92.5 135 92.5 135 92.5 135 92.5 135 92.5

 

Five association measures, Cosine, Dice, Jaccard, Pearson, and Yule’s Y, were 

computed for measuring the degree of association between connotation and denotation. 

148 connotative terms and 324 denotative terms produced 47,952 connotative-

denotative term pairs, among which 2,760 connotative-denotative term pairs (5.756%) 

had positive association values (s > .0) with the Cosine, Dice, and Jaccard association 

measures. Table 5.9 shows the cumulative number of connotative-denotative term pairs 

using the five association measures. Table 5.10 shows the cumulative number of 

connotative terms which had one or more associated denotative terms (the number of 

connotative termsADT). Among the 148 connotative terms, 135 connotative terms 
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(92.6 %) have one or more associated denotative terms when applying positive 

association values (s > .0) using the five association measures. 

The overall patterns are quite similar to the results of set 1 (refer to Table 5.5 and 

Table 5.6): 1) The Cosine and Pearson measures and the Dice and Jaccard measures 

demonstrated very similar results, respectively, 2) With the Cosine, Pearson, Dice and 

Jaccard measures, the number of connotative-denotative term pairs and the number of 

connotative termsADT increased slowly until s ≥ .3, but beyond that point, they increased 

sharply, and 3) Yule’s Y resulted in disparate patterns compared to the other four 

association measures. 
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Figure 5.6 The ratio of set 2 to set 1 for the number of connotative-denotative term 

pairs. 
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Figure 5.7 The ratio of set 2 to set 1 for the number of connotations which have 

associated denotative terms. 

Set 1 and set 2 were compared by examining two ratios: the ratio of set 2 to set 1 

for the number of connotative-denotative term pairs and the ratio of set 2 to set 1 for the 

number of connotative termsADT. Set 2 was composed of 324 denotative terms which 

are 72.65% of the number of denotative terms in set 1. Therefore, it can be assumed 

that if the frequency criteria applied to set 2 do not effect the degree of term association, 

then the number of connotative-denotative term pairs in set 2 should be approximately 

73% of set 1. As shown in Figure 5.6, the ratio curves fluctuate up to s ≥ .3, but beyond 

that point the curves show a consistent increase, and at s ≥ .1 the ratio of set 2 to set 1 

is between 76% – 85%. Looking at the number of connotationsADT, a similar pattern is 

observed; the ratio curves fluctuate up to s ≥ .4, but beyond that point the curves show 

a consistent increase, and at s ≥ .1 the ratio of set 2 to set 1 reaches 86 – 92% (Figure 

5.7).  These results show that if a low association value (s ≥ .1) is applied, it is possible 



 92

to obtain a relatively large numbers of associated connotative terms with a lesser 

number of denotative terms. The reason why this pattern is found only at the point of 

low association value can be explained by infrequently occurring terms which are not 

included in set 2; that is, since set 1 includes 155 infrequently occurring terms, set 1 

possibly contains term pairs having high association values which are generated by the 

random association of infrequent terms. 

Comparison of the Five Association Measures 

The similarity (i.e., the degree of agreement) of the association measures was 

evaluated using an agreement ratio. Agreement ratios were computed for two ranked 

subsets. When agreement ratios were computed for set 1, 200 and 660 ranked pairs 

corresponded to s ≥ .2 and s ≥ .1 respectively using the Cosine measure. For set 2, by 

applying the same association values, two ranked subsets, 140 pairs and 545 pairs, 

were determined. As shown in Figure 5.8 and Figure 5.9, the overall patterns are very 

similar to the results of Set 1.  
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Figure 5.8 Agreement ratios between association measures up to rank 140 (Set 2). 
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Figure 5.9 Agreement ratios between association measures up to rank 545 (set 2). 

The interesting observations are: 1) By comparing 200 pairs of set 1 and 140 

pairs of set 2, set 2 shows improved agreement ratios in the overall association 

measures, and especially, the agreement ratio of Yule’s Y to the other association 

measures is noticeably increased; however, 2) By comparing 660 pairs of set 1 and 545 

pairs of set 2, the agreement ratios among four of the measures, Cosine, Pearson, Dice 

and Jaccard, are almost the same between those two sets, but only Yule’s Y 

demonstrates an improved agreement ratio in set 2. In a sense, it can be concluded that 

on the whole, set 2 shows better agreement ratios with all association measures than 

set 1, and especially, the agreement ratio of Yule’s Y to other association measures is 

highly improved in set 2.  

Table 5.11 shows another comparison between set 2 and set 1: the number of 

connotative-denotative term pairs which are included in set 2 but not in set 1. Since the 
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denotation of set 2 is a part of set 1, it can be assumed that the connotative-denotative 

term pairs of set 2 also should be a part of set 1. Cosine, Dice, Jaccard, and Pearson 

measures show that there is only a small number of connotative-denotative term pairs 

which exist in set 2 but not in set 1. However, Yule’s Y demonstrates that there are 

many connotative-denotative term pairs which exist in set 2 but not in set 1. From these 

two comparisons, it can be inferred that the term frequency criteria applied for 

developing set 2, had a more significant impact on the results of Yule’s Y than the other 

four association measures.  

Table 5.11  

The Number of Connotative-Denotative Term Pairs which are Included in Set 2 but NOT 

in Set 1 

Association 
Measure 

Cosine Values s ≥ .2 
(Set 1: n = 200, set 2: n = 140) 

Cosine Values s ≥ .1 
(Set 1: n = 660, set 2: n = 545) 

Cosine 1 1 
Dice 1 0 
Jaccard 0 0 
Pearson 3 1 
Yule’s Y 107 77 
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Table 5.12  

Distribution of Denotative Terms by Facets (Set 2) 

Facets and sub-facets No. of terms* No. of terms** No. of pairs*** 
Agents    
     Organizations 5 4 7 
     People 52 44 86 
Sum of Agents 53 

(16.36%) 
48 

(17.78%) 
93 

(17.06%) 
Activities    
     Disciplines 17 13 30 
     Events 11 6 8 
     Functions 21 13 31 
     Physical Activities 16 13 26 
     Processes and Techniques 9 6 14 
Sum of Activities 74 

(22.84 %) 
51 

(18.89%) 
109 

(20.00%) 
Objects    
     Components 32 32 62 
     Object Genres 5 5 12 
     Object Groupings and Systems 6 4 10 
     Built Environment    
     Built Complexes and Districts 2 2 3 
     Open Spaces and Site Elements 9 8 21 
     Settlements and Landscapes 19 13 26 
     Single Built Works 27 26 58 
     Furnishings and Equipment    
     Containers 2 1 2 
     Costume 5 5 7 
     Furnishings 5 4 5 
     Measuring Devices 2 2 5 
     Recreational Artifacts 3 3 6 
     Sound Devices 4 3 4 
     Tools and Equipment 8 8 18 
     Transportation Vehicles 12 11 19 
      Weapons and Ammunition 6 4 7 
     Visual and Verbal Communication    
     Exchange Media 3 3 3 
     Information Forms 28 23 47 
     Visual Works 15 14 28 
Sum of Objects 193 

(59.57 %) 
171 

(63.33%) 
343 

(62.94%) 
Total 324 

(100%) 
270 (100%) 545 (100%) 

* The number of terms from 342 denotations (Set 2) 
** The number of terms from 270 denotative terms which are associated with connotative terms 
*** The number of pairs of denotation and connotation 
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Distribution by the Facet Characteristics of Denotations which are Associated 

with Connotations 

The characteristics of the association between connotative and denotative terms 

were analyzed by the facet distribution of denotative terms. This analysis was 

performed with the connotative-denotative term pairs which had s ≥ .1 with the Cosine 

measure. The number of denotative terms which were included in the 545 connotative-

denotative term pairs was 270 which corresponds to 83.33 % of the 324 denotative 

terms. Table 5.12 presents the distribution by facet of the 270 denotative terms and of 

the connotative-denotative term pairs. Compared to the 324 denotative terms, the 

percentage of the Activities facet is slightly lower in the 270 denotative terms and the 

545 connotative-denotative term pairs. However, the overall patterns are similar to the 

results of set 1, so the same conclusion can be made as set 1; that is, the association 

tendency between connotation and denotation is not affected by the facet characteristic 

of the denotations. 

The Association between a Pair of Denotations 

According to the previous analysis, 270 denotative terms were extracted from 

545 connotative-denotative term pairs. This means that one denotative term was 

associated with, on average, 2.01 connotative terms. Among the 270 denotative terms, 

108 denotative terms (40.00 %) were associated with a single connotative term and 162 

denotative terms (60.00 %) were associated with two or more connotative terms by 

generating 437 connotative-denotative term pairs. Therefore, when considering 162 
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denotative terms, one denotative term was associated with, on average, 2.70 

connotative terms (Figure 5.10).  

 

 

 

 

 

 

 

 

 

 

Figure 5.10 Distribution of denotations by association with connotations (set 2-(a)). 

This section examines whether a pair of denotations which is significantly 

associated to each other can differentiate the associated connotations. Table 5.13 

shows the degree of association between two denotative terms by applying the Cosine 

measure to three sets of denotations: 1) Set A: 324 denotative terms, 2) Set B: 270 

denotative terms which are associated with one or more connotative terms with Cosine 

value s ≥ .1, and 3) Set C: 162 denotative terms which are associated with two or more 

connotative terms with Cosine value s ≥ .1. The result demonstrates that the overall 

pattern is similar to set 1. However, it is noticed that with high association values, the 

percentages of the number of denotative term pairs in set 2 are relatively lower, and 

with low association values, the percentages of number of denotative term pairs in set 2 

324 denotations 

108denotations 
(associated with a 
single connotation) 

162 denotations 
(associated with two or 
more connotations) 

270 denotations which 
are associated with 
connotations 
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are relatively higher. This can be explained as the result of discarding the infrequently 

occurring terms from set 2.  

Table 5.13  

The Associated Pairs of Denotations with the Cosine Measure (Set 2) 

324 denotations 
(Set A) 

270 denotations 
(Set B) 

162 denotations 
(Set C) 

Association 
value 

N* %** N* %** S*** N* %** S*** 

s = 1 0 0.000 0 0.000 0 0 0.000 0
s ≥ .9 7 0.013 7 0.019 12 1 0.008 6
s ≥ .8 19 0.036 19 0.052 24 1 0.008 6
s ≥ .7 36 0.069 35 0.096 40 1 0.008 6
s ≥ .6 47 0.090 45 0.124 53 4 0.031 12
s ≥ .5 71 0.136 60 0.165 75 9 0.069 24
s ≥ .4 109 0.208 89 0.245 114 20 0.153 45
s ≥ .3 188 0.359 137 0.377 190 53 0.406 106
s ≥ .2 407 0.778 237 0.653 311 113 0.866 187
s ≥ .1 1,207 2.307 455 1.253 562 251 1.925 358

* The number of denotative term pairs.  
** The proportion of the denotative term pairs to all possible denotative term pairs.  
*** The number of sets of connotation and a pair of denotation.  

 

Then, the number of denotative term pairs which are included in set 2 but not in 

set 1 was analyzed. Since the association of denotative term pairs was analyzed using 

only the Cosine measure, the result is also based on only the Cosine measure. As 

shown in Table 5.14, there are no pairs of denotative terms which appear only in set 2 

but not in set 1.  
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Table 5.14  

The Number of Denotative Term Pairs which are Include in Set 2 but NOT in Set 1 

Set s ≥ .2 s ≥ .1 

Set A 
(Set 1: n = 1,679, set 2: n = 1,207) 

0 0 

Set B 
(Set 1: n = 651, set 2: n = 455) 

0 0 

Set C 
(Set 1: n = 334, set 2: n = 251) 

0 0 

 

It was also observed whether a pair of denotations could be used to distinguish 

between connotations which are associated with one of the denotations. According to 

set C which contains denotations having two or more associated connotations, 251 

pairs of denotative terms were found from 162 denotations. Since there are 358 setsCD 

(Connotation and a pair of Denotation sets), the average number of connotations per 

pair of denotations is 1.43.  Among 251 denotative term pairs, 174 denotative term pairs 

(69.32%) were associated with one connotation, and 77 denotative term pairs (30.68%) 

were associated with two or more connotations. Considering the 77 denotative term 

pairs, the average number of associated connotations per pair of denotations is 2.39. 

Therefore, approximately 31% of the denotative term pairs were inappropriate for 

distinguishing connotations, and overall, approximately 18% of the 270 denotations 

were not able to differentiate connotations even with a pair of denotations (Figure 5.11). 

Compared to experiment I, this result shows the decreased percentage of denotative 

term pairs which are associated with two or more connotations. This means that 
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removing high and low frequency terms can slightly enhance the distinguishing power of 

the pairs of denotation.  

 

 

 

 

 

 

 

 

 

 

 

Figure 5.11 Distribution of denotations by association with connotations (set 2 – (b)). 

Summary 

Support for Research Hypotheses 

The research hypotheses driving these experiments were:  

• Hypothesis 1: A connotation of an image can be inferred from a denotation (or 

a set of associated denotations) of an image.  

o Sub-hypothesis 1-1: There exist pairs of connotation and denotation 

which are significantly associated.   

324 denotations 

108 denotations 
(associated with a 
single connotation) 

270 denotations which 
are associated with 
connotations 

174 pairs of 
denotations 
(associated with a 
single 
connotation) 

77 pairs of 
denotations 
(associated 
with two or 
more 
connotations
) 

251 pairs of 
denotations which are 
from 162 denotations
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o Sub-hypothesis 1-2: There exist pairs of denotations which are 

significantly associated, so that they can designate the connotations 

which are associated with one of two denotations.  

The first sub-hypothesis is given support by Table 5.5, Table 5.6, Table 5.9, and 

Table 5.10. The results demonstrated that although there are quite different patterns 

among the five association measures, each of them shows that there exist pairs of 

connotation and denotation which are significantly associated in both set 1 and set 2. 

Based on the assumption of the term association measures (refer to chapter IV), the 

results can be interpreted in the following way: A pair of denotative and connotative 

terms which are associated in some sense can be included in a common class, and the 

connotation can be inferred from the denotation. The second sub-hypothesis is 

established in order to find a more related connotation when a denotation is associated 

with two or more connotations. The second sub-hypothesis is supported by Table 5.8, 

Figure 5.10, Table 5.13 and Figure 5.11. The results demonstrate that there exist pairs 

of denotations which are significantly associated, and that when a denotation is 

associated with two or more connotations, the pairs of denotations can point to a single 

connotation. However, in spite of the numeric findings, these observed results raise an 

issue as to whether assigning a single connotation is better than providing several 

potential connotations. That is, as identified in this study, some pairs of denotations 

having high association values do not have ability to differentiate a more related 

connotation.  There are also cases that a denotation can be associated with several 

connotations because those connotations are closely related to each other. According 

to these observations, it could be desirable to provide many possible connotations 
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rather than narrowing down to a single connotation. For this reason, the author of this 

study suggests that a better strategy for developing an association thesaurus is to 

provide possible connotations with weights (i.e. association values) instead of providing 

the most probable connotation. By displaying connotations with weights, it may be 

possible to present potential connotations as well as to provide a weight of that 

connotation in association with a set of denotations. The details of method will be 

discussed in the next section.  

Other Findings 

In addition to supporting the original hypotheses, the results of these experiments 

demonstrate some additional findings:  

• There are differences in the degree of association between connotation and 

denotation according to measures of association. While Cosine, Pearson, 

Dice and Jaccard generate fairly high agreement ratios, Yule’s Y results in a 

relatively low agreement ratio.  

• There appear to be no specific facet characteristics of denotation which 

significantly generate associated connotations. 

• Although set 1 and set 2 resulted in similar patterns in many aspects, there 

are some noticeable differences; 1) Since set 2 did not include infrequently 

occurring terms, it seemed to reduce the high valued associated term pairs 

which are generated by random association. 2) By comparing the overall 

agreement ratio among the five association measures, set 2 showed higher 

agreement ratios than set 1; especially, the agreement ratio of Yule’s Y which 

was highly improved. 3) Comparing the associated pairs of set 1 and set 2, 
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set 2 is a subset of set 1 using Cosine, Dice, Jaccard, and Pearson measures. 

However, in the case of Yule’s Y, there are many pairs which are included in 

set 2 but not in set 1.  

Data Analysis II: Evaluating the Effectiveness of a Semiotic-Based Model 

A semiotic-based model was evaluated for effectiveness using two methods. 

First, the degree of mapping between AAT connotations pre-assigned from the Chin 

database and Associated connotations assigned from an association thesaurus were 

examined. From the first experiment, the best performing association measures for the 

construction of an association thesaurus as well as the degree of correspondence of 

Associated connotations to AAT connotations were examined. The second experiment 

was performed to support hypothesis 2 and its sub-hypotheses.  The second 

experiment investigated whether an association thesaurus could have a positive impact 

on image retrieval and browsing by measuring the relative recall of image documents 

and browsing sets. This section begins by describing the procedures of indexing the 

testing set with association thesauri. Then, the results of two experiments are reported. 

Procedure of Indexing the Testing Set with Association Thesauri 

The testing set was indexed with association thesauri constructed from the 

training set used in Data Analysis I. According to the results of Data Analysis I, the 

Cosine and Pearson measures and the Dice and Jaccard measures demonstrated high 

agreement ratios, respectively. For the purpose of evaluation, these three measures, 

Cosine, Dice, and Yule’s Y, were applied to two types of data sets, set 1 and set 2, and 
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six association thesauri were prepared. Each thesaurus contained approximately 1% of 

the top-ranked connotative-denotative term pairs with their association measures (refer 

to Appendix D for Cosine association measure).  

When assigning Associated connotations to an image in the testing set, it was 

assumed that a record would contain denotative terms which were included in an 

association thesaurus. However, it was found that of the 1,299 records of the testing set, 

only 680 records (52.35% of the testing set) included at least one denotation found in 

the 446 candidate denotations. This implies that only half of the records in the testing 

set have candidate denotations used in constructing the association thesauri. This low 

ratio might be attributed to the limited number of candidate denotations. A more 

comprehensive term list which covers various terms including synonyms or related 

terms is suggested for future research. In this study, the 680 records containing at least 

one candidate denotation were used for the effectiveness evaluation.  

As discussed in the previous section, the indexing algorithm was designed to 

assign every possible associated connotation with its weight (association value). The 

algorithm for indexing the testing set with the association thesauri was adjusted from the 

research of Plaunt and Norgard (2001). First of all, the 680 records from the testing set 

were examined to identify the denotations included in the association thesaurus entries. 

When a denotation was found by the association thesaurus, the record was indexed 

with the associated connotations and association values. For example, a record in the 

testing set has three denotations, Collection, Vision, and Art, which are entries in the 

association thesaurus. According to the association thesaurus developed by the Cosine 

measure with set 1, those denotations have the following associations with the 
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connotations: “Collection – golden age – 0.250”, “Collection – antique – 0.140”, “Vision 

– censorship – 0.250”, and “Art – golden age – 0.102”. Based on this association 

information, the record was indexed with three ranked connotations, 1. golden age 

(0.352 – this value is obtained by combining 0.250 and 0.102), 2. censorship (0.250), 

and 3. antique (0.140). This algorithm consequently makes it possible to reflect the 

initial idea of the preliminary model as well as to offset the drawbacks of the preliminary 

model. That is, according to the preliminary model, the connotations were assigned 

based on associations with denotations, but Data Analysis I demonstrated that there 

were cases in which it was not appropriate to point to a single connotation based on the 

associations of the denotations. This algorithm fulfills the initial idea by giving higher 

weights to the connotations which are associated with two or more denotations, and at 

the same time, it allows the assignment of all potential connotations with weights. 

Mapping Results between AAT Connotations and Associated Connotations 

The degree of mapping between Associated connotations and AAT connotations 

was examined through recall and precision. In this evaluation process, AAT 

connotations were used as a standard relevant connotative terms. Therefore, these 

results will be somewhat conservative, because although AAT connotations are 

assigned by professional human indexers, AAT connotations should not be regarded as 

a comprehensive source of relevant index terms. In fact, there might exist Associated 

connotations which do not match AAT connotations but are considered relevant 

connotations by some users. However, in spite of its conservativeness, comparing index 

terms which are generated by a new approach with the index terms generated by 
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human indexers is a method that has been widely used in the evaluation of new 

information retrieval approaches. In a sense, this study considers that the degree of 

mapping between AAT connotations and Associated connotations can present a feature 

of the effectiveness of the semiotic-based approach. By measuring the degree of 

mapping between two types of connotations, the best performing association measures 

which produce high recall and precision are also identified.  

Table 5.15  

The Overview of AAT Connotations and Associated Connotations Assigned to 680 

Records  

Source of 
Connotations 

No. of indexed 
records 

No. of 
connotations 
in the records 

Avg. no. of 
connotations 

No. of 
connotations 

AAT connotations 680 909 1.34 107 
Cosine (Set 1) 634 3,114 4.91 123 
Dice (Set 1) 634 3,646 5.75 122 

Yule’s Y (Set 1) 603 1,960 3.25 131 
Cosine (Set 2) 545 2,314 4.25 121 
Dice (Set 2) 538 2,462 4.58 119 
Yule’s Y (Set 2) 518 1,768 3.41 119 

 

Table 5.15 shows the overall description of AAT connotations and Associated 

connotations assigned to 680 records through association thesauri. The first column 

indicates the source of connotations. The second column, “No. of indexed record”, 

shows the number of records containing indexed connotative terms through “source of 

connotation”, and the third column, “No. of connotations in the records”, gives the total 

number of AAT connotations or Associated connotations which were assigned to the 
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records. “Avg. no. of connotations” presents the average number of connotations per 

record and “No. of connotations” indicates a total number of unique connotations 

appearing in the 680 records. While the average number of AAT connotations per 

record is 1.34, the average number of Associated connotations per record is from 3.25 

to 5.75 depending on which of the association thesauri is used. 

Table 5.16 demonstrates the evaluation results of three thesauri using set 1. The 

first column contains the association measure used in constructing the association 

thesauri. The second column indicates the maximum number of Associated 

connotations per record, i.e. the depth of indexing. The depth of indexing was designed 

to reflect the ranks of association weights. The third and fourth columns show the total 

number of assigned Associated connotations and the average number of Associated 

connotations per record, respectively. The table presents the number of Associated 

connotations matching AAT connotations followed by recall and precision scores. 

These results indicate that the Cosine, Dice, and Yule’s Y have similar patterns, 

but on the whole, the Cosine measure shows the best results of the three measures. 

The number of matches (the fifth column) shows that as the depth of retrieval increases 

from one to five, the number of matched connotations increases sharply, but beyond 

that point it increases less markedly. As the depth of indexing increases, recall 

increases and precision decreases, as expected (refer to Figure 5.12).However, the 

recall and precision scores do not seem satisfactory. One possible reason for relatively 

low recall and precision scores might be the constraints of this study -- only a small 

number of denotations were used without any reflections of synonyms or related terms. 

This limitation can be overcome by incorporating other word dictionaries or word 
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corpuses. Another issue affecting the low recall and precision might be the 

conservativeness of the evaluation. Although the association thesauri assign relevant 

connotations, most of those Associated connotations could be estimated as non-

relevant because they do not match AAT connotations. The degree of relevance of 

Associated connotations will be evaluated in the next section. In spite of these 

limitations, the results show that by applying association thesauri to a collection having 

only denotative index terms, it is possible to assign 27% of all relevant connotations (i.e. 

matching with AAT connotations). 
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Figure 5.12 A graph of recall and precision for the association thesaurus constructed 

based on cosine measure with set 1. 
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Table 5.16  

Indexing Results against thesauri trained with Set 1 

Association 
Measure 

(1) 

Max. 
no.  per 
record 

(2) 

No. of 
assigned 

connotation 
(3) 

Avg. 
no. per 
record 

(4) 

No. of 
matches 

(5) 

Avg. 
Recall 

(6) 

Avg. 
Precision 

(7) 

Cosine 1 634 1.00 105 0.12 0.17 
 2 1,198 1.89 152 0.17 0.13 
 3 1,646 2.60 189 0.21 0.11 
 5 2,288 3.61 226 0.25 0.10 
 10 2,906 4.58 244 0.27 0.08 
 All 3,114 4.91 249 0.27 0.08 
Dice 1 634 1.00 93 0.10 0.15 
 2 1,209 1.91 133 0.15 0.11 
 3 1,695 2.67 177 0.19 0.10 
 5 2,452 3.87 219 0.24 0.09 
 10 3,265 5.15 236 0.26 0.07 
 All 3,646 5.75 238 0.26 0.07 
Yule’s Y 1 603 1.00 83 0.09 0.14 
 2 1,049 1.74 122 0.13 0.12 
 3 1,332 2.21 126 0.14 0.09 
 5 1,665 2.76 159 0.17 0.10 
 10 1,910 3.17 166 0.18 0.09 
 All 1,960 3.25 167 0.18 0.09 
* 1) Association Measure: the association measure used in constructing the association thesaurus  
2) Max no. per record: the maximum number of Associated connotations per record 
3) No. of assigned connotations: the total number of assigned Associated connotations 
4) Avg. no per record: the average number of Associated connotations per record (No. of assigned 
connotation of Table 5.16 / No. of indexed record of Table 5.15) 
5) No. of matches: the number of Association connotations which match with AAT connotations 
6) Avg. Recall: The ratio of matched connotations to the relevant connotations, i.e. AAT connotations. (No. 
of matches of Table 5.16 / 909 (the number of AAT connotations) 
7) Avg. Precision: The ratio of matched documents to the retrieved connotations (No. of matches of  
Table 5.16 / No. of connotations in records of  Table 5.15) 
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Finally, Table 5.17 shows the evaluation of the results obtained by the 

association thesauri which were trained using set 2. It shows that the overall retrieval 

effectiveness of set 2 is lower than the overall retrieval effectiveness of set 1. From this 

result, it can be concluded that when a small number of terms is used in constructing 

thesauri, the reduction of terms does not improve the retrieval effectiveness. 

Table 5.17  

Test Results against Thesauri with Set 2 

Association 
Measure 

Max. 
no.  per 
record 

No. of 
assigned 

connotation 

Avg. 
no. per 
record 

No. of 
matches 

Avg. 
Recall 

Avg. 
Precision 

Cosine 1 545 1.00 66 0.07 0.12 
 2 1,010 1.85 112 0.12 0.11 
 3 1,369 2.51 152 0.17 0.11 
 5 1,810 3.32 181 0.20 0.10 
 10 2,226 4.08 191 0.21 0.09 
 All 2,314 4.25 196 0.22 0.08 
Dice 1 538 1.00 55 0.06 0.10 
 2 996 1.85 89 0.10 0.09 
 3 1,353 2.51 128 0.14 0.09 
 5 1,861 3.46 160 0.18 0.09 
 10 2,335 4.34 166 0.18 0.07 
 All 2,462 4.58 166 0.18 0.07 
Yule’s Y 1 518 1.00 35 0.04 0.07 
 2 908 1.75 73 0.08 0.08 
 3 1,181 2.28 88 0.10 0.07 
 5 1,501 2.90 112 0.12 0.07 
 10 1,734 3.35 115 0.13 0.07 
 All 1,768 3.41 116 0.13 0.07 
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Relative Recall of Image Documents and Browsing Sets 

This section reports the results of the second experiment which was designed to 

support hypothesis 2 and its two sub-hypotheses. Whereas the first experiment defined 

the relevant set as AAT connotations, the second experiment expanded the relevant set 

by reflecting relevance judgments on Associated connotations. Then, by measuring 

relative recall, the second experiment focuses on the extent to which Associated 

connotations can retrieve additional image documents as well as browsing sets. Based 

on the previous analysis, the association thesaurus developed with the Cosine measure 

using set 1 was used in testing hypothesis 2. The testing set for the second experiment 

was limited to the records containing the images, because the judges were asked to 

review both the image itself and its bibliographic description. (N.B.: Only small portions 

of the CHIN collection provide both the image and a bibliographic description. Most 

records contain only bibliographic descriptions). As a result, 58 records were selected 

from the 680 records for the second experiment. For more detailed procedures for 

relevance judgment and measuring relative recall, refer to chapter IV. Two test results 

for supporting sub-hypothesis 2-1 and 2-2 are as follows. 

First, retrieval of additional connotatively relevant images by applying an 

association thesaurus was tested. This evaluation was performed by comparing relative 

recalls and precisions. That is, the relative recall and precision of image documents 

which are indexed with the association thesaurus were compared with those of the AAT 

connotations. As evaluative connotative terms, the 100 connotations were prepared. 

These evaluative connotations were extracted from the 58 images, either from AAT 

connotations or by applying the association thesaurus. As shown in Table 5.18 the 
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number of AAT connotations assigned to 58 records was 67 and these 67 connotations 

were all regarded as relevant connotations. The total number of Associated 

connotations assigned to 58 records was 346, and among the 346 connotations, 278 

connotations were judged as relevant. The number of unique relevant connotations, 

from AAT connotations or from Associated connotations, was 337.  

Table 5.18  

The Number of Relevant Connotations of Image Documents  

No. of 
Evaluative 

Connotation 
All Relevant 
Connotations 

AAT 
Connotations 

Relevant 
Associated 

Connotations 

Retrieved 
Associated 

Connotations 

100 337 67 278 346 
 

Table 5.19 indicates the t-Test results of relative recalls and precisions of 

retrieved image documents. It shows significant differences between the relative recall 

for AAT connotations (0.24) and the relative recall for the association thesaurus (0.79) 

at the 0.05 level (Paired samples t-test, p-value = 0.000). It was also found that the 

association thesaurus can cause a decline in precision without statistical significance 

(Paired samples t-test, p-value = 0.38). In spite of a decline in precision, this result 

supports the sub-hypothesis 2-1 concentrating on recall (refer to the Chapter II for the 

discussion on recall and precision issues in image retrieval), which is, a connotation 

derived from denotation retrieves additional relevant images and increases relative 

recall of image documents. From the result, it can be concluded that the association 

thesaurus can provide a larger number of relevant connotations than connotations 

assigned by human indexers. 
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Table 5.19  

Relative Recall and Precision of Retrieved Image Documents 

 AAT Connotations* Association thesaurus* 
 Mean S.D. Mean S.D. t p 

Relative 
Recall 

0.24 0.83 0.79 0.86 -6.905 .000 

Precision 1.00 0.00 0.84 0.29 2.262 0.38 
*N=83 for relative recall ; N = 17 for precision 
  Although the initial number of queries (evaluative connotative terms) is 100, while calculating relative 
recall and precision, some queries were removed for some reason. During computing relative recall, the 
queries having no relevant documents were removed, because it made denominator zero. During 
computing precision, Among 100 evaluative connotative terms, 83 connotative terms have relevant 
documents either from AAT connotation or by the association thesaurus. During computing precision, the 
queries having no retrieved document should be removed, because it also made denominator zero. 
Among 100 evaluative connotative terms, only 17 connotative terms have AAT connotations, so only 
those connotative terms were considered in calculating precision. 

 

Next, the relative recalls and precisions of browsing sets were computed. This 

study defined browsing sets as connotative groups which are retrieved against a 

denotative query (refer to Chapter IV). The browsing sets retrieved and expanded 

through the association thesaurus were compared with the browsing sets expanded 

through AAT connotations. The 57 denotative queries extracted from the 58 records 

were used for measuring the relative recalls of browsing sets. Table 5.20 presents the 

number of browsing sets expanded through AAT connotations and the association 

thesaurus. The average number of relevant browsing sets obtained through the 

association thesaurus was 2.26. This implies that even when the image collection is 

indexed with denotative terms, it is possible to display approximately two browsing sets 

(connotative groups) by utilizing the association. Compared to the browsing sets from 
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the association thesaurus, it was found that AAT connotations generate, on average, 

1.51 browsing sets. 

Table 5.20  

The Expanding Results with Denotative Queries  

No. of 
Denotative 

Queries 
All Relevant 

Browsing Sets 

Browsing sets 
from AAT 

connotations 

Relevant 
Browsing sets 

from association 
thesaurus 

Retrieved 
Browsing sets 

from association 
thesaurus 

 No. Avg. No. Avg. No. Avg. No. Avg. 

57 208 3.65 86 1.51 129 2.26 153 2.68 
 

Table 5.21  

Relative Recall and Precision of Browsing Sets 

 AAT Connotations 
(N = 57) 

Association thesaurus 
(N = 57) 

 Mean S.D. Mean S.D. t p 

Relative 
Recall 0.41 0.13 0.62 0.16 -5.635 .000 

Precision 1.00 0.00 0.87 0.21 4.598 .000 
 

Table 5.21 indicates the t-Test results of relative recalls and precisions of 

browsing sets. It shows significant differences between the relative recall of browsing 

sets expanded from AAT connotations (0.41) and those expanded from the association 

thesaurus (0.62) at the 0.05 level (Paired samples t-test, p-value = 0.000). However, it 

was also found that the association thesaurus can cause a statistically significant 

decline in precision (Paired samples t-test, p-value = 0.000). In spite of a significant 

decline in precision, this result supported the sub-hypothesis 2-2, which is, a 
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connotation derived from denotation retrieves additional relevant browsing sets and 

increases relative recall of browsing sets. 

Summary 

The research hypotheses driving these experiments were: 

• Hypothesis 2: A connotation derived from denotation will improve 

effectiveness of image retrieval and browsing.  

o Sub-hypothesis 2-1: A connotation derived from denotation will retrieve 

additional relevant images and increase relative recall of image 

documents.  

o Sub-hypothesis 2-2: A connotation derived from denotation will retrieve 

additional relevant browsing sets and increase relative recall of 

browsing sets.  

These hypotheses were given support by Table 5.19 and Table 5.21. The results 

of the experiments demonstrated that the association thesaurus which was developed 

based on associations between connotation and denotation can facilitate assigning 

connotative terms to image documents indexed with only denotative terms. In addition, 

it was also found that the association thesaurus improves the recall of retrieved image 

documents as well as browsing sets compared to the connotations given by human 

indexers. From this analysis, it can be concluded that the association thesaurus can 

facilitate availability of connotative messages.  
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CHAPTER VI 

DISCUSSION AND IMPLICATIONS 

This study, based on a semiotic framework, has investigated how to utilize 

connotative messages for enhancing image retrieval and browsing. This chapter 

summarizes the results of this study and revisits a preliminary semiotic-based model 

based on the experimental results and discussions. Then, study findings and a revised 

semiotic-based model suggest practical and theoretical implications and future research 

directions.  

Summary of the Findings 

This study began with the premise that connotative messages are important for 

improving user satisfaction of image retrieval results. By accepting the premise, this 

study focused on how to facilitate the availability of connotative messages for enhancing 

image retrieval and browsing. For this purpose, this study conceptually explored the 

nature of iconic messages contained in an image by adopting semiotics as a theoretical 

tool. Semiotics, especially Barthes’ semiotics, explained the characteristics of iconic 

messages as follows: 1) There exist two kinds of iconic messages within an image, 

connotative and denotative messages, 2) A connotative message can be derived from 

denotative messages within socio-cultural contexts, and 3) A connotative message is 

significant because people do not encounter a denotative message without connotative 

influences (Barthes, 1977/1985).  
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In addition to the nature of iconic messages, semiotics provides a framework 

which explains why information loss of connotative messages occurs and how this 

unfavorable information loss can be restored. Whereas denotative messages have 

definitional and commonsense meanings based on broadly shared coding systems, 

connotative messages could be interpreted diversely depending on different coding 

systems. Therefore, it is impossible to expect that an indexer occupying a specific 

socio-cultural coding system can produce all possible connotative index terms or even a 

fairly large percentage of these terms. In addition, although connotative messages are 

essential for obtaining satisfactory search results, user needs for connotative messages 

are difficult to articulate in queries. That is, the problem statements which emerged from 

semiotic analysis demonstrated that the problem of image retrieval is to represent 

connotative messages of an image and that compared to the connotative messages, 

the seeming objectiveness of denotative messages makes it easier to assign denotative 

descriptions for an image. In this context, this study proposed a preliminary image 

retrieval model utilizing an association thesaurus which indicates associations between 

connotations and denotations. The associations would be generated by the application 

of term association and pseudoclassification methods to data sets including denotative 

descriptions of an image collection and users’ assessments regarding connotatively 

relevant images. The benefits of a semiotic-based image retrieval model using an 

association thesaurus were expected: 1) Facilitation of the assignment of connotative 

index terms by making use of denotative index terms of an image, and 2) Greater 

potential for user satisfaction through meeting a need which is not expressed in the 
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query by displaying sets of connotatively related images in addition to sets of 

denotatively related images.  

An underlying framework for a proposed model was based on semiotic analysis, 

which is, connotative messages can be derived from one or more denotative messages. 

This study performed two experiments for validating a semiotic framework and for 

evaluating the effectiveness of this semiotic-based image retrieval model. The sources 

of data were 5,199 records collected from the “Artefacts Canada: Humanities” and 

connotative and denotative term lists prepared from the “Art & Architecture Thesaurus”. 

The results of the first experiment demonstrated that there exist pairs of connotation 

and denotation which co-occur in many image documents, so that the pairs of 

connotation and denotation were considered as associated. Based on the assumption 

of term association measures, the results were interpreted that a pair of associated 

denotation and connotation can be included in a common class, and therefore a 

connotative message can be derived from a denotative message. The results of the 

second experiment supported the hypothesis that a connotation derived from 

denotations would improve effectiveness of image retrieval and browsing by 

demonstrating follows: 1) An association thesaurus generated by the associations 

between connotation and denotation can facilitate assigning connotative terms to image 

documents, and 2) An association thesaurus improves image retrieval effectiveness by 

increasing the recall of retrieved image documents as well as the recall of browsing sets.  

Model Revisited 
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A preliminary image retrieval model presented in Chapter III proposed to 

construct an association thesaurus for facilitating the availability of connotative 

messages. An association thesaurus was designed to be constructed by applying term 

association and pseudoclassification methods to six data sets: 1) a collection of images, 

2) denotative index terms for each image, 3) a set of queries, 4) a set of user relevance 

assessments specifying the connotative relevance of individual images with respect to 

the set of queries, 5) a retrieval threshold used for term association, and 6) a retrieval 

threshold used for pseudoclassification. A preliminary model was established based on 

two assumptions: 1) A connotation can be derived from a denotation and 2) In cases 

where a denotation is related with more than one connotation, a set of associated 

denotations can designate a more related connotation. Based on these assumptions, 

the preliminary model proposed an association thesaurus construction procedure with 

two stages: 1) Using a term association method, pairs of associated denotations are 

identified and then those pairs are added as a set of denotative index terms to an image 

in the collection, and 2) The pseudoclassification method is applied to the set of 

denotative index terms (a denotation or a pair of denotations) in order to identify 

connotatively related denotative index terms (RT) among the set of denotative index 

terms (Entry) (refer to Figure 3.11).  

This association thesaurus construction procedure was verified through 

experiments testing the first set of hypotheses. The experiment results supported that 

there exist pairs of associated connotation and denotation, so that a connotation can be 

derived from a denotation. However, in cases of pairs of associated denotations, the 

observed results raised an issue as to designating a connotation based on pairs of 
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denotations. That is, the numerical findings showed that there exist pairs of denotations 

which are significantly associated, so that the pairs of denotations can point to a single 

connotation. However, in cases where a pair of denotations is closely related or in 

cases where connotations are too closely related, it was determined that a pair of 

denotations was not suitable for designating more related connotations. Based on this 

observation, a better strategy might be to develop an association thesaurus which 

specifies associated connotations and weights (i.e. association values) per denotation. 

Then, instead of specifying a connotation based on predefined pairs of denotations, 

ranked connotative terms per image could be displayed during the image indexing 

process by applying this association thesaurus.  

A revised procedure for the construction of an association thesaurus requires five 

data sets: 1) a collection of images, 2) denotative index terms for each image, 3) a set 

of queries, 4) a set of user relevance assessments specifying the connotative relevance 

of individual images with respect to the set of queries, and 5) a retrieval threshold. First, 

using a set of user relevance assessments specifying the connotatively relevant 

documents with respect to the set of queries, each image document of a given image 

collection can be assigned related queries. The author supposes diverse formats of 

queries, from a search keyword to a description of an image need situation. Since users 

would be asked to assess the individual images based on connotative relevance against 

the queries regardless of query format, the assigned queries could be considered 

connotative messages (connotative index terms) of individual images. However, there is 

no need to find an appropriate term for the connotative messages, because as 

discussed in Chapter II, finding an exact term for a connotative message is 
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sophisticated work and there is always the possibility of assigning an inappropriate term 

Therefore, when assigning the connotative terms (queries) to the connotatively related 

images, some simple codes (i.e. C1, C2, etc.) representing the connotative messages 

(queries) would be enough in this model. As a result of this process, each image 

contains codes representing the connotative messages in addition to the original 

denotative index terms. Secondly, by applying a term association measure to the image 

documents indexed with denotative and connotative terms (i.e., codes representing 

connotative messages), an association thesaurus which identifies associated 

denotations and connotations and their weights is constructed. The revised procedure 

for constructing an association thesaurus is illustrated in Figure 6.1. The developed 

association thesaurus can be applied to the image representation process by applying 

the algorithm used in Chapter IV.  

In this section, a revised semiotic-based model is described under the same 

assumption used in the preliminary model, where only denotative messages are 

available as index terms and user assessments are used for identifying the connotative 

features. However, the author supposes that this model can be modified in diverse 

situations. A possible variation of a semiotic-based model is discussed in the next 

section. 
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Figure 6.1 Revised procedure for an association thesaurus construction 

 

User Assessments 

DA …….……   C1, W0.5 
DB …..…..…    C1, W0.7 
DB …………    C2, W0.3 
Dc …………    C1, W0.4 
Dc …………    C4, W0.5 

Training Set 
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with denotative 
index terms 
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& indexing 
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Implications 

 Two judges performed relevance assessments to evaluate the effectiveness of 

the proposed model. Analysis of these assessments revealed that there are several 

connotative messages embedded in an image in addition to the connotative index terms 

assigned by indexers. Therefore, the challenge for an image retrieval system designer 

is to build a system that supports the availability of connotative messages of an image 

in order to enhance user satisfaction. A revised model of this study, which emerged 

from a semiotic theoretical framework, together with the experiment results, confirmed 

that it is possible to assign connotative index terms, even when the image collections 

are indexed with denotative terms, by applying an association thesaurus. It was 

expected that an image collection indexed with a developed association thesaurus 

would increase the potential for user satisfaction by displaying sets of connotatively 

related images in addition to sets of denotatively related images, even when users send 

denotative queries (refer to Chapter III for a search scenario).  

The main focus of this study was to examine whether connotation can be derived 

from denotation and whether those connotations can improve retrieval effectiveness. 

Since the main objective of this study was to investigate this fundamental principle 

rather than to develop an effective image retrieval system embedding current image 

retrieval technologies, this study identified a simple environment which could enable the 

author to focus on the primary purpose of this study. Since this study validated the 

principle, it is possible to develop variations on the proposed model using current 

technologies and resources. The proposed semiotic-based model suggested 

constructing an association thesaurus by applying a term association measure to the 
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data sets of an image collection indexed with denotative messages and user 

assessments regarding the connotatively related images against with the query sets. 

Variations on the model can further the results of this study in three ways: how to obtain 

connotatively related images, how to obtain denotative index terms, and how to obtain 

associations between connotations and denotations.  

First, a proposed model used a set of queries and users’ relevance assessment 

in order to obtain connotatively related images. As mentioned in the previous section, 

the queries can have diverse formats, from search keywords to descriptions of image 

need situations. The queries also can be derived from various sources, such as actual 

user search terms extracted from system logs, reference service records demonstrating 

users’ needs, and a query list (or a connotation list) developed by an authorized person. 

Other existing resources are also applicable for extracting connotatively related images. 

This model suggested making use of user relevance assessments, because it is 

designed based on the assumption that an image is indexed with only denotative 

messages. However, it would be also possible to utilize image databases which already 

contain some connotative index terms, even if they are incomplete, as this study used in 

the experiment process. Secondly, regarding denotative messages, the proposed model 

used the denotative descriptions given by human indexers. However, as Eakins and 

Graham (1999) mentioned, there has been research showing the possibility that 

denotative messages can be extracted using Content-Based Image Retrieval (CBIR) 

techniques. If the proposed model is integrated with CBIR techniques, it would be 

possible to extract connotative messages with a minimum of human effort because 

connotation can be derived from denotative messages which are extracted from low-
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level features automatically. Finally, in order to identify the associations between 

connotation and denotation, the proposed model adopted a term association method, 

because it can demonstrate the relationship of two terms. However, it also would be a 

worthwhile endeavor to apply new technologies to extract associations between 

connotation and denotation, such as machine-learning, and to compare the 

effectiveness among different technologies.  

This study also offers theoretical implications. The semiotic features of image 

documents have been based primarily on theoretical and hypothetical assumptions 

explained by Barthes. The results presented by this study validate the semiotic features 

regarding interrelations between connotative and denotative messages. More 

importantly, this study demonstrated that the validated semiotic features of image 

documents can be utilized to enhance image retrieval and browsing by restoring 

information loss of connotative messages. Therefore, it can be claimed that this study 

has contributed to the utility of semiotics as an analytical tool for image retrieval as well 

as a possible solution for image retrieval system improvement. 

Future Study 

   This study proposed a semiotic-based image retrieval model which makes use 

of the association between denotative messages and connotative messages of an 

image. However, previous research results presenting the importance of visual contents 

in the perception of image documents (Takahashi, 1995; Taylor, 2001) suggests that 

subsequent studies should attempt to test if denotative messages combined with low-

level features improve identification of associated connotative messages.  
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Another step which can be taken for future research is to evaluate the proposed 

model using human participants. This study started from the premise that in spite of the 

importance of connotative messages, it is difficult for users to represent connotative 

needs as a query. This premise was established based on the previous research. 

However, there is no experiment demonstrating how often users represent their 

connotative needs with denotative query terms and how often users are satisfied by the 

images which contain identical connotative messages but have different denotative 

messages. Therefore, a future study can explore user behaviors based on the proposed 

semiotic-based model.  

Other directions for future research are to investigate and apply other semiotic 

theoretical principles to improve image retrieval. Since this study examined one semiotic 

idea, many other semiotic ideas are left for future research in image retrieval. One such 

issue for study would be the utilization of associated texts of images to enhance image 

retrieval. Barthes (1961/1977), in discussing press photographs, noted that “the 

structure of the photograph is not an isolated structure; it is in communication with at 

least one other structure, namely the text – title, caption or article – accompanying every 

press photograph” (p. 16). Although his discussion was confined to press photographs, 

his inspiration might be applied to other diverse formats of associated texts of images. 

Furthermore, some researchers recently examined the utilization of associated texts 

(Smith & Chang, 1997; Benitez, Smith, & Chang, 2000) because of the limitations of 

CBIR techniques (Rui, Huang, & Chang, 1999). Semiotic analysis might provide a 

conceptual framework for examining and utilizing associated texts of images for 

enhanced image retrieval.  
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This study proposed an image retrieval model which utilized denotative 

messages to enhance the availability of connotative messages based on a semiotic 

framework. However, it may be possible to devise other mechanisms to utilize 

connotative messages which improve image retrieval and browsing. In spite of the 

difficult nature of identifying the connotative messages of an image, it is an area worthy 

of more attention. The impacts of connotative messages during image search process 

should be explored, and image retrieval systems embracing connotative features should 

be implemented.   
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APPENDIX A 

IMAGES USED IN THIS STUDY AS EXAMPLES  
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1* 2* 3* 
   

4* 5* 6* 
 

  

7* 8* 9* 

   
10* 11* 12* 

   
13* 14* 15* 

   
16* 17* 18* 

   
19* 20* 21* 

   
 
* These images are used with permission of Brian C.  O’Connor. 
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APPENDIX B 

INSTRUCTIONS FOR JUDGES AND JUDGING SHEET 
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Instructions for Judges 

 

The judge sheet (judge.xls) contains image id, index term, and three-tier 

scale for relevant judgment. I would like you to follow the link of image id, 

examine each image and bibliographic record, and judge the relevance of index 

terms of each image, as Relevant, Partially Relevant and Nonrelevant. Please 

judge the images based on your professional knowledge and consideration of 

various types of user needs, rather than based on your personal impression. The 

judges should consider that the image system is designed to enhance the recall 

of image retrieval.  

 

 

Please let me know if you have any questions.  

 

 

Thank you.  

 

JungWon Yoon 
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Sample of Judging Sheet 
 

1286 creativity Relevant Partially Relevant Nonrelevant 
1286 imagination Relevant Partially Relevant Nonrelevant 
1286 ethics Relevant Partially Relevant Nonrelevant 
1286 ideal Relevant Partially Relevant Nonrelevant 

          
1766 encumbrances Relevant Partially Relevant Nonrelevant 
1766 liens Relevant Partially Relevant Nonrelevant 
1766 christianity Relevant Partially Relevant Nonrelevant 
1766 immaculate concept Relevant Partially Relevant Nonrelevant 
1766 memory Relevant Partially Relevant Nonrelevant 
1766 paganism Relevant Partially Relevant Nonrelevant 
1766 faith Relevant Partially Relevant Nonrelevant 
1766 pastoral Relevant Partially Relevant Nonrelevant 

          
2735 anger Relevant Partially Relevant Nonrelevant 
2735 habitat Relevant Partially Relevant Nonrelevant 
2735 sexuality Relevant Partially Relevant Nonrelevant 
2735 narrative Relevant Partially Relevant Nonrelevant 
2735 comfort Relevant Partially Relevant Nonrelevant 
2735 expression Relevant Partially Relevant Nonrelevant 

          
2736 anger Relevant Partially Relevant Nonrelevant 
2736 folk art Relevant Partially Relevant Nonrelevant 
2736 maternity Relevant Partially Relevant Nonrelevant 
2736 satire Relevant Partially Relevant Nonrelevant 

          
2738 beauty Relevant Partially Relevant Nonrelevant 
2738 civil rights Relevant Partially Relevant Nonrelevant 
2738 anger Relevant Partially Relevant Nonrelevant 
2738 civilization Relevant Partially Relevant Nonrelevant 
2738 fear Relevant Partially Relevant Nonrelevant 

          
2739 chaos Relevant Partially Relevant Nonrelevant 
2739 inspiration Relevant Partially Relevant Nonrelevant 
2739 paradise Relevant Partially Relevant Nonrelevant 
2739 romanticism Relevant Partially Relevant Nonrelevant 
2739 totemism Relevant Partially Relevant Nonrelevant 

          
2750 crime Relevant Partially Relevant Nonrelevant 
2750 hate Relevant Partially Relevant Nonrelevant 
2750 imagination Relevant Partially Relevant Nonrelevant 
2750 starvation Relevant Partially Relevant Nonrelevant 
2750 creativity Relevant Partially Relevant Nonrelevant 
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APPENDIX C 

CONNOTATIVE TERM LIST 
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Connotative terms The number of 
records 

Connotative terms The number of 
records 

adolescence   5 inspiration   16 
alignment   8 invention   10 
allegory   445 irony   2 
allusion   2 islam   10 
anger   26 istoria   9 
antique   101 joy   39 
anxiety   10 judaism   31 
apartheid   27 kitsch   2 
appropriation   3 knowledge   4 
articulation   3 legislation   16 
beauty   84 leisure   46 
buddihism   104 liens   5 
burglary   3 love   143 
capitalism   6 marxism   7 
censorship   4 masterpiece   3 
chaos   16 maternity   17 
childhood   11 melancholy   6 
christianity   24 memory   80 
civilization   8 metaphor   7 
civilRights   10 mimesis   3 
comfort   29 narrative   252 
communism   82 nationalism   36 
conservatism   157 ownership   3 
contamination   5 paganism   7 
creation   31 pain   51 
creativity   160 paradise   58 
crime   32 pastoral   59 
culture   242 peace   264 
deconstruction   3 perception   5 
despotism   4 perfection   2 
discrimination   20 personofication   4 
disease   7 picturesque   8 
divinity   23 pleasure   11 
eclecticism   2 pornography   6 
employment   56 poverty   24 
encumbrances   8 pregnancy   5 
enlightenment   2 privacy   3 
envy   7 projects   327 

Table C.1  

Connotative Term List 

(Table continues)
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Connotative terms The number of 

records 
Connotative terms The number of 

records 
erotica   14 propaganda   53 
eroticism   11 prosperity   7 
ethics   3 provincialism   333 
evolution   17 publicDomain   5 
execution   34 realism   4 
expression   25 reincarnation   5 
faith   16 religiousSymbolism  1 
fantasy   121 repartriation   3 
fascism   97 revival   36 
fear   26 rightOfWay   10 
feminism   17 romanticism   10 
folkArt   6 satire   73 
freedom   73 secrecy   9 
genius   12 security   31 
goldenage   4 sexuality   17 
government   133 sikhism   5 
grandeur   7 socialism   20 
grief   31 sovereignty   10 
habitat   4 starvation   8 
hate   6 streetArt   4 
hazarads   22 stylization   1 
heaven   31 sublime   4 
hell   31 supernatural   8 
hinduism   14 symbolism   800 
homosexuality   6 taboo   3 
humor   8 tantrism   6 
iconography   2 terrorism   8 
ideal   11 theft   9 
identity   6 totemism   5 
ideology   2 travel   10 
illness   6 truth   23 
illusion   12 unemployment   50 
imagery   8 violence   30 
imagination   127 voodoo   4 
immaculateConcept   13 wealth   52 
influence   26 worship   9 

 

Table C.1 (Continued) 

Connotative Term List 
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APPENDIX D 

DENOTATIVE TERM LIST 
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Denotative Terms Frequency 
Agents - Organization  

Colonies 6 
Corps 5 
Organizations 6 
Provinces 18 
States 93 
Territories 10 

Agents - People  
Activists 2 
Actors 3 
Adults 3 
Allies 9 
Ancestors 2 
Architects 2 
Aristocrats 1 
Artists 21 
Blessed 1 
Boys 21 
Brothers 4 
Cartoonists 1 
Clergy 14 
Courtiers 1 
Daughters 6 
Designers 35 
Dictators 2 
Disciples 2 
Dukes 3 
Dwarfs 1 
Elderly 1 
Farmers 5 
Fathers 11 
Girls 14 
Hippies 1 
Hunters 15 
Jurors 1 
Lawyers 20 
Leaders 1 
Loggers 1 
Lovers 5 
Makers 1 
Martyrs 2 

Table D.1 

Denotative Term List 

(Table continues)
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Denotative Terms Frequency 
Masons 11 
Men 105 
Merchants 1 
Miners 3 
Monks 47 
Mourners 7 
Musicians 7 
Partners 1 
Patients 4 
Peasants 1 
People 42 
Pioneers 5 
Players 14 
Policemen 1 
Politicians 19 
Poor 3 
Priests 5 
Princes 21 
Princesses 3 
Reformers 2 
Refugees 4 
Regents 2 
Royalty 5 
Sisters 3 
Slaves 4 
Soldiers 38 
Sons 15 
Spectators 1 
Students 6 
Tribes 15 
Users 1 
Viewers 2 
Visitors 2 
Voters 1 
Witches 2 
Women 53 
Workers 13 
Youth 6 

Activities - Disciplines  
Agriculture 5 
Anatomy 1 

Table D.1 (Continued) 

Denotative Term List 

(Table continues) 
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Denotative Terms Frequency 
Architecture 159 
Arts 48 
Astrology 1 
Astronomy 14 
Chemistry 1 
Conservation 124 
Dance 4 
Education 13 
Engineering 1 
Ethnology 1 
Finance 6 
Forestry 17 
Journalism 2 
Logic 3 
Magic 1 
Mathematics 1 
Medicine 3 
Music 60 
Philosophy 2 
Planning 68 
Religion 54 
Rhetoric 3 
Science 4 
Syntax 2 
Videos 1 

Activities - Events  
Blizzards 1 
Celebrations 9 
Christmas 3 
Dreams 2 
Easter 1 
Elections 60 
Events 30 
Expeditions 4 
Festivals 40 
Fires 9 
Hurricanes 1 
Meetings 14 
Parties 115 
Thanksgiving 1 
Trials 11 

Table D.1 (Continued) 

Denotative Term List 

(Table continues) 



 140

 
 
 
 
 

Denotative Terms Frequency 
Visions 4 

Activities - Functions  
Administration 48 
Business 4 
Criticism 5 
Describing 1 
Development 10 
Emigration 2 
Farming 21 
Functions 1 
Funding 7 
Hiring 1 
Immigration 8 
Industrialization 12 
Manufacturing 1 
Marketing 4 
Marking 11 
Monitoring 1 
Programming 4 
Protection 5 
Protesting 6 
Purchasing 2 
Recruiting 2 
Releasing 2 
Representing 14 
Selling 1 
Supervising 3 
Suspension 1 
Teaching 3 
Trade 8 

Activities - Physical Activities  
Baseball 5 
Basketball 1 
Beatings 6 
Boating 8 
Bowling 4 
Driving 6 
Fishing 21 
Football 6 
Gambling 1 

Table D.1 (Continued) 

Denotative Term List 

(Table continues) 



 141

 
 
 
 

Denotative Terms Frequency 
Games 53 
Golf 3 
Hiking 1 
Hunting 25 
Lacrosse 1 
Racing 9 
Reading 7 
Running 1 
Sailing 4 
Sports 15 
Standing 17 
Swimming 1 
Tennis 1 
Walking 6 

Activities – Processes And Techniques  
Adjusting 1 
Coloring 6 
Construction 14 
Facing 1 
Joining 3 
Mixing 20 
Mosaic 2 
Polychromy 1 
Reconstruction 2 
Sewing 3 
Tying 5 
Whitewashing 2 

Objects - Components  
Arms 18 
Auditoriums 43 
Awnings 1 
Battlements 1 
Booths 8 
Cells 4 
Chutes 1 
Courtyards 3 
Details 3 
Domes 4 
Doors 8 
Dormers 1 
Entrances 10 

Table D.1 (Continued) 

Denotative Term List 

(Table continues) 



 142

 
 
 
 

Denotative Terms Frequency 
Feet 1 
Gates 12 
Glasses 44 
Halls 52 
Hardware 1 
Hearths 2 
Knees 3 
Legs 1 
Niches 2 
Numerals 2 
Offices 28 
Pages 13 
Pictographs 1 
Porches 1 
Portals 2 
Reverses 16 
Ribs 1 
Rooms 60 
Roses 36 
Sides 28 
Stages 7 
Stairs 7 
Staples 1 
Stems 4 
Steps 13 
Texts 25 
Tracks 6 
Triggers 1 
Trusses 1 
Walls 14 
Windows 16 
Words 18 

Objects – Object Genres  
Beadwork 1 
Chains 3 
Documents 8 
Exercises 1 
Ornament 4 
Pottery 1 
Remnants 1 
Souvenirs 2 

Table D.1 (Continued) 

Denotative Term List 

(Table continues) 
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Denotative Terms Frequency 
Sticks 7 
Warehouse 1 

Objects – Object Groupings And Systems  
Collections 8 
Editions 5 
Fonds 3 
Lighting 12 
Radio 3 
Television 18 
Waterworks 1 

Objects - Built Complexes And Districts  
Orchards 2 
Quarters 2 

Objects - Open Spaces And Site Elements  
Fences 10 
Gardens 23 
Grounds 16 
Highways 9 
Lots 3 
Paths 4 
Roads 22 
Streets 46 
Yards 8 

Objects - Settlements And Landscapes  
Beaches 6 
Brooks 3 
Bushes 1 
Caves 4 
Cities 29 
Cliffs 3 
Continents 1 
Coves 15 
Farmland 1 
Flora 4 
Foothills 1 
Grasses 3 
Hills 10 
Lakeshore 1 
Missions 1 
Mountains 16 
Plants 11 

Table D.1 (Continued) 

Denotative Term List 

(Table continues) 
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Denotative Terms Frequency 
Ponds 10 
Prairies 6 
Rapids 3 
Streams 4 
Trees 28 
Vegetation 1 
Waterfalls 3 
Wilderness 3 
Woods 11 

Objects - Single Built Works  
Barns 5 
Bleachers 1 
Buildings 117 
Cairns 2 
Churches 39 
Clubhouses 3 
Corrals 3 
Cuts 17 
Dwellings 14 
Exchanges 4 
Factories 5 
Fisheries 1 
Follies 1 
Forts 2 
Fountains 4 
Garages 1 
Gatehouses 3 
Graves 4 
Houses 76 
Igloos 1 
Inns 6 
Mews 4 
Milestones 1 
Monuments 11 
Museums 12 
Palaces 9 
Pubs 4 
Ruins 7 
Sanatoriums 1 
Schools 13 
Tents 12 

Table D.1 (Continued) 

Denotative Term List 

(Table continues) 
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Denotative Terms Frequency 
Theaters 44 
Tombs 4 
Trellises 1 
Universities 10 
Wigwams 11 
Windmills 1 

Objects - Containers  
Baskets 2 
Bottles 3 
Compacts 1 
Envelopes 1 
Luggage 1 
Lydia 1 
Patens 1 
Saucers 1 

Objects - Costume  
Coats 7 
Costumes 21 
Earrings 3 
Falls 14 
Jackets 1 
Jeans 9 
Kilts 1 
Underwear 1 

Objects - Furnishing  
Benches 3 
Bookends 1 
Bookshelves 1 
Candlestick 1 
Curtains 6 
Desks 2 
Furnishings 2 
Furniture 1 
Searchlights 1 
Thrones 2 

Objects – Measuring Devices  
Balances 6 
Watches 8 

Objects - Recreational Artifacts  
Dice 28 
Hurdles 1 

Table D.1 (Continued) 

Denotative Term List 
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Denotative Terms Frequency 
Marbles 5 
Puppets 3 
Toboggans 1 

Objects – Sound Devices  
Cymbals 3 
Guarantee 2 
Se 2 
Trombones 1 
Trumpets 2 

Objects – Tools And Equipment  
Dogs 42 
Equipment 10 
Forks 2 
Generators 34 
Horses 44 
Horseshoe 1 
Instruments 9 
Lures 1 
Machinery 1 
Scaffolds 1 
Shears 1 
Sunglasses 1 
Tools 2 
Type 10 

Objects - Transportation Vehicles  
Airplanes 3 
Automobiles 13 
Breaks 7 
Canoes 15 
Helicopters 1 
Rams 3 
Ships 11 
Skates 5 
Sleds 9 
Sleighs 10 
Snows 18 
Snowshoes 5 
Wagons 4 
Yachts 1 

Objects - Weapons And Ammunition  
Ammunition 1 

Table D.1 (Continued) 

Denotative Term List 
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Denotative Terms Frequency 
Arrows 7 
Bayonets 3 
Bombs 10 
Missiles 5 
Swords 7 
Weapons 9 

Objects - Exchange Media  
Eagles 5 
Money 2 
Pennies 2 
Tickets 1 

Objects - Information Forms  
Books 12 
Claims 2 
Clippings 2 
Comics 4 
Copy 1 
Deeds 3 
Diagrams 2 
Fasces 2 
Flags 1 
Inscriptions 5 
Instructions 4 
Lectures 1 
Logos 6 
Manuscripts 5 
Maps 4 
Notes 5 
Packaging 3 
Petitions 2 
Poems 9 
Postcards 2 
Posters 3 
Prayers 46 
Publications 64 
Records 5 
Seals 4 
Signs 55 
Songs 11 
Testimonials 1 
Treaties 16 

Table D.1 (Continued) 

Denotative Term List 
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Denotative Terms Frequency 
Valentines 6 
Watermarks 12 
Writings 6 

Objects – Visual Works  
Capricci 1 
Caricatures 22 
Cityscapes 9 
Drawings 37 
Effigies 3 
Frescoes 1 
Genre 9 
Nudes 53 
Paintings 29 
Photographs 18 
Portraits 105 
Prints 56 
Sculptures 22 
Sections 12 
Sketches 32 
Statues 32 
Views 45 
Vignettes 4 

 

Table D.1 (Continued) 
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APPENDIX E 

LISTS OF ASSOCIATED PAIRS OF CONNOTATION AND DENOTATION WITH 

COSINE MEASURE 



 

Connotation Denotation Denotation Facets Cosine 
Value 
Set 1 

Cosine 
Value 
Set 2 

Adolescence   Earrings Objects - Costume 0.258 0.158
Adolescence   Girls Agents - People 0.120 0.105
Adolescence   Ornament Objects - Object Genres 0.224 0.109
Adolescence   Players Agents - People 0.120 0.183
Adolescence   Sewing Activities - Processes and Techniques 0.258 0.217
Adolescence   Sports Activities - Physical Activities 0.115 0.236
Adolescence   Sticks Objects - Object Genres 0.169 0.196
Adolescence   Watches Objects - Measuring Devices 0.158 0.126
Alignment Pioneers Agents - People 0.447 0.145
Alignment Women Agents - People 0.137 0.137
Allegory Designers Agents - People 0.122 0.122
Allegory Dice Objects - Recreatinal Artifacts 0.236 0.236
Allegory Representing Activities - Functions 0.128 0.128
Allegory Sides Objects - Components 0.136 0.136
Allegory Signs Objects - Information Forms 0.162 0.162
Allegory Symbols Objects - Visual Works 0.734  
Anger Brothers Agents - People 0.125 0.125
Anger Rams Objects - Transportation Vehicles 0.144 0.118
Anger States Agents - Organizations 0.180  
Antique Automobiles Objects - Transportation Vehicles 0.404 0.404
Antique Awnings Objects - Components 0.132  
Antique Collections Objects - Object Groupings and Systems 0.140 0.140
Antique Generators Objects - Tools and Equipment 0.227 0.327
Antique Marbles Objects - Recreatinal Artifacts 0.118 0.189
Antique Museums Objects - Single Built Works 0.229 0.151
Antique Pottery Objects - Object Genres 0.132  
Antique Ruins Objects - Single Built Works 0.100 0.508
Antique Selling Activities - Functions 0.132  
Anxiety Brooks Objects - Settlements and Landscapes 0.204 0.204
Anxiety Caves Objects - Settlements and Landscapes 0.177 0.177
Apartheid Coats Objects - Costume 0.165 0.165
Apartheid Exercises Objects - Object Genres 0.218  
Apartheid Prints Objects - Visual Works 0.117 0.134
Apartheid Refugees Agents - People 0.109 0.102
Apartheid Tying Activities - Processes and Techniques 0.195 0.183
Apartheid Words Objects - Components 0.103 0.119
Appropriation Arms Objects - Components 0.136 0.136
Beauty Construction Activities - Processes and Techniques 0.134 0.134
Beauty Fountains Objects - Single Built Works 0.250 0.151
Beauty Politicians Agents - People 0.115 0.126
   (Table continues) 
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Table E.1 (Continued) 

Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Buddihism Monks Agents - People 0.738 0.139
Buddihism Prayers Objects - Information Forms 0.697 0.236
Buddihism Priests Agents - People 0.151 0.913
Buddihism Words Objects - Components 0.106 0.103
Burglary Finance Activities - Disciplines 0.154 0.498
Capitalism Boating Activities - Physical Activities 0.125 0.125
Capitalism Factories Objects - Single Built Works 0.158 0.189
Capitalism Immigration Activities - Functions 0.125 0.192
Capitalism Masons Agents - People 0.107 0.354
Capitalism Monuments Objects - Single Built Works 0.107 0.903
Capitalism Sections Objects - Visual Works 0.102 0.139
Capitalism Sewing Activities - Processes and Techniques 0.204 0.258
Capitalism Universities Objects - Single Built Works 0.112 0.274
Capitalism Views Objects - Visual Works 0.105 0.105
Capitalism Workers Agents - People 0.196 0.139
Capitalism Yachts Objects - Transportation Vehicles 0.354  
Censorship Highways Objects - Open Spaces and Site 

Elements 
0.167 0.250

Censorship Visions Activities - Events 0.250 0.289
Chaos Bowling Activities - Physical Activities 0.151 0.151
Chaos Logos Objects - Information Forms 0.123 0.153
Childhood Drawings Objects - Visual Works 0.110 0.118
Childhood Equipment Objects - Tools and Equipment 0.211 0.111
Childhood Fences Objects - Open Spaces and Site 

Elements 
0.105 0.105

Christianity Churches Objects - Single Built Works 0.188 0.152
Christianity Elderly Agents - People 0.196  
Christianity Exercises Objects - Object Genres 0.196  
Christianity Forts Objects - Single Built Works 0.139 0.139
Christianity Graves Objects - Single Built Works 0.196 0.140
Christianity Money Objects - Exchange Media 0.139 0.100
Christianity Religion Activities - Disciplines 0.160 0.160
Civil rights Candlestick Objects - Furnishings 0.354  
Civil rights Protesting Activities - Functions 0.144 0.141
Civil rights States Agents - Organizations 0.255  
Civilization Candlestick Objects - Furnishings 0.218  
Civilization Chains Objects - Object Genres 0.126 0.126
Civilization Chemistry Activities - Disciplines 0.218  
Civilization Facing Activities - Processes and Techniques 0.218  
Civilization Mathematics Activities - Disciplines 0.218  
Civilization Medicine Activities - Disciplines 0.126 0.101
Civilization Numerals Objects - Components 0.154 0.432
Civilization Philosophy Activities - Disciplines 0.154 0.134
   (Table continues) 
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Table E.1 (Continued) 

Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Civilization Science Activities - Disciplines 0.109 0.113
Civilization Slaves Agents - People 0.109 0.133
Civilization States Agents - Organizations 0.180  
Civilization Streams Objects - Settlements and Landscapes 0.109 0.189
Civilization Wilderness Objects - Settlements and Landscapes 0.126 0.261
Comfort Clippings Objects - Information Forms 0.144 0.144
Comfort Fonds Objects - Object Groupings and Systems 0.118 0.177
Comfort Portraits Objects - Visual Works 0.179  
Comfort Se Objects - Sound Devices 0.144 0.174
Comfort Staples Objects - Components 0.204  
Comfort Visitors Agents - People 0.144 0.500
Communism Milestones Objects - Single Built Works 0.123  
Communism Underwear Objects - Costume 0.123  
Conservatism Conservation Activities - Disciplines 0.988  
Conservatism Nations Agents - Organizations 0.105  
Conservatism Parties Activities - Events 0.653  
Contamination Barns Objects - Single Built Works 0.224 0.224
Contamination Bottles Objects - Containers 0.289 0.289
Creation Balances Objects - Measuring Devices 0.170 0.170
Creation Collections Objects - Object Groupings and Systems 0.147 0.147
Creation Cuts Objects - Single Built Works 0.101 0.101
Creation Inscriptions Objects - Information Forms 0.187 0.231
Creation Medicine Activities - Disciplines 0.120 0.126
Creation Museums Objects - Single Built Works 0.120 0.229
Creation Schools Objects - Single Built Works 0.116 0.289
Creation Supervising Activities - Functions 0.361 0.204
Creativity Domes Objects - Components 0.137 0.101
Creativity Tents Objects - Single Built Works 0.105 0.136
Crime Searchlights Objects - Furnishings 0.200  
Crime Warehouse Objects - Object Genres 0.200  
Culture Hiring Activities - Functions 0.378  
Culture Poems Objects - Information Forms 0.126 0.147
Culture Sunglasses Objects - Tools and Equipment 0.378  
Culture Witches Agents - People 0.267 0.289
Deconstruction Construction Activities - Processes and Techniques 0.189 0.189
Deconstruction Criticism Activities - Functions 0.316 0.316
Deconstruction Functions Activities - Functions 0.707  
Deconstruction Sculptures Objects - Visual Works 0.151 0.112
Despotism Entrances Objects - Components 0.224 0.362
Discrimination Adults Agents - People 0.149 0.149
Discrimination Journalism Activities - Disciplines 0.183 0.105
Discrimination Sports Activities - Physical Activities 0.133 0.115
   (Table continues) 
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Table E.1 (Continued) 

Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Discrimination Texts Objects - Components 0.207 0.478
Disease Masons Agents - People 0.123 0.107
Disease Patients Agents - People 0.204 0.204
Disease Trade Activities - Functions 0.144 0.105
Divinity Beatings Activities - Physical Activities 0.354 0.354
Divinity Cells Objects - Components 0.433 0.433
Divinity Coves Objects - Settlements and Landscapes 0.224 0.224
Divinity Paintings Objects - Visual Works 0.161 0.160
Divinity Streets Objects - Open Spaces and Site 

Elements 
0.128 0.109

Divinity Type Objects - Tools and Equipment 0.274 0.285
Eclecticism Architecture Activities - Disciplines 0.130  
Eclecticism Baseball Activities - Physical Activities 0.183 0.183
Eclecticism Books Objects - Information Forms 0.118 0.118
Eclecticism Collections Objects - Object Groupings and Systems 0.144 0.144
Eclecticism Houses Objects - Single Built Works 0.140 0.107
Eclecticism Planning Activities - Disciplines 0.198 0.224
Employment Funding Activities - Functions 0.225 0.125
Employment Policemen Agents - People 0.149  
Employment Politicians Agents - People 0.103 0.115
Encumbrances Martyrs Agents - People 0.354 0.169
Encumbrances Pioneers Agents - People 0.224 0.447
Encumbr Signs Objects - Information Forms 0.135 0.229
Enlightenment Publications Objects - Information Forms 0.250 0.144
Eroticism Musicians Agents - People 0.120 0.427
Erotica Describing Activities - Functions 0.236  
Erotica Dictators Agents - People 0.167 0.165
Erotica Lacrosse Activities - Physical Activities 0.236  
Erotica Walls Objects - Components 0.126 0.189
Ethics Coves Objects - Settlements and Landscapes 0.183 0.183
Ethics Documents Objects - Object Genres 0.250 0.289
Ethics Gardens Objects - Open Spaces and Site 

Elements 
0.147 0.433

Ethics Generators Objects - Tools and Equipment 0.121 0.227
Ethics Industrialization Activities - Functions 0.204 0.142
Ethics Pages Objects - Components 0.196 0.149
Ethics Texts Objects - Components 0.141 0.207
Evolution Continents Objects - Settlements and Landscapes 0.277  
Evolution Missiles Objects - Weapons and Ammunition 0.124 0.102
Evolution Purchasing Activities - Functions 0.196 0.115
Evolution Stages Objects - Components 0.105 0.111
Execution Adjusting Activities - Processes and Techniques 0.200  
Execution Dukes Agents - People 0.115 0.109
   (Table continues)



 

 154

Table E.1 (Continued) 

Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Execution Logic Activities - Disciplines 0.115 0.204
Execution Yards Objects - Open Spaces and Site 

Elements 
0.354 0.109

Expression Adults Agents - People 0.272 0.272
Expression Earrings Objects - Costume 0.136 0.258
Expression Portraits Objects - Visual Works 0.115  
Expression Selling Activities - Functions 0.236  
Expression Skates Objects - Transportation Vehicles 0.105 0.123
Expression Tying Activities - Processes and Techniques 0.105 0.195
Faith Beatings Activities - Physical Activities 0.110 0.110
Faith Cells Objects - Components 0.135 0.135
Faith Churches Objects - Single Built Works 0.101 0.101
Faith Reading Activities - Physical Activities 0.102 0.218
Faith Songs Objects - Information Forms 0.130 0.112
Fascism Allies Agents - People 0.154 0.154
Fascism Soldiers Agents - People 0.112 0.124
Fear Dogs Objects - Tools and Equipment 0.101 0.171
Fear States Agents - Organizations 0.180  
Feminism Disciples Agents - People 0.289 0.113
Feminism Monuments Objects - Single Built Works 0.123 0.107
Feminism Sculptures Objects - Visual Works 0.174 0.151
Feminism Viewers Agents - People 0.289 0.141
Folk art Booths Objects - Components 0.177 0.177
Folk art Sisters Agents - People 0.289 0.135
Freedom Cities Objects - Settlements and Landscapes 0.174 0.174
Freedom Immigration Activities - Functions 0.142 0.125
Freedom Lectures Objects - Information Forms 0.134  
Freedom Shears Objects - Tools and Equipment 0.134  
Freedom Statues Objects - Visual Works 0.331 0.104
Genius Protection Activities - Functions 0.149 0.107
Golden age Artists Agents - People 0.151 0.151
Golden age Arts Activities - Disciplines 0.102 0.102
Golden age Balances Objects - Measuring Devices 0.289 0.289
Golden age Collections Objects - Object Groupings and Systems 0.250 0.250
Golden age Cuts Objects - Single Built Works 0.171 0.171
Golden age Inscriptions Objects - Information Forms 0.316 0.187
Golden age Museums Objects - Single Built Works 0.204 0.120
Golden age Schools Objects - Single Built Works 0.196 0.116
Golden age Supervising Activities - Functions 0.408 0.361
Golden age Texts Objects - Components 0.141 0.141
Government Buildings Objects - Single Built Works 0.121  
Government Cliffs Objects - Settlements and Landscapes 0.108 0.108
   (Table continues)
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Table E.1 (Continued) 

Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Government Education Activities - Disciplines 0.138 0.136
Government Elections Activities - Events 0.362 0.167
Government Provinces Agents - Organizations 0.176 0.102
Government Schools Objects - Single Built Works 0.104 0.196
Grandeur Anatomy Activities - Disciplines 0.500  
Grandeur Artists Agents - People 0.107 0.107
Grandeur Vegetation Objects - Settlements and Landscapes 0.500  
Grief Breaks Objects - Transportation Vehicles 0.100 0.100
Grief Documents Objects - Object Genres 0.140 0.250
Grief Hippies Agents - People 0.132  
Grief Lawyers Agents - People 0.533 0.109
Grief Logic Activities - Disciplines 0.153 0.115
Grief Men Agents - People 0.129  
Grief Prints Objects - Visual Works 0.372 0.117
Grief Syntax Activities - Disciplines 0.187 0.117
Grief Women Agents - People 0.127 0.182
Habitat Hiring Activities - Functions 0.149  
Habitat Narratives Objects - Information Forms 0.330  
Habitat Nudes Objects - Visual Works 0.676 0.324
Habitat Portraits Objects - Visual Works 0.495  
Habitat Roses Objects - Components 0.745 0.369
Habitat Sunglasses Objects - Tools and Equipment 0.149  
Habitat Witches Agents - People 0.105 0.267
Hate Seals Objects - Information Forms 0.100 0.189
Hate Tents Objects - Single Built Works 0.115 0.105
Hazarads Artists Agents - People 0.103 0.103
Hazarads Blizzards Activities - Events 0.243  
Hazarads Cairns Objects - Single Built Works 0.171 0.171
Hazarads Details Objects - Components 0.140 0.140
Hazarads Golf Activities - Physical Activities 0.140 0.801
Hazarads Inscriptions Objects - Information Forms 0.217 0.316
Hazarads Quarters Objects - Built Complexes and Districts 0.171 0.183
Hazarads Seals Objects - Information Forms 0.121 0.100
Heaven Blessed Agents - People 0.189  
Heaven Knees Objects - Components 0.109 0.183
Heaven Lots Objects - Open Spaces and Site 

Elements 
0.109 0.154

Heaven Pennies Objects - Exchange Media 0.134 0.289
Heaven Portals Objects - Components 0.134 0.167
Heaven Running Activities - Physical Activities 0.189  
Heaven Saucers Objects - Containers 0.189  
Hell Business Activities - Functions 0.100 0.100
   (Table continues) 
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Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Hell Jurors Agents - People 0.200  
Hell Mourners Agents - People 0.151 0.102
Hell Pages Objects - Components 0.111 0.196
Hell Poor Agents - People 0.115 0.236
Hell Puppets Objects - Recreatinal Artifacts 0.115 0.236
Hell Witches Agents - People 0.141 0.105
Hell Words Objects - Components 0.141 0.106
Hinduism Bowling Activities - Physical Activities 0.158 0.158
Hinduism Development Activities - Functions 0.100 0.140
Hinduism Ornament Objects - Object Genres 0.158 0.224
Hinduism Postcards Objects - Information Forms 0.224 0.316
Hinduism Priests Agents - People 0.141 0.151
Hinduism Souvenirs Objects - Object Genres 0.224 0.102
Homosexuality Administration Activities - Functions 0.478 0.478
Homosexuality Architecture Activities - Disciplines 0.300  
Homosexuality Auditoriums Objects - Components 0.481 0.481
Homosexuality Buildings Objects - Single Built Works 0.321  
Homosexuality Canoes Objects - Transportation Vehicles 0.102 0.102
Homosexuality Costumes Objects - Costume 0.189 0.189
Homosexuality Dwellings Objects - Single Built Works 0.274 0.115
Homosexuality Equipment Objects - Tools and Equipment 0.100 0.211
Homosexuality Exchanges Objects - Single Built Works 0.118 0.783
Homosexuality Festivals Activities - Events 0.498 0.120
Homosexuality Games Activities - Physical Activities 0.433 0.707
Homosexuality Generators Objects - Tools and Equipment 0.108 0.121
Homosexuality Grounds Objects - Open Spaces and Site 

Elements 
0.138 0.107

Homosexuality Halls Objects - Components 0.470 0.125
Homosexuality Music Activities - Disciplines 0.427 0.204
Homosexuality Planning Activities - Disciplines 0.239 0.198
Homosexuality Publications Objects - Information Forms 0.394 0.250
Homosexuality Rooms Objects - Components 0.417 0.177
Homosexuality Sections Objects - Visual Works 0.114 0.102
Homosexuality Sketches Objects - Visual Works 0.293 0.307
Homosexuality Snowshoes Objects - Transportation Vehicles 0.106 0.226
Homosexuality Television Objects - Object Groupings and Systems 0.167 0.187
Homosexuality Theaters Objects - Single Built Works 0.499 0.106
Homosexuality Tribes Agents - People 0.285 0.109
Homosexuality Wigwams Objects - Single Built Works 0.261 0.218
Humor Provinces Agents - Organizations 0.105 0.176
Ideal Barns Objects - Single Built Works 0.141 0.141
Ideal Bowling Activities - Physical Activities 0.158 0.158
   (Table continues) 
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Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Ideal Chemistry Activities - Disciplines 0.316  
Ideal Development Activities - Functions 0.200 0.100
Ideal Facing Activities - Processes and Techniques 0.316  
Ideal Farmland Objects - Settlements and Landscapes 0.316  
Ideal Genre Objects - Visual Works 0.105 0.108
Ideal Industrialization Activities - Functions 0.183 0.204
Ideal Jeans Objects - Costume 0.105 0.167
Ideal Mathematics Activities - Disciplines 0.316  
Ideal Medicine Activities - Disciplines 0.183 0.120
Ideal Merchants Agents - People 0.316  
Ideal Miners Agents - People 0.183 0.250
Ideal Numerals Objects - Components 0.224 0.154
Ideal Ornament Objects - Object Genres 0.158 0.158
Ideal Philosophy Activities - Disciplines 0.224 0.154
Ideal Postcards Objects - Information Forms 0.224 0.224
Ideal Protection Activities - Functions 0.141 0.149
Ideal Science Activities - Disciplines 0.158 0.109
Ideal Souvenirs Objects - Object Genres 0.224 0.224
Ideal Streams Objects - Settlements and Landscapes 0.158 0.109
Identity Baseball Activities - Physical Activities 0.169 0.169
Identity Players Agents - People 0.101 0.120
Ideology Whitewashing Activities - Processes and Techniques 0.218 0.192
Illness Books Objects - Information Forms 0.118 0.118
Illness Clergy Agents - People 0.109 0.109
Illness Patients Agents - People 0.204 0.177
Illness Poor Agents - People 0.236 0.112
Illness Puppets Objects - Recreatinal Artifacts 0.236 0.394
Illness Watermarks Objects - Information Forms 0.118 0.204
Illness Weapons Objects - Weapons and Ammunition 0.136 0.109
Illness Witches Agents - People 0.289 0.144
Illusion Criticism Activities - Functions 0.149 0.149
Illusion Paths Objects - Open Spaces and Site 

Elements 
0.167 0.118

Illusion Stairs Objects - Components 0.126 0.105
Imagery Arrows Objects - Weapons and Ammunition 0.101 0.101
Imagery Clippings Objects - Information Forms 0.189 0.189
Imagery Driving Activities - Physical Activities 0.109 0.247
Imagery Funding Activities - Functions 0.101 0.225
Imagery Lovers Agents - People 0.120 0.167
Imagery Organizations Agents - Organizations 0.109 0.196
Imagery Prints Objects - Visual Works 0.107 0.372
Imagery Se Objects - Sound Devices 0.189 0.144
   (Table continues)
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Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Imagery Writings Objects - Information Forms 0.109 0.139
Imagination Tents Objects - Single Built Works 0.114 0.115
Immaculate 
concept 

Churches Objects - Single Built Works 0.170 0.170

Immaculate 
concept 

Monuments Objects - Single Built Works 0.107 0.123

Immaculate 
concept 

Palaces Objects - Single Built Works 0.118 0.161

Influence Chemistry Activities - Disciplines 0.224  
Influence Facing Activities - Processes and Techniques 0.224  
Influence Hurricanes Activities - Events 0.224  
Influence Mathematics Activities - Disciplines 0.224  
Influence Medicine Activities - Disciplines 0.129 0.183
Influence Numerals Objects - Components 0.158 0.224
Influence People Agents - People 0.104 0.134
Influence Philosophy Activities - Disciplines 0.158 0.224
Influence Science Activities - Disciplines 0.112 0.158
Influence Streams Objects - Settlements and Landscapes 0.112 0.158
Inspiration Agriculture Activities - Disciplines 0.298 0.298
Inspiration Coloring Activities - Processes and Techniques 0.136 0.136
Inspiration Domes Objects - Components 0.500 0.137
Inspiration Mountains Objects - Settlements and Landscapes 0.167 0.114
Inspiration Rapids Objects - Settlements and Landscapes 0.192 0.144
Inspiration Waterfalls Objects - Settlements and Landscapes 0.192 0.102
Invention Claims Objects - Information Forms 0.224 0.224
Islam Daughters Agents - People 0.144 0.144
Islam Flora Objects - Settlements and Landscapes 0.177 0.236
Islam Fountains Objects - Single Built Works 0.177 0.250
Islam Gates Objects - Components 0.102 0.147
Islam Quarters Objects - Built Complexes and Districts 0.250 0.171
Islam Refugees Agents - People 0.177 0.109
Islam Songs Objects - Information Forms 0.102 0.130
Islam Trellises Objects - Single Built Works 0.354  
Joy Swimming Activities - Physical Activities 0.577  
Judaism Desks Objects - Furnishings 0.147 0.147
Judaism Remnants Objects - Object Genres 0.209  
Judaism Tombs Objects - Single Built Works 0.209 0.105
Kitsch Furnishings Objects - Furnishings 0.707 0.239
Knowledge Construction Activities - Processes and Techniques 0.189 0.189
Knowledge Photographs Objects - Visual Works 0.167 0.158
Knowledge Trees Objects - Settlements and Landscapes 0.134 0.209
Legislation Candlestick Objects - Furnishings 0.258  
Legislation Coloring Activities - Processes and Techniques 0.105 0.105
   (Table continues)



 

 159

Table E.1 (Continued) 

Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Legislation Cymbals Objects - Sound Devices 0.149 0.149
Legislation Daughters Agents - People 0.105 0.105
Legislation Farmers Agents - People 0.115 0.109
Legislation Hurdles Objects - Recreatinal Artifacts 0.258  
Legislation Thrones Objects - Furnishings 0.183 0.499
Legislation Tracks Objects - Components 0.105 0.267
Legislation Valentines Objects - Information Forms 0.105 0.120
Leisure Steps Objects - Components 0.160 0.260
Liens Sections Objects - Visual Works 0.118 0.114
Liens Workers Agents - People 0.113 0.196
Love Daughters Agents - People 0.105 0.105
Love Purchasing Activities - Functions 0.183 0.196
Love Religion Activities - Disciplines 0.105 0.171
Marxism Bookends Objects - Furnishings 0.408  
Marxism Colonies Agents - Organizations 0.167 0.167
Marxism Doors Objects - Components 0.144 0.204
Maternity Curtains Objects - Furnishings 0.113 0.113
Maternity Sisters Agents - People 0.160 0.289
Melancholy Falls Objects - Costume 0.101 0.158
Melancholy Instruments Objects - Tools and Equipment 0.126 0.217
Melancholy Tools Objects - Tools and Equipment 0.267 0.209
Memory Astrology Activities - Disciplines 0.119  
Memory Churches Objects - Single Built Works 0.152 0.188
Memory Diagrams Objects - Information Forms 0.168 0.105
Memory Hiking Activities - Physical Activities 0.119  
Memory Maps Objects - Information Forms 0.119 0.224
Memory Videos Activities - Disciplines 0.119  
Memory Youth Agents - People 0.145 0.102
Metaphor Construction Activities - Processes and Techniques 0.120 0.120
Metaphor Mixing Activities - Processes and Techniques 0.100 0.124
Narrative Actors Agents - People 0.128 0.128
Narrative Cities Objects - Settlements and Landscapes 0.137 0.137
Narrative Dogs Objects - Tools and Equipment 0.171 0.140
Narrative Fences Objects - Open Spaces and Site 

Elements 
0.117 0.115

Narrative Forts Objects - Single Built Works 0.104 0.226
Narrative Horses Objects - Tools and Equipment 0.222 0.131
Narrative Men Agents - People 0.273  
Narrative Nudes Objects - Visual Works 0.324 0.134
Narrative Poems Objects - Information Forms 0.147 0.101
Narrative Portraits Objects - Visual Works 0.237  
Narrative Pubs Objects - Single Built Works 0.111 0.104
   (Table continues)
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Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Narrative Religion Activities - Disciplines 0.171 0.177
Narrative Roses Objects - Components 0.369 0.417
Narrative Sleighs Objects - Transportation Vehicles 0.140 0.171
Narrative Snows Objects - Transportation Vehicles 0.226 0.108
Narrative Stages Objects - Components 0.111 0.149
Narrative Statues Objects - Visual Works 0.104 0.121
Narrative Streets Objects - Open Spaces and Site 

Elements 
0.109 0.160

Narrative Women Agents - People 0.182 0.141
Nationalism Conservation Activities - Disciplines 0.104  
Nationalism Parties Activities - Events 0.133  
Ownership Sports Activities - Physical Activities 0.149 0.133
Paganism Arrows Objects - Weapons and Ammunition 0.154 0.154
Paganism Churches Objects - Single Built Works 0.131 0.131
Paganism Religion Activities - Disciplines 0.111 0.105
Paradise Chutes Objects - Components 0.160  
Paradise Describing Activities - Functions 0.160  
Paradise Dictators Agents - People 0.113 0.167
Paradise Forks Objects - Tools and Equipment 0.226 0.144
Paradise Lakeshore Objects - Settlements and Landscapes 0.160  
Paradise Mountains Objects - Settlements and Landscapes 0.160 0.167
Paradise Ponds Objects - Settlements and Landscapes 0.405 0.101
Paradise Streams Objects - Settlements and Landscapes 0.160 0.112
Pastoral Churches Objects - Single Built Works 0.100 0.100
Pastoral Ruins Objects - Single Built Works 0.118 0.100
Peace Celebrations Activities - Events 0.107 0.107
Peace Monks Agents - People 0.395 0.738
Peace Prayers Objects - Information Forms 0.399 0.697
Peace Treaties Objects - Information Forms 0.209 0.134
Perfection Horses Objects - Tools and Equipment 0.107 0.222
Perfection Lighting Objects - Object Groupings and Systems 0.204 0.533
Perfection Monks Agents - People 0.103 0.395
Perfection Prayers Objects - Information Forms 0.104 0.399
Perfection Racing Activities - Physical Activities 0.236 0.250
Perfection Steps Objects - Components 0.196 0.160
Perfection Words Objects - Components 0.167 0.141
Picturesque Balances Objects - Measuring Devices 0.154 0.154
Picturesque Boating Activities - Physical Activities 0.134 0.134
Picturesque Marbles Objects - Recreatinal Artifacts 0.169 0.118
Picturesque Monuments Objects - Single Built Works 0.114 0.107
Picturesque Rapids Objects - Settlements and Landscapes 0.218 0.192
Picturesque Schools Objects - Single Built Works 0.105 0.104
   (Table continues)
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Table E.1 (Continued) 

Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Picturesque Streets Objects - Open Spaces and Site 
Elements 

0.111 0.128

Picturesque Universities Objects - Single Built Works 0.120 0.112
Picturesque Yachts Objects - Transportation Vehicles 0.378  
Pleasure Arms Objects - Components 0.167 0.167
Pleasure Courtyards Objects - Components 0.204 0.204
Pleasure Eagles Objects - Exchange Media 0.158 0.274
Pleasure Gardens Objects - Open Spaces and Site 

Elements 
0.147 0.147

Pleasure Hearths Objects - Components 0.250 0.470
Pleasure Paths Objects - Open Spaces and Site 

Elements 
0.177 0.167

Pleasure Ponds Objects - Settlements and Landscapes 0.112 0.405
Pleasure Racing Activities - Physical Activities 0.118 0.236
Pleasure Sailing Activities - Physical Activities 0.354 0.118
Pleasure Waterfalls Objects - Settlements and Landscapes 0.204 0.192
Pornography Television Objects - Object Groupings and Systems 0.105 0.167
Pornography Vegetation Objects - Settlements and Landscapes 0.447  
Poverty Aristocrats Agents - People 0.289  
Poverty Daughters Agents - People 0.118 0.118
Poverty Effigies Objects - Visual Works 0.167 0.138
Poverty Grounds Objects - Open Spaces and Site 

Elements 
0.144 0.138

Poverty Jackets Objects - Costume 0.289  
Poverty Lots Objects - Open Spaces and Site 

Elements 
0.167 0.109

Poverty Pages Objects - Components 0.160 0.111
Poverty Poor Agents - People 0.167 0.115
Poverty Pubs Objects - Single Built Works 0.144 0.111
Poverty Standing Activities - Physical Activities 0.140 0.126
Poverty Television Objects - Object Groupings and Systems 0.136 0.105
Poverty Texts Objects - Components 0.115 0.141
Poverty Triggers Objects - Components 0.289  
Poverty Wagons Objects - Transportation Vehicles 0.144 0.408
Poverty Watches Objects - Measuring Devices 0.102 0.158
Poverty Women Agents - People 0.119 0.127
Poverty Yards Objects - Open Spaces and Site 

Elements 
0.102 0.354

Pregnancy Monks Agents - People 0.732 0.103
Pregnancy Prayers Objects - Information Forms 0.740 0.104
Pregnancy Words Objects - Components 0.113 0.167
Privacy Finance Activities - Disciplines 0.236 0.154
Privacy Patients Agents - People 0.289 0.204
   (Table continues)
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Table E.1 (Continued) 

Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Privacy Standing Activities - Physical Activities 0.140 0.140
Privacy Visitors Agents - People 0.408 0.144
Privacy Windows Objects - Components 0.144 0.126
Projects Architects Agents - People 0.177 0.177
Projects Architecture Activities - Disciplines 0.238  
Projects Clippings Objects - Information Forms 0.177 0.177
Projects Construction Activities - Processes and Techniques 0.134 0.134
Projects Designers Agents - People 0.211 0.211
Projects Development Activities - Functions 0.237 0.200
Projects Drawings Objects - Visual Works 0.247 0.110
Projects Fonds Objects - Object Groupings and Systems 0.144 0.118
Projects Fountains Objects - Single Built Works 0.125 0.177
Projects Gatehouses Objects - Single Built Works 0.433 0.164
Projects Gates Objects - Components 0.217 0.102
Projects Grounds Objects - Open Spaces and Site 

Elements 
0.125 0.144

Projects Manuscripts Objects - Information Forms 0.224 0.120
Projects Mews Objects - Single Built Works 0.250 0.129
Projects Photographs Objects - Visual Works 0.118 0.167
Projects Planning Activities - Disciplines 0.121 0.239
Projects Policemen Agents - People 0.250  
Projects Protesting Activities - Functions 0.102 0.144
Projects Sections Objects - Visual Works 0.217 0.118
Projects Sketches Objects - Visual Works 0.133 0.293
Projects Students Agents - People 0.204 0.255
Projects Trusses Objects - Components 0.250  
Projects Waterworks Objects - Object Groupings and Systems 0.250  
Projects Workers Agents - People 0.139 0.113
Prosperity Bombs Objects - Weapons and Ammunition 0.120 0.120
Prosperity Coloring Activities - Processes and Techniques 0.154 0.154
Prosperity Equipment Objects - Tools and Equipment 0.120 0.100
Prosperity Expeditions Activities - Events 0.189 0.118
Prosperity Representing Activities - Functions 0.101 0.111
Prosperity Sleds Objects - Transportation Vehicles 0.126 0.109
Prosperity Territories Agents - Organizations 0.120 0.109
Prosperity Trade Activities - Functions 0.134 0.144
Provincialism Architecture Activities - Disciplines 0.147  
Provincialism Buildings Objects - Single Built Works 0.163  
Provincialism Development Activities - Functions 0.111 0.237
Provincialism Entrances Objects - Components 0.111 0.224
Provincialism Guarantee Objects - Sound Devices 0.125 0.125
Provincialism Houses Objects - Single Built Works 0.222 0.140
   (Table continues)
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Table E.1 (Continued) 

Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Provincialism Miners Agents - People 0.102 0.183
Provincialism Offices Objects - Components 0.116 0.158
Provincialism Packaging Objects - Information Forms 0.102 0.167
Provincialism Photographs Objects - Visual Works 0.145 0.118
Provincialism Politicians Agents - People 0.101 0.103
Provincialism Princes Agents - People 0.134 0.141
Provincialism Provinces Agents - Organizations 0.104 0.105
Provincialism Texts Objects - Components 0.106 0.115
Realism Girls Agents - People 0.154 0.120
Realism Sailing Activities - Physical Activities 0.289 0.354
Realism Ships Objects - Transportation Vehicles 0.174 0.204
Reincarnation Arms Objects - Components 0.118 0.118
Reincarnation Ribs Objects - Components 0.500  
Reincarnation Standing Activities - Physical Activities 0.121 0.140
Reincarnation Sticks Objects - Object Genres 0.189 0.169
Religious 
symbolism 

Visions Activities - Events 0.500 0.250

Repartriation Cityscapes Objects - Visual Works 0.114 0.114
Repartriation Events Activities - Events 0.783 0.183
Repartriation Glasses Objects - Components 0.801 0.109
Repartriation Hiking Activities - Physical Activities 0.171  
Repartriation Horses Objects - Tools and Equipment 0.103 0.107
Repartriation Hunting Activities - Physical Activities 0.171 0.173
Repartriation Skates Objects - Transportation Vehicles 0.307 0.105
Repartriation Sleds Objects - Transportation Vehicles 0.171 0.126
Repartriation Sleighs Objects - Transportation Vehicles 0.108 0.140
Repartriation Youth Agents - People 0.140 0.145
Revival Architecture Activities - Disciplines 0.270  
Revival Buildings Objects - Single Built Works 0.105  
Revival Clubhouses Objects - Single Built Works 0.109 0.109
Revival Fences Objects - Open Spaces and Site 

Elements 
0.120 0.117

Revival Frescoes Objects - Visual Works 0.189  
Revival Gatehouses Objects - Single Built Works 0.327 0.433
Revival Gates Objects - Components 0.164 0.217
Revival Houses Objects - Single Built Works 0.173 0.222
Revival Inns Objects - Single Built Works 0.231 0.183
Revival Niches Objects - Components 0.134 0.189
Revival Petitions Objects - Information Forms 0.134 0.104
Revival Pictographs Objects - Components 0.189  
Revival Planning Activities - Disciplines 0.183 0.121
Revival Polychromy Activities - Processes and Techniques 0.189  
Revival Trellises Objects - Single Built Works 0.189  
   (Table continues)
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Table E.1 (Continued) 

Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Revival Views Objects - Visual Works 0.141 0.105
Right of way Highways Objects - Open Spaces and Site 

Elements 
0.126 0.167

Right of way Wagons Objects - Transportation Vehicles 0.189 0.144
Romanticism Falls Objects - Costume 0.109 0.101
Romanticism Horseshoe Objects - Tools and Equipment 0.408  
Romanticism Mountains Objects - Settlements and Landscapes 0.102 0.160
Romanticism Representing Activities - Functions 0.109 0.101
Satire Forts Objects - Single Built Works 0.151 0.104
Satire Graves Objects - Single Built Works 0.107 0.196
Satire Sisters Agents - People 0.123 0.160
Security Activists Agents - People 0.139 0.139
Security Comics Objects - Information Forms 0.196 0.196
Security Desks Objects - Furnishings 0.139 0.139
Security Highways Objects - Open Spaces and Site 

Elements 
0.131 0.126

Security Postcards Objects - Information Forms 0.139 0.224
Sexuality Narratives Objects - Information Forms 0.225  
Sexuality Nudes Objects - Visual Works 0.432 0.676
Sexuality Portraits Objects - Visual Works 0.307  
Sexuality Roses Objects - Components 0.508 0.745
Sexuality Schools Objects - Single Built Works 0.113 0.105
Sexuality Supervising Activities - Functions 0.117 0.408
Sikhism Portals Objects - Components 0.316 0.134
Socialism Caricatures Objects - Visual Works 0.145 0.145
Socialism Chemistry Activities - Disciplines 0.113  
Socialism Facing Activities - Processes and Techniques 0.113  
Socialism Hiring Activities - Functions 0.113  
Socialism Jurors Agents - People 0.113  
Socialism Mathematics Activities - Disciplines 0.113  
Socialism Voters Agents - People 0.113  
Socialism Warehouse Objects - Object Genres 0.113  
Sovereignty Logos Objects - Information Forms 0.154 0.123
Starvation Cairns Objects - Single Built Works 0.267 0.267
Starvation Details Objects - Components 0.218 0.218
Starvation Maps Objects - Information Forms 0.189 0.119
Starvation Stems Objects - Components 0.260 0.331
Starvation Tents Objects - Single Built Works 0.109 0.114
Starvation Territories Agents - Organizations 0.478 0.120
Starvation Thanksgiving Activities - Events 0.378  
Street art Arts Activities - Disciplines 0.250 0.250
Street art Coves Objects - Settlements and Landscapes 0.149 0.149
   (Table continues)
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Table E.1 (Continued) 

Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Street art Streets Objects - Open Spaces and Site 
Elements 

0.255 0.111

Stylization Arts Activities - Disciplines 0.102 0.102
Stylization Horses Objects - Tools and Equipment 0.107 0.103
Stylization Museums Objects - Single Built Works 0.204 0.204
Sublime Artists Agents - People 0.151 0.151
Sublime Reverses Objects - Components 0.177 0.109
Supernatural Canoes Objects - Transportation Vehicles 0.105 0.105
Supernatural Domes Objects - Components 0.204 0.500
Supernatural Girls Agents - People 0.109 0.154
Symbolism Dice Objects - Recreatinal Artifacts 0.165 0.168
Symbolism Representing Activities - Functions 0.111 0.111
Symbolism Sides Objects - Components 0.118 0.174
Symbolism Signs Objects - Information Forms 0.229 0.118
Taboo Canoes Objects - Transportation Vehicles 0.149 0.149
Taboo Trees Objects - Settlements and Landscapes 0.109 0.134
Tantrism Arms Objects - Components 0.105 0.105
Terror Bombs Objects - Weapons and Ammunition 0.129 0.129
Theft Watermarks Objects - Information Forms 0.109 0.118
Totemism Canoes Objects - Transportation Vehicles 0.105 0.105
Totemism Mountains Objects - Settlements and Landscapes 0.102 0.102
Totemism Posters Objects - Information Forms 0.236 0.236
Travel Orchards Objects - Built Complexes and Districts 0.196 0.116
Travel Seals Objects - Information Forms 0.139 0.121
Travel Snowshoes Objects - Transportation Vehicles 0.124 0.106
Travel Tickets Objects - Exchange Media 0.277  
Travel Toboggans Objects - Recreatinal Artifacts 0.277  
Truth Monks Agents - People 0.113 0.732
Truth Packaging Objects - Information Forms 0.149 0.102
Truth Prayers Objects - Information Forms 0.114 0.740
Unemployment Funding Activities - Functions 0.239 0.101
Unemployment Policemen Agents - People 0.158  
Violence Equipment Objects - Tools and Equipment 0.183 0.120
Violence Hunting Activities - Physical Activities 0.192 0.171
Violence Igloos Objects - Single Built Works 0.192  
Violence Men Agents - People 0.188  
Violence Weapons Objects - Weapons and Ammunition 0.192 0.136
Voodoo Bottles Objects - Containers 0.289 0.289
Voodoo Celebrations Activities - Events 0.167 0.167
Voodoo Easter Activities - Events 0.500  
Voodoo Instruments Objects - Tools and Equipment 0.167 0.126
Voodoo Musicians Agents - People 0.189 0.120
   (Table continues)
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Table E.1 (Continued) 

Associated Pairs of Connotation & Denotation with Cosine Measure
Connotation Denotation Denotation Facets Cosine 

Value 
Set 1 

Cosine 
Value 
Set 2 

Wealth Monks Agents - People 0.903 0.113
Wealth Prayers Objects - Information Forms 0.913 0.114
Wealth Words Objects - Components 0.139 0.113
Worship Ancestors Agents - People 0.236 0.236
Worship Bowling Activities - Physical Activities 0.167 0.167
Worship Development Activities - Functions 0.105 0.111
Worship Doors Objects - Components 0.118 0.144
Worship Masons Agents - People 0.101 0.123
Worship Ornament Objects - Object Genres 0.167 0.158
Worship Postcards Objects - Information Forms 0.236 0.139
Worship Souvenirs Objects - Object Genres 0.236 0.224
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