EXPRESSION S OF TIME IN INFORMATION SCIENCE

AND THEIR IMPLICATIONS: AN OVERVIEW

1 INTRODUCTION
1 Definition

Commupication, - Charles Cooley defines com-
munication as ... the mechaniam through which all
human relations exist and develop -- all the symbols
of the mind together with the means of conveying
through space and preserving them io time..."[1].
George Lundberg conaiders communication as a sub-
category of interaction, namely the {orm of inter-
action using symbols -- gesture, picture, plastic or
verbal or any other which would aerve as stimuli to
behaviour [2]. These deflinitions emphasise the
soclal functlon of communication and hence perti-
nent to this essay.

Informatiop. - In a general sense it is that con-
tent (mesnage) which is exchanged when an organiem
reacts with and adjusts to ita eavironment, and as
the environment, in turn, is changed by the reaction
of the organism. The emphasia in this easay will
be on human reaction.

Society, - In general “society is a system of
usages and procadures, of authority and mutual aid,
of many groupings and divisions of controls of human
behaviour and of lihertiea, It ia the web of soclal
relationshipa and is alwaya changing" [3].

Time, - Time is a baaic concept associated
with everyday experience. Generally we speak of it
in terms of when an event occurred or would occur
or how long it takes. We alao measure it in terms
of, for example, the position of the hands of a
clock, readings in a calendar, etc. Ackoff's func-
tional definition of time as a "property of everts that
is eufflcient to enable an individual to individuate
any two changes fm the same property of the same
individual” [4]), is belpful.

Based on a paper presented al the symposium
on Time and the Sciences, London, 4-6 February
1976, ovganized by Unesco’s Division of Philosophy
and the Internalional Union of the History and Philo-
sophy of Science.
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Human perception of change and of temporal
succession of events involves acts of mental organi-
zation. Our awareness of the sequence of events
depends on the sense with which we perceive them.
Therefore, time is not 2 eimple sensation but de -
penda on processes of mental organization uniting
thought and action. The mechanism of memory is
one of the unsolved problems of the science of time
[4a). Memory is an important subject of study in
psychology. and the atudy of the attributes of memory
(human memory, and its simulation is a2 major sub-
ject of interest to information science in bullding up
its foundations.

2 Information Science

Information science covers studies on the
theoretical and practical aspects of the following:

-- generation and growth of information in
different environmaents.

-- collection, storage, organization, and pro-
cessing of information to (acilitate access
to and use of, information.

-- dissemination, diffusion and tranafer of in-
formatlon in diffcrent user environmenta.

-- use, abuse, and impact of information indi-
viduals and communities in different con-
texts,

-- design, development, and management of
information systems and services, manual
and machine-based.

-- social, economic, political, and legal fea-
tures of {nformation and information sya-
tema.

- - education and research in information.

In such studies information science has necessarily
to draw upon a whole spectrum of other disciplines.
For example:



-- mathematizal and other methodological aci-
cnces in fo ‘rhulating models, equations,
atatisticanl iptices, ote., of growth, diffu-
sion, *ransfer, and organization of infor-
mation.

-- phvsical scierces, in considering anslogues
of the phenomena of movement and diffu-
sion, struclure, communication, and en-
tropy in the information field.

-- blologival sciences, in considering analo-
gues of growth and ageing phenomena of
in‘ormation; genetic epitemology, modes of
knowledge and diacipline formation; neuro-
physioclogical and biocybernetic aspects of
information proceasing and flow.

-- linguistic aciences, in expressing, struc-
turing, coding, and communication of {deas
and nfarmation.

-- behaviourai eciences, ir the study of human
behaviour in the generation, search, acqui-
sition and use of information.

-- macial sciances, in the study of the soclo-
logy of information production and diastri-
bution, the economics of information, the
socio-political, legal, cultur: and manage-
ment aspects of information availability and
utilization.

In a consideration of the expressions of time
patameter in information science studies, three
iactors appear to be interesting:

-- tke gqualitative and quantitative expressions
of time in the information field basad on
analoyucs and models largely borrowed from
other disciplines.

-- Time as a unifying and correlating concept
among a variety of disciplines including
information science.

-- changing patterns and develooments in the
informatien field which have a tim- para-
meter implicity or expiiciliy associated
with them, and their implications to and
ir~pact on inc¢iv:2ual and group Leheviour.

I HIME-BINDING AND COMMUNICATION
1 Social Function of Communication

The social function of communication implied
in Cooley's definition (vide I, 1} 1s the cnsuring of
continuity in society through acceas to the experi-
encea and ideas of the past expressed in symbols
for transmission across space and through time.
This is the “time -binding" function of social com-
munication. In the 1920a, Alfred Korzybeki (5], the
founder of General Sernantics, proposed a theory of

14

organc and ruman behaviour, based an binding
abilits : hich proviacs an lnsight into the links and
4ilerentistion Latween plant, animal, and man
During the pont decadee. studies in cybevnetics,

the rmody ce, ethology, meur. logy, atc., have
provided sup .orhire ¢ (éence and data for the theory.
"PRinding" in the Korsybiskian saense means "tying
together', "using", "etructuring". and "transform-
ing". The binding attributes of plant, animal, and
human species are aummarized in the {cllowing
table.

ind Abj) Pla; A a
S"'f“ Binding ability Remarks

Energy binding or Relatively immobile in

chemical binding space; incapable of com-
plex organization, group
behaviour., and communi-
cation (symbol usage). No
knowledge resources and
culture.

Animal Energy binding Capabla of limited move-
and Space binding ment and of simple group
behaviour mainly to satis-
{y biological needs. In-
capable of communica-
tion from generation to
generation through eym-
bol usage. No knowledge
resources and culture.

Man Energy binding,
Space binding,
and Time
bincing

Capable of complex bs-

haviour, communication
of information, creation
and transmission of cul-

ture acroas space and
through time using sym-
bols. Transcends space-
binding genetlr animal
background.

Man's time -binding ability arising from hiz
usige of language, number, gesture, picture, and
r saymbolic (orms enables him transcend the limi-
tations of inherited characteristics 2nd the seaming-
ly insurmountable barriars of ‘time’ ard of 'space’.

a

The insight, the wisdom, the culture and the
arts, the ideals of political, economic, technological.
and social structures of the world, and the variety
of human values and as cultural inheritance and com-
petition -- that is, competition in, with and for,
symbolic forms used in communication. Ictra-
species competition reduces the chances of survival
of the apecies. Therefore cooperation within spe-
cles is essential to the physical survival and time-
binding culture transmisalon activity of man. Mana
is a tink in the vast transmlasion line through time
of the culture (7], As Norbert Wlener polnts out, the
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cultursl community extends to the extent thers ia an
efficlent and usable flow of Information.

Knowledge and calture tranamission and per-
petuation-in-time of aociety ia secured not only
through oral communication, but also through various
social structures and forms: - rites and rituals,

, and dtud L
is itsolf one ln:h Lnstitution and the continuity M(-
ween & ch, writing, print, books, and libraries
defines language’s time -hinding inatitutional func-
tion. Other institutions include the famlly, the
temple, oconomic, social, and political aystems,
education, industry, agriculture, art and eclence,
moral codes, legal codes otc, uniting people in co-
o;ianthu. communicating time-blnding clvilization"
7).

I SOCIETAL HOMEOSTASIS

1 Information and Entropy

Human society can ba looked upon as » dynamlic
open system consisting of individuals, groups, orga-
nizations and institutions of various kinds in con-
tinual interaction and (nterchange of energy and
messages (information). Here, we shall primarily
consider gemaptic interchange. Open systems have
certain common characteristics, such a3 the follow-
Ing [81:

lopyt. - Import of energy from the environment.
Man as 8 biological and social entity seeks and inputs
energy and information necessary to satisfy his bio-
logical, emotional, intellectual, spiritual, economic,
and cultural needs.

- - The input ia proceased by per-
forming work and i{s converted into the output. Man
himeelf s an information processing system. He
has aleo created various information proceasing sys-
tema to help him.

Output, - Inference, data, ideas, description,
information, knowledge, documents, etc.

Cyclic character. - Input, processing, output,
feed-back, control, adjustment, and adaptation --
each phase supports the next in a cyclical way. From
this succeanion of events in time arises the inter-
relationships of the pasts of the system and of their
functions.

Negative entropy. - According to the second law
of thermodynamics the universe {s running down. The
energy loss or increase in entropy corresponds to
the poasitive direction of time. This time's arrow|9|
or probabllity vectar, affects the physical, blologlcal |
and commanacative patterns in the unlverse. Nor-
bert Wiener polnts out [10]:

"Ap entropy incresses, the universe and ali

closed systems in the universe, tend naturally
to deteriorate and loss thair distinctiveneas,

Vol 24 No ! Mar 1977

to move from the laast to the moet probable
state, from a state of organixition and differen-
tiation in which distinctions snd forma exiat,

to a state of chaos and sameness ... Order {»
least probable, chaos most probably. But
while the universe as 3 whole ... tends to rua
down, thare are local enclaves whose direction
seema oppoeced to that of the universe at large
and in which there s a limited and lemporuy
tondeacy for organization to increase.

Some of Korsybaki's time -binding agents. man in
particular, theese local ! trying to
maintain order. The comunands through which man
exercises control over his environment are a kind of
Information imparted to it. Increase in the supply of
information increanes negative entropy, helps to
reduce uncertainty, imposea ordar, and prevents the
system from tending towards chaos and disorganiza-
tion. Laslie White comments in a simllar vein from
the wological standpoint [11]:

.culture is the means of carrying on the
1lfe procesa of a particular species, Homo-
papiens, Itie 2 mechaniam for providing man
with subsistance, protection, offence and de-
{ence, social regulation, cosmic adjustment,
and recreation. But to serve these needs of
man, energy is required. [t becomes the
primary function of culture, therefore, to
harness and control energy so that it may be
put to work in man'e service. Culture thus
confronts us as an elaborate thermodynamic,
mechanical system.”

Informatjon input, negative [eedback, apd
coding, - Negative feed-back is the information on
what {s wrong. if any, with the system. necessary
for making adjustmenta and take corrective action.
Signals received may be expressed as codes. Man
has evolved elaborate coding systemas to facilltate
communjcation.

Steadv state and dynamic homeostagis. - The
change in the attributes of the parts of the system
over a time period t) to t; may not be drastic
(steady state). On the other hand, information re-
ceived may cause substantial impact, even cognitive
dissonance, on the individual,

Just se the human body i kept in dynamic
equillbrium -- that is, homeostasis -- through cell
cooperation and communication, so also human
societies depend upon cultural communication for
their homeostasis. Therefore, cooperative beha-
viour patterns and the resulting meaningful effective
human relations have a high survival value. And
these behavioural patterns are based oo the act of
symbolic communication.

Rifferentiation. - Division of labour and spacia-
lisation of functione and roles of the different parts
of the society necessitated by the growth In time of
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the sise of socity and complexity o1 its demands as
#t evolves from one stage to another adapting and
adjusting.

Equifinality. - The posaibility of attaining the
sct goals of the eystem starting from a varicty of
initial conditions. by adopting suitable alternative
means.

Tre different phasen of the aystem's working
are time-dependent and processes/events such as
entropy and steady state are referred/defined speci-
fically in terme of time and information communica-
tion.

2 Societal Cohesion and Communication

Human civilization and culture, organizations
and institutions are beld together over time in a
network of mutual dependence and responaibility and
the austaining transactions carried on by myriads of
messages communicated over this network. These
messages form the baais as well 2as the regulating,
organiging and time -binding influence in social evo-
lution and progress. A failure in communication
could lead to misunderstanding. misinterpretation
and confuslon of the import of the message [12]. In
turn, these may cause alleoation, aggreasion and de--
traction from human progrees. Here, communica-
tion connates a deep dynamic and complex series of
processes operating together -- the whole range and
cycle of perception, memory, information analysis
and processing, symbolic transformation, delivery
and feedback -- that guide human behaviour towards
and tranasctions with, the physical and social envi-
ronment. The blending of the resources of cyberne-
tice, information theory. general systeme approach
and general semantics with those of acience and
technology has extended human foreaight, predictive
capacity, and planning capability to guide social in-
tervention and reform. Man, thus, appears to be
moving toward influencing the {uture and directing
his own evolution.

IV TIME IN COMMUNICATION PROCESS AND
KNOWLEDGE GROWTH AND DIFFUSION

I General Systems Approach

As an approach to the organization of general
systems theory Kenneth Boulding suggested "to look
over the empirical univerae and to pick out certain
general phenomena which are (ound in many different
disciplines. and to seek to build up general theoreti-
cal models relevant to these phenomena' {13]. Exam-
ples of such common phenomena are: population
dynamics, growth-in-time, relative growth, entropy,
competition, information diffusion, etc. Selected
models of growth-in-time and of communication of
informatior and knolwedge are mentioned here.

2 Growth-in-Time: Exponential and Logistic
Patterns

Patterns of growth-in-time sbhowing {somor-
phiem of law in different fields ars the exponential
and the loglatic [14]. For example, growth of
science and technology. lncrease ln the mowledge of
number of animal species, yeast cella in a contralled
environment, publications on drasopbila, of mana-
facturing companles, etc. lsenson [15] has shown
that the rate of growth of knowledge over time can ba
expressed as an equatl bodying various itlng
factors such the upper bounds imposed by nataral
law, political and social constrainta. the contempo-
rary level of acientitic and technical understanding
and the ability of the scientific and techaical com-
munities to communicate their new findin, The
oquation fe: dk/dt = p(t)* QO BNI(t)]14N4(t)]

where

p(t) 1s the probability that a given scientist
will make a contribution during an in-
crement of time t, and {s a function of
the otate of the art relative ta limits
imposed by natural law: p(t) may ba
thought of as a function of (1-K(t)/X°),
in which K(t) represcnta tha current
state of the relevant art and K® some
natural limit such as the velocity of light.

Q is a measure of the mean productivity
factar per scientist or engineer

Ni(t) is the number of acientists and engineers
actively engaged (n the 1th and related
flelds.

b ia the communication factor, a measure
of the ability of each scientist to keep up
with all the developments ln his apeciali-
sation, and takes a value betwoon 0 and§.

As several studiea have shown, the nize of recorded
knowledge (literature) in many of the scientific fields
doubles. on an average, about every ten years. But
exponential growth must have ceilings because of
various constraining factors. Otherwise, the growth
would reach absurd conditions in the future. And
this results in the familiar logistic pattern of
growth.

Exanples of such logistic functions and curves
are:

d;g =1 - up(-nTu'p!i.)

ML s pnep (-3

-1

o eyem(-30)

p being the number of papers, the real paramoters
@, B, Y permit appropriate adaptation to concrete dis-
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tributions. Tha logistic growth curve may not be &
normal S-ehaped ogive. Historical time serion
analyses present variants of the curve as seen for
example, in the growth of science and tachnology.
Hunting fluctuations and the escalating curve are two
examples. The constrainlng factors causing the

the successive eration of papers p beginning with
any aelected initial time t = 0. Thue, x is propor-
tional to the cumulstive number of papers P.

Extending the heat diffusion analogy. informa-
tion flow would also exhiblt another attribute --

variant shapes and the implicati to the {olog
of sclenco have baen the subject of stady by De Solla
Price {16].

Paul Welss prosents a knowledge growth model
on the analogy of the growth model of an organiem
{17]. Various models of the growth of knowledge
over time and their social Implications have been
examined by Diana Crane [18].

In an investigation of the nature of scientific
literature, Price considers it as a network which
shows somo interesting properties such as the for-
mation of "research front”. factor of “immediacy”,
and growth and decay (obsolescence and half life).
The study of such ckaracteristice help to explain,
in some measure, the patterns of communlication,
and cumulation and tranafer of scientific knowledge
over time [19).

3 Technology Growth: Bol Equation Model

Hartman found an analogy between chain
nuclear reaction and technology growth. He has
suggested that a2 madel for the technology forecast
can be dertved directly from Boltzman equation | 20].
Scientists and engineers are pictured as being
immersed in a sea of information, the information
being a necessary input for the generation of new
dnformation (technology). His thermodynamic model
aimulates authors by stationery atoma and informa-
tion carriers by electrons accelerated by an electri-
cal field. A bit of information may collide with a re-
searcher and trigger a new {dea or it may not. As it
is not possible to predict what piece of information
will collide with which researcher and whether a
particular collision will be "elastic” or “inelastic"
the process is only statistically definable - - provid-
ing an acceptable parallel for forecasting technalogy
growth,

4 Dnformation Diffusion: Heat Conduction Model

Avramescu describes [21] a mathematical
model for acientific information transfer on the
analogy of heat diffusion laws. The information flow
equation is similar to Fourier's. The information
diffusion process is a multiple chain, one scientific
paper stimulating another. The elerientary space
elementa are papers linked together by refcrences
and citations in a natural time scquence. Fourler's
law, written in linear form q = - A3%u/ §x, ex-
preeses information in space and time as function of
growing interest directed {from source papera to
affected new ones. If X = constant, the flow is
'linear’ and the superimposition principle of single
chain would hold. The space coordinate x marks
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ity. Thus, q = k. 3u/dt. where
% is a capacity factor, that ls, accumulated informa-
tion flux per time and spacc unit, which lacrease the
interest of a uaer in proportion to his own "capacity™
for receiving and processing new informatlon. Using
Fouricr's homogencous partial differential equation,
it may be shown that diffusion becomes easiar when
the space el nte are more ductive or per-
meable and when the greater abaorbing capacity of
the roceivers doca not reduce the available informa-
tion. The parabolic diffcrential equation implies:
time variations of scientific interest are propor-
tional to the interest variations around any space
point, eg. a scientific paper. Discussions about a
paper or interlinking between papers enhanace inte-
rest, concentrate citations and raise the value of any
true creanive activity.

5 C ication Process: Epidemic Model

Communication, like other procesaes. is a
time-depend h — 2 seq of eventa
resulting in the transmission of information from a
source to a recipient. William Goffman and V A
Newill {22} in formulating a generallsed mathematl-
cal model for the communication process and ita
associated information systema. consider three pro-
blem arcas: behavioural. representational, and tech-
nical. The mathematical theory of communication
developed by Claude Shannon and others [23]. deal
malaly with the technical problem. Slegfried [24)
haw dealt with the close parallel between the trang -
mission of disease and the transmission of knowledge
Golfman pointe out that "because the principles
underlying the spread of infectious diacase also
govern the diffusion of information and the epread of
knowledge, a communication procees can be re-
presented as ap epidemic proce Thus, in de-
veloping a mathematical theory of the communication
process, the Goffman-Newill model de(ines the pro-
cesa in terms of a sct N (population of objects) to-
getner with an agent i (information) wnich 18 convey-
ing ideas (infcctious material) among the members
of N; the members of N pass through a set of states s
(susceptible. infective and removed) and the entire
process through a sct of states S (stable and unatable)
with respect to time t. Control system theory (s
applied to study the growth, decay and stability of
such processes. Information retrieval corresponds
to processes that enhance the spread of infection by
increasing the contacts between infectives and sus-
ceptibles. A communication process C can, thus,
be formaly expressed by C =< N,i,0,5:t > . Goff-
mann has shown the use of the mathematical model
to establish relative importance of existing lines of
research to the devel of a given scientifi
topic, forecast their future behaviour and forecast
the emergence of new important lines of investiga-
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tion, Falrthorne, ln a review [25] of the omplrical
hyperbolic di, b used in biblf ic descri-
ption and forec , such as thoss named after Zipf,
Pareto, Bradford, Willis, Berger-Mandelbrot, and
others, most of which are samples or instances of

a family of atatistical distribations studled by Paul
Levy in 1925, pointa oat that the Goffman-Nawlll
model is, perbaps, the only one involving time
explicitly.

6 Ildea Diffusion and Social Structure

The usual logistic model of the process of dif-
fusion/growth of ideas in a field could be considered
a8 2 simplified gion model, It eeeding
and contains only a contagion part. In deterministic
form, it may be expreased as:

= .n(N-n)

where N is the population size, n the number of
people who have the ides at any time (the baves),
N-n the number of havenots, t the time and P the
interparsonal diffusion parameter.

Social diffusion process is usually too com-
plex to be reduced to a mechanical contagion pro-
cess. The diffusion occurs through : (a) scientist-
scientist direct informal contact: (b) sclentist to
sclentist contact through an intermediary such as
information scientists, scientific editors etc; and

c) combination of (a) and (b). The assumption of an
inter-mixed population implies that each person has
equa, \umber of contacts with each other person.
This may not hold good, it is not a random process.
The diffusion may take place only in a tight little in-
group: for example, the group of haves which may be
people who have a great many contacts with each
other, but few with the havenots. This aspect of
social structure preventing complete intermixing
shows the diffusion process. Generally, the slowing
down rate lo different at different stages of the pro-
ceas [26). Investigations in progress for some types
of incomplete social structure occurring in scientific
communication (eg. the iovisible colleges, and
partially interpenetrating interdisciplinary research
groups) has been reported by Le Coadic [27]. Le
Coadlc polnts out that the "formal part of the pro-
cess requires structural measures and the mathe -
matical model characterising such a process must
somehow take into account the varying degree and
kinds of connectness in the social structures they
are meant to characterime. It is necessary to deter-
mine the timing, sequence and diversity of the
formal information flow and the characteristics of
the dissemination (scientific libraries, scientific
Journsls ... ) and of the usere of each element of

the information system in order to identify those
elemants which are critical and to establish the fune-
tional charlc(erhu:l of the system as an entirety,

C neral fe 1 of the diff

tial equluon dnt describes this sacial diffusion pro-
coos i

18

&8 (xy.t) = «(N-n)}t P.o(N-a}t v, 52 ¢ D. An

whore a {s the source diffus!

p is the interpersonal diffunlon parameter, y ] m.
inter-group diffusion parameter, which measures the
degree of inter-penstration, § o is the number of
persons who have already adopted in the total aystem,
In the spatial diffusion parameter and A n is the
Laplacien of a.

An-si,:!L 4 '32" = dir ('-r-:d M)

x, y are spatial coordinates.

T ldea A Time-d d Models

Related to the concept of diffusion of Ideas is
the concept of acceptance of \deas by a target group.
Morphet [28) has presented a probabilistic modsl of
time-dependent factors governing the acceptance of
innovative ideas by ladustry. Within this framework
is analysed the timelineas factor that partially
governs the raceptivity to innovative ideas of indue-
trial organizations.

The model s based on the assumption that: (a)
Even the best innovations do not diffuse by lhlm-
vas; (b) The i of an org to
existing practice will only favour inncvnlcn when
existing practices become obsolete. The occurrence
of such obsolescence is identified with the concept of
the Naw Idea Point (NIP), the point in time at which
the organization must bave assembled a portfolio of
innovative ideas in order to maintain continued
existence. The reaction of firms to new ideas bet-
ween NIP, {g associated with the organisational
ambivalence - a tension between action and reaction,
between need and conservatism - which must be
periodically resolved in order to meet the impera-
tives of the NIP.

The pattern of variation of the attitude of &
firm between NIPs is portrayed as a variation in the
probability that the firm will incorporate new ideas
into its portfolio. To express this, the concept of
Idea Collection Curve (ICC) e used. On the assump-
tion that an {dea-source can probabilistically locate
imminent NIPs {n potential users, an optimum timing
for the app h to the organisation is derived in the
model.

8 Innovation Diffusion Models and Sociological
Implications

Everett-Rogers and others have attempted
genorallzation of the mode of diffusion of research
results in the "market" over a period of ime. An
innovation is defined as an idea that {s seen ad new
by individual. Thus, innovations include 2, 4-D weed
spray among {armers, & new drug among physicians,
the IUCD birth-control technique among peasant
women in India, a new education technique among
teachors, and ¢o on. The crucial elements in the
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of | { are d d to bs (1) the new
{dea; (2) the communiestion channels; (3) the partl-
cular soclal system; and (4) time. The olement of
timeo distinguishes the diffusion studias from other
types of communication studies. TLme la Involved
in the following ways: (1) the innovation deciaion
period through which an individual maves from first
knowledge of the innovation to persuasion of ita use-
fulness, to its adoption, and continaed use; (2) the
rate of adoption of the innovation in a social system,
meapured as the number of adapters per time
period; and (3) the innovativenesa or the degree ta
which an {ndividual is relatively earlier than other
members of his socinl systern to adopt new ideas.
Factors helpful in accelerating the diffusion and
adoption of new ideas finnovations such as, altitudi-
nal type variables, aocial relationabips and strate-
gles adopted by change agents, have also been
atudied [29].

Other similar models of innovation diffusion
over time are those of Clark and Guba and the
CASTASIA Model. The diffusion studies of the
Centre for Research Utilization of Knowladge,
Michigan Unlversity, are also reievant [30]. Some
of the barrlers to the communlication of new ldeaa/
innovations are mentioned in section VII.

Findinga of diffusion research have implica-
tions to technology transfer programmes, new pro-
duct marketing, educational innovation spread etc.

9 Acceleration of Innovation and Knowledge
Obsolescence

World War Il and the events that followed it
provided a great impetus for scientific reaearch,
innovation and technological change which, in turm,
contributed in & large measure to socia-economic
change. For example, research in the field of elec-
tranica lead to radar and improved communications,
computera, early warning systems, control systems,
space explorations, and new commearcial materlals
and products. Some of these innovatians, particu-
larly in communication and information technologlen,

ll' had dropped to 10 yeara} and now {t i even lesa.
trativa dats on the rate of obsolascence In dif-
llnnl flatds are prescutad elaawhare [31].

Killingsworth, Lynn, and othars(30] claim that,
In genoral, considerable acceleratlon has occured ln
the rate of diffusion of new knowledge hetween tha
early part of this century and the Intar-war period
with a further acceleration after 1945, although the
time-lag from invention to innovation may vary {rom
one field to another. The reasons for the accelora-
tion of diffusion of technalogy are said to be:

{(a) Development of a variety and improved
channels of communication of information;

{b} D of more aophl d
mar.hodn for determining the time at
which equipment should be replaced, and

(c) Greater recaptivity for newer ideas and
techniques.

Other findings of the Lynn atudy include that:

(1) The time lapse hatween innovation and its
utilisation in industry ia much shorter
for consumer products than for ladustrial
products;

(2) Time lapae is shorter for luvention de-
veloped using government funds than those
using private funds; and

(3) The technology diffusion and transfer
time 1o reduced Uf the innovator himself
undertook the development,

What are the implications? A major change
which might have required 5 years to implement &
dacade ago must now be completed in a2 shorter time
period, if an organization, particularly an industrial
or commercial organizstion, is to remain competi -
tive. On the one hand management reaction time s

enabled greater interaction amang redearchera and
innovators which, in turn, further accelerated the
scope and pace of scientific and technological eaquiry
and innovation. It is estimated that half the tatal of
scientific research conducted in the United States has
bean done since 1965. Similarly, in UK more than

50 per cent of all new products have been based on
sclentific and technological discoveries and innova-
tions since World War II. Illustrative data are pro-
sented in anothar paper [31].

In addition to the sxpansion in the scope of
sclentific inquiry, there has been an appreciable
acceleration in the rate at which new knowledge ia put
to use. This has resulted in an accelaration in the
rate of knowledge obsolescence. The Department of
Commarce (USA) estimated that prior to World War I,
thare was an average wait of 33 yaars betwean inven-
tion and its application. By Warld War 11, the time
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tly shrinking, while on the other each deci-
sion may involve more riak (bacause of a large num-
ber of variables internal and external, to be taken
into account), and is valid only for a shorter time
wpan. Therefore, as reaction time diminishes,
opportunity for gainful action may be lost, because
preoccupied managers and policy makers may fail to
reach out and grasp them.

V TIME AND INFORMATION SYSTEMS
1 Zipf and Bradford Distributions

Since 1960 in the field of bibliometrics two
classes of emplrical laws have been used fairly fre-
quently. These are the 2{pf{ and Bradford laws [32]
both of which are hyperbolic distributions. One of
the other laws la used depending upon whethar one's
interost {a in vocabulary or in periodical literature,
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or physlcal access time, Iu the rate of dimlanlshing
returnp In bihllograpblcal search or In tha cumula-
tive yleld from a given input. The hyperbolic be-
haviour, that {s, the product of fixed powera la cons-
tant, has been noticed for over a century in widely
different flalde.

In 1916, Estoup [33] noted an omplrical relatiom
betwsen the rank of a word In order of frequency, and.
the frequency of its appearance in a fairly long text.
The scope of this observation has been considerably
developed and extended by Zipf. The rank of a word
r is the number of worde, {ncluding itself, that have
at least the same {requency, [(r), of occurrence.

The Zipf distribution can be expressed as:

f{r) = x/r (k approx 0.1)

The time factor involved here is In the explanation of
the observed relation in many fields an tha baeis of
the general principle of Least Effort. Two deriva-
tives from the Zipf distribution may be mentioned as
illustrative examples.

The equation n{u) = Ku-2 derived by Parker-
Rhodes and Joyce [34], glves the namber of words
n(a) In a given vocabulary that occur ln a long enough
text with relative frequency u. This relatlon ia the
same as the Lotka's distribution equation for literary
output of authore [35] in a given perlad of time.
Parker-Rhodes and Joyce derivation is based on the

ssumption, among other thinge, that “words in the
vocahulary are stored and scanned in order of de-
creasug frequency, that the duration of scansion {s
proportional to the number of words scanned, and
that the language concerned evolved o as to give
maximum variety (information) for a given duration
of scansion”. The maximum liklihood methods is
used to derive the equation. The Zipf distribution of
exponent unity is arrived at by using information
theoretical or statistical methods.

A D Booth [36]. assuming a ZIpf distribation of
book usage, supported by emplrical evidence on 1lb-
rary borrowing, arrived at the optimal laaat-frequent
most-distant arrangements for the layout of book-
ehelves and arrangement of books in libraries to
optimise access time. He inverted the Parker-
Rhodes and Joyce argument. Booth suggests the
possibility of eome equivalent mechanism for average
minimum access time in human cognitive process.,

Fairthorne expounded and applied the Loast
Cost Principle to several problems in documentation
and retrieval, from coding through the power ro-
quired by different slphabets, to the arrangement of
books on shelves.

2 Document Life Parameters
It has been obaerved that if all the citations ina

eingle isaus of a periodical or a volume of it for a
particu’ar year, are sorted nccording to the date of
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the cited documents, then the number falle off rapid-
ly as we move back into time. Since 1960 ssveral
studlea of thla type In differant aubject flel
been done [37]. From these atudles saveral time-
related parametera of “periodical's life" have bean
isolated. The following are examplas.

Half lifo - the time period, Actual or expected,
during which half the total use of an individual
ftem constituting a literature has been or is
expected to be, made.

Itemn half life - The time period, actual or expacted,
during which half the total use of an individual
item constitating a literature has beon or ls
expected to be, made.

Median citation age (Apparent half lifa) - The time
period during which half the citations in & cita-
tions study occur.

Corrected half life - the half l{fe as estimated by re-
moving the growth element from the median
citation age.

Obsolescence - Tha chance of an item being currently
used declines with age. Obsolescence rate is
the rate at which liklihood of use declines with
age

Obsolencence factor - The factor by which the active
life of a literature of a aubject field appears to
decay annually, as calculated from the number
of articles cited in successive years.

Corrected obsolescence factor - The factor by which
the active life of individual items {a a litera-
ture tenda to decay sannually

Annual ageing factor and Utility factor are other
aimilar useful concepta.

Forrulae for determinlng the above para-
maters of documents have been worked out and
applied by Maurice Line, Brookes, Vickery, and
others. The values of the parameters can be used
for guiding library management decisions: for
example, maintenance of library collection (periodi -
cals, books etc), withdrawal of documents from
active circulation, planning of acquisition pro-
grammes within a hierarchy of library eystems, and
identifying significant research in a fleld.

The Goffman-Nawlill cpidemic model hag been
mentioned in section IV.5. Fairthorge has re-
viewed empirical hyperbolic distribution of the
Bradford-Zir{-Mande)brot type used In bibliomatry
[25]. An interesting use of the Bradford distribotion
s to check on the completeness of a bibllography.
For any subject it is neceasary to analyso the pro-
ductivity of only the most preductive periodicals as
determined by the Bradford ranked series in order
to estimate the completo bibliography. This helps
to aave tima and affort in estimating the sixe of the
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litarature in the fleld and the cost of covering the
whole or any specified portion of the literature.

Avramescu [2]1] reports on the deductlon of the
Bradford’s law from the main solution of the heat
equation.

3 Waiting Time

In the management of any system including an
information ayatem, ensuring receipt of the item
songht by the clieatele with minimum delay and coat,
s an important consideration. The 'waiting time' -
the subjective or paychological time - ia of special
concern here. For users of an information system
this may arise in one or mare of the {ollowing
stages: (1) Physical/communication access to the
system; (2) Identification and access to the appro-
priate data base; (3) Use of the tools and tachniques
to search in the data base to select and retrieve the
relevant information/surrogate; (4) Document infor-
matjon delivery; (5) Document/information usability.

Delay in physical access to the system may
arise from inadequacies of the tranaport and /or
telecommunication aystem. Delay in the access to
the data base may arise from defective organization
or from reatrictions on access, or inadequacy in the
user capability. Information systems and the tools
snd techni used tend to b plex and un-
less the user is familiar with the sophistications, the
use of tools and interaction with the system may in-
volve more time and delay in getting the deaired out-
put from the system. Phyeical access to document
and translation into the language of the reader are
other familiar delay factora. There have been some
discussions of the time factor in library and infor-
mation management.

A variety of improvementa are being progrea-
sively incorporated into information systems. manual
and mechanized, to secure qulck accesa to relevant
(nformatlon and documents at redeomable cost [38].

4 Temporal Dimensions of Classification

In Fairthorne's interesting paper Temporal
atructure in bibliographlc classification and Phyllia
Richmond's commentary on it [38a). attention (s
drawn to relation of each text to a fan of earller
texta and to later onea, a factor which the classifier
uses in assigning a document or discourse to a sub-
ject clas From the internal characteristics (sub-
Ject treated) of two documents, it is possible to dis-
cuss whether one is a descendent of the other. ™A
documentary corpus has a distinct order which is in
bibliegraphic time, not necesssrily the same as
physical time. Bibliographical time is the time in
which the documents presented themaelves to the
reader or author. This time has no relation to the
time of publication." The lapaed time between the
two events may he due to communication delay.
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Ona can so¢ the relation of Fairthorna's fan
history idea to Kessler's concapt of "bibllographic
caupling"' [38b], bibllographic search using citatlon
Indexes [38¢], and automatlc classification of docu-
menta or discourses using citatlon cluaters.

V1 RESEARCH COMMUNICATION: SOCIOLOGICAL
AND BEHAVIOURAL ASPECTS

| Overemphasis on Speed?

Timely availability of relevant and reliable
information and dats is important to the rescarcher,
the production engineer, as well ag the manager and
planner as an a{d in solving problems, making gain-
ful decisions, minimising the chances of unnecessary
duplication of effort, and triggering of new ldeany39).
With the Increasing demand for information and data,
there haa becen 2 phenomenal growth in primary in-
formation sources, such as booka, articles, reporta,
conference proceedings, etc In {inding ways and
means of moving.information from the point of gena-
ration to pointsa where it will have use, the need for
speed of communication bas been emphasized. For
instance, reducing the time-lag between submission
af a paper to a periodical and ita publication Grawth
in the number of primary periodicals, publication of
sbort communications, minimising editorial and re-
ferring work, adoption of fast printing techniques are
some of the results of such considerations. Thore
have been aalutory as well as undesirable effects of
the ever-increasing quantity of information that hite
the researcher st an apparently ever-increaslng
speed.

Ziman points out that in the pure sciences the
supposed wastage of resources through duplication
of effort is somewhat exaggerated. Simultanecus
discovery arising {rom concurrent work on the same
problem by different researchers is not a bad thing
in itself, It provides for a good means of confirma-
tion of the findings or discoveries; the routes taken
to the discoveriea by the different researchers may
be different Experiments may be repeated to
improve techniques, increase accuracy of data, etc
Also. “the speed of research" varies at different’
stages, from discipline to discipline and the "speed
of supply of Information" should correaspond to this
variation la demand. Ziman writss [39]:

"What are the time constants of research?
These have not been studied in great dapth;
and probably vary greatly from one diacipline
to another At the peak of a revolution, for
example, as depicted by Watson in "The
Double Helix", a few days or weeks may see
the breaking of the wave; on the other hand in
the formalation of the question to be answered,
a decade may not be too long for successful
rumination and significant progress. In gene-
ral, [ would confirm the observations of
Garvey, who found that the various stages of
hypothesis, design of apparatus, experiment.
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tosting, confirmation, critical analysis, in-
formal discussion, writing up and »o on, take
monthe or years to complete, ao that the in-
terval of about four months between the recefpt
of a typescript and {ts publication in & reputa -
ble journal {a not & significant proportion of the
time required to 'make the discovery'. "

Fundamental formulations and important re-
search results which amount to » breakthrough or
sect & new paradigm in a field, should, of courac, be
dissominated as quickly s possible. Such atarling
discoveries are, however, few and far between so
that existing quick reporting means may be adequate.
What {s deprecated is the overemphasis on speed of
communication of "research” results leading to a
mushrooming of primary publications, and publica-
tion of unrefrrred and poorly edited papers The
information seeker's time and effort are wasted in
wading through a flood of redundant and not-so-
rellable information and data to select thowe thar are
really Important contributions to the fleld.

In spite of these depreciations, the rate of
proliferation of d ts and Infa tion exchang:
media haa gone on unabated The 'publieh or perish'
ayndrome is bound up with many questions in the
aociology of science (c.g. achiavement of a scientiat,
eepecially the newcomer to a field, being estimated
on the basia of the number of papers published by
bim, the economice of research and the ratrace for
~rants, the behavioural aspects of researchers to
“ucoop the field" ag if in competitive business to
ensur priority of "discovery" which, {a turn, could
bring more projects and grants), the economics of
the information industry etc.

De Solla price remarks that

"Colleges demand that acient{ats publish or
perieh; payment of research funds entaile the
production of research reports as something
more than a fiscal documnent Publication be-
comes a responsibility consequent upon the
spending of time or of money rather than a
privilege consequent upon finding something
worthy of the noble archive and the attention of
one's peer's .. In the new aituation ecien-
tista will tend to graasp at all devices to facili-
tate publication even at the cost of archival
value or research communication efficiepcy.
"At the research front the pay-off of rapid
communication becomes so great that tradi-
tional {ormal mechaniame for broadcast disse-
mination are increasingly reatrictive and new
solutions are found to facllitate information and
highly selective insect-borne pollination by the
buey bees of the Invisible collegea” [40].

The sociological and human aspect of acience
sluo throws some light on the motivationa of the
fentist for quick and spaedy com-
munication of his work. The motivation is to aata-
blish and maintain intsllactual propsrty. Robert
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Merton {rom his study of such priority claims and
disputes over intellectual property over the past four
centuries, finde them A fairly comman feature in the
history of science. Duplication of discoveries 1s a
widespread phenomenon [41). The nearly concarrent
discoveries resulting (rom several persons in dif-
ferent parts of the world simultaneocusly working on
the same problem may be a result of quick communi-
cation or absence of it. Duplication may be parti-
cularly frequent when 8 research area bacomea
nearly saturated, amother reason for the flattenlng of
the exponential growth curve. Price (nfers that
“"Firat, scientific communication by way of the pub-
lished paper is and always has been a means of sett-
ling priority conflicte by claim-staking rather than
avoiding them by giving information. Second, clalms
to scientific property are vital to the make-up of the
scientist and his institutiona. For these reasons,
scientists have a atrong urge to write papers but
only a relatlvely mlild one to read them" [42].

The isaues discuased above relate to communi -
cationa in “pure™ sciences, the situation is somewhat
different in the applied and development research
areas. Here one seeks the hest available solutien to
a particular problem, and the rewards of success or
coat of failure may be meaaured in thousands of
dollars [38]. Timely information and data helpful in
making galnful declaiona in vital in competitive In-
dustrial research. Speed of movement of information
through d ry and d ry media le
obvisouly essential in this context. Hera too, haw-
ever, (perhap- even more 80 than when the ue re are
researchers in the pure disciplinea), when users are
resecarch managera, production managers, etc, the
information system should not only be capable of
picking out quickly the most relevant data and infor-
mation, but also present them in a manner -- eg,
digest, technical note, trend analysis with charts and
graphe -- which will immediately show the relevence
of the i{nformation to the activities of the organisation
in general and to the special interest and activities
of the individual concerned, in particular. Such re-
packaging of the infarmation and data would facilitate
reaction of the individual to the perceived situstion
in the context of a rapidly decreasing management
reaction time to environmental changes.

Ziman points out that "hindrances to the
{mmediate spread of new knowledge (in applied and
development research) are not then 80 much in the
machinery of publications. but rather barriers of
secrecy deliberately raised around industrial and
military research. The communication system of
technology is quite different {rom that of pure
science, having different ends, different norms, and
sltogether different standards of morality".

2 Bshavioural Aspects

The exposa in Wataon's Double Helix presenta
a part of the human side of rasearch workers in hot
pursuit of an idea which {a known in advance, to be &
breskthrough. In a recent study, lan Mitrolf (43]
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among other things, oxamines the changes In the
attitude and behaviour of scientists in relation to
particolar hypothes{s, held by them, due to the
availability of information and data at different pointa
of time on the object of their hypothasie The
sclontific issues considered ara: Origin of the moon,
temperature history of the moon, origin of mascens,
and lunar and terraatrial tektites. Information
svallable on the (ssues in relation to point {n time:
before Apollo Misslon 11, after Apollo Missions 11,
12, 14 (Now) and after Apollo Missions 14 and 15
{Later). It is shown that “for each issue, the apread
of the atatistical difference between the various com-
peting bypotheaes continually increases over time".

Mltroff alao considers the ahift in sclentific
attitude aa & problam in information transfer over a
time period. Using Henrl Theil's equatlon{44] it can
be shown that In a system of mutually exclusively
events Ey ...... E, with prior probabilities
Py...... Py, the expected Information of the message
which transforms the prior probabilities to tha po
terlor probabilitiea q --- gq ia given by the expres-
sion. B

I{q:p) = E q, . [log; (a;/p)]

In the case of the hypotheses about the moon, the
hypotheses are taken as the events (E), the attitudinal
judgementa on the various hypotheses as judgements
of their reapective probabilities, and the Apollo
Missions ae evidence meseages that tranaform the
probabilities. Using the equation, the information
transferred batween the time period a result of
the Apotlo missions can be computed.

In an approach parallel to the mooa hypothe sis
studies, Kenneth Arrow and others, have been exa-
mining how the amount of information processed by
businessmen, consumers, atockholders and other
'economic actors' influence their behaviour on the
stage of the economic system. It {s worth nothing
that Theil's equation mentioned above comes from a
paper on the use of information theory concepts in
financial statements analysis. Such consideratlons
and looking upon Informsation as a key resource, the
"information revolution" {e influencing the pattern of
thought in sevaral fields -- economice, political
science, government, sociology etc. Economists are
attempting to formulate a naw economice of informa-
tion and over the past decade it has ranged over a
wide spectrum of activities in the information fisld --
from the study of specific activities of libraries to a
reconsideration of the role of information in the
economlc system [45], the welfare economlcs of
symbol manlpulation as Jacob Marachak calls It [48].

VI THE EMERGING INFORMATION ENVIRONMENT

1 Fusion of Comp and C ion Techno-

logies

‘The combination of innovations of the commu-
nications field, such as CATV, CCTV, aatellite,
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digitteed transmission of graphic and audlo ioputa,
{mage technology, holography etc, with informatiem
bnology portonda & jump in
trander [18]. Already in less than a decade, a mer-
vice induatry that was based on relativaly short
tolegraph mes and person-to-person talephone
calle has beon transformed into a data pipeline that
e carrying more and more inlormation. The new
hnol of t makes ible a flow
of digital data that burets aver electronic clrcuits
from computer to computer, streaks through the air
botween microwave relay stations and ia bounced off
satellites from continent to continent. Imperceptably,
perhaps, the new capabilities arlaing from the fusion
of these tachnologies reshape our perception of
society, The emerging Information environment is
characterised by:

1 Exponential incresse in volume of Informa -
tion flow.

2 Time and distance no longer being cons-
traints upon communication.

4 Global shrinkage (of tima and dletance)

4 Decreasa In 'time cushion' between socio-
tachnical changes, their impact and conse-
quences

5 Increase in depend upon inf and

communications services.

6 Growth of complexly linked systems for
basic societal services.

7 Increased interdependence of praviously
autonomous institutions snd services due to
feed back required for common information.

8 Abrupt changes in perception of soclo-
physical environment.

9 Radical conceptual changes induced by in-
creased infs fon and icatd

Conscious usae of an elaborate scheme of symboliam
(information proceasing) in hia interperaonal and
inter-environmental transactions has not only pro-
vided man with a survival mechanism and domina nce
role, but has secured cohesion and reallity of bhuman
soclety. In an Increasing measure the information
processes are belng externslized and bullt into hard-
ware tool systems, which perform various types of
information processing for man, at greatar spaeda,
with greater precision, handling vast amounts of
information.

The value of the uniquely buman operatlon
(thinking) at a computational level has changed by »
factor of 10 Ln the paat two decades. Developments
in programming such as preprogramming of mathe-
matice and other functions into the computer for
routine use ia a significant development. The rapid
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incresse in the growth and Interlinkags of large com -
puter networks snd thelr control capabilltice aleo re-
presont a significant change, not only in magnitude,
but o the qualitatively pervasive impact on human
soclety -- aa {t begins to rely more and more on
cybernetic contro! systems for myrisad routine pro-
duction, service and maintenance functions. "Rathe)
than machines dominating man, however, thie grow-
Ing interdependence bagine to resembdle hie other
symbiotic relations with the natural eanvirons. It ls,
in effect, a noew symbiosis”. Time nooded for acces-
sibility and procassing of information would be con-
eiderably reduced in the future as indicated in the
illustrative examplea mentioned below:

2 lmpact of Education

The impact of advances in communication,
computer and information technologies hold promise
of improving educational facility, and ite quality, re-
ducing its cost, and making it more widely and con-
veniently available. Educatiooal facility Is likely to
move out into research centres, service centres,
communication centres and other off-campus loca-
tions inc luding industrial arganisations, thanks to the
newer (nformation transfer devicea, auch as tele-
vision casettes, audiovisual media, computer data
banke, etc. Thia implies 2 one-time capital expen-
diture than on expensive teaching tools /faculty. While
the new input/output devices would Interconnect and
bring closer together people of similar interesta
‘scated in different departments and centres, it may
redult in less communication, because a large part
of the “vculty time may bave to be devoted to the pre-
paration of audiovisual and other materials for use in
the system.

Traditional methoda of transmitting knowledge
and information through booka, blackboards, face-
to-face lectures is likely to be replaced by electronia
clasarooms, sutomated network linked libraries, and
computer-aupported pupil oriented instruction. These
advances coupled with the automation of copying
facilities will accelerate document delivery system.
Networking of library and data centres would facili-
tate access to specialised data filea -- demographic,
e€conomic and acientific dats

As & result of improved services and with
people attaining ekill in using information technology.
the demnand patterns sre likely to change and conse -
quently the very nature of education may have to
change. This will have considerable impact on the
management of education.

3 Impact on the Madical Fiald

The impact of the davelopments in communica-
tion and information technologies (n the madical
field may be summsarised as followa :

{1) Comp {eted collection and retrieval
of medical data; (2) Utilisation of computers in
clinical chemiatry; (3) Comp prediction of the
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outcome of reconstruction surgery; {4} Computar
support of medical declsions in ambulatory care:

{5) Computer-based diaries for the assessment of
subjective symp logy: (6) A fon of the
dacision-making capabilities of physicians; (7) De-
velopment of interactive information systems, clini-
cal information systems, ward managemaent {oforma-
tion aystema, patient data bank, etc.

The romote access posaibilitias at global die-
tancee would facilitate the quick access to epacialiat
consultants. The systems would ba designed for an-
line interactive mode with the practitioner in the
field closely In mind, and with the capability for
using natural language, facility for error compenas -
tion, video display, etc.

4 lmpact on Business and Mansgement

Forecasta on the future of computar-based
management information syatems indicate: (1} A
shift of concentration away from hardware and cleri-
cal automation to Improved systemas deaign for
managerial use; (2) Acceleration in the apeed of real-
time proccaaing for management planning and busl-
ness applications The managsr of the futura will be
sble to make decisions based on real-time access to
data banks and library of easily retrieved programa
and mathematical models; (3) Time-sharing develop-
ments necespitating the reorganisation of multi-
divisional companies; (4) Dedicated services and
special data processing bureau for use of the custo-
mer; and (5) In general, vast improvements in
Management Information Service, but the critical
factors would be the manner in which the equipment
and software and supporting services are used.

The improved Management lnformation Ser-
vice, would provide a wider range of choice for the
management and the movement (rom one area of
operations to another (diversification), will be esstar
and entail a lesser degree of risk  Availability of
relevant information would reduce the time-lag bat-
ween the identification of problems and flnding solu-
tiona to them. The quality of staff functions would
be improved with greater certainty of productive and
gainful resulte The management will also be abla
to draw upon and interact with axperts aud widely
dispersed groups in real-time tele-conferencing
mode.

5 Impact on Society

The acceleration of the pace of life (eg. apesd-
up of pr through sutomation) means that
every minute of 'down time’ costs more in lost eatpat
than ever before. Delay is increasingly costly. In-
formation must (low faster than evar before. At the
same time, rapld change by incresalng ths number
of novel, unexpoected problams, Lncreases the amount
of information needed to cope with those problema.
This combined d d for more inf at (aster
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speeds {s cracling the rigid vertical hierarchies of
a typical bureauncracy

New kaowledge cither extends or outmodes the
old. In either case, It compels those for whom it ls
rolevant to rcorganise their store of Images. It
forces them to re-learn today what they thought they
new yesterday. Robert Hjlliard, a broadcasting
specialist for the US Federal Communications Com-
mission, comments: "At the rate at which knowledge
is growing. by the time the child born today gradua-
tes from college, the amount of knowledge in the
world would be four times as great. By the time
the same child is (ifty years old, it will be thirty-
two times as great, and 97 per cent of everything
known in the world will have been learned since the
time he was born". The tremendous expansion of
knowledge implies that on the average, each book
containa progressively a smaller fraction of all that
is Jmown.

Max Weber points out that the remarkable In-
crease in the speed by which public announcements
as well as economic and political facte are tranamit-
ted exerts a steady and sharp pressure in the direc-
tion of speeding up the tempo of administrative action
Information surges through society rapidly, drastic
changes in technology come faet that newer forms of
organization that would be instantly responsive, are
needed

In the inf -rich and technologically fast
developing world of tomorrow the pace and direction
of social change is likely to be set and guided by
those individuals, institutions, and nations having
the capabilities for optimal uae of information in
making gatnful decisions in all areas of human
endeavour [47].

6 Impact on the Individual

The emerging information environment may
prove to be 2 turbulent one, with ahortened lapse
time devel and chang Many an
individual may find it difficult to adapt and adjust if
he {s not prepared. The positive and negative
impacts may occur concurrently or disparstely on
different individuala. Some of the anticipated
impacts are a» follows:

Positive Impact. -

1 Extension of sensory ranges through tech-
nological developmenta

2 Increase in higher peraonalised informa-
tion and communication exchange.

3 Enhancement of the capability and more
fraquent inter-personal inter-group dia-
loguee and conferencing through sophisti-
cated media.
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4 Batter accessibility to a larger proportioa
of poople to available knowledge.

w

Ability to uae information process to:

(a) Become more aware and more aelf-
conaclous:

{b) Make more free and voluntary choices;

(c) Incorporate more variety into social
proce and

(d) Avold avoidsble hardships and cos
expenses through simulation, 1. e. soci
oxperimentation can be carried out with-
out being tried on people.

& Individusls may be enabled to play their
roles in their peculiar ways.

7 Provide for and encourage personal growth,

8 Higher levels of knowing, caring snd
achieving self-determination.
Negative lmpacti-

I Information overload
2 Invasion of privacy of various forms.

3 Adverse manipulation of means and medin
to control news and mould opinion

4 Increased survelllance and monitoring of
personal data

5§ Decrease {n social cohesion with greatar
frag iom of atti and A

o

Increased diecrimination via inequable
access to advanced skills necessary to use
information and communicationa effactively.

7 Information available in quantitative terms
may be given exaggerated sigunificance ne
easier to incorporate into technology.

8 Collapse of time in information process
may burden human adaptation.
§ DNiusion of certainty may supress values of

voluntary action, eg, displacement of res-
ponsibility {from man to machine.

Toiflar cormments [48]:

"Wo are witnessing an historic process that
will Inevitably change man’s psyche. For
across the aboard from cosmetics to cosmo-
logy, from Twiggy-type trivia to the trium-
phant facts of technology, our Inner imagos of
reality, responding to the accel fon of
change inside ourselves. are becoming short-
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lived, more temporar:
using nup idoas at a fi T and faster pace.

Knowledge, like people, places, thinge, and
org! 1 forms, {s b log df ble"

. treating and

g disp
7 Leisare Time and Information Services

“Taxes may tower, workmanahlp grow aheddy,
goods inferior. prices outragenous, politics more
corrupt, but the one thing that we fear most is
horedom. We cannot stand time on our hands. Yet
we demand shorter work hours and more-time to be
bored. an unwholesome cycle wherein senses have
replaced the soul”. This is an extract from a talk
attributed to Sententlus Galbo, an olive merchan’, to
his wife, Cornelia in 462 A D In Rome [49].

The engagement of the individual in worthwhile
pursuits, particularly when hia time is not used in
activities germane to his peraonal and social inte-
rests, hae been & concern of various social agencies
including libraries and {nformation servicas, for
centuries. This concern is looming larger and
larger as the individual finds more and more time,
jeisure time, on hand, to be accupied. Hiatory tells
us that the Introduction of mschinery during the firat
Industrial Revolution, led to more production, fewer
working hours, and more leisure time for the
workers; and that the librariea rose to the occaslon
by providing the workera with such reading material
as would help them learn while they earned, to
develop their knowledge of and adjust their skills to
t.. productive use of the machines and of their own
leisur~ time.

Today the 'leisure (ndustry’ is geared to pro-
viding the individual almost all kinds of experiences
he desires. Yet the book. the information services,
and communication media have an important role to
direct the individual's attention and interests on
socially and personally ethical pursuite without at
the same time restricting his freedom of choice. The
design of information services and knowledge trans-
fer mechaniams optimally suited to this purpose, is
an important issue.

vUI BARRIERS TO COMMUNICATION: TEMPORAL
DIMENSIONS AND SOCIAL CONSEQUENCES

1 Inf 3

and Gosl Achl

In designing information systems & badic pre-
mise {s that economic, social, and political syatems
will parform better and more efficiently if 8 mecha-
nism be provided to ensura that decisjion-making
points have timely accesa to ralevant, reliable, nod
adequate information. Therefore, ohatacles to can-
venient access to information and absarmption of
ideas, for example, barriera to communication, can
lead to temporal delay in the achiavament of social
goala. In this section, some of the constraints to
communjcation and their soclo-cultural implicatiena,
particularly at the international level, are briefly
considered.
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2 Influencing Factors

Communication of ideas, the basic behavicural
act of man, has helped to accelerate change in almast
avery sphere of activity designed to satisfy his wanta
of one Xind or the other In fact, the technolegical
achlevernents since World War O have baen so
dramatic that people have been Able to share the hope
that they need no more go hungry, (ll-clad, or ua -
sheltersd due to lgnorance -- that { aibility
or delay in the mccess to knowled,
of its utilization. Yet it is apparent that vast num-
bers of people are living close to misery, fear, ten-
slon, and conflict. Programmes for the sharing of
the affluence and mlsery between the haves and
havenots have, In many a case, falled to produce the
desired result. Here again, inadequate information,
delayed information, misunderstanding of informa-
tion, or misuse of information, bave been among the
principal causes of the {ailure.

Attributes of the social system. - The attributes
of the social system a whole thst may influence
the offectiveness and speed of tranafer of idess and,
therefore, of culture among people, include the
following:

1 Whether the situation involves one-to-ane,
or one-to-many, Or many-to-one, Oor many-to-maay
communication.

2 Whether the communlcation takes place
within the national boundaries or acroas national
boundaries

3 Whether the transfer of culture {a attempte
among equals or non-equala. For ple, b
d and lcally less advan-
cod countries; or between an information-rich coun-
try and ap information poor country; or between a
governing country and the governed country: or
among a group of economically more or less equally
developed countries; or among politically equally
powerful countries; or among less developed coun-
tries with more or leas the asme GNP level.

ically ad

4 The total scientific, social, political, and
economic environment during the peried of transfer
of culture

5 The total scientific, soclal political, and
economic environment of the past in which the parti-
cipants in the transfsr process have been respectively
placed, and the expocted change in theaa {actors as &
reault of the communication and tranefor and ox-
change of ideas,

6 The noise, the garbage, the rosistance,
and the adaptabllity characteristics of the infrastruc-
ture already present in the reciplent social systam.

Attributes of C ator and C 1 oat,
‘The sattributes of the icator and 1
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catee (participants) that mey affect the communica-
tion process and the transfer of culture include the
following:

1 The objectives and motivations of the parti-
cipants involved.

2 The degree of difference in the religious,
educationsl, economic, social and cultural back-

ground among the participants.

3 The intimacy of contact between the parti-
cipante.

4 The prior experiences of the participants (n
similar contextual situations.

5 The dagree of dilterence in the information
richness between the participants.

Attributes of Medium and Mode of C ica -

What s It made of?

- How does it work?

Where did or does it occur?

- When did or does it occur? § Time

{ asmocia-
- How loog dld or does it last? { ted qu

§ tioms
- Which time -alice is of particular}

interest

The answere to those questions are expected to
increase the inquirer's understanding of the object
under study. These parameters are also used in
developlng a taxonomv or claseification of objects and
to organize information about the objecte. Such a
taxonomy and organisation of information are deemed
to asalst effoctive communication with those who

tion. - The attributes of the medium and mode of
communication that may affect the idea transfer pro-
cess include the following:

1 Whether the communication is directly bet-
ween any two of the participants or whethar an inter-
mediary is involved.

2 I an intermadiary ie involved, then whether
it 1s an individual, an institution; or a machine
system.

3 U 1t ls a buman intermediary tnan some of
the attributes of the communicator/commanicatee
mentioned in sectlon 55 are applicable to the inter-
maediary.

4 Iitis s machine system intermediary, then
the particular characteristice of the machine system
used.

5 Abllity of the participants to use effectively
the intermediary -- whether human or machine -~ to
achieve their respective objectives

& Tools and techaniq of ication:
Verbal, non-verbal, language (natural and code) used.
racording medium, etc.

Taxonomy of objectives and Communication
Across Cultures: Time parameter. - In a sclentific
inquiry of an object (a system, a phenomenon, or an
artefact in general) the usual quention to which an
apswer is sought is 'What {s §t?' Thia is a question
of identification. This generic queation is para-
phrased or divided into several questions such as the
following:

- What are its interosting attributes ?
- What is it for? How does it serve our needs ?

- How did it arise?
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seek inf tion about the object. However, one
needs to be aware of the different cultural contexts,
framework, or paradigms in which the objects might
have been originally studied and the framework that
the enquirer may be using. And this difference can
affect cross-cultural communication. For instance,
in most of the modemn information classification
systems "time" i»s used as 2 parameter for categor{-
ration, together with all the relevant and related
qualitative and quantitative expresslons of tima, eg,
past, present, future, early, late, two o'clock, 1975,
Gregorian calendar, etc. But there are cultures
whose concept of time may be in complete variance
with this sort of conception. For example, some of
the Amerindian cultures (Navajo, Pueblo, Sioux),
some of the South Sea island cultures, some of the
Latin American cultures. The question is often
raisned how compatibility can be achieved batween two
different taxonomiea of time such that cross cultural
communication of information can be made affective.

The 'silent language of time' used in different
cultures in different ways to communicate a person’s
or a group's reactions to environmental situations
has beea eloquently and analytically dealt with by
E T Hall [50].

Particular taxonomies arise according to needs.
For example, in some of the South Sea laland com-
munities all the seven colours with which we are
familar are not recogniged, for they do not need all
of them for the conduct of their daily actlvities. R
is aleo known that as some of the community mem-
bers became 'modarnized' and shifted to another cul-
tural context, their communication repertoire absor-
bed additional colour concepta and vocabulary.

The following list gives an overview of the
“barriera to communication"[51) which adds a
poral dimensian to ication of and access
to, information.
Language

Man-Man
Man -Machine
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Jargom

Neologysm
Synonym
Acronym

Presontation

Level
Style

Modia problems

Comprehension difficulty
Perception difficulty
Aljennes to reality
Misunderatanding
Misinterpretation
Differential role perception

Culture

Over population

Primary papers
Rehash
Abstracta, digeats, extracts etc

Pollution (Noise)

Propaganda
Redundant data
Error

Information handling delay

Publication

Tranelation

Processing

Searching and accessing
Documest delivery
Feedback

Ecanomics of informat{on system

Direct cost
Overheads

Therefore, attempts to introduce a new idea
or an innovation without a proper understanding of
these socio-cultaral and psychological characteris-
tics of the target group, and also the attributes of
the communication system can not only delay socio-
economic change in the desired direction, but the
care may even prove to be worse than the diseasa.
Two decades ago, Margaret Mead (52] warued:

"... how destructive contact has been in the
past b hnologically developed and
technologically less developed cultures, how
often the price of progress has been to turn
proud aristocratic nomads into pitifully limi-
ted factory workers shorn of thelr own tradi-
tion and provided with no new values. What s
the cost of technological change in terms of the
human spirit? How much destraction of old
values, disintegration of personality, aliena-
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ticn of parents from children, of husbands from
wives, of students from teachers, of neighbour
from neighbour, of the spirit of man from the
faith and style of bis traditional culture mant
there be? How slow must we go? Howfast
can we go?"

IX FUTURE
1 Role of Tomorrow's Information Worker

The new inf technologi lting
from the fusion of r and tion tech-

nology were mentioned in Section VIII.

The machines with properties of superior per-
ception, computation and retention faculties will grow
to be partners in progress in human endeavour. They
are already more precise and “knowledgeable"” than
the frail human beings they interface with. Thls
takes us then to the role of tomorrow's informatien
worker. There are, perbaps, essentially two func-
tions which the human users of the responaive
machines might perform better than they could now:

1 Conceptualization, that is, the design of
patterns correlating many separate data in 2 mea-
ningful way; and

2 lImagination, which implies the possibility
to break through known patterns and devise new possi-
bilities.

Therefore, man would be indispensable, in-
spite of the technological advances, since his mind
can visualise relationsbhips which transcend the ra-
tional or what is coneidered rational at present, and
also because he would be able to conceive alternative
methods or systema based on different attitudes,
surmises and objectives.

Jungk[53) suggests the followlng flve important
futare roles for information worker:

(a) The firet mportant role of the Information
worker would be his linking function as a
Generalist inspite of the tremendous amount
of information produced. Thia would
imply the development of horizentalists (as
opposed to verticalists! who would carry
out two kinds of synthesis -- eynthesis
within one discipline and inter-disciplinary
syntheais. As a result more and more re-
view articles would be published by Ub-
raries and information centres.

(b) Secondly, the information worker should be
a Pop deaigner (Profile of Public designer).
He should profile the different kinds of
idess caming from the public so that the
decision-makers could see what the needs
and desires of pyblic are. This would
imply that the public would be much batter
informed and educated than they are At
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present, and also that the informatien
worker would create the motivatian for
learning in the public.

(c) Thirdly, the information worker should be
8 Sniffer for information. Thare ia coo-
siderable work belng carriad out in labo-
ratories, and information on it often dif-
fuses too late. So there is a need for
observers who might bulld up an intelli-
gence network of ongoing developments.

(d) Fourthly, the information worker should be
a Mixer and Modeller of information. This
would facilitate creatien of models which
would enable us to develop more complax
concepts.

(e

Fifthly, the information worker ahould ba a
Gate-opener. The information worker will
have access to more and more proprietary
information which would be required by the
state as well a8 the industry. Therefore,
there is a need for keeping as many infor-
mation channels as posaible open. The
information worker, as a gate opeaner, will
have to work diligently, strongly and even
dangerously against the growing tendency
to close up Information, to own information
and not let other people have it. This in
exceedingly important as the future will be
influenced not only by technological, but
even mora! change, which might imply new
responsibilities to mankind as a whole,
transcending order, and more parochial
loyalties of today. These future roles of
the information worker would become
essential in order to prevent further alle-
nation and disaffection of modern man,
which stems from the deepening ruptures
between the individual and his world caused
by technology and ita shattering impact.

In various ways these roles of the information
workers of tomorrow highlight their participation in
and contribution to alongwith other agencies, the
“education for survival” of humanity aa a whole.

2 Some Research lsauca

In an increasing measure, it le being realised
that peace and prosperity in the world requirea the
creatfon of a new international economic and social
order — something different from the order that
obtains now marked by dichotomies, distinctions and
discriminations, ot baves and havenots, rich and
poor, advantaged and disadvantaged, privileged and
underprivileged, developed and underdeveloped. The
creation of this new economic and social order de-
pends on the cooperative and collaborative action
ameong nationa institutions of all kinds, and different
soclal groups, so as to bring about the apprapriate
changes in attitudes of people an well as in social
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structures in the hope that it would lead ta & reduc-
tion in the gap betweon cultures, between natians,

8ad betweon social groups. Knowladge in the princi-
pal lnstrument of social and economic change, aad
the sharing of knowledge could be an effective maana
of reducing and bridging the gaps — epatial, temparal,
cultural — in and between societies. The capability
for knowledge transfer and information handling is
both the potential for change as well as the indicator
of achlevement In material wealth. As the Clab of
Rome second report puta it: "All contemporary ex-
perience points to the reality of an emerging world
system in the widest sense which demands that all
actions on major issues anywhere in the world be
taken In a global context and with full considaration of
multidisciplinary aspects. Moreover, due to the
extended dynamica of the World aystem and the
magnitude of current and future change, such actions
have to be anticipatory so that adequate remedies

can become operational before the crizes evolve to
their full scope and force. If actions are to he anti-
cipatory and effective, they muat be based on & sup-
ply of information which is a8 completa and Rccurate
as it can be made to be." The emerging trends in
the information field — for example the new econo-
mice of information based on the concept af informa-
tion as the major non-depleting resaurce of society,
the profound mutual impact of aociety and informa-
tion, the ehifte in the loci of decision making and
axercise of power — would these lead to the new
economic and social order the United Nations hope
for? Or. will the changes merely create a shift in
the balance of power, new cultures, and precipitate
new diaparities in society? It is prophesied that
everybody will benefit {rom the coming change pro-
pelled by increased access to information; it is a
non-zero sum game. Wil the reduction of gaps in
society lead to a uniformisabion and averaging out?
Or, will there be adequate scope for the development
of the individual, his personality and creative abili-
ty? Will the creativity be achieved through better
use of the "'grey cells' of the human brain — use of a
larger proportion and for a longer period of time of
the individual's life-span? Will thia be saccomplished
by genetic engineering, or by an alternative techno-
lagy. such as transcendental meditation? Will these
be alternatives or complementary technologias use-
ful in different contexts ? The increased creativity,
will it result in le#s or more use of information per
individual on the average?

Whether the kind of society that will emerge
say in the next twenty-five years would be the most
desirable kind remains to be seen. In any case, in
the coming decades a gaod part of the world's efforts
will be directed towards devising means and methods
of quicker access to and use of a larger volume of
information at all levels. Will the developing coun-
tries benefit {rom these efforts ? Should they use the
same technologies that are now being developed in
the technologically advanced countries? Or, should
they look for complementary and alternative methods
to achieve the goals they sot for themaeslves ?
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Given the fact that whereas the totality of pro-
duction, storage, organisation, distribution, and
utilization of information is & long range and expan-
slve busi » but that | 1is the basie cf
galnful docisions, planning, and control at all lavels
of human actlvity, there are soveral quastions the
correct anawers to which could provide the elementa
for formulating an ob} and integ d informa -
tlan polley. Such questions include the following:

--What are the criteria and guiding principles
for apportioning national resources to infor-
mation activities on the one hand and other
aectors science, technology. ecomomic,
political, snd cultural activities -- on the
other?

--What are the returns and the social cost of
the investment on information and how are
these to be measured and evaluated? What
are the criteria, means and methods for the
purpose ?

--How do we judge and allocate resources for
the production, processing and distribution
of transient but, perhaps, immediately use-
ful data (og. commercial information) via a
via the more permanent information but
which gives a deferred return, such as edn-
cational materials, scholarly works, and the
clansice ?

--Is there a difference in the degree of
urgency and accurscy of information needed
in different areas of activity -- eg, informa-
tion for business decisions and information
for research?

--What is the trade off between search and
utilisation of existing information and the
production and utilization of the needed {n-
formation?

--How would one place differential weightage
on different modes of information tragafer --
og, d ion services, aducati mass
medla, etc. ?

--In the interest of maximal benafit to society,
how do we distribute the controla over the
existing stock and the new flows of informa-
tion sclence several participants may be inv
volved in the whols process -- the generator,
tha recorder, the collector, the distributor,
etc.
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