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ABSTRACT

This paper posits Bertram Brookes® Fundamental Equation of Information
Science K(S) + Al = K[S + AS] as an expression of cognitive information
utifisation. It acknowledges Brockes as one of the founders of information
science, and presents the exploration of this equation as still one of the greatest
challenges for the discipline of information science, particularly in Hight of user-
centred developments in information retrieval, human-compuier interaction,
organisation of information, and product and service development. This paper
explores some of the conceptual issuves related to understanding cognitive
information utilisation in the framework of Brookes™ equation, and presents an
overview of one approach to operationalisation, based on a quasi-experimental
study of girls and their interaction with infermation about the drug heroirn.

BACKGOUND

In an examination of the foundations of information science, the late Laurence
Heilprin spoke of the 20th century as the “Age of Information”, an era charac-
terised by the exponential growth, organisation and global distribution of
information. He asserted that since the 1960°s the study of the channels of
information between people has become the focus of the development of
theories, generalizations and speculations that are the foundations of an infor-
mation science. In his analysis, Heilprin foreshadowed an “Age of the Mind™ as
a prohable successor 1o the “Age of Informarion”, an age of investigation of the
minds bounding the channels. He claimed that “all diseovery, investigation and
rechnological adaptation lakes place in those mental terminals, not in the
nonliving connecting channels” {1989, 346}, and saw the need for increasing
attention to be directed to understanding these "mental terminals™ ag a prefude
1o the effective organisstion and provision of information.
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INFORMATION UTILISATION

Tt is curiosity about this interaction of mind and information, about how
people do something with information to enable them to get on with their lives,
that is currently shaping information science. Two important developments
have contributed to this. The first is the shift in the last two decades from a
system-oriented paradigm to a user-oriented paradigm as a conceptual orienta-
tion of, and approach to research in information science (Dervin & Nilan 1986).
The secend is the emergence of a cognitive view in information science (Belkin
1996} where the primary theorefical object is structures of knowledge, or
models of the world, which conirol the perception and processing of external
information. While it is acknowledged that an increasing amount of user-
centred and cogrition-centred research is laking place in the field, much of this
focuses on macro-level interactions between generators, intermediaries and
users of information systems, a focus that Heilprin would identify as part of the
“Age of Information” rather than the “Age of the Mind”.

it is the intersection of these developments with the contribution made by
Bertram Brookes to the then emerging discipline of information science that is
the central concern of this paper. Today, with the perspective of two decades as
hindsight, Brookes is regarded as one of the founders of information science.
For some years he claimed:

“information Science operates busily on an ocean of commonsense practical
applications which increasingly involve the computer. ... Information science floats
in a philosophical limbo. It has no theoretical foundations”

({980, 125},

His writings sought to “find the grounds of information science” {1980,
126). Brookes recognised that the concepts of information and knowledge are
critical concepts in the discovrse of the cognitive viewpoint. He considered that
white the “practical” pursuit of information science is the collection and
organisation of "the exosomatic stores of knowledge which have an existence
independent of those who created them™, the “theoretical” pursuit of informa-
tion science is the cognitive interaction hetween the privale, inzccessibie
thoughts and mental images of people. each unique, and objective documented
ariefacts of knowiedge {1980, 1271

THE FUNDAMENTAL EQUATION OF INFORMATION SCIENCE

osited this interactive process of what people know, how what they

know changes, and the effect of these changes as an abstract “Fundamental

Eguation of Information Science™, most commonly expressed in his writings as
KIST+ Al= KIS + AS] (1980, 131y, This eguation, expressed in pseudo-maath-
1ggests that in the process of doing something with information,

oy

a person’s existing knowledge structure K{8] is changed by an increment of
information Al, and this modification has some effect, a changed knowledge
structure K[S + AS] where AS indicates the effect of the modification. Brookes
asserted that the change was not accretive but rather, some adjustment to the
structure.

Brookes appears (o use the term “effects” at two levels, First, in a general
sense there is an effect when people interact with information. Secondly and
more specifically, a changed knowledge structure K[S] is one effect, and AS is
another. At a concrete level, the evidence of cognitive information utilisation is
found in the component of the equation K|S + AS]. This part of the equation
identifies two potential sets of indicators: modifications to structures and the
effects of the modification. The use of the brackets | ] in the equation suggests
that the modification to structure and effects are not separate but interrelated
entities. He also claimed that the fundamental equation can also be considered
as a sequence. Bach successive information inputs 1), I, ... In in sequence
changes the person’s knowledge structure from (8), to {8}, from (8), to (§), and
50 on, corresponding to the successive inputs:

I +(8y, —> (58}
L+(SHt —>  (8)h

ln + (S}ul - {S)n
Overall sum of these sequences
2I+(8), —> (S), (Brookes, 1974, 148)

Brookes™ equation is a conceptualisation of the fundamental transformation
that characterises information and its effects in the mind. It is an expression of
what happens in the mind when people are exposed to information and do
something with this information. In this sense, the equation can be regarded as
an expression of cognitive information utilisation, While Brookes consistently
asserted that the inferpretation of the fundamental eqaation is the basis research
task of information science, he was aware of the difficulty of exploring these
knowledge structures because of their complexity, the difficulty of direct
ohservation and no agreed upon analytical techniques, and because thelr strue-
tural forms may be modified by input questions applied to them to establish their
form. He thus turned his interest to public or objective knowledge, claiming

“we do not need to peer into other people’s minds but only to study the interaction
between humans and their exosomatic stores of knowledge. ... The practical program
is to crganise mankind’s untidy inheritance of exosomatic knowledge for more
elfective social use”™

(1974, 149),
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To date, the challenge of exploring Brookes’ Fundamenta! Equation remains
an open one. Indeed, this gap is evident when the broader ficld of information
utilisation is examined.

INFORMATION UTILISATION AS A FIELD OF STUDY
While a substantial literature of this field has heen developed, there are major
gaps, particularly in relation to its cognitive dimensions. The study of informa-
tion utilisation has emerged from several different traditions, and at present, the
multiple theoretic perspectives, while contributing to the richness of the field,
have generated terminological inconsistency and confusion, diverse methodo-
logical approaches, conflicting findings and generalisations.

The question of what constitutes information utilisation has been one of the
most salientissues in the field. The studies are dispersed in the multidisciplinary
literature. and they are characterised by multiple, often ambiguous and not at all
comparable meanings attached to the term utilisation. Labels such as informa-
tion use, knowledge use, information utilisation, and knowledge utilisation are
employed interchangeably, with often little clarification of meaning. Inareview
of the tield, Karapin notes

“rutilization’ contains eight more letters and four more syllables than ‘use’, and
means almost exactly the same thing. {ts extra bulk may lend “utilization” a kind of
scientific authority. At any rate. most of the writers reviewed here use the longer
word, particularly those trying to develop a more precise, tecknical definition”
{(Karapmin in Heller 1986, 261 ).

At abroad level, information utilisation is primarily portrayed in two ways,
firstty as end-state, itself being seen as the problem, and secondly as an
interactive change process. These conceptions have generated and have been
reinforced by categorising indicators of information utilisation in terms of
instrumental, conceptual and symbolic. The context of these types is primarily
organisational; their information base is the findings of wide-ranging social
science research; and their focus is the adoption, implementation and institu-
tionalisation of this information in tangible, immediate and direct ways. Com-
paratively less attention has been given to developing an empirical base for
better understanding information utilisation as an inferactive change process,
particularly as it relates to individuals, and almost no attention has been given
to understanding the cognitive dimensions of this Inieractivity.

An important aspect of the information wtilisation lterature is the acknowl-
edgement of the role of a person’s model of the world in the relevance
assessment of information to be acted upon. This contribution is often expressed
in terms of frames of reference, defined as basic elements of a situation which
govern a person’s involvement in the situation enabling people to assess what

Sy
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the situation ought to be for them, to shape judgements and to determine when
aciion is acceptable and act accordingly. An extensive range of frames of
reference considered to contribute to information utilisation have been identi-
fied in the information utilisation and information seeking literature. These
include attitudes, values and norms; goals and commitments; dimensions of the
information concern; cognitive style; motivations, assumptions, conventions,
and premises; personalities and dispositions towards certain rules such as truth
wests and tests of relevance; situationality; qualities of information and charac-
teristics of sources of information such as credibility of source, authority, or
tradition; and relationship of information to established attitudes and situations.

Primary attention has been given to expioring external frames. The question
of how internal frames of reference such as existing knowledge, styles of
information processing and attitudes and values shape information utiiisati.on 1§
an open one. Conceptualising information utilisation as a type of organisational
change or end-state has tended to mask the complex cognitive exc‘hanges Ehat
oceur, and has limited explorations into the contexts of human information
processing and the cognitive and social processes that structure them, Wit?l a
transmission of information focus that assumes that information has an exist-
ence apart from human construction, people are aftributed a role as mere
receivers and reactors, rather than as initiators and manipulators of knowledge.
Indeed, informaton utilisation is seen as the problem, not as a process of
responding to another problem.

Rich (1991} acknowledges that there little attention has been given to the
cognitive interactions of people and information. While some of the empirical
in;estigestions regard information utilisation as a process rather than an end-
state, the primary purpose appears to be to observe behaviour, not 1o understand
H.

In summary, the current status of information utilisation research highlights
the following general propositions: '

{a} Information has the potential to make a difference. and that individuals
involved in utilising information would have acted differently or thought
differently in the absence of information;

{b) Information needs to be known in order to be utilised and this involves &
communication process;

(¢) information utilisation is interpretative, interpreted by varicus stakeholders
in terms of their own frames of reference;

{d) information utilisation is socially constrained by frames of references and
the situated realities they engender;

{e) information utilisation is systemic, rarely decomposable into discrete parts:

{E'} information utilisation is transactive, rather than exchanged or transmitted
in toto;
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{g} inf(?rmation utilisation involves cognitions and behaviours in relation to
taking in information that result in cognitive effects as preludes to resolution
of the information problem or need;

(h) %nf.ormali(}n does not always evoke a discernible response; simply making
information available is not sufficient to ensure its utilisation.

CONCEPTUAL ISSUES
In order to understand cognitive information in the framework of Brookes’
?undamcnta] Equation, it is necessary to understand the relationships between
information, knowledge, effects and action as Brookes saw them. Brookes’
Fundgmenta% Eguation raises a number of key questions that are essential to
examining cognitive information utilisation. They are indeed difficult questions
to answer:
= what 1s information?
+ what is knowledge?
* what is the relationship between information and knowledge?
*  what is a knowledge structure?
*  how is a knowledge structure represented?
* how can knowledge structures be measured?
* what is known about the relationship between information and knowledge

structures? )

» what are the effects of exposure to information?
* how does a knowledge structure change over different exposures?

Brookes spoke of the equation in terms of eguilibrium rather than equality:

“A knowledge structure must be regarded as a live infermation-seeking
(‘erz'npa‘rphotropéc’) entity striving always to modify itself to be in dynamic
equilibrium with the infermation it is receiving. Some of the incoming information
adds nothing new 1o what we already know; the corresponding parts of the structure
are strengthened but not consciously. Some of the infermation may be new and help
t{)- {eso]ve some anomaly or reduce some stress in the structure; such information is
of interest and we may become conscious of it”

{Brookes 1978, 22)

and claimed:
“crudely interpreted, it says that whatever ‘goes’ in depends on what is already

‘there’. The private world of subjective knowledge is literally merta- ical”
Sere ge : v meta-physical

INFORMATIGN UTILISATION

S WHAT IS INFORMATION AND KNOWLEDGE?
Brookes took a wide view of information. His notion was of a continuous
pectrum of information processes involving physical, biclogical and cognitive

“'w Allinformation which modifies aknowledge structure is the result of an information

process. The knower sees, hears, tastes, smells or feels something. Sometimes the
“information is consciousty sought, sometites information is imposed upon us, bt

any information we gain is the result of & process in which our neural system is

activated by some source outside our braint”

(1978, 21).

According to Brookes, all human communication processes rest on transmis-
sion of purely physical signals, patterns of sound or light or some other form of
electromagnetic transmission. He argued that the point at which people become
conscious of the incoming physical information, selection oceurs, and that in
this process of selection, the senses play an imporfant part. Within the person,
neural systems are activated by input enetgy, that is, physical information, and
the information signals are transmitted along its neural pathways. Brookes
equated this process with perception. The incoming stream or patierns are
detected by the sensory organs and are transduced into electrical signals which
pass from the sensory organs along neural pathways to the central nervous
system. This is the biological phase. These signals may or may not be transduced
once again into the signals that people recognise and interpret cognitively.
Cognition, according to Brookes, is the mental awareness of any signals
received and the resultant the subjective interpretation of these signals

Brookes regarded information and knowledge as the fundamental entities of
the cognitive world where knowledge is structured integrated information and
information is fragmented knowledge. He recognised two concepts of knowl-
edge: subjective, private, cognitive knowledge, and objective, public, social
knowledge. Subjective knowledge is the summative construction of cognitive
information, selectively absorbed and ordered. It is interpreted, organised, and
has patterns imposed on it. It is also a basis for creating objective knowledge
which is expressed in publicly observable ways and which may attract the
cognitive attention of other people.

One crucial difference according to Brookes between information and
knowledge is that knowledge is cognitively structured. Any bit of information
in a knowledge structure is related cognitively through the structure to all other
bits in the structure. These cognitive relationships are synthesised into a
structure which, in spatial terms, may have any number of dimensions (1978,
23
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In essence, Brookes saw a complementary relationship between information
and knowledge in the informatjon process continuum: “I regard knowledge as
astructure of concepts linked by their relations and information as a small part
of such a structure”; a “summation of many bits of information which have been
organised into some sort of coherent entity” (1974, 48). Since information is a
small bit of knowledge, and therefore is the same kind of thing as knowledge,
in the equation K(S) + Al = K[S + AS] he used Alinstead of AK because the same
information might have different effects on different structures.

WHAT IS A KNOWLEDGE STRUCTURE?

Brookes characterised knowledge as a structure of concepts linked by their
relations. He saw their role as subjectively interpreting sense data from outside
world and transforming it into information, and then transforming knowledge
structures (1980, 131). Brookes identified two types of knowledge structures,
consistent with his notions of objective and subjective knowledge. These are
objective maps of the exosomatic stores of knowledge, and cognitive maps.
Brookes did not elaborate on what the dimensions of a private knowledge
structure might be, except to say that it is a n-dimensional structure composed
of concepts and their interrelationships. He speculated that when people com-
municate, the refevant parts of the knowledge structure are expressed in words
and the n-dimensions are squeezed into a linear verbal stream. Linear processes
such as sound waves transmit these words. Within the physical channels the
information transmissions have no cognitive structure. But as the transmissions
reach the mind of arother, the stream of physical information filters through that
person’s n-dimensional knowledge structure and, in a successtul communica-
tion, modifies that structure as the bits find their proper place (1973, 22-23).
This is the essence of his fundamental equation.

Itis against this background that the following methodology is presented to
investigate cognitive information utilisation in the framework of Brookes’
Fundamental Equation. Brookes acknowledged that 1o test these speculations
about the development of private knowledge structures in any direct empirical
way would be very difficult;

“1 cannot believe that it would be possibie to make intrusive observations inside
other minds without sericusly affecting the phenomena we hope to ohserve. Nor can
we rely on introspection. .. So the direct mnvestigation of subjective knowledge
structures does not look any more promising now than it has done for many
centuries” (1978, 32-23), *Research in this problem has aiready attracted so many
lines of research - in psychology, neuro-physiolegy, robotics, and so on - that 1 deubt
whether information science could find a foot-held or that it could offer anything if
it did”

{Brockes 1980, 49}

INFORMATION UTILISATION

AIMS OF THE STUBY

??e specific focus of this study is on the cognitive effects of exposures 1’0

“information and how these effects are manifested in changes to a person’s

Uepowledge structure, In the context of Brookes™ Fundamental Equation, the
! ge

~gtudy sought to: ‘ ‘
‘fz) establish the processes of change operating on knowledge structures;

(i) establish the perceived effects of exposure to ir}%'crmailtan; ,
Ec‘; estabiish how the perceived effects are manifested in changes to a person’s

knowiedge structure; and ’ ) -
{d) examine patterns within and between respondents in relation to changes in
' knowledge structures and perceived effects

RESPONDENTS ‘
The data for this study was obtained from four girls in th‘ejr final year of hx.gh
school at a Catholic coliege in Sydney. All girls were ﬂorr.lmallly Catholic. A kcv
criteria in the selection of the girls was their ﬂuency‘m wrilten anq spoken
English. Consequently, the girls were selected on the basls of having a high level
of I‘%ngiish fluency in both written and oral communication.

DESIGN
Brookes regarded his equation only as a skeleton, aﬂd- ﬁs‘] smtipg thm 1%1&
interpretation of the equation is the basic research task of mf(}rn‘%a{mtf SrL,tfiI‘l‘Lc;
he saw the major task of information science was 1.9 elaborate this t‘}y andlyslr;%
examples ol knowledge structures and by obgc_rvmg how they respond to the
received information. In doing so, Brookes claimed that

“it would be necessary 1o be able to deseribe, in suitable tcr.ms.ané mth Si}.]tﬁlblc
precision, the state of knowledge (Syo of the reader at the beginning of h;;s reac m:_h
Any such reader will already have a complex k@wledge struct}zrs,‘(}omp m enoug
to make us consider whether we could not hegin at some carlier, simpler state

{Brookes 1974, 148).
Brookes also recognised the need for the investigation of:

“experimenial or observational knowledge structures and mfnrmaiitm:zrz};iu}st.fv\h’:
then have to observe what happens, measuring the effects as well as possible, 4 firs
in simple cases and then in more complex cases as we develop skill on our technique
and confidence in our theories”

{Brookes 1974, 48-49}

A quasi-experimental approach was employed where ;hc gffec@ of the
manipulated variable, exposure to pre-determined amounts of information, was
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assessed by tooking at changes in the girls knowledge structures established
prior to and after the information exposure. While Brookes suggested an
experimental approach, experiments are relatively uncommon in the informa-
tion utilisation literature, and in the broader area of information seeking
behaviour. In the main, the classic faboratory approach has not been seen as
appropriate for the study of conceptual utilisation or utilisation for enlighten-
ment.

The design was an Experimenta) Repeated A - B design, where the A phase
involved measures of existing knowledge structures and the B phase involved
the information exposure being introduced and changes (or not} in knowledge
structures noted. This A - B pattern was repeated three times, with no variation
of treatment procedure. An integral part of the process were interviews probing
the effects of the exposures,

RESEARCH ENVIRONMENT
The research investigation was placed within the context of the established
school curriculum in NSW, Australia. The spectic topic of the research was
imformation related to the drug heroin, an important life concern of adolescents
{Edwards and Poston-Anderson 1994). The focus problem was a hypothetical
research task in which the girls would normally actively seek out information to
develop their responses to the task:

¥our local couneil is concerned about the increase in drug usage in the area, and has
approached high schools to participate in a public forum. The public forum will
focus on factors associated with harm Jrom drug use, and consequences of hareful
drug use on ihe individual, and making health-related decisions. You have been
selected by your school to present a talk, accompanied by a written guide, at the
Jorum that specifically deals with heroin. Your topic will focus on nature and
incidence of the drug, implications for the individual, and implicationy for the
COMMUNITY.

PROCEDURE
Information
In Brookes® equation, Al refers to an increment of information, or information
input that has been selected from information available in the physical world
such as in documents, or selected by observation through the senses. It is the
information received, selected from the “totality of physical information”, and
then is transduced into private thoughts. For the purposes of this study, the
“totality ol physical information” was operationalised as a print-based docu-
ment.
Exposure to information was manipulated in terms of pre-determined amounts
of different, publicly available information presented to the girls at predeter-
mined stages during the research process. “Exposure” was defined as purposeful

INFORMATION UTILISATION

igeration of information, as contrasted with rejection of information with-

..gaég: scurces: (a) Liz Byrski. Pills, potions, peo;}_le: understan;ling [%lf;‘, f‘h‘ug
: .i;i%_%@m. Blackburn, Victoria: Dove Communications, 1986; (b} Hejz'onf. )de-
sressant. Sydney: CEIDA, 1989; and (c) Drugs an@ the law.»S?fdm-:‘y.vC_I‘ZE; A
590, The sequence of cxposures was: (a] nature f’{ d;’gg her().m.‘ 'w.hat %t‘ls, GW
derived, and use throughout history; (b) imphcauog:s for the mfhwdual. cffu',ts
" oiheroin use; and (¢) implications for the community: emphasis on community
conirol, approaches to treatment, and recovery.

KNOWLEDGE STRUCTURES

fedgements about changes in knowledge szfuc'turcs‘ are b.as‘.cdv‘von
q}gzc;aiionalisations of knowledge structures. The question of (}p{&{&t;(}(njﬁ;sﬁmg
knowledge structures is a complex and vexed one, ‘ané many appr(.)aa es uf
representation have been developed across many dlsgp]mes. Cenu.al to th.b
z’};;smiianalisation are (wo procedural questions: how is knowledge acquired,
and, how is this is this knowledge then presented as a structure. )
o A number of key assumptions underpinning knowledge representation are
. embedded in this research: T
{a) human knowing can be adequately modelled by rcpresentatg:wnal wsaams
(5yhumans handle complexity by finding patterns and grouping things nto

-ategories and units; .
e’c};ﬁ:i(l};]jge about a single state or event is organised together in one
. fum‘:{iangl unit, thai is, an associative nature of knowledge as knowledge

“units” or “packages”; and _
{d}i:ii:r:ﬁa{i{mpknoxjn for one unit can be applied to other units, and that

inconsistent knowledge can exist.

The literature presents inconsistent advice about approaches to .knf')wieé‘ge
elicitation and acguisition, acknowledging irzco.mpl.et\e thcegy ar?d ilmx’@nfg;p—
ertoire of approaches. A number of ways in which information 1s acf;uz.rt)l ({;r
knowledge representation purposes are commm?ly presented. Ti.“les.e 1{1{31 ‘L,
interviews, familiar-task methods, imited information tasks, constrained PF (}.L-es;.s-
ing tasks, and tough-cases methods, Tweo appsjoachcs were chogcn to eficit the
knowledge of the girls about the drug heroin. These were: trccvgmaratmn
written dhésco&rse, and guestion answering protocols through a sem;-~st.ruct.uged
interview. These approaches are a popular method for exposing and analysing
the content of a person’s knowledge {Graesser & CIaﬁ(‘ [985). o

The first step in uncovering and exploring content 0! a knowledge basa was
the free generation phase for content extraction. In this 91}&5}3. t‘he girls were
asked m:zv'rite down what ever they knew about the drug heroin, in the context
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of the hypothetical task provided, with minimum of instructions or rules for
writing. In the second stage of the knowledge acquisition process, they an-
swered a set of questions based on the individual written responses in the free
generation stage. This was undertaken in a semi-structured interview, with
questions such as: why did X occur? how did X occur? When did X occur? What
enabled X to occur? What are the consequences of X occurring? What is the
stgnificance of X occurring?

FRAMEWORKS FOR KNOWLEDGE REPRESENTATION

The question of how a person’s knowledge structure is represented is critical to
resolving how knowledge structures will be measured in this research. A
considerable amount has aiready been written in many disciplines about know/-
edge structures, with many names given to them: semantic networks, frames,
scripts, schemata, plans, productions, themes, memery organisation packages,
thematic abstraction units, mental models, cognitive models, and cognitive
structures. Yet the field is far from being setiled on a general theory of
representation.

Information science, linguistics, education, and artificial intelligence have
contributed a substantial theoretic input to the knowledge representation field.
Information science has developed many general approaches fo representing
knowledge, particularly classification schemes. Such schemes arc used to
describe collections in information agencies rather than an individual’s struc-
ture of knowledge, and terd to present knowledge as isolated descriptors of
document aboutness with relations not particularised and remaining implicit.
Farradane’s contribution ia terms of relational indexing (1930) has made an
important contribution to knowledge representation. Farradane based his ap-
proach on the notion that any analysis of information for storage and effective
retrieval must be in terms of the concepts and relations between them. He
developed a taxonomy of caiegories and explicit relations which permitted full
representation of any type of complex subject, and enabled subtieties of
meaning to be exhibited reproducibly. However, it is not simple to apply. and its
application seems to be limited to deseribing multiconcept subjects, rather than
propositions.

A number of notations and mapping schemas have been developed in the ares
of artificial intelligence and education, with considerable input by Quillian
{Rumelhart 1984). Most other formalisms/notations are considered as variants
and extensions of Quillian’s basic format. The approach selected for this study
to represent a person’s structure of knowledge was based on Graesser and Clark
{1985). In their rescarch the structure of knowledge is operationalised as a
Conceptual Graph Structure, a graphical representation consisting of self-
contained units called statement nodes, which are interrelated by a network of
arcs, thereby enabling both the basic ideas units within a knowledge structure

INFORMATION UTILISATION

“tes be 1solated, and interrelated, therehy generating an interrelated set of nodes

snd relations to form a conceptual graph structure. .

An important decision at the outset of constructng the concepiual gr{aph
erructures was the nature of the unit of knowledge: the form of the gontem 01.L the
sode, This was a decision about the extent of breaking down the ideas derived
from the acquisition approaches into generic units, so thgt ﬂae‘s{n{cture could bg
constructed. For the purposes of this research, the basic u‘mt of a node was a
description that is similar to a proposition, in a cohsrent form, anfl gqural_l?z
expressed as a seatence. Propositional rep‘resematmns as the basic Li\mi of a
knowledge structure are prominent i the literature, and many of the e,.oml?rem
hensive theories of knowledge representation use propositions Fo represent
nowledge. This study thus assumed that the surface structure of know@dge
fci}resen:ation is a set of propositions that are ordered and related by various
relations integrated as a meaningful whole. .

The decision was made to retain the propositions as expre_sscd in the gaiurai
ianguage of the girls. Most representational sygtems recognise th‘ai the incon-
sistencies of language present formidable barriers to understgndmg meaning,
and present alinguistic formalisms as the unit of structure. In this study. meafn,n%
ner se was not the focus, and it was felt that it was not necessary to transl.at.c
aatural expressions into an alinguistic form of propositional logic. All emp-
cally extracted propositions through written and verbal responses were then
translated into conceptual graph structures which were gssumed to represent the
true knowledge structures under consideration. While 1t may not have ca-gtu‘red
al1 the knowledge that the girls had about some topic, it did capture a s'ufficwnt
amount ofkm}\;]edge for considering how knowledge s{ructurles‘pﬁm(:igate and
interact in the information process, and what the impact of this interaction was
in terms of cognitive information utilisation.

Figure | shows a simple conceptual graph structure:
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FIGURE 1
Conceptual graph structure
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- , STEPS IN THE DATA COLLECTION PROCEDURE
e equation and its sequence suggested the followin {
the eq n s . g procedure f :
{u))%!utlon which was employed throughout this study: ’ o dare
a) acquire and map hase line krnowledge structure (8 3
. o Df -8 05y g - ~
{b} exposure ro Information I o efrespondents
{¢) acquire and map base knowledge structure (S)
(d.} exposure to Information [, ]
({-%) acquire and map base knowledge structure (S),
(f} exposure to information I, i
(g) acguire and map base %(n(iwicdgc structure (S).
{h) debriefing and discussion ’

- DATA ANALYSIS

Phe data analysis consisted of three phases. Phase I focused on identifyi
chfmgc-s to knowledge structures. Phase 2 focused on establishing the perc 5”“5
cfffxrtg AS. Phase 3 focused on establishing how the perceivc:i ef'{'gct.x‘ U'Vf*
manifested in changes to the girls knowledge structures, e

INFORMATION UTILISATION

The approach taken to identifying and conceptualising the change processes
srating on knowledge structures was deduced from the actual structures
senerated through the graphing procedures. A change in structure was defined
%a alteration to the initial structure. Data analysis was undertaken employing

“the-following steps:

fdentify and isolate propositions. As a result, Jarge macrostructures were

" generated to represent the declarative knowledge of each girl.

Zgrablish working substructures. Given the large size of these structures,
with each containing more than 150 nodes and relations, they were broken
down into 3 smaller structures based on the organising concepts embedded
in the hypothetical task.

Systematic comparison of structures. This was to isolate ail instances of
changes in structure based on the organising concepts, and to derive generic
change processes.

4. Document all instances of changes to structure.

To operationalise the perceived effects AS, an analytical framework was

deduced {rom an extensive range of indicators (some 150) of the effects of the

exposure to information on their knowledge base as evidence of information

wtilisation. These indicators were derived from written and verbal responses and

the debriefing session. Particularly in the question answering sessions, the girls

were encouraged to talk in conversational style, and to make comment as they

wished, thus supplying a rich collection of effects indicators. The following

steps were undertaken 1o organise and interpret these indicators:

1. examination of transcripts to isolate and extract the indicators of the effects
of doing something with the information.

. formal clustering of indicators to conceptualise similar patterns or character-
istics using “‘constant comparative method” (Glaser 1978)

3. plausibility testing and comparison, so as to test the adequacy and complete-
ness of the consiructs embracing all the indicators,

4. generating appropriate metaphaors for the constructs that give meaning to the

particulars and provide a richer basis for exploring theoretical possibilities.

The analytical procedure for establishing how the perceived effects of the
exposure to information were manifested in changes to a person’s knowledge
structure involved:

1. identifying the content areas tnked o each specific indicator of an effect.

2. isolating the conceptual graph structures for these content areas at each of the
stages of the exposure, resulting in & sequence of concepiual graph struc-
tures. Extensive analyses were then compited.
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PERCEIVED EFFECTS: INFORMATION UTILISATION

This section will briefly document some of the findings of this study. In the
initial comparison of pre- and post-exposure knowledge structures, three ge-
neric change processes were established: appending, where a new node or
structure of nodes and relations is attached to an existing node in the structure:
inserting, when a new node is adjoined in between two nodes in the structure;
and deleting, when there is the removal of a node in the structure. These change
processes represent the cognitive mechanisms for making alterations to knowl-
edge structures,

The study identified five types of cognitive information utilisation, These
were:

Get a complete picture;

Get a clearer picture;

Get a changed picture;

Get a verified picture; and

Get a position in a picture.

This paper will briefly discuss one major effect, that of “Get a clearer
picture”. Get a clearer picture happens when new information enables people to
see existing ideas and their relationships with greater understanding and clarity.
The new information sheds more lght on ideas and their relations so that ideas
are seen more clearly. Get a clearer picture is often enabled by the sorting out
and organising {sequencing} of ideas more meaningfully, or through the resolu-
tion of confusions and indistinctions, thereby providing clarification.

The written and verbal responses, and the debriefing session provided a
substantial number of indicators of this perceived effect. Some of the indicators
included:

“it explains things”

“it helps to clarify things 1 didn’t understand before”

“I could sort out my fuzzy ideas”

“elaborates an idea. For example, explaining why the criminal network in

Australia grew”

“Irealise that I was confused before when | got all the effects mixed up. |

could group my ideas better. It made sense”

“youcan explain things, you can give reasons like why the community reject

addicts”

The study showed that all the girls interacted with the information provided
in the information exposures in order to get a clearer picture. There was
considerable variation in the total number of indicators of gelting a clearer

INFORMATION UTILISATION

g,m, provided by each girl, as well as some Yariation‘ in ti;esnu;:ii!::;
indicators of the perceived effect from each of the different bx'p;o‘b{ E .{ " ;:;eamr
snears 1o be the predominant change process to_ enable ic g;r sv 0 ges cleare
"iLh}?L although there is a substantial numlr?er of appendings. In some ins s,
Cepending is a necess: tude to inserting.

: gw;Ef:?fr::ti:e;z;ﬁ? epr;irge-d in the character of the chang;d knowledge
wing:m as a result of the insertings z‘mci ugpen_dix.l‘gs. ”I‘nsgri;?g; i;a, iiif
consistently to tell “how” or “why™ a relationship cxss.ts.jnsertrziig)s a 1;dnp;mcm
. They add greater clarification and understanding through exp .

o : . - . . 3 inserted.
“How” explanations result in cause-oriented substructures being Insert
ee end i ] snce of intermediate events or
These substructures tend to present a linear sequence of mtcrmtidmt:,_ wcmwh
J 31 ah b & © ey i T} I . PTRRETS T4 2 TR LY 'Xp analions "
ink “results in”, “enables™ or “leads to”. “Why" e :
siates linked by “results in”, Te les™ S planations resu
in vogl-oriented substructures being inserted. These sequences :h(i desired
5t ;};;‘» or events. and reasons for them. Appendings appear to :-:erv;(E wr)c Sigi;:m G.f
1 rel i i irs se 1% Lo add precis
in relatic 3 clearer picture. The first purpose s
in relation to getting a clearer p e pose is. | precision o
detail. Clarity of thought comes with precision and specificity of ;dug; tk};h' giS
& .4 + = ) > » ) ) ‘. S :
building up set membership details or specific property/atiribute detas 3 s
zitding up ¢ ‘ fe) details, [his s
the most predeminant outcome of appending. Consequently, dpp;; b
stryctures tend to be set membership or property SubSLrB{,tléljes. ;{;mmm
. i i appending substructure
1 TR ride lanation by teiling “how™. The app r
purpose is to provide exp y telly © app suostruet
‘s 2 cause-oriented substructure, providing a sequence of intermediate
: SOnse c¢ relations.
and states and consequence relati ‘ B D
The following example in Figure 2 illustrates changes to one girf]‘ shixn{? f
g 1 T c 1% e girl’s
edee structure in order 1o get a clearer picture. The example ;: pfirt 01 t ;mi}t >
Foh -~ .. T P Y ihe deve {}P o -
( o R o n of heroin, and focuses on the
sirycture on the nature and origl . : o the ¢ opn o
the crimi qmueeling network in Australia. The inserting takes place
e o o 1 k established” and “dealers try
i sitions “criminal network was establis rs try
petween the propositions “erim ’ | and ceaers
. FThe inst sequence es an explanation of how,
and s s " The inserted sequence provides an e |
and smuggle the drug”. The insc ' : plar "
;vhy an{iigfnhcn the criminal network was established in Australia. Ilhpr(?vxjtv]
; ] " ISIIE svidlenc 1i1a
both background and argument, with some factual evidence f(;r the 1;1 t};c
) : . Mo P N 3 ' (e) N
proposition, with “dealers try and smuggle the drug” as the conciusion
d - s S

argument,
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FIGURE 2 . ;

Get a c]cjri:f picture ' o _ _CON{«?USIGN ’ _ '
Tp the layperson, this investigation might seem as an exploration of what is
siready common sense. Intuitively it is accepted that information makes a
“erence to what people know; that it has some effect. This idea underpins

cvery aspect of information provision. Itis the very reason for the multitude of
information agencies; it is at the heart of every educational system around the
world. At a broad level, this study makes a contribution to understanding the
cognitive processes and cognitive effects of exposure to information at a more
absiract level, and from the perspective of the individual. In the context of the
purposes of this specific paper to explore methodological aspects, the study
does present a workable methodology for observing human information proc-

users hove to
get it

through the

black market

crimminal
network was
established

drug users
mke contact
with dealers

heretn can be

purchased for
a lot of

money

dealers try
and smuggle
the drug

this
poses #
proglem

because they smuggle

A it from
it is o by pecple . . .
itlegal ﬁf‘igin}cﬁ; who are csses by measuring information and knowledge in human terms. Modelling of
addicted

such information processes and the effects of information exposure is seen as
critical to making the design and development of information systems more
responsive to people. This study is seen to contribute to the development of a
research technique from the perspective of information science for the represen-
tation of knowledge structures and for examining how these knowledge struc-
sures change with exposures to information. The methodology employed in this
study was shown to be workable, While it was time consumting, with an intensive
iime commitment of up to five hours per girl, it was successful in obtaining rich

drug
dealers ars
people with
mongy

users haye to crimpinal b the crimming
get it retwork was network was arrived in data to enable confident analysis, While its experimental nature and external
through the estabiished © established by Austral ja o ae g . N ) - .
vatidity limitations are acknowledged, the further development and testing of

black market the Vietnom Wat

such a tool should enable rescarchers Lo empirically develop this important
{ield.

I nore
drags were

dealers try 1 crimmingl

this and smugale network we 1 the Lobrought in
poses u the drug established probiem of -
problem because it was addiction 1 heroin
itlegal increcsed was cheop
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