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Functional ontology construction (FOC) is an approach for modeling the 

relationships between a user and the informing environment by means of 

analysis of the user's behavior and the elements of the environment that have 

behavioral function.  The FOC approach is an application of behavior analytic 

techniques and concepts to problems within information science.  The FOC 

approach is both an alternative and a compliment to the cognitive viewpoint 

commonly found in models of behavior in information science.  The basis for 

the synthesis of behavior analysis and information science is a shared tradition 

of pragmatism between the fields.  The application of behavior analytic 

concepts brings with it the notion of selection by consequence.  Selection is 

examined on the biological, behavioral, and cultural levels.  Two perspicuous 

examples of the application of the FOC modeling approach are included.  The 

first example looks at the document functioning as a reinforcer in a human 

operant experimental setting.  The second example is an examination of the 

verbal behavior of expert film analyst, Raymond Bellour, the structure of a film 

he analyzed, and the elements of the film's structure that had behavioral 

function for Bellour.  The FOC approach is examined within the ontological 

space of information science. 
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CHAPTER 1 

INTRODUCTION 

A Thought Experiment 

Imagine that you have a standard 52-card deck of playing cards (see 

Figure 1).  The cards in a deck of playing cards have a number of interesting 

characteristics.  The cards are split into suits: clubs, spades, hearts, and 

diamonds.  The suits have colors.  Clubs and spades are black.  Hearts and 

diamonds are red.  Each suit has thirteen cards: an ace, cards numbered from 

two through ten; and three face cards: a jack, a queen and a king. 

Each card in the deck is unique, but also shares characteristics with other 

cards in the deck.  There is only one queen of hearts; however, there are 12 

other hearts in the deck, 25 other cards inked in red, 11 other face cards, and 

51 other cards that belong to the same deck. 

 These attributes do not change in respect to time or context.  O'Connor 

(1996) defines attributes of this nature as diachronic.  Playing cards also have a 

number of synchronic (O'Connor, 1996) attributes or attributes that are 

dependent on context.  Playing cards are ordinal.  The three of hearts follows 

the two of hearts.  Face cards follow numbers.  The card suits generally have an 

order of precedence.  For instance, spades have a higher precedence than 

hearts.  Additionally, certain cards such as aces can have multiple functions.  

An ace can have the lowest value in a suit or the highest.  The precedence of 

suits, the value of certain cards, and the relationship between cards changes 
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based on the game one is playing.  Holding four aces is more important when 

playing poker than it would be if one were playing blackjack. 

I would like to use this deck of playing cards to establish a road map of 

sorts for the model and analytical technique presented in this work.  The 

thought experiment is a demonstration of the relationship between a physical 

data stream (as expressed by the diachronic attributes of a deck of playing 

cards), a cultural context (as expressed by the rules of the game), and the 

empirical expression of the relationship between the diachronic and synchronic 

attributes (as expressed by the behavior of the subjects and the behavioral 

products that resulted from that behavior). 

For this experiment, we will take our deck of playing cards and ask our 

hypothetical subjects to categorize the cards in several different ways.  The 

experimenter will deal the cards to the subject one card at a time from a 

shuffled deck of cards.   First, we will ask our subjects simply to organize the 

cards.  We will not give them any guidance on how to do this or what the 

"correct" way of organizing the cards might be.  Will they break the cards down 

by color?  Will they organize by suit?  Will they order the cards by value? Will 

they separate the cards into “faces” and “numbers?”  Perhaps they will collect 

the cards and play a game of 52-card pickup, that is, simply throw them all into 

the air and leave them as they land.  In all likelihood, we will get a number of 

different arrangements of the cards, but the organizing principle for each 

arrangement should be easy to derive given our knowledge of playing cards.  
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For our next experiment, we will ask our subject to organize the cards 

into two categories.  Separating the cards into two categories leads to some 

arrangements that are highly probable.  We will see a number of our subjects 

break the cards into "red" and "black" categories.  A few subjects will break the 

deck into "faces" and "numbers."  One subject may cut the deck of cards in half.  

There will still be some variation across subjects, but there would be fewer 

arrangements than what we saw in our first attempt at categorizing the cards.  

We can also make a pretty accurate guess about the composition of the 

categories, and the organizing principles, given our knowledge of playing 

cards.  

We will next ask our subjects to organize the cards into 13 categories.  

Almost all of the subjects will group the cards by their value.  One subject will 

likely take the deck, shuffle it, and count out four cards at a time into thirteen 

separate piles.  In addition, one subject will likely order her categories by 

numerical value.  This iteration of the experiment yields very little variation in 

either the composition of the categories or the subjects’ behavior. 

The final iteration of our thought experiment will be to ask the subjects 

to organize the deck into seven categories.   The organizing principles used by 

the subjects to categorize the cards and the composition of the categories 

generated by the subjects is highly variable.  The subjects will likely report 

difficulty in completing the task and report that they used an arbitrary strategy 

to categorize the cards.    Seven categories are an unnatural arrangement given 

the diachronic and well-known synchronic attributes of playing cards.  For 
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example, 52 cards are not evenly divisible by seven; the four suits are not 

evenly divisible by seven; and the two forms of “faces” and “numbers” are not 

evenly divisible by seven.  In this particular case, we can assume our subjects 

categorizing behavior was primarily under the control of the experimenter’s 

instruction.  The diachronic and synchronic attributes of the cards played a 

secondary role in categories the subjects developed. 

What can we take from the card experiment?  The card experiment 

represents a system that has three distinct elements.  The deck of playing cards 

is a stream of data or set of documents.  The experimental setting and the 

experimenter's behavior make up the environmental context. The subject's 

behavior is the third element of the system.  The system suggested by the 

thought experiment is also a binary system.  The synchronic attributes of the 

cards emerge as relationships between the documents, the environment, and 

the subject's behavior.  All elements of the system can be measured directly 

without the need to resort to inference or hypothetico-deductive methodology. 

 

Zeitgeist 

This work emerges at a time where cognitive and positivistic thought 

exerts a strong influence in the field of information science.  The current 

zeitgeist of the field is not accepted uncritically.  Copeland (1997) asserts that 

"several fundamental crises exist in Information Science (1)" ranging from a lack 

of a theoretical framework to the need to solve applied problems.  Copeland 

suggests that the solution to the problems in the field lies in the adoption of an 



   5 

engineering model to replace the dominant positivist mind-set in information 

science (Buckland and Liu, 1995).  Copeland cites Harris (1986), who asserts 

that the scientific model used in information science is "nonsense" and is a 

"ludicrous misapplication" of positivist technique and Gutting (1980) who 

asserts that the positivist line of inquiry in information science is "misdirected 

and fruitless." Buckland and Liu (1995) echo Copeland’s sentiments by 

asserting that "the long domination of 'scientific' logical positivism in IS is now 

being questioned, and the theoretical and epistemological assumptions are 

receiving critical attention (389)."  Buckland and Liu (1995) suggest, "analysis of 

the intellectual frameworks in IS has been neglected even though theory cannot 

be expected to advance unless alternative sets of assumptions are developed 

and compared (389)." 

Although it could be argued that the strong influence of cognitive science 

on information science (Capurro, 1992; Ingwersen, 1996) is merely another 

iteration of logical positivism (Chiesa, 1994), it bears further discussion.  

Ingwersen (Ingwersen, 1996) marks the beginning of the influence of the 

cognitive viewpoint in information science with the publication of Belkin’s 

(Belkin, 1978) analysis of the concept of information and the emergence of 

Brookes fundamental equation for information science (Brookes, 1980).  The 

cognitive viewpoint in information science emerged roughly at the same time as 

“user-centered” analysis (Allen, 1996) of information systems came about.  As a 

result, many of the models of relationships between users and information 

systems including Belkin’s (1990) anomalous states of knowledge (ASK) model, 
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Brookes (1980) fundamental equation of information science, Dervin and 

Nilan’s (1986) “sense-making model,” Kuhlthau’s (1993) process model, and 

Wilson’s (1996) “information behaviour” model are rooted in cognitive theory.   

The cognitive viewpoint carries a considerable amount of conceptual 

baggage.  Skinner (Skinner, 1981) notes that cognitive models often require an 

initiating agent or construct as well as the necessity of “storage.”  Examples of 

mediating constructs in the aforementioned models include the “knowledge 

states” of Belkin and Brookes or the concept of “anxiety” in Kuhlthau’s process 

model that drive information seeking behavior. Skinner (1953) considered such 

mediating constructs to be “explanatory fictions.”  To be more diplomatic, 

constructs such as “knowledge states” do not have an ontological status in the 

physical world.  As such, these constructs can only be measured indirectly 

using deductive methods.  Skinner (1953) states, "the practice of looking inside 

the organism for an explanation of behavior has tended to obscure the 

variables which are immediately available for scientific analysis (31)."   

The adoption of a cognitive viewpoint brings with it a positivistic, 

hypothetico-deductive methodology and philosophy of science (Chiesa, 1994).  

While hypothetico-deductive methodology has proven to be useful and is 

certainly a legitimate approach to research, it also brings some assumptions 

into play that are contrary to the adoption of an engineering model for the field 

as Copeland (1997) suggests and contrary to an examination of expertise as 

advocated by Wilson (Wilson, 1968; Wilson, 1983) and Gilbert (1978).  The 

underlying assumption is that data for a population will be distributed along a 
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predictable distribution, usually the normal or Gaussian distribution with the 

average being representative of the distribution as a whole. (Howell, 2003).   

Chiesa (1994) commenting on the use of inferential statistics in 

psychology states, 

This type of analysis is rooted in the concepts of variation, the average, 
and the normal distribution.  The statistical view considers variation to be 
an undesirable feature of psychological data, and requires individuality to 
be suppressed in favor of the average.  Furthermore, it is based on the 
assumption that variation conforms to the normal distribution, that 
measures of psychological attributes in a population cluster around a 
mean and trail off in the direction of excess or deficiency.  The statistical 
view of variation encourages the use of large numbers of subjects and the 
group comparison approach (71). 

 
Chiesa is speaking specifically of the use of hypothetico-deductive methodology 

and inferential statistics in psychology, however, her statement holds true for 

the use of these methods in other social sciences including information science.  

Chiesa asserts that hypothetico-deductive methods were "developed for making 

statements about populations, statements that cannot be applied to individuals 

and that are useful where the behavior of individuals is of no interest (72)."  

Gazzaniga (1995), levels a criticism against hypothetico-deductive methodology 

in agreement with Chiesa when he states that averages "can be artifactual" and 

"can even be systematically false (168)."    

Hypothetico-deductive methodology works against an engineering 

approach focused on exemplary performances and intriguing failures such as 

those advocated by Copeland (1997), Hapgood (1993), or Gilbert (1978).  The 

exaltation of Adophe Quetelet's "average man" (Stigler, 1999) exiles the 

intriguing case studies in information seeking presented by O'Connor, 
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Copeland, and Kearns (O'Connor et al., 2003) to the domain of  "edge cases."  

The concepts presented in Wilson's seminal works (Wilson, 1968; Wilson, 1977; 

Wilson, 1983) are difficult to approach if one were to take only a hypothetico-

deductive approach.   

 

Research Method and Goals 

If the criticisms leveled on the discipline of information science by 

Copeland (1997), Buckand and Lui (1995), Harris (1986) and others are 

accepted, then there appears to be an opportunity for the development of an 

alternative viewpoint. Bates (2000) asks,  

Information seeking behavior has long been studied in library and 
information science from a social science point of view. Elsewhere in the 
world of research, however, in the fields of evolutionary psychology, 
anthropology, and biology, very exciting work is going on that is bringing 
much greater understanding of human beings as a species that evolved 
and thrived under certain environmental conditions. This lecture asks, in 
a very preliminary way, can we learn anything from examining the 
biological roots of information seeking? 

 
While less critical of the field than others, Bates comment suggests that the 

methods and ideas emerging elsewhere in the scientific world hold promise as 

an alternative or supplement to the traditional social science approach taken in 

the field.  Physicist and Nobel Laureate, Richard Feynman (1999), echoes Bates 

when he notes,  

The question of doubt and uncertainty is what is necessary to begin; for if 
you already know the answer there is no need to gather any evidence 
about it.  Well, being uncertain, the next thing is to look for evidence, and 
the scientific method is to begin with trials.  But another way and a very 
important one that should not be neglected and that is very vital is to put 
together ideas to try to enforce a logical consistency among the various 
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things that you know, and try to find out if they are consistent.  And the 
more activity in the direction of trying to put together the ideas of 
different directions, the better it is (107). 
  

The work ahead is interdisciplinary at heart and is approached in the spirit of 

Feynman’s alternative research method.   It is the synthesis of selectionist 

thought as embodied in Skinner’s (1953) radical behaviorism and Dawkins’ 

(1976) theory of memetics; empirical knowledge, research methodology, and a 

philosophy of science from behavior analysis; and the pragmatic oriented work 

of Wilson (Wilson, 1968; Wilson, 1977; Wilson 1983), Blair (1990) and O’Connor 

(O'Connor, 1996; O'Connor et al., 2003) in information science.   

The first goal of this work is to present a coherent and useful approach 

for modeling the relationship between the user, the document, and the 

environment in which they exist.  The method is both an alternative and 

complementary approach to the pervasive positivist and cognitive schools of 

thought currently dominant in information science.  This approach, functional 

ontology construction (FOC), examines the relationships between the individual, 

the aspects of the physical environment that have function to the individual, the 

functional ontology, and the consequences of those relationships.  The 

philosophical roots and empirical evidence originating from a long-term 

research program on basic behavioral processes with human subjects from 

which the model emerges are presented. 

The second goal of this work is to provide an example of how this 

approach could be applied to problems in information science.  O'Connor 

(1996) states, 



   10 

We would not be in error, though, to say that information retrieval is still 
based largely on the diachronic attributes of documents. We do not 
account for the author's stance or "slant" on a topic; we do not account 
for the reactions of various groups of patrons; we do not account for 
current validity of the data, assumptions, or conclusions; we do not 
account for the knowledge base required to make use of the text (31). 
  

The scientific approach that underlies the work presented here is derived from 

the inductive, single-subject approach found in behavior analytic research 

(Sidman, 1960; Johnston and Pennypacker, 1993).  A functional analysis of 

Bellour's (Bellour & Penley, 2000) critique of the Bodega Bay sequence of Alfred 

Hitchcock's (1963) The Birds demonstrates the empirical methods that may be 

employed as an application of the model.  

  

Summary and Touchstone Thought 

Our thought experiment on playing cards; the contexts of their uses; and 

the resulting behavioral products led to conceiving a model of information 

science that posits its central concern as the relationship between documents 

and human behavior.  This central concern suggests a synthesis of behavior 

analytic theory, cultural selection as expressed by memetics, and a pragmatic 

view of information science to provide a more robust means of proceeding with 

examination of fundamental information science questions. Resolving a long 

vexing problem in the functional analysis of a particular document form will 

present an adaptation of behavior analytic methodology applied to a problem in 

information science and illuminate and elucidate the FOC model. 
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CHAPTER 2 

FUNCTIONAL ONTOLOGY CONSTRUCTION 

There is a strong interest in the study of behavior at the present in 

information science (see Wilson, 1996; Spink & Cole, 2005; Fisher, Erdelez & 

Mckechnie, 2005).  Spink (2005), in the call for papers for a special issue of the 

Journal of Documentation states, 

Human information behavior (HIB) is a basic element of human existence. 
Humans have sought, organized and used information for millennia as 
they evolved and learned patterns of HIB to help resolve their human 
problems and continue to survive. The field of library and information 
science (LIS) has historically been a leading discipline in conducting 
research that seeks to understand human information related behaviors. 
Various interdisciplinary perspectives to HIB have emerged, including an 
information seeking-problem solving approach, a sense-making 
approach, an everyday life information seeking approach, information 
foraging approach, and a more holistic approach integrating various 
approaches with information use and organization. 

 
 Although there is an emerging body of literature in Human Information 

Behavior and more than a passing interest in the phenomenon in Information 

science, the model of behavior adopted in the body of work comprising Human 

Information Behavior borrows heavily from cognitive psychology.  Behavior 

analysis, a field concerned with the study of behavior with a rich empirical 

history and mature theory base, has been largely ignored by those studying 

human information behavior.  For example, Theories of Information Behavior, 

an American Society for Information Science and Technology (ASIS&T) 

publication on the topic of human information behavior described as “a 

conspectus of current thinking and theorizing within LIS on information 

behavior" contains only a passing reference to Skinner (4) and that reference is 
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in context of the split in psychology between the behaviorist perspective and 

the cognitive school of thought.  No other recognized behavior analyst is 

referenced within the book.  No article from the premier journals in behavior 

analysis, The Behavior Analyst, The Journal of the Experimental Analysis of 

Behavior, The Journal of Applied Behavior Analysis, or The Analysis of Verbal 

Behavior, appear in the book’s citations.   

The limitations of the cognitive viewpoint were discussed in detail in the 

previous chapter.  The approach presented here is an alternative to the 

cognitive approach.  The model or investigatory technique introduced here is 

called functional ontology construction.  Functional ontology construction (FOC)  

is an approach to addressing problems in Information science that concern the 

relationship between human behavior and information.  The underlying 

philosophy of science comes from a Radical Behaviorist perspective.  The 

techniques come from the rich empirical history and base of behavior analysis.  

The general principles emerge through the replication across many individuals 

and settings and synthesized in an inductive manner.  The model is simply the 

tried and tested concepts of behavior analysis applied to problems within the 

domain of Information science.  The justification for this technique lies in a 

shared tradition of pragmatism between Information science and behavior 

analysis. 
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Pragmatism as a Shared Tradition 

Pragmatism emerged as a philosophical school of thought in the late 

nineteenth century in the United States.  The Cambridge Dictionary of 

Philosophy (Audi, 1999) defines pragmatism as, 

a philosophy that stresses the relation of theory to praxis and takes the 
continuity of experience and nature as the outcome of directed action as 
the starting point for reflection.  Experience is the ongoing transaction of 
organism and environment, i.e., both subject and object are constituted 
in the process.  When intelligently ordered, initial conditions are 
deliberately transformed according to ends-in-view, i.e., intentionally, into 
a subsequent state of affairs thought to be more desirable.  Knowledge is 
therefore guided by interests or values.  Since the reality of objects 
cannot be known prior to experience, truth claims can be justified only as 
the fulfillment of conditions that are experimentally determined, i.e., the 
outcome of inquiry (730). 

 
In the Metaphysical Club, Menand (2001) presents pragmatism as a counter 

response to the German idealist tradition of Kant and Hegel and Emerson in the 

United States.  This is particularly salient when looking at the philosophy of 

Oliver Wendell Holmes, Jr.  Holmes experience in the Civil War led to a rejection 

of the idealistic and romantic notions of his mentor, transcendental philosopher 

and poet, Ralph Waldo Emerson.  While not to the degree of Holmes, William 

James and Charles Sanders Pierce were also profoundly affected by the Civil 

War.  Their collaboration in the years following the antebellum period of the 

nineteenth century culminated in the publication of Pierce’s (1878) seminal 

paper, How to Make our Ideas Clear, and James’ public introduction of 

pragmatism at a lecture entitled “Philosophical Conceptions and Practical 

Results” delivered at the University of California at Berkeley in 1898 (James, 

1898). 
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Pragmatism becomes a rejection of universal truth in favor of subjective 

experience.  If we were to accept a definition of ontology as “study of existence” 

as Flew (1986) suggests, we could make the argument that the adoption of a 

pragmatic viewpoint would entail the rejection of an ontology that contains 

“everything that is the case” as Wittgenstein (1922) pursued in the Tractatus 

Logico-Philosophicus.  To take this argument further, one could posit that a 

universal ontology is a foundational concept in positivism.  Rorty  (1983) 

suggests that positivism is the heir to the idealism of Kant and Hegel.  Wilson, 

Buckland, Copeland, and others who have criticized the positivistic viewpoint in 

IS are pragmatic in orientation or at least compatible with a pragmatic 

viewpoint. 

Hjørland (1996) considers Patrick Wilson to be what he describes as a 

“long term” pragmatist.  Examples of Wilson’s pragmatism run throughout 

“Situational Relevance” (Wilson, 1973), Two Kinds of Power (Wilson, 1968), 

Second Hand Knowledge (Wilson, 1983), and Public Knowledge, Private 

Ignorance (Wilson, 1978).  The following passage from Two Kinds of Power 

(Wilson, 1978) is an example of Wilson’s pragmatic viewpoint: 

Much, but happily not all, of the reading we do is purposive: we read in 
order to find the answer to a particular question, to learn what is known 
matter, to find out how to do a certain sort of thing, to maintain or 
improve our social or intellectual position, to console ourselves in our 
misfortunes.  If asked why we want to do a certain sort of thing, we are 
often able to cite a further goal: we want to find out how to make a 
chocolate mousse because we want to serve one to our dinner guests, we 
want to find out how much weight a given sort of rope will support 
because we want to hang ourselves (20). 
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Another example can be found in Situational Relevance where Wilson describes 

contextual changes in relevance by stating that one would find their insurance 

policy extremely relevant when faced with the sight of a house fire (Wilson, 

1974).   

Wilson frequently cited pragmatic philosophers in his work.  Two Kinds of 

Power (Wilson, 1968) includes references to James, Pierce, and Quine in the 

extensive notes Wilson used to support his work.  In the conclusion of Second 

Hand Knowledge, Wilson claims that the work is not an epistemological work 

and instead refers the reader to pragmatic philosopher, Richard Rorty’s notion 

of behavioral epistemology as expressed in Philosophy and the Mirror of Nature 

(Rorty, 1979).  

Wilson is not the only adherent to pragmatism in information science.  

Blair’s STAIRS pieces (Blair, 1986; Blair, 1996) are primarily about the failure of 

information retrieval systems to take pragmatic concerns into account.  

Language and Representation (Blair, 1990) presents the later views of 

Wittgenstein as a potential explanation of the type of problems described in the 

STAIRS studies.  Copeland’s (Copeland, 1997; O’Connor, Copeland, & Kearns, 

2003) bears a strong resemblance to the work of John Dewey.  Hunting and 

Gathering on the Information Savanna (O’Connor, Copeland, and Kearns, 2003) 

is not an explicitly stated work of pragmatic information science; however, the 

case studies on submarine chasing, bounty hunting, and engineering are 

examinations of the praxis of real world information searching behavior.  The 

foundational model presented in Hunting and Gathering on the Information 
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Savanna is one of the ancestor models upon which functional ontology 

modeling is derived. 

The justification for the integration of behavior analytic thought into 

information science lies in a shared tradition of pragmatism between the fields.  

Moxley (Moxley, 2002; Moxley, 2003; Moxley, 2004), Staddon (2001), and Day 

(1992) have illustrated the parallels between the pragmatic tradition and 

Skinner’s philosophy of radical behaviorism that provides the philosophical 

basis for behavior analysis. Skinner’s work has often been linked to the 

positivistic and mechanistic tradition that gave rise to Watson’s Behaviorism 

(Watson, 1910).  Moxley asserts that Skinner broke with the logical positivist 

tradition with the publication of Skinner’s essay, “The Operational Analysis of 

Psychological Terms” (Skinner, 1945), which was an early version of the theory 

presented in Verbal Behavior (Skinner, 1957).  The views expressed in Skinner’s 

later work are more closely aligned with pragmatic thought than positivism or 

even earlier forms of behaviorism such as Watson’s (1910).  Moxely (2004) 

notes that the first published use of the term “radical behaviorism” occurs in 

“The Operational Analysis of Psychological Terms” (Skinner, 1945).  Skinner 

made an explicit statement linking radical behaviorism to pragmatism.  Skinner 

claimed kinship to Pierce and drew parallels between his theory of operant 

behavior and Pierce’s concept of “habits” (Moxley, 2004).  Staddon (2001) 

summarizes the link between radical behaviorism and pragmatism as follows, 

The philosophy of radical behaviorism is a descendant of the pragmatism 
of C. S. Pierce.  Truth is “successful working” in the words of one modern 
behaviorist (Morris, 1988).  Skinner extended the “successful working” of 



   17 

pragmatism from the life of the individual to the evolution of the race: 
those actions not traceable to personal reinforcement must be “instincts” 
traceable to natural selection.  The epistemology of radical behaviorism is 
thus a variant of evolutionary epistemology (96-97). 
  

Staddon’s quote mirrors the development of the approach taken here.  The 

functional ontology construction approach draws from the pragmatic tradition 

in information science and applies behavior analytic principles to the problems 

defined from that pragmatic orientation.  The consequence of taking this 

approach is a selectionist view of both information related behavior as well and 

an evolutionary epistemology. 

 

Functional Ontology Construction 

Functional ontology construction (FOC) is the application of behavior 

analytic theory to problems in information science that include human behavior 

as a component. The FOC approach is a synthesis of a number of critical 

components.  The first component of the system is a binary document model 

inspired by the information theory of Shannon & Weaver (1949), semiotic theory 

(Chambers, 2003; Eco, 1976), Wittgenstein’s (1953) language games, Skinner’s 

(1953) theory of verbal behavior and Dawkins’ theory of memes (Dawkins, 

1976; Dawkins, 1982).   

The second component of the system is a model of a functional 

ontological space where the engagements between users and documents takes 

place.  The functional ontological space provides a common ontological context 
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for behaviors such as information seeking or browsing and the documents that 

would satisfy the user’s needs. 

The third component of the system focuses on the implications of the 

functional ontology model.  As Staddon (2001) would suggest, one implication 

of adopting a behavior analytic or radical behaviorist approach to engagements 

between users and documents is an evolutionary selection process.  Interacting 

with documents has a selective function on the behavior of the users in the 

engagement and the behavior of the user has a selective function of the 

document. 

 

Ancestors and Permutations 

Before proceeding with the discussion of the components of the FOC 

approach, there are a number of models and ideas that had direct influence on 

the approach.  Functional ontology construction is a direct application of the 

behavior analytic technique of functional analysis.  Skinner (1953) discusses the 

general approach taken here in Science and Human Behavior. 

The external variables of which behavior is a function provide for what 
may be called a causal or functional analysis.  We undertake to predict 
and control the behavior of an individual organism.  This is our 
'dependent variable' - the effect for which we are to find the cause.  Our 
'independent variables' - the causes of behavior - are the external 
conditions of which behavior is a function.  Relations between the two - 
the 'cause-and-effect relationships' in behavior are the laws of a science.  
A synthesis of these laws expressed in quantitative terms yields a 
comprehensive picture of the organism as a behaving system (35). 

 
Early permutations of the functional ontology construction approach were 

attempts to formalize a number of ancestor models including O’Connor’s 
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knowledge state model, Wilson’s (1973) concept of situational relevance, and 

O’Connor, Copeland & Kearns (2003) foundational model in Hunting and 

Gathering on the Information Savanna. 

O’Connor’s knowledge state model (Figure 2) was originally designed to 

find a common ontological status for the person seeking information (question) 

and things that might help address that need (documents).  The basic 

reasoning was that a question represented some significant portion of the 

world view of the person seeking information – primarily the gap in the world 

view, together with the surrounding territory; and that documents – which are 

not the only possible aids to understanding but are the primary focus of 

information retrieval – represent some significant portion of the world view of 

an author.  Elementary category theory would suggest that if a class could be 

found or described that would hold both the question representation and one 

or more document representation(s), since all members of a class share some 

(probabilistic) or all (Aristotelian) defining attributes, then the empty cells in the 

question array could likely be filled with the contents of corresponding cell in 

one or more of the document arrays.  It should be noted that the question array 

representing the person seeking to do something is not static over time, but is 

sensitive to the changing environment in which the person exists. This 

changing environment might be seen as long-term, such learning from and 

looking back upon previous experience; or short-term, such as seeing one 

element in one document and modifying the query within a few moments. 
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Indeed, the question array exists within evolving worldview of the person as it 

changes from moment to moment throughout his/her life.  

O’Connor’s (1996) knowledge state model succeeded in establishing a 

common ontological context between questions and the set of documents that 

would satisfy the questions; however one could recast this as an attempt to find 

an ontological context between the behavior of questioning rather than the 

physical product of the behavior (e.g., the formal expression of the question).  

This potentially expands the model to include behaviors that are not easily 

expressed in terms of the question such as browsing or watching a movie; 

however, the knowledge state model still does not address either the 

motivation for engaging in the information seeking behavior or the 

consequences of engaging in the behavior.   

Both Wilson’s (1973) notion of situational relevance and O’Connor, 

Copeland & Kearns’ (2003) foundational model from Hunting & Gathering on 

the Information Savanna focus on the factors that would occasion the behavior 

of information seeking rather than focusing on the specific behavior of 

questioning.  The FOC approach extends these models of the ontological space 

by applying the behavior analytic technique of functional analysis to the 

behavior in question. 

Schamber (1994) suggests that “relevance is the field’s [Information 

Science] central concept insofar as it serves as the fundamental criterion in 

evaluating the effectiveness of information retrieval (IR) and use (3).” Schamber 

notes that there is not a clear consensus within information science on the topic 
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of relevance, however she presents the following statement as general 

consensus within the field: 

The generally accepted theoretical conceptualization of relevance involves 
the relationship between a user’s information problem or need and the 
information that could solve the problem.  The generally accepted 
operation conceptualization involves a user’s decision to accept or reject 
information retrieved from an information system (3). 
  

Schamber notes that notions of relevance have a great impact on the 

engineering aspects of information science as well as “the theoretical and 

empirical understandings of human behavior in seeking and using information 

(3).”  Schamber’s description of general phenomena related to notions of 

relevance is similar to the components of the FOC approach and share an 

emphasis on behavior.  Schamber’s notion of behavior is more closely aligned 

with the cognitive viewpoint as expressed in the Human Information Behavior 

literature than the behavior analytic perspective that underlies the FOC 

approach.  Schamber’s review of the relevance literature is thorough.  One 

model of relevance reviewed that is of particular interest is Wilson’s (1973) 

notion of situational relevance.  

Wilson’s (1973) notion of situational relevance is both a criticism and an 

expansion of Cooper’s (1971) concept of logical relevance.  Wilson notes that 

the relevance of a particular document or piece of it is a function of the 

situation in which the need arises and the consequences of having or not 

having the information in question.  Wilson presents a salient example of this 

phenomenon.  One’s insurance policy becomes considerably more relevant that 

it otherwise would be when one sees smoke from a house fire near one’s home.  
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In this example, the smoke sets the occasion for the behavior of seeking 

information about the insurance policy.  The consequence in this particular 

example would be the peace of mind associated with knowing that one’s house 

is insured. 

Wilson’s notion of relevance as expressed in Situational Relevance (1973) 

and Two Kinds of Power (1968) is similar in concept to the idea of a three-term 

contingency (Skinner, 1969) in behavior analytic terms.  The three-term 

contingency, a central concept in behavior analysis is a relation that includes 

three parts:  antecedent conditions that set the occasion for a behavior’s 

occurrence, the behavior of interest, and the events that follow the behavior 

and have behavioral function.  The assumption of relevance is an assumption 

that the document that is returned as a result of information seeking behavior 

fits the needs of the information seeker.  

O’Connor, Copeland, & Kearns (2003) presented a model of information 

seeking in Hunting and Gathering on the Information Savanna (Figure 3) that 

blends O’Connor’s (1996) earlier knowledge state model with a notion of 

relevance similar to Wilson’s notion of situational relevance.  A small "bump in 

the road" may represent a scenario such as finding a mechanic to work on a 

1968 VW Bus, finding directions to a night club, or remembering how to 

calculate the hypotenuse of a right triangle.  These are not necessarily trivial 

needs, though, in terms of search strategies and resources expended, it is not 

difficult for the questioner to determine an information seeking strategy or to 

determine the fitness of the results.  A "bigger bump" would involve issues like 
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deciding whether or not to buy a hybrid car (is the technology advanced 

enough, etc.), writing an article for a peer reviewed journal, building a skin on 

frame kayak, or formulating a new university policy.  A "major obstruction" 

would constitute scenarios like making the decision to buy a new home, 

deciding whether or not to have a surgical procedure performed, making a 

career change or writing a dissertation.  The distinction between the different 

information seeking events lies in the resources expended in developing a 

search strategy, the resources expended, and the fitness requirements of the 

results.  The distinction does not necessarily have anything to do with the 

importance of the information need as the examples may imply, however there 

is a likely a correlation between the amount of effort expended in an 

information search and the importance of the information need. 

The functional ontology construction (FOC) approach formalizes the 

O’Connor, Copeland, and Kearns (2003) model in behavior analytic terms.  

Figure 4 shows an early version of the version of the FOC approach.  This early 

permutation is little more than the behavior analytic three-term contingency 

mapped onto O’Connor, Copeland, and Kearns “road of life.”  The early 

conception of the model did not make any distinction between antecedent 

conditions as conceptualized in behavior analytic theory and the richer concept 

of information (or those things of an informing nature) found in information 

science.  In a behavior analytic system, there is little distinction between a set 

of documents returned as the result of a user asking a question in an 

Information Retrieval context and the delivery of food to a pigeon in an operant 
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chamber as a result of the pigeon pecking a response key.  Both the food and 

the returned document set change the behavior of the behaving organism.  If 

one were looking simply at function, the food and the document set are 

functionally equivalent.  Although one can find a common, shared tradition 

between radical behaviorism and information science, the assertion that the 

behavior of a pigeon pecking a key in an operant chamber is equivalent to a 

person seeking information is, perhaps, too large of a conceptual leap and 

offers little practical utility to a discipline focused, as Buckland and Liu (1995) 

suggest, on “documents and messages that are created for use by humans 

(385).”  A model of the document was necessary in order to make the FOC 

approach a useful and relevant tool for the discipline of information science.  

 

The Document as a Binary System of Structure and Function 

Hunting and Gathering on the Information Savanna opens with a quote 

from anthropologist John Tooby.  Tooby’s comment bears repeating here. 

[W]e spent hundreds of thousands of years as hunter-gatherers without 
police, without hospitals, and without agriculture.  During all that long 
period of time, slowly, this process of natural selection built or 
engineered a set of designs which are structured for surviving the 
challenges of being a hunter-gatherer (Bingham, 1995). 

 
O’Connor, Copeland and Kearns (2003) later note that “we are hunter-gatherers; 

there has not been enough time for the hunter-gatherer brain to have changed.”  

Human beings have been seeking, consuming, and producing information far 

longer then they have been building libraries and producing documents.  The 

FOC approach and the document model proposed here could apply as easily to 
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analyzing the expression on a person’s face or analyzing a group of clouds to 

determine the chance that a thunderstorm is approaching as it is applied to 

more traditional notions of a document such as Moby Dick or The Birds.  

While there are a number of ways the term “information” is used in 

information science (see Belkin, 1978; Hayes, 1993; and Buckland, 1991 for 

reviews of the different meanings of the term information), the term will be 

used in a manner consistent with Shannon and Weaver’s (1949) technical 

definition of the term.  Weaver states in the introduction to Shannon and 

Weaver’s (1949) The Mathematical Theory of Communication: 

The word information, in this theory, is used in a special sense that must 
not be confused with its ordinary usage. In particular information must 
not be confused with meaning. 
The concept of information developed in this theory at first seems 
disappointing and bizarre -- disappointing because it has nothing to do 
with meaning, and bizarre because it deals not with a single message but 
rather with the statistical character of a whole ensemble of messages, 
bizarre also because in these statistical terms the two words information 
and uncertainty find themselves to be partners (8). 

 
Shannon and Weaver’s definition of information is expressed mathematically as 

the as a logarithmic function of the number of choices for a given message.  

Shannon’s work was conducted in the context of engineering 

telecommunication systems.  In this context, the semantic aspects of a given 

message are secondary to the structural aspects of the message.  

Shannon and Weaver’s model is a binary system.  The structure of the 

message has a degree of independence from the semantic meaning of the 

message.  This is similar in concept to other ways of conceptualizing meaning 

such as semiotic theory (Eco, 1976; Chandler, 2002); Wittgenstein’s “language 
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games”; and the behavior analytic account of verbal behavior (Skinner, 1957).  

Eco (1976) states that semiotics is “concerned with everything that can be taken 

as a sign (7).”  Semiotics breaks meaningful phenomena into a dyadic or binary 

system between signifier, the structure of the sign, and signified, the concept 

associated with the sign (Chandler, 2002). 

Like information theory and semiotics, Wittgenstein’s (1953) concept of 

“language games” is a binary system of structure and meaning.  Meaning 

emerges from the relationship between the participants in the conversation.  

Wittgenstein puts greater emphasis on meaning than on the structure of the 

message.  In a sense, it is the inverse of Shannon and Weaver’s (1949) focus on 

the message independently of the message’s intended meaning.  Wittgenstein’s 

concept of language games is similar to Skinner’s (1957) system of verbal 

behavior (Day, 1992).  The main difference between the two systems is the 

analytic nature of Skinner’s system.  Wittgenstein asserts that there are as many 

types of language games are there are conversations or instances of language 

games.  In a somewhat different but compatible vein, Dawkins’ (1982) notion of 

memes and memetic phenotypes is also a binary system of function and 

structure where memes are a unit of meaning and the memetic phenotype or 

vehicle is the physical expression or container for the meme.  Dawkins (1982) 

describes the relationship between memes and memetic phenotypes in the 

following way: 

The phenotypic effects of a meme may be in the form of words, music, 
visual images, styles of clothes, facial or hand gestures, skills such as 
opening milk bottles in tits, or panning wheat in Japanese macaques.  
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They are outward and visible (audible, etc.) manifestations of the memes 
within the brain.  They may be perceived by the sense organs of other 
individuals, and they may so imprint themselves on the brains of 
receiving individuals that a copy (not necessarily exact) of the original 
meme is then in a position to broadcast its phenotypic effects, with the 
result that further copies of itself may be made in yet other brains (109). 

 
The model of the document used in the FOC approach is similar in principle to 

Dawkins’ concept of the meme.  The document is a bundle of signals that have 

behavioral function. 

 

Functional Ontology  

The functional ontology is similar to the behavior analytic notion of 

behavioral environment. The functional ontology is the set of environmental 

stimuli and historical factors that have function for an individual at a particular 

point in time - those things that select behavior.  This usage of the term 

ontology is closer to the philosophical usage (Flew, 1986) than the technical 

use of the term in information science.   

In information science, ontology describes a categorization system such 

as the Library of Congress system or a hierarchy of categories such as the 

Yahoo!® (Yahoo!, Inc., Sunnyvale, CA, www.yahoo.com) Web directory in 

information science.  This use of the term is more akin to the notion of a 

foundational or upper ontology (Smith, 2003); an ontology that contains 

“everything that is the case” as Wittgenstein (1922) pursued in the Tractatus 

Logico-Philosophicus.  Wittgenstein’s (1953) later work on language games 

suggests that the relative nature of language games makes a universal ontology 
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untenable. This position marked Wittgenstein’s break with the logical 

positivists.  Bertrand Russell was highly critical of this position and suggested 

that Wittgenstein was “tired of serious thinking and invented a doctrine which 

would make such an activity unnecessary.”   

If one accepts Buckland and Liu (1995) and Copeland’s (1997) criticism of 

the state of thought in information science and their explanation of the 

problem as being the dominance of a positivistic philosophical orientation, then 

one requires the rejection of a positivistic ontology in favor of a functional 

ontology.  Smith (2003) suggests that "the project of building one single 

ontology, even one single top-level ontology, which would be at the same time 

non-trivial and also readily adopted by a broad population of different 

information systems communities, has largely been abandoned (115)."  Shirky 

(2005), commenting on the rise of tagging as an emerging organizing principle 

for the World Wide Web, states, 

Today I want to talk about categorization, and I want to convince you that 
a lot of what we think we know about categorization is wrong. In 
particular, I want to convince you that many of the ways we're attempting 
to apply categorization to the electronic world are actually a bad fit, 
because we've adopted habits of mind that are left over from earlier 
strategies. 

I also want to convince you that what we're seeing when we see the Web 
is actually a radical break with previous categorization strategies, rather 
than an extension of them. The second part of the talk is more 
speculative, because it is often the case that old systems get broken 
before people know what's going to take their place. (Anyone watching 
the music industry can see this at work today.) That's what I think is 
happening with categorization. 

What I think is coming instead are much more organic ways of organizing 
information than our current categorization schemes allow, based on two 
units -- the link, which can point to anything, and the tag, which is a way 
of attaching labels to links. The strategy of tagging -- free-form labeling, 
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without regard to categorical constraints -- seems like a recipe for 
disaster, but as the Web has shown us, you can extract a surprising 
amount of value from big messy data sets. 

 
Ontology with in the context this work is simply that which exists within 

the environment of an individual.  The functional ontology is comprised of 

those elements of the individual’s environment that have behavioral function.  

Ontology as traditionally used in information science emerges as a 

consequence of the collective instances of individual behavior.  

  

The Functional Ontology Construction Approach 

A document can be conceptualized as a bundle of attributes or signals.  

The term signal is preferred for two reasons.  First, the term signal has a 

dynamic connotation.  The FOC approach has an underlying assumption that 

relationship between users and documents is a system of selection, which 

requires the examination of change over time.  Second, if one were to use the 

FOC strategy in a research or engineering setting, then a signal detection 

approach would be a likely tactical approach to the problem at hand.  Recall the 

card experiment from Chapter 1.  Three types of attributes or signals were 

discussed regard to the playing cards:  diachronic, synchronic, and memetic. 

These types of attributes can be conceptualized as being independent spaces 

into which signals fall (see Figure 5, panel 1). 

In order to speak to the relationship between the document and the user, 

the behavioral space must be added to the model.  Behavior occurs in time.  We 

can conceptualize in terms of an antecedent space and a consequent space (see 
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Figure 5, panel 2).  The boundary between the antecedent and consequent 

spaces is the point where an instance of behavior occurs (see Figure 5, panel 3). 

The signals present in a given document may have or acquire behavioral 

function for a particular person (see Figure 5, panel 4).  For example, a 

synchronic signal may function as a discriminative stimulus (SD) for a given 

instance of behavior and a signal in the memetic space may function as a 

reinforcer for the behavior (Sr+).  It should be noted that the nature of a given 

signal is not relevant when discussing how the signal functions in relation to 

the individual's behavior.  Figure 5 represents a model for a single instance of 

behavior. 

A single instance of behavior occurs within a continuous stream of 

behavior that makes up the life span of an individual.  Operant behavior is 

selected or extinguished by the consequences of individual instances of 

behavior.  Figure 6 shows an individual instance with in the context of a 

behavior stream.   
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CHAPTER 3 

SELECTION BY CONSEQUENCE 

Moxley (Moxley, 2002; Moxley, 2003; Moxley, 2004) suggests that the 

philosophy of pragmatism as embodied in the work of Pierce, James, and Dewey 

as well as the radical behaviorism of Skinner were highly influenced by Darwin's 

theory of natural selection. Skinner (1984) proposed a model of selection that 

described three distinct types of selection that work to shape the natural world.  

The first type of selection is natural selection, which is selection of species or 

phylogenic in nature.  Phylogenisis is the evolutionary development and 

diversification of a species or group of organisms, or of a particular feature of 

an organism.  The study of natural selection is the domain of evolutionary 

biology.  The second type of selection is operant selection. Operant selection is 

the selection of behavior by consequences.  Operant selection is ontogenetic in 

nature.  Ontogeny is the development or evolution of an organism during its 

lifetime.  The study of operant selection is the domain of behavior analysis.  

The third type of selection is cultural selection.  Cultural selection is the domain 

of the emerging field of memetics. While Skinner’s model separates selection 

into three distinct types of selection, he makes it clear that selection on any 

given level can effect selection on another level.   Skinner’s model of selection 

is the foundation for the functional ontology construction approach (see Figure 

7).  Again, if one were to accept Buckland and Liu’s (1995) description of the 

phenomena of interest for information science, "IS [Information Science] is 

centered on the representation, storage, transmission, selection (retrieval, 
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filtering), and the use of documents and messages, where documents and 

messages are created for use by humans (385)," then the relationship between 

the second (operant) and third (cultural) levels of selection are within the 

domain of information science.   

Within information science, Bates (2000) and O'Connor, Copeland, and 

Kearns (2004) have written on the relationship between evolution and 

information seeking.  Both Bates (2000) and O’Connor, Copeland, and Kearns 

are examining the phylogenic roots of information seeking.  Both Bates (2000) 

and O’Connor, Copeland and Kearns (2003) are looking at the potential 

phylogenic or general species specific behaviors that come into play when 

examining information related problems.  Skinner addresses phylogenic 

behaviors, however, the research approach focuses primarily on the ontogenetic 

and cultural levels of Skinner’s model.  While phylogenic behaviors as they 

relate to information seeking provide a valid avenue of inquiry, they are outside 

of the scope of this work. 

 

Biological Selection 

The idea of selection has roots in evolutionary biology. While evolutionary 

biology is beyond the scope of this work and certainly does not play a 

significant role in the functional ontology construction approach, the evolution 

of species was the first well documented and widely accepted system of 

selection.  Most systems of selection borrow heavily from the terminology 
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established in biology, as such, it is worthwhile to briefly discuss selection in 

the biological context. 

Charles Darwin is generally credited with introducing the notion of 

natural selection in The Origin of Species  (Dawkins, 1976).  Darwin’s notion 

originates from his work on the Beagle from 1831 to 1836 on its journey to 

map the coastline of South America.  On his journey, Darwin noted different 

species of animals displayed unique physiological adaptations that seemed to 

fit the unique environment in which the animals lived.  Mayr (2001) notes that 

Darwin’s theory had five distinct characteristics.  First, species have great 

fertility.  The make more offspring than can grow to adulthood.  Second, 

populations remain roughly the same size with modest fluctuations.  Third, 

food resources are limited, but relatively constant over time.  This suggests that 

there will be a struggle for survival among individuals.  Fourth, generally no two 

individuals are identical in species that reproduce sexually.  Finally, the 

variation resulting from sexual reproduction is heritable.  While some of 

Darwin’s assertions have proven to be incorrect such as the acceptance of 

Lamarck’s notion of causality (e.g., a giraffe has a long neck because its 

ancestors stretched to eat leaves high in trees), Darwin’s theory has generally 

been validated in subsequent work in biology and genetics (Dawkins, 1976).  

Dawkins claims, “Today the theory of evolution is about as much open to doubt 

as the theory that the earth goes around the sun (1).”  
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Cultural Selection 

Buckland and Liu (Buckland and Liu, 1995) note that " [Information 

Science] is centered on the representation, storage, transmission, selection 

(retrieval, filtering), and the use of documents and messages, where documents 

and messages are created for use by humans (389)."  If Skinner's model of 

selection is taken into account and Buckland and Liu's description of 

information science is accepted, then the phenomena of interest for the field lie 

within the second and third types of selection in Skinner's model.  

There are a number of models of cultural selection including Harris' 

cultural materialism (Harris, 1964; Harris, 1980), Petroski's (1994), and 

Dawkins' memetic theory (Dawkins, 1976;Dawkins, 1982) that are consistent 

with Skinner's model.  Harris' work primarily focuses on the role that economic 

or material factors play on the selection of cultural practices such as pork 

taboos in Jewish and Islamic cultures, the taboo on eating beef in Hindu culture, 

or the evolution of the Christian religion from being a messianic war cult to a 

religion of peace palatable to Roman society (Harris, 1975).  While consistent 

with Skinner's view of cultural selection, Harris' focus on cultural behavior is 

tangential to a focus on the documents and messages that are required for the 

model to address IS issues.  Petroski (1994) examines the evolution of 

technologies such as paper clips, eating utensils, and Post-It® (3M, St. Paul, MN, 

www.3m.com/us/office/postit/) notes.  Again, this is tangential to a model 

focusing on the relationship between documents and human behavior. Dawkins' 

theory of memetics is consistent with Skinner's model as well as Harris' cultural 

http://www.3m.com/us/office/postit/
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materialism, Petroski's theory of evolution in technology and engineering. 

Indeed, this consistency suggests the possibility of expanding IS concerns 

beyond the overtly document-like messages ordinarily taken to be central (cf. 

Wilson on Bjorland). 

Dawkins (1976) first put forth the concept of the meme in his seminal 

book The Selfish Gene.  Dawkins defines a meme as “a unit of cultural 

transmission.”  The meme is a replicator, similar in many ways to the gene.  

Dawkins gives “tunes, ideas, catch-phrases, clothes fashions, ways of making 

pots or of building arches” as examples of memes. Dawkins (1982) speculates 

that memes physically reside in brains as patterns of neurons or neural 

networks, however he concedes that direct measurement of memes is not 

possible at this time.  Dawkins makes a distinction between memes and meme 

products or phenotypes.  While memes are ideas or patterns of behavior, meme 

products are documents, songs, photographs, buildings, and tools (Petroski, 

1994).  In short, meme products are the material aspects of culture.  Memetics 

also qualifies as a binary system of meaning consistent with the pragmatically 

derived theory of semiotics and the separation of meaning from message as 

seen in information theory (Shannon and Weaver, 1949). 

 

Memes Selected by Behavior 

The Google™ (Google, Inc., Mountain View, CA, www.google.com) 

PageRank™ (Google, Inc., Mountain View, CA, www.google.com/technology) 

algorithm (Calishain & Dornfest, 2004) is based primarily on the idea that the 
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number of times a particular Web page is linked is a measure of the importance 

of a document.  The act of authoring a Web page and linking terms is an 

instance of behavior.  Google’s search engine becomes an aggregation of 

instances of individual behaviors.  This collective behavior acts to select ideas 

or memes.  

If one were to have searched Google for the terms “miserable failure” 

during the U.S. presidential campaign during the summer of 2004, the 

following results would have been returned (see figure 8).  The first result 

returned was a link to the homepage of president George W. Bush.  This meme 

was the direct result of an organized campaign by bloggers opposed to Bush to 

make a political statement.  Supporters of Bush countered by linking the term 

“miserable failure” to the homepage of Fahrenheit 911 (Moore & Czarnecki, 

2004) director, Michael Moore, former Presidents Bill Clinton and Jimmy Carter, 

as well as Democratic candidate John Kerry.  It should be noted that memetic 

selection, like the biological or behavioral selection, is value free.  The selection 

of the “George W. Bush is a miserable failure” meme does not make the 

statement, “George W. Bush is a miserable failure” true.  It only means that the 

meme has been selected and exists in great frequency. 

While the empirical examination of this phenomenon is beyond the scope 

of this work, this can be conceptualized as the selection or evolution of a 

particular meme.  Other examples of this phenomenon can be found in 

Johnson’s (2001) examination of the propagation of the story of presidential 

candidate Bill Clinton extramarital affair with Gennifer Flowers during the 1992 
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U.S. presidential campaign and the emergence of social indexing methods such 

as tagging (see Shirky, 2005).  

 

Behavioral Selection 

Much of the recent theoretical work in behavior analysis revolves around 

the notion of the selection of operant behavior by environmental contingencies.  

Behavioral processes, such as reinforcement, punishment, and extinction, 

function to change the frequency of occurrence of a given behavior in a given 

circumstance.  Measurable dimensions and characteristics of the behavior being 

selected change as a function of environmental contingencies (Keller & 

Schoenfeld, 1950; Catania, 1998).  This process bears a striking resemblance to 

other know systems of selection including the evolution of species, the 

development of the immune system, and changes in culture.  The similarity 

between behavioral selection and other systems of selection has been noted by 

a number of theorists including Skinner (Skinner, 1981); Andronis (Andronis, 

1996 ;Andronis, 2002); Glenn (Glenn, 1991; Glenn, 1988; Glenn, Ellis, & 

Greenspoon, 1992); Donnahoe and Palmer (1994); Catania (1998) and Hull, 

Langman, and Glenn (2001). 

Operant behavior is behavior that is selected by the events or 

consequences that follow an instance of a behavior.  If the behavior in question 

increases in rate or probability, the consequence is considered a reinforcer.  If 

the consequence that follows the instance of behavior decreases the rate of the 

behavior of interest or the probability of future occurrence of the behavior of 
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interest, then the consequence is considered to be a punisher.  Once a 

particular stimulus or consequence has acquired behavioral function (e.g., as a 

reinforcer or punisher), then a contingency emerges between the behavior of 

interest and the consequence.  It is not necessary for the consequence to occur 

every time the behavior of interest occurs to maintain the contingency between 

the behavior of interest and the consequent stimulus.  The frequency at which 

the consequent stimulus is delivered following the behavior of interest is the 

schedule of reinforcement.  Extinction is the process of breaking a contingency 

by removing the contingent relationship between the consequent stimulus and 

the behavior of interest. 

The case study that follows was originally a replication of basic behavioral 

experiments on schedules of reinforcement and extinction of the behavior of 

human subjects.  While the animal literature is very consistent (see Skinner, 

1957) in regard to performance under schedules of reinforcement, consistent 

schedule performance with human subjects has been very difficult to obtain in a 

laboratory setting (see Anderson, 2000 for a review of the literature).  The line 

of research that spawned this particular study was an attempt to create a 

stimulus for stimulus analog of the apparatus generally used with non-human 

subjects.  The results obtained using this experimental preparation have been 

consistent both with the non-human baseline data and across more than 50 

individual subjects; however, the primary point of interest for this work is the 

nature of the consequent stimuli. 



   39 

The consequence used to select the subject's behavior consisted of short 

"pop culture" sound clips.  These sound clips were cartoon sounds as well as 

sound clips from television shows and movies.  These clips meet Richard 

Dawkin's (1976) definition of a meme.  In addition to being a strong 

demonstration of basic behavioral principles, this experiment also is an 

example of memes acquiring behavioral function (in this case - as a reinforcer). 

 

A Case Study in the Selection of Behavior by Memes 

The experiment that follows comes from Anderson's (2000) study on the 

effects of extinction on human behavior following exposure to fixed ratio 

schedules of reinforcement. Anderson's study was part of a long-term research 

program examining basic behavioral principles with human subjects.   

 

Apparatus 

The apparatus consisted of a computer, monitor, mouse, a keyboard, and 

a set of audio headphones.  Subjects sat in front of the monitor and had access 

to the computer keyboard and mouse and wore the headphones.  Through 

instructions, the subject’s responses were restricted to the keys 1-9 on the 

numeric keypad.  The response topography targeted for this experiment was 

pressing the keys 1, 5, and 3 in that order (see Figure 9).  Each occurrence of 

the 1•5•3 response sequence produced a click sound.  At the beginning of the 

session, a button with the word “START” on it was presented on the screen (see 

Figure 10).  A mouse-click on this button produced a 3 x 3 grid of gray squares 
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in the center of the screen.  The 3 x 3 grid was a square of approximately 8 cm 

with each of the individual squares being 2 cm.  A border enclosed the grid.  

Each square looked like a three-dimensional button, and was separated from 

the others by .5 cm.  When the experiment began, the squares always appeared 

“popped out” and changed their appearance depending upon key-presses made 

by the subject.  Below the grid was a 5.5 cm square (see Figure 11).  Under 

certain experimental conditions, a button with a speaker icon would appear in 

this square accompanied by a chiming sound (see Figure 12).  When the subject 

pressed this button with the mouse, a random sound clip from a bank of 214 

sounds was played.  The sounds had playing lengths from .38 s to 6.639 s.  

The sounds were used as response consequences and consisted of humorous 

quotes, cartoon-character sounds, or interesting special effects.  At the end of 

the session, a dialog box appeared to the subject with the words “Thank You.”  

 

Subjects and Setting 

One male and two female college students participated in this study.  

They received $5.00 for each session they attended.  The money was not 

contingent on the subject’s performance.  Sessions were conducted in the 

Department of Behavior Analysis at the University of North Texas.  Each session 

lasted 20 minutes.  
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Experimental Design 

The experiment consisted of three phases.  The first phase was response 

acquisition.  The second phase of the experiment was fixed ratio schedule 

maintenance. The final phase was extinction. 

 

Response Acquisition 

After the subject was seated in front of the computer, the experimenter 

said to the subject, “Press any of these nine keys,” while concurrently pointing 

at the nine keys of the numerical keypad.  Then the experimenter pointed to 

the area on the screen below the 3 x 3 grid and said, “A button will occasionally 

appear here." When it does, click it with the mouse.” At this point, the 

experimenter left the room.  

All squares in the grid on the computer screen initially had a “popped-

out” appearance.  Pressing any key in the middle column of the keypad (2, 5, or 

8) or the right column of the keypad (3, 6, or 9) produced no change in the 

grid, however, when the subject pressed any key in the left column of the 

numeric keypad (1, 4, or 7), the corresponding square on the grid changed to a 

“pressed-in” appearance.  At this point, any key the subject pressed in the 

middle column caused the corresponding grid square to change to the 

“pressed-in” appearance.  Any key pressed in the left or right columns of the 

numeric keypad would not produce a change in the grid.  After the subject 

presses a key in the middle column, only a key pressed in the right column 

produced a change in the grid.  A key press on the left column of the keypad 
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reset the grid and caused the corresponding square in the left column of the 

grid to appear “pressed-in.” Figure 13 shows a sample sequence. If the subject 

pressed a sequence of keys that resulted in the 1, the 5, and the 3 (1•5•3) grid 

squares to appear “pressed-in,” two events immediately happened.  First, a 

chime sound was played.  Second, a button appeared below the 3 x 3 grid.  

When the subject clicked this button, a random sound clip was played from the 

bank of 214 sounds.  Only the 1•5•3 sequence produced the button and sound 

clip. Figure 14 shows a response sequence meeting the response requirement 

and the consequences that follow the response. 

 

Schedule Maintenance 

Three schedules of reinforcement, FR-1, FR-5, and FR-10 were used 

during schedule maintenance.  The apparatus operated in the same fashion 

during the schedule maintenance phase of the experiment except that 

consequences were programmed to occur after 1, 5, or 10 target responses.  

Target responses not scheduled for reinforcement produced a click sound.  AA-

Sp98 was exposed to an FR-1 schedule of reinforcement and to extinction.  TW-

Su98 was exposed to FR-1 during acquisition, FR-5 during the schedule 

maintenance phase of the experiment and extinction.  GS-Sp98 was exposed to 

FR-1 during acquisition, FR-10 during schedule maintenance, and extinction. 
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Extinction 

During the extinction phase, no scheduled consequences were delivered.  

The grid still changed in accordance to the subject’s key presses and the target 

response always produced the click. 

 

Dependent Variables 

Anderson (2000) contained a large number of dependent variables, 

however only rate and celeration are relevant for this example.  In addition, 

Anderson (2005) conducted an additional analysis on this data set.  Anderson 

(2005) looked at the effects of schedules of reinforcement and extinction on 

the entropy within the subjects’ behavior stream.  This analysis is included as 

well. 

 

Behavior Stream and Entropy 

The behavior stream is shown as a scatterplot of key presses over time. 

Keystrokes were specified by their label on the keyboard. The subject's behavior 

stream was broken into three parts.  The first part was the operant level (Keller 

& Schoenfeld, 1950).  This part of the behavior stream consisted of consecutive 

responses in time from the introduction of the subject to the apparatus until 

they came into contact with the programmed contingency.  The second part 

consisted of the consecutive responses from the first contact with the 

programmed consequence until the end of the acquisition phase of the 

experiment.  The final part was the consecutive responses in time from the 
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beginning of the extinction phase of the experiment until the end of the 

experiment.  Entropy for each session of the experiment was calculated using 

Shannon & Weaver’s (1949) method.   Entropy values for each segment of the 

experiment were compared. 

 

Celeration 

Celeration (Pennypacker, Gutierez & Lindsley, 2003) measures the 

amount of weekly change in the frequency of behavior expressed as a factor 

that gives direction and slope. A multiplication sign (x) is used if there is an 

upward trend in the data and a division sign (÷) is used if there is a downward 

trend.  Celerations were calculated by drawing a line that best fit the trend of 

the data during the schedule maintenance and extinction phases of the 

experiment on a Standard Behavior Chart (Oliva, 1981). 

 

Frequency of Response 

Cumulative records were used to analyze within session moment to 

moment changes in frequency of responding.  Frequency jumps were calculated 

using the Standard Behavior Chart.  A frequency jump is the vertical distance 

between the celeration during schedule maintenance and the frequency of the 

first session of extinction.  The frequency jump is calculated by dividing the 

highest frequency by the lowest.  Frequency jumps are expressed as a factor 

which gives the direction and the magnitude of the jump.  A multiplication sign 



   45 

(x) is used if the jump is to a higher frequency and division sign (÷) is used if 

the jump is to a lower frequency (Lindsley & Rosales-Ruiz, 1992). 

 

Results 

Figure 15 shows keystrokes as they occur in time and entropy values for 

each session for subject AA-Sp98. Figure 16 shows keystrokes as they occur in 

time and entropy values for each session for subject TW-Su98. Figure 17 shows 

keystrokes as they occur in time and entropy values for each session for subject 

GS-Sp98.  All subjects show very little variability in keystroke distribution during 

the last session of schedule maintenance with most responding consisting of 1, 

3, and 5.  TW-Su98 and GS-Sp98 showed a short period of variability during the 

early part of the session.  Additionally, TW-Su98 showed a short period of 

variability at approximately 10 minutes into the session.  During extinction, AA-

Sp98 showed variable responding on all keys (1-9) for the first 4 minutes of the 

first session of extinction.  All remaining keystrokes are 1, 3, or 5.  TW-Su98 

displayed variable responding on all keys throughout the first session of 

extinction with concentrations on keys 1, 3, and 5 from minute 12.5 until 

minute19.  He responded almost exclusively on keys 1, 3, and 5 in the last 

minute of the session.  GS-Sp98 responds exclusively on keys 1, 3, and 5 during 

the first 30 seconds of the first session of extinction.  She then responds on all 

keys until minute 7 with breaks in responding at minute 2 and again at minute 

4.  From minutes 7 to 16, GS-Sp98 shows very little variability in response and a 
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high density of keys 1, 3, and 5.  Responding on all keys resumed afterwards 

and continued for the last 4 minutes. 

Figure 18 shows the rate of the target response (1•5•3) for subjects AA-

Sp98, TW-Su98, and GSSp98 during acquisition, schedule maintenance, and 

extinction.  AA-Sp98 (left graph) acquired the target response during the first 

session.  Her rate of responding increased from 0.35 responses per minute 

(r/min) to 18.6 r/min in the second session and stabilized to approximately 20 

r/min during sessions 3 and 4.  During extinction, her rate of responding 

jumped down (÷2.3) and turned down (÷5).  

TW-Su98 (middle graph) acquired the target response during the Session 

2 and responded at a rate of 11.6 r/min.  During FR-5 schedule maintenance, 

he responded at rates of 58.45, 66.2, 85.2, and 49.45 with a celeration of x1.0.  

His rate of responding jumped down (÷3) and turned down (÷2.8) during 

extinction.  

GS-Sp98 (right graph) acquired the target response during Session 2 and 

responded at a rate of 11.25 r/min.  During FR-10 schedule maintenance, she 

responded at rates of 48.15, 59.35, and 64.05 r/min with a celeration of x1.4.  

Her rate of responding jumped down (÷1.8) and turned down (÷1.6) during 

extinction. 

 

Discussion 

The experiment presented here is a replication of classic studies in 

operant behavior (Ferster & Skinner, 1957).  The results presented here were 
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presented in the same manner as those classic studies and the same sort of 

criteria were used to judge the degree of behavioral control.  In addition to the 

classical methods of the cumulative record and the daily celeration chart, the 

amount of entropy within the subject’s behavior stream was measured.  The 

cumulative records and celeration measurements show the subjects’ behavior 

to be inline with what would be expected in classic schedule experiments (see 

Ferster & Skinner, 1957).  The entropy measure of the subject’s behavior 

stream showed experimental control as well. 

While the schedule control is clear, the notable aspect of this study for 

the context of the functional ontology model is the fact that the consequences 

being used to exert experimental control were sounds with cultural or memetic 

value (see Bekker, et. al, 2005 for further discussion of these how these sounds 

function as a reinforcer).  If one were to accept the behavior analytic notion that 

the consequent stimuli that follow an instance of behavior function to select 

operant behavior and one were to accept that the short sound documents that 

were used in this study meet Dawkins’ (1976) definition of a meme, then this 

study is a demonstration of memes selecting operant behavior. 

On the surface, this may seem to be an esoteric example; however, one 

needs to look no further than Wilson’s work for a discussion of the notion of 

control within information science.  Much of Wilson’s work was concerned with 

the notion of documents or information functioning as a consequence of 

information seeking.  Wilson (1978) presents knowledge as a consequence by 

way of his discussion of “costly ignorance” (61-68).  Wilson speaks of the results 



   48 

of “costly ignorance” and the variations of “costly ignorance” in terms of 

behavior change and change in habits.  Wilson’s (1996) later work on 

“information overload” is consistent with the view of information as a 

consequence. 
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CHAPTER 4 

A FUNCTIONAL ANALYSIS OF BELLOUR’S “SYSTEM OF A FRAGMENT” 

Hunting and Gathering on the Information Savanna (O’Connor, Copeland, 

& Kearns, 2003) contains case studies of the information seeking behavior of a 

navy submarine chaser, a bounty hunter, as well as an examination of the 

behavior of engineers.  The notable aspect of these case studies is that they 

represent the information seeking behavior of exceptional individuals.  

Exceptional cases such as those described in Hunting and Gathering on the 

Information Savanna may very well be lost in the statistical aggregation and 

methodological formalism found in most studies in information science (see 

Chapter 1 for a discussion of the topic).  These exceptional performances fall 

into the tails of the statistical distribution and would likely be explained away 

as variance or discarded all together.  Gilbert (1978) suggests that the key to 

improving performances lies within the tails of the statistical distribution – the 

exceptional performances and the spectacular failures.  The case study that 

follows is an examination of the behavior of an exceptional individual, film 

theorist, Raymond Bellour. 

 

A Vexing Problem 

In 1981, film theorist Bertrand Augst (1981) asked, “Why can’t we use a 

computer to measure and speak of filmic structure in the same way we can for 

verbal text?”  Augst’s comments arose after an exchange of comments on the 

difficulties for film studies that arise from the “literary metaphor.”  This is not 
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to say there is no discourse mechanism at work in films, only that attempts at 

one to one correspondence between the frame and the word or the shot and 

the sentence or similar impositions of the verbal form onto the image form 

failed.  Films, or moving image documents, are not textual documents.  Films 

do not have a rigidly defined grammatical structure.  Images are not words.  

Shots are not sentences (Pryluck, 1976).  Films are generally viewed at a set rate 

of presentation and linearity.  Augst and O’Connor (1999) state, 

Representation of film texts for scholars and students has been fraught 
with difficulties imposed by the very nature of the text.  The time-varying 
image track presented hurdles to close significant challenges to 
formulation of units of meaning and analysis.  The digital environment 
offers opportunities for addressing these problems (345). 

 
The technology used in the production and viewing of moving image 

documents has changed considerably since Augst posed his original question; 

however, there has been little change or advancement in film theory as a result 

of better and more efficient technology for interacting with the medium. 

 

The Structure of Moving Image Documents 

It has been common in both film description and film analysis to use the 

“shot” as the base or minimum unit. However, the difficulties of such use have 

proved to be numerous. There is no definition of shot that specifies a set of 

parameters for any particular attribute – no specific number of frames or type 

of content.  Bonitzer (1977) refers to definitions of “shot” as “endlessly 

bifurcated.”  Similarly, the terms Close Up (CU), Medium Shot (MS), and Long 

Shot (LS) are used in film production textbooks, film analyses, and even in the 
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Anglo American Cataloguing Rules (2002) – see especially, Rule 7.7B18 – for 

use by librarians to describe the relationship of the camera to the subject. 

Again, however, there is no specification of how much frame real estate is 

occupied by some object or portion of object in the frame constitutes a CU 

rather than MS, for example. For purposes of this study, the frame and 

measurable attributes of the frame are used to speak specifically about the 

signals and to avoid the difficulties presented by “endless bifurcation.” 

The signal or the information of a film is presented in small units, frames, 

that are in themselves self-contained signals. In many instances they are even 

used as messages. For example, an individual frame may become a movie 

poster; however, the film and other time varying signal sets such as music and 

dance are signal sets of their given sort precisely because of their temporality.  

We see or hear the signal set (document) as a set of changes over time. 

It could be said that one can stare at a painting or sculpture for a few 

seconds or an hour from differing viewpoints, thus making the viewing a time-

varying experience of the signal set. It could probably be argued that artists of 

various sorts construct signal sets that demand attention for a long time in 

order to see all the intended variations in the signal set. It can even be argued 

that the digital environment gives viewers reader-like control over temporality 

and depth of penetration into films. It remains the case, however, that the 

majority of filmic documents produced for commercial consumption assume 

playback of the signal set at a standard rate and linearity. 
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Much of what is taught in film schools and much of what has transpired 

in film analysis relates to variation in the temporal aspect of the film. Eisenstein 

(1969) and Vertov (1984) and some others spoke eloquently of time and its 

relation to structure.  Structural commentary from reviewers tends to be less 

precise.  For example, LaSalle (2005) describes The Legend of Zorro  as “130-

minute adventure movie that overstays its welcome by about 80 minutes” and 

Addiego (2005) describes Domino  as “[a] psychedelic action picture that 

hammers away at the audience with a barrage of editing tics and tricks.” 

In looking to previous work on the examination of the filmic message or 

signal set, Augst’s (1980) comment on “The System of a Fragment” speaks to 

the robust nature of Bellour’s analysis: 

It remains exemplary in the rigor and precision of the analysis performed 
and, to date, it is still the best example of what a genuine structural 
analysis of a filmic text could attempt to do. One must turn to Jakobson 
or Ruwet to find anything comparable in literary studies. 

 
A comment by Augst (1980) on Bellour’s response to criticism of his work as 

pseudo-scientific and not sufficiently in touch with aesthetic aspects of film 

analysis addressed the particular concerns with devising an accurate and 

transferable means of describing the signal set: “[criticisms] continue to be 

leveled at any procedure that in any way exposes the gratuitousness and 

arbitrariness of impressionistic criticism.” 

Bellour’s work elaborated on Metz’s semiotic notions of film (Chambers, 

2003), particularly the concept of syntagmas, by introducing levels of 

segmentation greater and lesser than Metz’s. This enabled structural analysis of 
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filmic signal sets of any length and, eventually, of any sort, not simply the set, 

say, of classic American Hollywood features. 

The digital environment enables an addressable analysis of the red, 

green, blue, and luminance components of any point in the frame, as well as 

comparisons of values at the same point or set of points across time. The 

mechanics of the practice of film analysis which once would have required 

enormous resources of time, funding, and technology are today essentially 

trivial. 

The technical ability to address and measure points within and across 

frames, however, does not address Augst’s earlier question; nor does it, in 

itself, provide a “genuine structural analysis of filmic texts.”  Techniques for 

analyzing the structure of moving image documents are well known and 

mature.  Dailianas, Allen, and England (1995) reviewed a number of techniques 

for the segmentation of video including techniques for measuring the absolute 

difference between successive frames, several histogram based methods, as 

well as the measurement of objects within frames.  These techniques proved to 

be robust when compared against human observers; however, all techniques 

were prone to false positives.  Dailianas, Allen, and England (1995) note that 

“[b]ecause all the methods studied here have high false-identification rates, they 

should be thought of as providing suggestions to human observers and not as 

an ultimate standard of performance (12).” 

Structure and function have a complementary, but independent 

relationship.  In order to advance the state of both structural and theoretical 
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analysis, the relationship between structure and function must be taken into 

account.  In other words, an analysis that takes both structure and function into 

account is greater than the sum of its parts.  Kearns and O’Connor (2004) 

provide a strong example of this approach in their demonstration of the 

relationship between the entropic structure of television programs and the 

preferences of a group of viewers.   

The approach taken here combines an algorithmic structural analysis of 

the Bodega Bay sequence of Hitchcock’s (1963) The Birds with the expert 

analysis of Bellour to form a heuristic for a robust means of analysis for film 

theorists and for indexing and retrieval.  Document description, identification 

of units of meaning, and identification of indexable units as are fundamental 

foci within information science, but have received only slight attention with 

regard to moving image documents.  

 

Functional Analysis of Bellour’s “System of a Fragment” 

The relationship between the physical structure of the Bodega Bay 

sequence of The Birds and Bellour’s description of the structure of the 

sequence is the primary concern of the functional analysis.  In other words, 

what physical attributes of the sequence prompted Bellour to make the 

statements he made about the film? 

Catania (1998) defines “a tact as a verbal response occasioned by a 

discriminative stimulus." A discriminative stimulus is a stimulus that occasions 

a particular response and is correlated with reinforcement.  In this particular 
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case, the tacts or verbal responses of interest are the statements about the 

Bodega Bay sequence made by Bellour (2000) in The Analysis of Film.  The 

discriminative stimuli are the physical dimensions of the film that prompted 

Bellour to make the statements he did in The Analysis of Film.  The 

reinforcement in this case is assumed on the grounds that The Analysis of Film 

is considered to be a seminal work in the film theory community and Bellour 

and others applied the same types of analysis to other films. 

 

Description of the Bodega Bay Sequence 

Bellour’s rigorous analysis of the Bodega Bay sequence of The Birds, “A 

System of a Fragment,” provided a record of his engagement with the signal set 

of a portion of the Hitchcock film.  The sequence is, on the face of it, rather 

simple.  A young woman, Melanie Daniels, sets out in a small motorboat with a 

pair of lovebirds in a cage.  She crosses Bodega Bay to leave the birds as a gift 

to catch the attention of a young man, Mitch Brenner.  She enters the Brenner’s 

house, leaves the birds, and returns to the boat.  She returns across the bay.  

Mitch spots Melanie crossing the bay.  Mitch drives around the bay to the pier 

where Melanie will be arriving. A sea gull strikes Melanie and cuts her head 

before she reaches the pier.  Mitch helps Melanie out of the boat and they walk 

toward a shot to tend to the wound. 

When Melanie is on the bay, Bellour points out, we are presented with a 

classic Hollywood form of alternation – we see on the screen Melanie looking, 

then that at which she looks, then Melanie again. This form continues until she 
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arrives at the house. While she is in the house we simply observe her behavior, 

except for a brief look out the window at the barn.  Bellour sees this scene in 

the house as a “hinge” in the design of the film. It disrupts the pattern of 

alternation, while it also takes Melanie off the water and brings her indoors.  

As Melanie returns to the boat, we see what looks rather like the 

beginning of her trip – she is getting into the boat and heading off. However, 

Mitch sees her; then, she and Mitch acknowledge one another. Bellour refers to 

the scene in the house (the hinge) and the double act of seeing as the “two 

centers” of the Bodega Bay sequence.  

As an integral component of his analytic method, Bellour includes 

photographic frames from the Bodega Bay sequence – key frames.  Ordinarily, 

these are the first frame of each shot in the sequence. However, this is not 

always the case.  The difficulties of defining “shots” seem to be manifested 

here.  We will discuss this point at greater length; for now, “shot” is ordinarily 

understood to be a mechanical unit – all the frames from camera original film 

(or a working copy) left in by an editor. Thus, all the beginning frames, where 

the camera comes up to speed, the director shouts: “Action,” and the miscues 

before useable footage is available are cut out. Then a set of frames – each a 

still image representing approximately 1/30th of a second – shows the portion 

of the action desired by the director. Then a cut – in film, an actual mechanical 

cut; in video, still a cessation of a particular stream of data – is made and 

another shot appended. The process is repeated until the end of the film. 
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Ordinarily, especially in older films, there is a close correlation between 

the mechanical cuts and the data within the shot. However, there is a problem 

here for the definition of shot – data may change even in one run of the camera 

or one stream of frames between cuts. The camera may remain still while 

various objects come and go in front of it; the camera may move and present 

different views of the same objects or even different objects; the camera may 

remain still, but have the length of its lens changed during a shot; or various 

combinations of these may take place. For the viewer, whether several objects 

or views are shown in different shots or one shot may be of little overt 

consequence. However, in attempting do critical analysis, one is faced with 

finding a unit of meaning or, at least, a unit of address and measure that 

provides precision of description.  

Bellour essentially acknowledges this problem in the final shot of the 

sequence. In order to follow his numbering scheme he must call the shot #84; 

however, there are at least five separate portions of the shot that require 

separate attention and there is no mechanical demarcation. So, he presents the 

reader with: 84a, 84b, 84c, 84d, 84e, 84f.  In our analysis, we operate at the 

level of the individual frame (29.97 frames per second in the system of digital 

video with which we worked.)  We refer to Bellour’s shot numbers and to his 

two primary divisions: “A” for Melanie’s trip across the bay, her time in the 

house, and her return to the boat; “B” for her return trip in the boat. 

According to Bellour’s analysis and textual description of the Bodega Bay 

sequence, the following elements should be present in the physical document: 
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key frames and key frame sets, alternation, and two centers – the “hinge” 

sequence and a second center.  Figure 19 presents the relationship between the 

physical document (The Birds), Bellour, the physical instantiation of Bellour’s 

verbal behavior controlled by the document environment, the verbal 

communities (reinforcing and punishing) that engage with Bellour’s record of 

behavior (The Analysis of Film), and subsequent behavior by Bellour with 

respect to other physical documents of similar sort (e.g. North by Northwest). 

The Tate Modern blurb represents those who regard Bellour as one of the 

“major figures working in or on film and video.  

 

Structural Analysis of the Bodega Bay Sequence 

There are several approaches that could be applied to the structural 

analysis of a moving image document.  Salt (2003) advocates an approach 

based on the notion of the “shot” and the statistical character and distribution 

of “shots” within a moving image document.  O’Connor (1991) and Kearns and 

O’Connor (2004) employed an information theoretic approach to the analysis of 

moving image documents.  O’Connor (1991) used a technique that measured 

the change of the size and position of objects, or more accurately, pixel 

clusters within a moving image document.  Dalianas, Allen and England (1995) 

reviewed a number of automated techniques for the automatic segmentation of 

moving image documents that included the analysis of raw image differences 

between frames, a number of histogram based techniques, and an edge 

detection based approach. 



   59 

In choosing a technique for structural analysis of a moving image 

document, the nature of the question one hopes to answer must be taken into 

account.  An Information Theoretic approach such as that taken by Kearns and 

O’Connor (2004) measures the structure of an entire film or message in 

Shannon’s (Shannon & Weaver, 1949) terms.  Bellour described the Bodega Bay 

sequence in fairly microscopic detail.  An Information Theoretic approach would 

not be granular enough to adequately match Bellour’s description of the 

sequence.  It should be noted that Kearns (2005) concept of “entropic bursts” 

might provide a finer grained Information Theoretic appropriate for the task at 

hand.  Salt’s (1992) statistical approach based on the analysis of shots is 

limited in a number of respects.  The previously discussed conceptual problems 

with the “shot” as a unit of analysis makes Salt’s approach untenable.  In 

addition, Salt’s analysis examines the statistical character and description of 

shots over the course of a complete film or collection of moving image 

documents.  Like the Information Theoretic approach, Salt’s approach is 

macroscopic.  Finally, the phenomena addressed by Salt’s methods are not 

congruent with elements of the moving image document that Bellour addresses 

in his analysis.  The segmentation techniques reviewed by Dalianas, Allen, and 

England (1995) provide the level of detail necessary for the detection of 

keyframes and framesets in Bellour’s analysis, however the techniques would 

not be appropriate for detecting alternation or detecting the centers within the 

sequence as identified by Bellour.  
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The ultimate goal in analyzing the structure of the Bodega Bay sequence 

was to find the elements of the physical structure of the moving image 

document that prompted Bellour to make the statements (tacts) he did about 

the film. To accomplish this task, it was necessary to look at the structure of 

the segment on at least two levels.  First, Bellour breaks the sequence into 

“shots” or frame sets and selects key frames.  This requires an examination of 

individual frames.  Second, Bellour describes alternation between the frame 

sets, the unique character of the “hinge,” the two centers, and the gull strike.  

These tacts are descriptions of the relationship between frame sets. 

One goal of this study was to find precise, repeatable, numeric and 

graphical representations of the signal that would enable discussion of filmic 

structure – the message, in the terms of Shannon and Weaver. A second goal 

was to find means by which we might discuss message structure, so that 

discussions of meaning would have a significant touchstone.  

In standard digital images each and every color is composed of a certain 

amount of red (R), a certain amount of green (G), and a certain amount of blue 

(B) – with black being the absence of any R, G, or B and with white being 

maximum of each. In the frame images we captured there is a possibility of 256 

shades of red, 256 shades of green, and 256 shades of blue, for a possible 

palette of over 16 million colors. Deriving a histogram of each of the RGB 

components or the aggregated values distributed across an X-axis of 255 

points (the zero origin being the 256th) yields a fingerprint – a color distribution 

map – of each frame. 
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It would seem obvious that within the large number of frames in a film 

(~30/sec) there is likely to be a little bit of variation in color distribution from 

frame to frame; however, this variation will be small in sequential frames 

depicting the same objects with the same composition and lighting, and the 

variation will be larger as the objects change or the composition changes or the 

lighting changes. For example, nearly all the frames of Melanie in the boat 

heading toward the house (Bellour’s shot #15 comprised of 140 frames or 

approximately 4.7 seconds of screen time) will have essentially the same color 

distribution. When the film data stream switches to that which is seen by 

Melanie (Brenner house for ~3.9 seconds) the color distribution is markedly 

different. 

Perhaps one of the most appealing aspects of mapping color distribution 

is that it is an entirely software-based process. There is no necessity for human 

intervention to determine and mark what is to be considered the “subject” or 

how many pixels (what percentage of the frame area) make up some viewer-

selected object. Not that these are not useful for some sorts of analysis, but 

using just the color palette enables an essentially “judgment-free” analytic 

process. 

In behavior analytic terms, the intent was to discern what segments of the 

filmic signal set could account for Bellour’s behavior of selecting certain frames 

as key frames, as well as the behaviors of relating certain groups of frames to 

other groups of frames. Reducing the analysis to a simple, unambiguous 

portion of the signal stream – the RGB component of the visual stream, without 
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the input of the audio track – simplified analysis and provided the opportunity 

to tease apart the contributions of the entire signal bundle. 

 

Method 

Structural Analysis 

The Bodega Bay sequence from The Birds was extracted and converted to 

AVI format from the 1986 video disc version of The Birds using Adobe® 

Premiere® (Adobe Systems, Inc., San Jose, CA, www.adobe.com) on a personal 

computer running Microsoft® Windows 2000® (Microsoft Corp., Redmond, WA, 

www.microsoft.com).  The resulting AVI file was segmented into a series of 

12,803 JPG image files using Apple QuickTime Pro® 7.03 (Apple Computer, 

Inc., Cupertino, CA, www.apple.com) at a rate of 29.97 frames per second.  RGB 

histograms were generated for each of the 12,803 frames using the Python 

Imaging Library© (Fredrick Lundh, Secret Labs AB, Linköping, Sweden, 

www.pythonware.com).   

A Lorenz transformation was then performed on each histogram.  The 

Gini coefficient was calculated to generate a scalar value representing the color 

distribution of each frame.  Differences in Gini coefficients between successive 

frames were calculated as a measure of change across frames.  

 

Codifying Bellour’s Analysis 

Bellour’s analysis does not include precise times or frame numbers to 

either select key frames or delineate frame sets; however, he includes 
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photographs of the key frames.  The frame numbers for Bellour’s key frames 

and frame set boundaries were selected using visual comparison between the 

photographs from Bellour’s article and the extracted frames.  Frame sets were 

composed of all the frames between successively identified key frames and 

tagged using Bellour’s numbering convention.  Bellour grouped framesets into 

higher-level groups.  The frame sets were arranged into higher-level groups 

using Bellour’s description. 

 

Results 

Due to the differences in precision between Bellour’s analysis and the 

structural analysis, visual inspection of the data provided the most appropriate 

option for analysis.  Bellour’s analysis began with shot number 3 of the 

segment and continued to shot 84.  Bellour includes two groups of shots that 

have little bearing on his analysis of the sequence, Melanie’s acquisition and 

boarding of the boat (3-12) and Melanie’s arrival at the dock following her trip 

and the gull strike (84a-84f).  These sets do not play into Bellour’s analysis and 

appear to function only to demarcate the segment within the larger document – 

the entire film of The Birds.   

 

Detection of Keyframes and Frame Sets 

Figure 21 shows the absolute value of the difference between the Gini 

value of a particular frame of the Bodega Bay sequence of The Birds and the 

previous frame.  The mean difference between frames for all frames in the 
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sequence is 0.003826, which is represented on the graph by the green (upper) 

horizontal line.   The mean difference between frames identified as key frames 

by Bellour was 0.075678.  The difference values fall into a bimodal distribution.  

The difference values of key frames and the proceeding frame were an order of 

magnitude higher than the difference values between frames that were not 

identified as keyframes.  

Figure 22 shows the Gini coefficients for each frame broken down into 

individual frame sets as identified by Bellour.  Within shots, the Gini coefficients 

remain stable for most shots and trend in a linear manner.  Notable exceptions 

to this pattern include the group of frame sets that make up Bellour’s “hinge” 

sequence (25-43); the gull strike (77); and Melanie’s arrival to the dock 

following the gull strike (84a-84f). 

 

Analysis of Frame Sets 

Figure 23 shows the Gini coefficients of each frame of the segment 

broken down by shot number, presenting the “flow” of the color distributions 

across the time of the film sequence.  Figure 24 shows some key elements of 

Bellour’s tacts mapped onto Figure 23. Once Melanie is actually underway on 

her trip to the Brenner house, we have almost uninterrupted alternation. We are 

presented with Melanie in the boat, then the Brenner house as she sees it – 

Bellour’s shots 15 through 22. Then we are presented with Melanie paddling 

the boat and seeing the dock – 23 – 24; then walking on the dock and seeing 

the barn – 25 – 31. That is, shots 15 through 31 present Melanie, what she 
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sees, Melanie, what she sees, and so on. The latter portion is more distinct in 

the graph, though the entire sequence of shots clearly shows alternation. 

The RGB graph does not necessarily indicate that there is alternation in 

the sense of Melanie/dock/Melanie/dock/Melanie; however, one would still be 

able to say that there is alternation of the RGB pallets, regardless of whether a 

human viewer would say that the same objects were in front of the lens.  Such 

an RGB alternation might have its own discursive power. 

Bellour’s “hinge” sequence runs from frame number 5219 to frame 

number 6447 – Bellour’s shot numbers 32 – 36 (A3). Bellour also refers to this 

sequence as the first of the “two centers.” It would make some sense, then, that 

it would be in the vicinity of the center and the final frame number 6447 is very 

near the center of 12,803 frames. More significant is the distribution of the Gini 

values – they are clustered more closely to the .5 line and they display much 

less variation than we see in most of the rest of the graph. Given the different 

form of the distributions on either side of the “first center” it is not untenable to 

assert the graphic appearance of a hinge. 

What is not so immediately evident graphically is the second center – that 

point in the sequence when Mitch sees Melanie – a second center in that it 

breaks up the rhyme of the trip out and the trip back for a second time. That is, 

Melanie has exited the house and heads back to the dock and the boat. It 

seems that after having been in the house – the first center – Melanie will 

simply head back; however, Mitch’s discovery of Melanie and the eventual 
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uniting of “hero and heroine for the first time in the ironic and ravishing 

complicity of an exchange (53)” interrupt the simplicity of the return.  

Bellour suggests that the second center “stands out less starkly;” 

however, it does stand out. Shot 43, whose large number of Gini values 

suggests both its length and the varying data set, is where Melanie moves along 

the dock and into the boat. Shots 44 and 45 begin the pattern of displacement 

along the Gini value that was typical in the earlier alternation, This alternation 

pattern develops strongly between 48 and 54 – alternating Gini values remain 

almost fixed in place along the Gini axis and they occupy a narrow band of the 

axis. At 55, the shot crosses the 0.5 boundary and the subsequent Gini values 

suggest alternation again, though of a more widely distributed sort. It is during 

this fragment that Melanie has watched Mitch, then, at 54 Mitch runs to the 

house and at 55 Melanie stands up and tries to start the motor. The second 

center displays a form of alternation, but this takes place in a manner that 

presents almost a mirror image of the alternation in the trip out – the 

alternation here “hanging below” the 0.5 line.  As the second center closes, the 

alternation repeats the pattern of the trip out – all the Gini values arcing above 

the 0.5 line. 

 

Discussion 

The order of magnitude difference between the mean differences for 

keyframes and non-keyframes presents a numerical representation of the 

keyframe tact.  Thus we have a precise, numerical way of speaking of the 
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keyframes identified by Bellour, as well as an automated way of detecting those 

frames.  

The clustering of Gini coefficients in the “on water” sequences with 

distinctly different and separated patterns presents a numerical representation 

of the alternation tact.  Melanie’s Brenner house sequence presents a distinctly 

different numerical and graphical representation, giving us the hinge tact. The 

numerical and graphical “bunching up” in the representation of Mitch’s 

discovery of Melanie and their double seeing alternation, presents us with the 

second center and a means for speaking precisely of the two-centers tact. 

Bellour does not speak to any significant degree about the gull strike on 

Melanie, though the strike is often mentioned in other discussions of the 

Bodega Bay sequence.  The entire strike is approximately one second of 

running time and may have been too microscopic for Bellour to address in his 

analysis. However, the numerical analysis and graphical presentation present a 

striking data set.  Almost every frame presents a Gini value significantly 

different from its predecessor. This is a very high entropy portion of the 

sequence –several rapid changes in the data stream in less than a second of 

running time is a very different pattern from that of any other portion of the 

film. One might suggest that digital frame-by-frame precision might have 

enabled Bellour to speak of this brief fragment. 

One portion of Bellour’s analysis that has not been addressed is his 

classification of shots as “Close Shot,” “Medium Shot,” or “Long Shot.” These 

terms are frequently used in production and have often been used for 
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subsequent description by theorists and catalogers. Unfortunately, these terms 

suffer from the same lack of precision that limits the utility of the term “shot.” 

There is no agreed upon definition of “close,” “medium,” or “long” in the context 

of film documents. In production, the terms refer to the distance (real or 

apparent) of the camera from the object(s) in front of the camera; however, 

there is no standard stating that a close shot must have the camera no more 

than x centimeters or contain no more than x percent of some object. The 

determination of close, medium, or long is dependent on external knowledge – 

that is input from some source other than the physically present film document, 

perhaps a film course or conversation with a director.  

Film criticism and analysis have so long depended on human engagement 

with the physical document that the distinctions between the data stream of the 

document and the contribution of the viewer’s prior knowledge of what is 

represented remain difficult to tease apart. Shots with roughly similar RGB 

patterns can be clustered; however, going from an MS of Melanie in the boat to 

an LS of the Brenner's house, while displaying an RGB change, does not show 

anything that would definitively indicate a change from a MS to a LS.  Within any 

one film or one director's body of work, one might be able to make some 

calculations that would describe/predict CS MS LS changes, but there is just 

nothing inherent solely in the data that makes that a widespread property.  This 

does not diminish either Bellour's analysis or the digital analysis - it simply 

speaks to the complexity of understanding filmic documents and even simply 

describing them accurately. Indeed, this demonstrates one of the initial 
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assertions: that the engineering of the message structure and the semantic 

meaning are separate, complementary notions. 

That said, the close correlation between the frame-to-frame analysis and 

Bellour’s writing suggests that the use of an expert analyst’s response to The 

Birds indeed demonstrates the validity of the functional ontology construction 

(FOC) approach to this problem. Perhaps one of the most significant 

consequences of the close correlation is the availability of a “vocabulary” for 

description and analysis. A fundamental problem with previous systems of 

analysis has been the reliance on words to describe visual, time-varying 

documents.  Setting about describing, analyzing, and indexing word-based 

documents with words is simple, though not necessarily easy or trivial.  One 

can extract words from a document; use some rule for selecting certain words; 

and then subject the document and the representative words to scrutiny.  If the 

supposed representative words do not occur frequently or at all in the 

document, no synonyms occur, and no words of some higher or lower lever of 

specificity occur, then we can easily say the words are not significantly 

representative. Since there is no one-to-one correspondence between words and 

images or parts of images; since there are no precise standardized terms for 

entropy values of production attributes of moving image documents (that is, 

“fast-paced” and “beautifully lighted” are not precisely defined); and since words 

are not native elements of the image track, there is no reliable way of speaking 

precisely of attributes and changes of attributes across frames. Being able to 

represent these attributes and time-varying states of the attributes at the pixel, 
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frame, frame set (“shot”), sequence, and document level with the same 

processes and terms should enable deeper and more fruitful analysis. 

At the same time, the same techniques provide means for discovering 

structural elements. It would be too facile to suggest that we now have a robust 

mechanism for automated description of filmic structure; however, we do at 

least have a robust automated means for mapping the structure. One could run 

any film through a frame by frame comparison of RGB and be able to state that 

certain portions remain stable for some time, then change; and at some points, 

rapid changes take place – the points of change, the points of discontinuity in 

the data stream, represent points where something different is happening. One 

function of such points of continuity might be as indexing points – pull out, for 

example, the 40 frames at which there is the greatest frame-to-frame change 

and have a rough “index” of the film. Find the one, two, or three most frequent 

RGB fingerprints and use representative frames with those values to present the 

“look” of the film. 

Perhaps even more intriguing, and a likely avenue of rewarding research 

would be the use of RGB fingerprints in classification. Do all of Hitchcock’s 

films, or at least those from a particular period, share the same fingerprint 

patterns?  If De Palma is the heir to Hitchcock, do his films actually bear a 

numerical similarity to Hitchcock’s films?  Do music videos and early Russian 

documentaries (e.g. Vertov’s (1929) Chelovek s kino-apparatom), films with 

very different structures from the classic Hollywood films studied by Bellour, 

yield useful numerical descriptions? 
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Of course, most moving image documents are made up of more than 

simply RGB data. Multiple sound tracks for voice, narration, sound effects, and 

music significantly increase the amount of data available for analysis; however, 

there is no reason that these time-varying data could not be described using a 

similar numerical and graphical technique. 

As demonstrated here, the data available for analysis is not limited to the 

signals available in the physically present document.  Bellour’s analysis of The 

Birds, in essence, becomes another signal or memetic attribute of the 

document.  Other critics who have commented on The Birds or viewer reactions 

to the piece could be analyzed in the same manner that was applied to Bellour’s 

work.  Every person who interacts with a document and commits some 

permanent behavioral product of that interaction contributes to the document’s 

signal set for subsequent uses. 

In some sense, this becomes a fundamental aspect of the setting for 

considering the relationship between the document/message structure and the 

semantic meaning. The additional signal, for example a review, can have a 

significant impact on whether a document is accessed and on how it is 

evaluated for fitness to a given information need. The document is not 

necessarily static with the same impact on any given user; rather, it is an 

evolutionary process.  The concept of document as evolutionary process 

receives more discussion in Wilson (1968). 

Bellour (2000) sought means to explore and represent moving image 

documents with the precision already applied to verbal documents at the micro 
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and macro levels.  He sought means to go beyond what Augst (1980) termed 

the “gratuitousness and arbitrariness of impressionistic criticism.”  The FOC 

approach offers the opportunity to do so; to enable speaking directly of the 

native elements (e.g. the RGB components and their changes across time); and, 

to paraphrase Godard, to confront vague ideas with precise images. 
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CHAPTER 5 

CODA 

This work opens with a discussion of the positivistic zeitgeist in 

information science and the problems inherent in such a view.  The functional 

ontology construction (FOC) approach was introduced as an alternative way of 

examining problems related to the relationship between documents and 

individuals by way of examining the relationship between behavior and the 

environment in which that behavior occurs.  A pair of case studies follows the 

introduction of the model.  The first is an example of behavior being selected 

by memes.  The second example was a reconstruction of the functional 

ontology of expert film analyst Raymond Bellour in hopes that a heuristic would 

emerge that could help advance the analysis of moving image documents. 

It is unfortunate that on must appear to attack existing positions within a 

discipline in order to establish a new or complementary approach to existent 

problems with in the field.  As mentioned in the first chapter, one of the 

problems with a positivistic approach to studying phenomena is what I call the 

“tyranny of the average.” In the pursuit of general phenomena, a deductive 

approach to a problem will minimize the importance of the cases that fall 

farthest from the mean.  Any given ontological system can be analyzed in terms 

of the nature of the phenomena and the scope of the phenomena studied.  

Figure 25 shows the relationship between the FOC approach and other models 

in information science that address similar phenomena. 
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Gilbert’s (1978) seminal work, Human Competence, describes the 

application of behavior analytic principles to problems in business and 

organizational settings.  Gilbert’s goals were pragmatic in nature.  Human 

Competence contained many strategies and tactics for improving performance.  

While Gilbert’s observations and formalized techniques are certainly applicable 

to the general class of knowledge problems, the key influence of Gilbert’s work 

is his recognition of the importance of exceptional performances and failures.  

Gilbert introduces a measurement of the potential for improved performance 

(PIP).  The PIP is the ratio of the current performance of an individual measured 

against the exceptional case.  A careful examination of the behavior and 

environmental context of that behavior, conceptualized here as the functional 

ontology, of both the exceptional cases and the comparison cases is the key to 

engineering performance improvement. 

Gilbert’s take on performance improvement is similar to Copeland’s 

(1997) call for an engineering approach to knowledge problems.  The FOC 

approach suggested in this work is an attempt to provide a strategy for 

examining knowledge problems for individual cases.  This gives us the tools to 

examine the exceptional successes and spectacular failures on the tails of the 

normal distribution.  From this we can engineer better systems and 

performances from the users of those systems. 

While the inductive, individualized approach advocated by the FOC 

strategy may be unusual to one trained in the classical social scientific 

methodology as is dominant in information science, the strategy is 
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complementary rather than oppositional.  Buckand and Liu (1995), Copeland 

(1997), O’Connor, Copeland, and Kearns (2003), Hjørland (1996), Wersig 

(1992), and Harris (1986) have commented on the shortcomings of the 

positivistic zeitgeist in information science.  The FOC approach used in 

conjunction with traditional techniques and methodology answers these 

criticisms and holds the potential for improving both research and practice in 

information science. 
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Figure 1. A standard deck of playing cards. 
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Figure 2.  O'Connor's knowledge state model. 
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Figure 3.  The foundational model from Hunting and Gathering on the 

Information Savanna. 
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Figure 4. The first permutation of the functional ontology construction 

approach. 
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Figure 5. The functional ontology construction model. 
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Figure 6. Example of the FOC model. 
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Figure 7. Skinner's model of biological, behavioral, and cultural systems. 
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Figure 8. Google™ search results for "Miserable Failure" from July, 24, 2004. 
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Figure 9. The keyboard used in the FR schedule experiment.  The black square 

delineates the keys used in the experiment. 
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Figure 10. Computer monitor with "START" button as seen by the experimental 

subjects prior to starting the experiment. 
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Figure 11. The 3x3 grid seen by subjects throughout the experiment.  The grid 

corresponds to the buttons on the numeric keypad. 
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Figure 12.  A button appears below the grid when the subjects meet the 

schedule contingency. 
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Figure 13. Changes in the grid as the result of the subject's key pressing 

behavior. 
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Figure 14. Schedule apparatus behavior chain. 
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Figure 15.  Keystrokes and entropy scores over time and session for subject AA-

Sp98. 
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Figure 16. Keystrokes and entropy scores over time and session for subject TW-

Su98. 
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Figure 17. Keystrokes and entropy scores over time and session for subject GS-

Sp98. 
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Figure 18. Daily celerations (scaled 70%) for subjects AA-Sp98, TW-Su98, and 

GS-Sp98. 
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Figure 19. Behavioral model of Bellour's engagement with the Bodega Bay 

sequence of The Birds. 
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Figure 20. A sample of data collected from the Bodega Bay sequence. 
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Figure 21. The absolute value of changes in RGB Gini over the course of the 

Bodega Bay sequence. 
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Figure 22. RGB Gini values by frame set. 
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Figure 23. RGB Gini values by frame set over the course of the Bodega Bay 

sequence. 

 



   99 

 

 

Figure 24. Some of Bellour's key tacts mapped onto Figure 23. 
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Figure 25. Ontological space for information science models concerned with the 

relationship between behavior and documents. 
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