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Few technological changes have had so
profound an effect on the human condition
. as the development of telecommunications.
- Man today lives in a maze of electronic
signalsy it is certain that their
" influence on the quality of his’ environment
will be even more important in the future .
‘than is the case today. ’ : '

Final Report President's (U.8.) Task
Force on Communications Policy, (1968)

The Prospecf;ofilnformation:Overload-in TechnOLOgicallykAdvanced

'_Societies' :7‘“5

X

An entraordinarwaeature of modern tefecommunications sys~f~
-tems, present and projected, is the extent to which they are
“characterized by rapid and accelerating technological change.,"
The introduction of innovations in the field of communication,‘.ef
particularly for systems of information transmission, has expan;1
ded from a;trichle to a,stream andjs;now.turning into a torrent;‘
in‘somaerespectsEtelecommunication_appearshto stand.now intterms:

‘of'comparative development where transportation stood nearly

a half century.ago, aIthoughfthe comparisonnmay actuaily un-

derestimate the dimensions of the- present transformation.l.One

or two examptes will help to show the extent of the preSent rate:'”
of change. In the field of computing where the entire develop-h

ment has occurred since World War II the.growth is i}lustrated»f:

in Figure 1 .1
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What Eigure I shows is that the computingepower—toecost'4
ratio has been;increasingfby a factorHofthf(exponentially)'(

eVery fivefyears" The introduction of nassg- produced LSI |

_(large scale integration) circuitry will assure the continuation :

of this trend, -at least in the immediate future.1 -

The transmission of digital‘information(still lagspbehind L
_ computing-capacity; however at 1east one company (Datran)-is‘j?'

iproposing afsystem mhich offers up to 14 400ibits4perusecond§‘y ”

[

and ITT has announced the development of a Digital Data Network o

‘<f0ther transmission rates have been exhibiting trends somewhat

. comparable to those for data computation rates. Figure II showss

‘trends in the transmission of telephone conversations. ff(

A similar pattern can be observed with respect to increa—"i,"

- 8es in radio bandwidth' successively, we have seen the intro--"

‘;duction of 1ong wave (frequencies up to about 100 kHz), the

‘"broadcast" band (around 1 MHz), shortwaves (around 10 MHZ), ,:‘;

-millimeter wavas (large scale use of frequencies above 10 000

| Mhz)r'

Satellite transmission is of even more recent origin (from;

one satellite in 1965 with a capacity of 240 VOice circuits to:
11 in 1971'with a totalvcapacity of 10, OOO circuits) 'Thevpre-

sent capacity is predicted to expand very rapidly in the fore—fi

seable future, and satellites have the additional important cha- .

- racteristic that they largely eliminate the usual association »

1. For discussion, see, for. example, the February 1970 issue ;,f

of Scientific American.1
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_between cost and.distance.

The examples given here are‘simply'indicative'of an.overall S
‘phenomenon, the consequence of which will: be to facilitate imme- o

diate and. universal information availability.;;

‘Increasesgin the rate of transmission of'information.invol-~
ving longvdistance communication have,reSulted from;twovrelated
types of technological development.

a) increases in channel capacity, i e., net additionS\in. -

;the volume of information which -can be transmitted from':f

‘one’ point to another in a given time, and

-vb) increases in switching capability, i e., an expansion
. in the means available to form combinations of interno~_:.-h

"dal links.into discriminably different networks;.ex"
--_:_;\cx_snse-ﬁ.eapamy B P R S S
Growth in channel capacity has resulted from changes in

Athe speed and volume of transmission of signal, additions to theq-

| kind of signal that can be effectively transmitted at high Speedv

over 1ong distances - - voice, Print image -‘--and by deriva-~}fkff o

tion, in the quality of representation of the original message

which can now be achieved. Changes in quantity and kind of trans-;ﬁr
mittable signals came. about with the introduction of new. modes

:.such as radio (voice), television (image), and facsimile trans-,fp‘“

mission-(print) The establishment of standards with respect
“to quality of tranSmission has been a: gradual process. In tele-“~~

phone transmission, the goal of engineers has been typically




- limited to the "simulation of'presenceh,iorlavlevel at'which_ _’3

sufficient supralinguistic information such'as'tone of Voice, - -

inflection, etc..._is transmitted, as well as’ more basic con-

tent information, to create somewhat the illusion that anotheri”'”

person is present, at least in part depending on the sensé mo-~

dality employed; the visual equivalent;of\simulation.of‘presence S

remainaiao bé:ﬁCEOmplished.r”‘

In: every field however, the constraints of cost are. gra—-"'

: hdually yielding to technological advance.1~:~:
g -;Swit-_s:mi!é_fsa,nabi‘l-ity, |

Among telecommunication systems, fully switched networks

are represented by the: postal service and the telephone system. »

Their flexibility is obtained at a cost both systems have 1i—__::h}
._‘mited local channel capacity. In the past there seems in fact j,,""
‘vto have been a tradeoff between channel capacity and switching.;ﬂ;};
| :hcapability.' Television, with greater channel capacity than ei-f\r
'ther telephone, telegraph, ol post has been until recently cons-:ﬁ.y h
dered primarily an area—wide distribution system. However while f

it may haveonceappeared that greater information transmission "fﬂ;f;j

could be gained either through increases in channel capacity,
or through more flexible switching patterns, but not through

both this constraint in turn Beems now in the process “of being

hslowly pushed back. -Eventually,;we.may look forwerd:to'fullye]f“g_

1 It is worth noting, parenthetically, that increases in
. telecommunicative channel capacity have been accompanied ..

by increases in memory .capacity.as the variety and fidelity

of recording mechanisms has eVolved.
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-ewitched maximum capacity eysteme with, for practical purpoees,

unlimited range of geographical dieribution..
The effect on the individual

~~~~~~~~~~~~~~~~~~~~~~~~~~

For the individual, the effect of these developments hae
lxynrthat(a) he ie'each‘year (as part of‘an‘accelerating.process)
the‘target'of more messages,_each'with augmented.informational‘
content, and (D) because of his access to 1arger:and nore diffe-

rentiated networks, he tends to interact within larger syeteme

.Ahaving greater complexity of organization, which in turn is corre-

'lated with increased variability, and hence with greater informa- :

tion. Thus, ‘on two counts, technological advance in the field

of Lelecommunication is cIOSely aesociated with the amount of

_infoLmation available to the individual. It eeems reasonable

to assume that such a process must eventually reach a ceiling,.

which is the 1imit o£ individual human beings to accept and pro-“

.cess information.--i

. "In a metropolitan area of 5 million population,
about 4,800 hours per year per capita. (or about
'thirteen hours per day) are devoted to various.
‘modes of reception of social communications, such.
as reading, television, lecture and discussion, .
observation of enviromment, radio, film and
miscellaneous... At various estimated. receiving
.rates of non-redundant bits per minute, the per

"'capita average reception of information'is ‘100
millions bits per year orroughly, 300 bits per
iminute, It is startling to note how close this .

1§ =~ within a factor(1f5-—to the -1,500 bits: per -

‘minute taken as the limit’ of human capacity to S
absorb information...; : : S

_As the amount: of necessary. information per capita\ .
grows, tha- limits of human cnnacity may be preeqod :
_at least for many"; (2) o o

h (2) Meiler. C1962), also cited in a report of" the American Com~
‘ ,mittee -on Telecommunication, National Academy of Engineers (1969)
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It has been more than once asserted, and recent1y strongly
reiterated, ‘that the individual‘s capacity &) function ‘and
to make decisions must eventually,break_down'under the strain‘ '
of environmental overstimulation.

~"The striking signs of confusional breakdown we
“seé ‘around us -- the spreading use of drugs, the
.rise of mysticism, the recurrent outbreaks of
‘vandalism and undirected violence, the politics:
"of nihilism and nostalgia, the sick apathy of

- millions -~ ... may well reflect the deterioration
of individual decision-making under conditions. of
'environmental overstimulation" (3)

LipoWski (1971) has similarly attributed unrest, anomie,
._and violence to the influence of the widespread exposure of in-'.5»
dividuals 1iving in affluent technological and open society
to what he terms an: “overload of attractive stimuli" 'Theﬂ;.i

'condition in which extreme information processing demands result

in temporary or permanent system breakdown has been termed inuﬁuh

. formation overload.

The motivation for the - present study

need - to obtain a clear 1dea of the danger of information over-;“d'"
.load insofar .as it can be asse3sed now from scientific‘inves--n
tigations conducted either in a psychological laboratory or in g“
Anatural settings. Initially, the objective was in essence to -
rlconduct a simple review of the available 1iterature on the'sub;.'“

ject. The report ‘of this work takes up Chapter Zx :there is;;f

:inffact an extensive Literature onAthe topic. t

(3) Toffler, 1971."

The present study was undertaken in response to theevident':jf:"f”"
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However;'while a number of.interesting and usefulvconclusionsh~f:*
can be.drawn from the literature, most‘of the relevant research, with
rather few exceptions, has been conducted within the limits of psy—
chological laboratories, rather than in. the field. For a report which
is intended: to have practical implications with respect to the deve-
lopnient of Social policy, this strongly psychological (and theoreti-
cal) orientation=presents something of a dilemma._ As we shall find |
in thev;Secondvv chapter, the kind’ of individual information procese‘f e
slng sLudied within the psychological 1aboratory may often appear
to constitute a very special subset of the whole spectrum of informationa

transmission behaviors te be found in naturalistic social settings.

._The term "information" itself is assigned a very particular meaning,

ﬂwhich only very partially reflects what we' usually think of as. infor-z’f’h'

mation.

This deliberate restriction of the field of inquiry has dis-

-‘advantages and advantages. The main disadvantage has already been ;;f*ﬂ{,;{-"

alluded tos the great difficulty in generalizing from laboratory
'findings to"naturalistic'contexts. This problem is not unique to
the questions of information overload, of . course, but in no other ’

field is the constraint’more,irksome, o

The great'adVantage‘of‘the experimental method, in spite‘ofil

its substantive limitations, is that the concepts which have evolVed R
~_are (remarkably)more precise than those developed in field inVesti—
) gations, and conclusions are more solidly documented by firm evidence.:i39‘,f‘

The domain of cognitive psychology, which

. i
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is that part of psychology concerned with the investigation of

information processing systems within the individual, is presently

in a state of very 1iVe1y development. Exciting new ideas and :

approaches are rapidly being realised.. The very theoretical
bases on which the literature on information overload was first
constructed are themselves being modified., It thus is unthink-

able that we should ignore these developments.

‘How then have e attempted to meet the dilemma It would

' _be dishonest to pretend that the whole difficulty has either f“

been resolved or ‘can ‘so easily be wished away. However we be-'l.

flieve we have found at least a partial resolution& e

the discovery of the crucial 1ink between an approach narrowly

based on classical information theory (in its more 1imited Sense)

and one which aims to say something about real persons in actual

_'social contexts is a task for communication theory.¢ The linch~

H?'p;vpin between individual and society is communication. " In the~

third chapter, therefore, an attempt is made to restate the ori~

‘ginal psychologically based theory in terms of communication
theO?Ys and to reexamine some evidence concerning information over-if‘f"

' load'in'the:light-of.thisvstatement:ﬁiy‘

- The net effect of the. method adopted here may be a docu-f

~ ment which appears somewhat abstract. this is . unfortunate _'
.but it seems preferable to attempt a rigorous, B very incomplete,

vattack on the question of information overload, rather than to




in origin.',;T”

o lon the role of humans as components within larger systems.. By f;';f

'\the beginning of the twentieth century, this concern was already
. industrial society became functionally more complex, there was o

a strengthening of- interest in the possibility that the opera-

.tions performed by men could be analysed in terms compatible with

Vprograms of behavior, or "methods", and eventually, through syste- :'}5fh'”5

R S

become mired in.doubtful‘if‘exciting'generalizations about'trendsli”” L
in - society, based on dubious and sketchy . information.'
Situating the present report with respect to previous research
Modern - discussioris of-the_problemiof'information_overload i
reflect the influence'ofhtwo-basically different approaches.to:n]
the study of the human organism as an information processor,

one’ derived from the field of engineering, one psychological

, Among engineers, interest has for some time been focussed

ell established. .As the coordination of Work activities in o

those used for machines. The school of "scientific mansgement" as~ﬂ:2ﬂf
sociated with the name of Frederick Taylor (1907, 1911 1919, 1947)

became. interested in the problem of how to describe with exacting

precision the task performance characteristics of the human component.z m
Through "time and motion" studies it was hoped that physical tasks {_fhife“'

performed by humans could be specified in the form of detailed

B matic training, that the work efficiency of individuals could be

radically upgraded and their notorious unreliability reduced. The
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emphasis of Taylor and his associates was on energyatransforming ‘

tasks.

The original scientific management movement was gradually p f{

absorbed into other management schools of thought preoccupied

with the growing trend to automation (Diebold, 1952). It soon

Ebecame evident in any case that Taylor and his followers had

seriously underestimated the importance of motivational factors

in work performance (Mayo, 19333 Roethlisberger &, Dickson, 1939).,

\'-However, human factors engineering receiVed a fresh new impetus<

: _during the period of the second World War with the emergence o ‘ |

.}fof cybernetics as a. domain in its own right. (Wiener, 19é8' Shannon, 1948).
:.The attention of engineers accordingly turned from the energy-t:'

.1gtransforming capabilities of the human organism to his informa—j

'tion processingAcharacteristics. Thus, while Sinaiko and Buckley

(1957, l96l) state their objectives in terms reminiscent of those

of Taylor"’;"

' 6"'-

Machines do not operate by themselves, Even
in an age of automation men will be involved
in one way -or another in every system.,. Men:
..a8"well as machines are components of systems. -
Since mechanical and electronic componernts are
~ now available with very high speeds and capa- o
. cities, the design engineer's task of integra- -
- ting men and machines into smoothly function-"
ing systems has become more difficult. If.
the characteristics -~ limitations and capabi-.
lities =~ of humans are known and understood, .
“better man-machine systems will be designed
and built, ‘ :

nevertheless;,the list of -variables to,be'considered now_includes :
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a concern not'only for energy~transforming constraints (the phy?ﬂ

-sical dimensions of the individual, his capability for motor
activity, his physical needs) and motivational factors (psycho-‘

_logical needs, capability for learning,

sensitivities ‘to social environment), but also for information~

'processing constraints (capability for . data sensing and proces~A

sing) .

Psychologists, on the other hand, have been interested
|

in the processes of perception and theinformational determinants
‘.-of reactions by humans since the nineteenth century, indeed since’,~n

Vfthe emergence of the discipline in its modern form. e

Psychologists' interest in the problem of human informad

“tion processing appears to have been further encouraged by a jf“

,,convergence of the paradigm of information transmission used by

Shannon with models of the organism employed by psychologists

in the field of learning theory.. Both the philosophy and the‘;ff“

' methodology of behavioristic S R psychology encouraged the in-h

vestigation of humans as input output systems with essentially

'linear transformational properties (or some stochastic approxi-;t”

'-mation thereof): the role of learning or conditioning is to'”

assure that,presenbed with a given stimulus, the organism will

produce an associated set of responses (with the association f@giﬁf

between stimulus and response meeting certain standards of re— '

'liability) The study of human behavior, in. this perspective,. '

: then reduces to the proper description of ensembles of stimuli
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and responses, and the observation of behavioral correlations

between them. .

.It seems:to-havefbeenfin part becauSeuthe'communication-
model of Shannon could not only be made to conform to this tra-
ditional psychological paradigm, but also promised a more accu-
rate quantification of- stimulus response ensembles, that the

work of Wiener and Shannon was 80 quickly absorbed into the

Atmainstream of psychological.research. Much of the work reported
in this study is set within this integrated S R and - information-

. transmission model.

’ Information theory, however, is by no means the on1y contri-

: _bution of cybernetics to the illumination of the problem we are
g studying in this inquiry. For one thing, cybernetic theory pro-
‘vides an alternative model to that of the reflex arc, which,
» even 1ong after being officially discredited in psychology, seems

to have continued to exercise a persistent (and often hidden)

inf1uence on" the design and interpretation of psychological ex~

periments. In simplest form the cybernetic model of the indi-

vidual information processor is illustrated by a computer pro-

gram which is executed step by step and which utilizes input in

order to perform tests and operationa in order to produce ‘an

‘output. In this model, output is a function both - of input and
of the internal staLes of the organism . The application of

:thislalternative cybernetic modelzfor purposes of experimental



research has'eeourredrelativel§'slowly;epresumebly beeeusejof~:'l

the rather f  great chénge of perepeetive-which isvreouired :

by comparison with the use of the simple'S-R model.

A major. goal of the present study is to reexamine the literatu~ -

re: on information overload in the light of ‘the general cyberne->;

_ tic model. The remainder of this introductory chapter is accor- _'

dingiy devoted.to a review of some of the main. 1nsights which

“have animefedyeubseqﬁeht dieeussions Ser within ,the;eybernetie;A

~ framework.,




"f'they may be internally consistant, in and of themseIVes they make no, state~
’ :ment about any world. Their application to actual systems requires an
'tkact of'interpretation.‘ We shall see in Chapter 2 that while such theore—

B tical modele may provide powerful explanatory tools, they may also impose

, form, the - communication situation contains a sender and ‘a recelver (though

' f:on occasion Sender and receiVer may be the same individual.',eg. someone
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" Communication and Information: a brief review of .some basic concepts

Much of the succeeding discussion, particularly Chap-
ter 2, assumes & basic knowledge of communication theory. 1t may be use-~
ful therefore in this introductory chapter to digress briefly in order

to sketch in some of the principles underlying the modern theory of com~

-jmunication and control. For those interested in a’fuller explanation,

many excellent treatments exist. On the other hand, readers already fa-

miliar with the theory of communication and control may want to omit this

--2section, ‘which rehearses only quite well known meterial. : T

The contemporary approach to the study of communication and con~

.trol cenLers on the use o£ mathematical models to describe biological,
o social and artificial systems. The mathematical models are neutral “in

. ' the. sense that they are axiomatic in their development, ‘and hence, while

.

their own limitations, depending on. how they are applied.

Communication and Networks

A 23w e b W -l-nl-\‘-—u—- ----- -4\--.-

The concept of communication implies a network In its'reduced

'-writing himself a. memorandum, to be read at a 1ater time). Claude Shannon

(1948) proposed the folluwing snhmmatic diagram of a general communication

system.
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Information o E e . : o
- “source Transmitter ~Receiver Destination . . .

.

'?Receivedvs
signal’

:_MesSage__”

Noise .
._source; -

" The Shannon schematic diagram of a"general.eonmunication.gystém”f'

In Shannon s model, the information source is responsible for'.'\
L 1:the production ‘of a8 message, or messages, which are to be communicated.,fi

.The transmitter operates on the message in order to transform it into a

‘_signal, which is then transmitted through a channel to a receiver, whichA

,in turn operates on- tLe signal Lo produce a ,essage for Lhe destination,;or” .
'the intended recipient of the message.' Noise,\or interference, is conce*vedf'
as an-:: additional (unwanted) information source which introduces signals'

-into the system which compete with the main signal transmission, and may

‘_thus make it more difficult for the intended message to- be clearly inter.'& L
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The. communication situation can also be conceptualised in ano-

ther way. Let X = (xl, xz, eos X)) be a set of potential communicators.

Then . a potential network eXists.if there

- 1ls a possibility for at. least one communicator to: exchange messages with ano-&h
: ther communicator, 1. e., 1f there exists a communication channel (channels)

by which messages can be transmitted from xi to X,y and from Xj to xi (assu-jﬁh .

37
: ming for the sake of simplicity that all channels are bi- directional, al-

1‘though ‘the assumption of symetry i8 not required)

S _ R j‘_:i,:
. . ) 11
L A -! :
¢ R BETREPEE
N ¥ . N
om0 @@ -9

" Formally.Distinct: Comminication Networks -

':':yOne way in which Lhese intuitive notions can be formalized mathematically.“

: is to define a mapping,:[ﬂ” - on the Cartesian product, X (where X is

)& [? ¥ if and only if x, . can commu- 'f.fj>:~

;defined as before), such’ that (x s X 1

3

‘nicate with xj. Then N = (X, f? ) is a e h, and (xi j) is called an-

arc. In this way, the notion "graph" has been equated with that of "net-«?

work, and that ofﬁard'with the concept.of a "channelﬂ.

s

‘g ' l Vitiations due to noise are shown as entering the system at the point
R of the channely this is-a convenient abstraction, since interference. .
" may equally well be due to characteristics of the - encoding and: deco- S
ding process. S . : : s
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Three principal questions PN

i g

‘This development of the idea of channel.of communication is‘

' highly restrictive in that it deals only with the possibility of communi- ‘.;.*,-
| cation, i. e.y: the existence of a channel by which to communicate. never;"M

A theless, it allows us to ask a number of questions which will serve to ';
',introduce certain essential notions of communication theory. First,‘we

nj might want to know how to describe the capacity of the channel, remembe-.f;'..

" ring always that we are to measure the transmission, not of matter, but

iof information, -Thisiis.essentially the question which was posed by~$hannon;jf

Second, supposing that'we know something about how individual :
‘f-elements of the network behave when presented with certain messages, what
.can we usefully say about the behavior of the network as a whole, i e;,

f what are the probable outputs of the whole network for given inputs, and
.f for given inLernal states? This is thequestion which was asked by McCullochi;fihh a

: ;ﬁand Pitts, in their classic Paper ( 19nf93 :rg.J’:

Third, what can be said with reSpect to the explanation of pur- 33?5

i posive behavior if we suppose an element or a network to. be joined to an )
_environment by a return loop? This is theqpestion which interested Wiener %;:lf"'
'(]tﬂli), “and Ashby (]}) 2)._- Together these three topics constitute the fhﬁﬁ§
starting point for the modern theory of general systems of communication ;lf;::

~and controlif

Shannon s theory of - information transmission '

-Weaverj(Shannon'andiweaver, l9495'identified three'levels -
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_on which the communication of messages can be analyzed, each of ‘which rai~

"ges a somewhat different order of problem.

LEVEL A.'U_How accurately can the symbols of communication be
: transmitted?
(The téchnical problem)

- LEVEL B. How ‘precisely do- the transmitted symbols convey the
‘ desired meaning? (The semantic problem)

LEVEL C. .. How effectively does the received meaning affect

conduct  in: the desired wav? (The effectiveness pro-
blem)

Shannon originally entitled his paper The Mathematical Theory

U of Communication, and in it he was uniquely concerned with Level A problems,

TE definition he gives to the term "information" has therefore a limited do-

:that is to say problems associated with the transmission of signals.. The

w;_main of application, s0 much 80, indeed that it has since been proposed

- that he might more properly have termed his paper "The Theory of Signal

"ggffTransmission and Coding" (Bar-HilIel, 1964). In similar vein, MacKay (1969)

/dp'discriminates between "information" and "amount of information" or "in-

'T_formation content", where the latter terms refer to what Shannon calls

- "{nformation", While these distinctions will become important in. our la-
ter discussion,’ for~the-moment~a11 that is necessary to’ bear in mind is
that Wiener and Shannon have a restrictive sense in mind when they use:
the termg one that in no way captures all of the meaning usually assigned

to the word-in our ordinary discourse.

Information and probability

ke 0 e e R R

" The mathematicalwtheory of communication, as developed by Wiener, ..

1
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Shannon and others is closely related to the mathematical Lheory of ;fp,i
' probebility,ffrom which it'derives mostnof"its postulates.‘;As in‘
elementary‘probability-theory5~it'is convenient to?define an:ensem-~pfs
ble of possible outcomes of an observation (such as an.observation
of the behavior of a potential communicator). Thenra communication~ét-
evggg (i.e. the transmission of a signal) is simply the occurrence
-of a subset of the ensemble of possible events. To illustrate, supeipff%.
, pose.a traffic policeman has manual control over a traffic light."l
The ensemble in which the motorist ig for the moment interested con—"l-:
_‘sists of the possible states (three) of the traffic 1ightz 'red, green:;
{and amber. If only one 1ight occurs at a time, ioe. y- if the possible‘fig{?;
’ communication events are. mutually exclusive, the traffic policeman .
lfncan signal permission.to oncoming motorists to pass by causing‘green
:;to appear on the light standard, caution by amber, and non-permission
by red. The meaning of the events; "go" "slow" "stop" is howeVer ke

'fnot of immediate relevance to the mathematical theory of communica-lilfg}te

"?tion, In this example,.the eniemble consists of . the available sym_.?}ﬁ
,bols, ("red" ‘"amber" "green“).‘ Message-transmission depends uPon ;i

‘,theoccurrence of a signal event, i.e., the occurrence of some possinmgnd
le combination °f SYmbOlS: (e?-""red").« It is signals which are RN
‘ transmitted through channels, and our task is to determine the capatlﬁglhj"ﬂ
'City Of Channels.' Information is simply a measure of the freedom ofg?“~3f""

choice in the selecLion of a message from an available set of messages

i;(where a message is construed to mean an acceptable combination of

What we want to know is how such freedom of choice is to be

mneasuredi i.e, what is an appropriate metric, or measuring stick? f"u“

Supposefthe ensemble (or repertoire)‘to contain n symbols; and -




' f'eight possible occurrences of message-events..i
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‘ .suppose further.that each symbol_is equally'likely,to'occur; independant__f

f - of the occurrenceiof any previous.symbol; In. this case-it is obvious that
"the measure of amount of information conveyed by the occurrence of any
:message ~event (containing just one symbol) should be a direct function
iof n, since the freedom of choice increases (decreases) -as n increases

'.(decreases).~ It might even seem reasonable at first to’ take n itself as -

the measure oframount of information. »

"This solution is, however, not adequate when we relax the-

"1constraints to permit compound message events, i;e;”those containing moreV
'1than one symbol. SuppOSe the ensemble of "simple" messages (i. e. messages
ihaving just one symbol) _ consist of two signals; eges "yes" and "no"
i;.Suppose that all’ transmitted messages actually contain three symbols. In i

-'vthis new ensemble of compound messages (combinations of symbols) there are

' 1. Yes, yes, yes .
c 24 _Yes, yes,~no~

3. Yesy moy no.

4, "NBQ,PQiTnO;THJ

5..‘ﬁo;‘no yesijif
x6i !No;:yes, yes"“
. 7;lbles;;no;lye3'p

_B,I'Nogfyes,ino

Since a "complex" message containing three symbols can be thought;>ji7-‘¥"

'of as being built up out of elementary components,equivalent to simple messa- :.
. ges drawn from an- ensemble of n=.2,- and assuming our measure of informationi
to be'the size of the ensemble, the combined informatﬂnroontent-might‘be i
"presumed to-be 3'x 2 5:6. Thefactual n;‘and'hence'the'informatiOn édﬁtent,"

of ‘the compound-event ensemble is, however,c8( Thus to- take n itself as

»a measure of information leads to certain complications."‘l_



‘vreturning to- the example given above, the amount of information (measure

'-.f'to express the idea of the amount . of information associated with the oc-l‘li-;:' y;; -

Hi_ffgiven above, thus has an: information content of three bits._ A "bit"'f .
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This’ inconsistency can be resolved by using an appropriate ma~"'
‘thematical transformation of n, (in fact a logarithmic transformation),.
,Any number can beAexpressed as a logarithmic transformation of another
_ :number, so that the use of logarithms as a’ medsure of amount of informa-.};
_tion implies no lossiof‘information; in-the present casetsuch‘avtransfor-ipff S ":j
mation proves toibe convenient:_ Shannon, for intuitively good reasons;Aﬁ»wzi ~;-.; B

: choSe the number 2 as the logarithmic base of information theory.” Thus, vaihAu. T »f

- of freedom of choice) of an’ ensemble with two symbols is logz 8 = 3, 's0 fffb
that messages which are’ compound events consisting of combinations of threeu:f..
: : : : : I .
’._symbols have exactly three times the information content of those made up S

blof a single symbol, as intuitively they should.v The term bit was coined _;ffff'

_ .currence of one of two equally probable signals.. The occurrence of a‘me3h~3

‘bsage event drawn from the ensemble of eight possible events, in the exampleﬁiff

‘:therefore is the basic measurement unit of information theory.vr___h o
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Die # 2

~.dice which face upwards, i e., a natural number between 2 and 12. The
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Essential notions of probability

In the discussion above, the notion of probability has been
introduced by the back door. Since it cannot freely be assumed that message-
events always have equal likelihood ‘of occurrence or are unaffected by
the prior occurrence of other message events, it is important to develop
more fully our concept of probability. We can do so with the follow1ng

example. suppose the basic message -event to be the throw of a set of dice.

:  The source of the message is "Chance", the mechanism by which the message
:',is transmltted ("the channel") is the throw of the dice, and the actual

' »»message event is the combined value which shows on ‘the two faces of the

ﬁfmessage is drawn from a ensemble which is illustrated in the following




Lras
From this diagram, it is evident that certain combinations oJIQ_f:
of simple messages are lumped together to create compound messages: thusil_?”:
- a l- 6, 2 ~54 3 4 4 3, 5 2, or a 6 1 are all called a "seven" | From thia-ﬁh*f'
} fact, and assuming that the dice are "unbiased" to start with (i.e. that B
thhe chance of occurrence of eVery simple message is equal), we can draw

S up the following table of probabilities‘ 'fu-f”f°

Compound:nessage-eVenti.hf'> 'i Probability L

N 'bié“giri"}i ;?.}r - t f'fffi1/36 .
o i?dd.f‘.“% ..ilbiiiji_5;:tﬁsiri2iéi&:z

i

s

IR s e
ol e
B T V.U N

-f}olifbAf‘{}f:'i_»ffiid t?€551/36.

Since we have supposed the probability of occurrence of eachiaiﬂ'v

': symbol'(i.e. l 2 3, 4, 5, or 6) to be equal for each die taken indivi-..l

- dually, then the amount of information transmitted by each throw of a

R single die is log 6 = 2,585 bits: (or 5 l7 bits for two throws of a singlehii;i?4”"

»die) }‘ ' i 'j"v_.d~:: l-nﬁ_" o . if ‘:t':;
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. To find the information-content of the compound event associated with the .

A.-throw_of the two dice together5uwe use the formula:

N
-~y 0P 1og p ) or (2(1/36 1og 1/36) + 2(1/18 log 1/18)
S o4 SR

+ 2(1/12 log 1/12) + 2(1/9 log 1/9) +.2(5/36 log 5/36) + 1/6 log 1/6) or ..

: (1‘0612“+ 8906 +.7342 + .6254t+“.2435 + ;27325.= 3.8381 bits.

The difference between 5 l7 bits, which is the amount of in-.=.7lf-'

.formation which would have been transmitted if each of the 36 %simple"‘:‘.n

message -events in ‘the original ensémble of potential symbols had been o

“assigned an individual message value, and the actual value of 3 8381 bitaf;_fpi '

. obtained, is a measure of the constraint which results from an unequal _TL:::

"n[_distribution of probabilities, and the assignment of structure to the

’_"original message Space._ff

Not only may separate message events have unequal probabili-

ties which have to be taken into account in the evaluation of amount of

'information transmitted, there is a further possibility that the probabi~4'\:”':?
1ity, of occurrence of a certain message events is affected by . the neighbor- S
.hood of other symbols in which it oceurs. The equivalent concept in pro-,:.ﬂf

bability theory is. that of conditional probability, which ‘18 defined for—i{iff»:f

. mally as follows..fff




‘ ”?correlations of the type just deScribed, .e. where one symbol f°110W5,
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for two events, ‘A and‘B; the conditional ‘probability of.B,.given A, 1is

: defined to be

P (BIA) = P (BMA)
| P (A)

.where P (A) is the probability of occurrence of A,
_ P (BIA). 18’ the probability of dccurrence of B, given that A has occurred,
and P (BfW) is the probability that both B and A occur,

;Reduiidiahcy 3
In natural languages, some letters are associated with others

: in special patternsx in French and English, for examples the letter “u" fol-
i:low3 the letter "q" ith a ve y high probability. In the context of g "
u‘the occurrence of "u" has negligible information content, irrespective of
"fits ulual value if we were to consider only the relative frequency of oc-

ficurrence of the letter in the language (i.e..averaged over all

s“iiits environments). Such serial dependencies ate not 1imited Lo first order

t'precedes, or- is in some other way in the immediate neighborhood of the other.
;'From the letters "blank t, h, e, i,..., blank" we could without difficulty
A_fill in the "missing" letter, "r" ‘In this instance, no single preceeding

or succeeding symbol establishes the constraint which allows us to supply

~the absent letter; rather our sense of pattern is due to our sensitivity
'to higher order contingencies. Inter signal dependencies of this charac-
_‘ter are referred to asredundancy, and can be dealt with in the measurement
-.of information without difficulty by the use. of the probability calculul

:idescribed above.‘d'
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].Channel~capacity and;coding. .

To this point, we have been concerned with’ developing a means" ‘
::to measure the quantity of information transmitted by a given sequence of ?ﬂ'-~
message-events. We now turn to two slightly different questionsz (l}
how can we ascertain the capacity of a given channel to transmit informa-jf:
tion? and (2) how can messages be re- coded in order to make the best pose;‘f;i

‘ Sible use of a given channel capacity? This. latter question will lead in ﬁpf’“'

-1..turn to the problem of interference, or noise, . ‘and’ means to combat it. ;9f

'Messagesiare transmitted over channels (physical»media ofi"'f hiif; E
some kind) by mechanisms which are capable of being in. one or the other ;;g}*

"jfof ‘a certain number of different states (eg., a telegraph transmitter, _S:J

'f'the human speech prodUction system, etc). Such a mechanism is capable

'““pof transmitting a certain set- of signals, .

.*::'example, of pulses which vary in (1) intensity and (2) duration. The sime?f'-

31 82.... S ,’each with a cor-f{jk~f

'fi'responding duration, tl, t2;....-t6.;f Signals might take the form, for

V"plest case is that of an ensemble of two signals, S1 and‘SZ, of equal du—f

ration, ie. t1'§;t2 {; Then the channel capacity is log2 2/t, or l/t

bits per second. Suppose t to be equal to 1/5 second.‘ then this channel

can transmit 5 bits per second. =




. FIGURE I:4

Messages;

o isecond | lsecond. |

N

Capacity = log, N/tfbitS'pef»Secdﬁd =55:bits'per second.
N=2 B . |
‘tj;‘l/s.second

- Illustration of Transmission of Signals in'a Given Time Period °
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The capacity of a channel on the assumption of equal duration ;;.
. . of signals, is limited by two factors. (a) the number . of discriminably
lidifferent signals it can recognize and produce, and (b) the ntmber of sew .
:parate pulses,or signals, it can handle 1A any given time period. The. o

~importance of these two parameters will be seen in Chapter 2.

‘What- of the case where the signals are of unequel duration?
:Here we cannot simply compute the informationtransmitted per time inter-
fval and multiply by - the number of time intervals as we did for the easier B
_case: recall that when signals are of equal length, for some time period |
_Q'T made up. of w time periods each of length t, the total information trans-{%:f :
.-:miLted 15 log2 N(T), where N(T) is. equal to n and g indicates as beforel;é;‘f?f
.u;the size of the ensemble. This follows from the fact that the information;iaﬁg.
-:;transmitted for the time period T is identical whether we think of it as_-ﬂyxf
. u separate messages, each of duration £ and drawn from a repertoire of n- f;ff@r“
;1symbols, or as l message of length T %. In the latter case the size of B
"fg;tne repertoire is n . (An example will make this clearer' suppose the”‘ﬂf

i‘time period T is made up of two smaller intervals each of 1ength t and

the available symbols to be S1 or 82.- Then whether there are (a) two mes-f

sages each of length t, in which case the first one may be either S .o, Szj't

2 : o
(and similarly the second), so that there are 2 4 possible messages, or(b)

- li See'again“the'eiample;shown on page I;?éﬁaboue;p; 'fj¢f



1is identical.

~.of two signals, S,

I-31

' one messagenofjlength-ig drawn frOm the repertoire 5182"8151’ s Sl"SZS2

‘4 possible messages, the variety (and hence the information transmitted)

To arrive at the information which could be transmitted when

:ithe signals are of unequal duration we need to’ find N(T), i e., the siZe

:.of the repertoire from which a single message of length T might be drawn.

This we ‘can arrive at by a process of "ladder-climbing", 1i.e. through

3 finite"difference.equations. Thus suppose the initial ensemble to consist

-1.°f length t, H of length 2t., Then in the first inter-.

f;val, iL is possible to transmit only one signal S . N(T) is therefore
”{'equal to 1,‘ In two intervals the repertoire of possible messages has three¢,

felements: Sl’ 88,8 . The variety in N(T) when T = 2t is thUs 3.

11”2

ffingher values can be computed by the use’. of the following equation.

N(T) N(T - l) + N(T - 2)

Then, from the earlier discussion, we can compute the amount

- of information transmitted for period T as log2 N(T) bits, and the theo-*

retical rate of flow of information over the channel as log2 N(T)/T bits
per uecond. Table I- ishows some values for our’ example of a two symbol

channel,"using signals of~unequal durationi - : . A RN
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Rather quickly, it will be ‘noted, the rate of flow stabilizes
.‘at the figure 0. 69, which is the capacity for this channel (Note' )
‘that it is lower than for the earlier 2~ symbol equal duration example where
dlexactly 1 bit per.unit of time could be transmitted).; - |
Coding
Information theory thus is seen to provide a means to measure-v'?f‘
' actual amount of information transmitted and potential capacity e
“r7of a given channel. 1t also assures that in principle a given message can
be adapted to a given (noiseless) channel in such a way that the actual
'information transmitted is arbitrarily close to the channel capacity (though
'3'never in excess of channel capacity).- The-adaptation of'message to.channel,;t

“in order ‘to take advantage of the peculiar characteristics of the 1atter,

B implies an ability to- recode the message.“ An example of one coding system ;ﬁ

'5L,based on a binary fission Process will serve to illustrate some of the sa-"fga

v'fvlient pointsa o )

Our task is as follows.5 we wish to convey to someone at a dis-.,ey'?'

>'7tance the results of a series of throws of the dice (following our earlier

example). There are, it will be recalled,eleven different discriminable d'“fa

f"messages"'which ‘may occur, with quite unequal probabilities of occurrence._“

Our transmitter however is capable of taking one of only two different states,~h‘f‘f'

“0" and "l" (possibly standing for "open" and "closed).»ﬂ. How can we' maxi~;€\gf37

_mize the amount of information conveyed per signaltransmitted? One proce» S

o dure which comes close to achieving a maximum consists first in arranging

' i the messages to be transmitted in order of probability, and second, succes-'_ft

sively partitioning them into two parts of roughly equal probability. The_‘t

process is illustrated in Figure VII': ‘
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U U S

My My M o Mp

“Baasible 68~ o coopr— pim
bgs ‘(Values Y M6 8
Dice) -

Probabilities of1/5 5/36 5/36
- messages T .

1/9 1/9

s A

1712

1712, 1/18 '1/18

- 1/36.

136

%736

Y unas

T

. TABLE-I-21"

6/36 5/36 .5/36"

'

4736 4/36 3/36 : . 4
u_“r.ts_\ruJ\_,,n.i \__‘r_.#\.\,_l\_ﬂf_.f 4‘7 4\

9r36"

\".A.A
‘.57561

Example of ‘a Binary Figsion Process . =

<;The;m§§sag33'aréﬁthéﬁ7fe-qodedgin.aﬁﬁrdpriatévfbrm.as fdiid&éii{f‘?:'5: '

~ Original message

“f:COdédﬂméssége_f’  Ce

- 7. 000 -
~ 001
010
S oLl
% 100 -
- oloL

1ol
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The coding is "optimal" in the sense that the most probable and

hence the most frequently transmitted messages (M s 6’ M g? M

are the shortest while the least probable messages (

. My, M,) -

5 _4~

X “12) are the longest.‘

The average length of message with these probabilities, and using this coding,

method, is about 3 3 digits.

»:the following:
M7‘

oUW

o

= =z si;zkz:z;zxi:z
ot

o
=R
N

OpLimal coding svstems using signals having unequal durations

there existe a code which precisely matches the channel so that channel

[«38

L
=

o000

0001

0011
. 0111
Sl oo
J1110:
1100 -
1000 -
1oot
. 1lo1ll -
1100
. '1101
1110
- 0100
0101
o110l

" where the repertoire of available symbols is sufficiently large but where there
h is also."Spare" capacity, the average number of digits per message trans—::

»mitted is 4 which is inferior to the earlier coding system. ;g?flf‘*fn:'.'

~can - easily be devised, and in fact ~one of Shannon '8 theorems states that '

'ucapacity can always, in principle (since the theorem does not specify how
to obtain the appropriate code), be utilized to the full.

l‘however, is that there is a payoff between optimization of the code and

= unused. spate capacity '

The difficulty,

Using an alternative coding system, such as .
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'~ the potential delay in the act of coding.

e

' , . : The final distinction due to Shannon which will be employed
| in the sequel is. that which distinguishes "noiseless" from "noisy"
.h_channels. The difference between the theory of noiseless and noisy
‘f.channelsiis:comparable'to_that between the theory of probability and
ilﬁzstatistics. Thehpresence of "noise" or interference on a channel is:.,ﬁ
.roughly equivalent to the statistical concept of "error", i.-e.,.effects
‘.r‘due to variables other than those in which the statistician is immediately
~“-'.interested. The goal of communication (and of statistical inference) is
'~3to separate out’ the effects ‘due to "irrelevant" sources from those which
‘-i-constitute the "real".message (the main effect). A second major theorem.
ih»of Shannon ensures that even-in the presence of noise, information can
"h!be transmitted over a noisy channel at a rate which is arbitrarily close

to its capacity, and with an arbitrarily small error.‘

. The’ principle involved is that of the appropriate use of redun-~hﬁ’l

dancy. It 1s employed in statistics, in the sense that our certainty that

we have correctly identified the value of a parameter is positively related -"A-.__
to the number of observations which we take. As in statistics, where there fff;if; :

- is a tradeoff between the cost of taking additional measures in order to f' RIS

o become more certain, and the worth of the information which is obtained

by each additional observation, so in information theory there is an optimallf£e7-“ :

. coding procedure'. . The principle is simple: ‘we reduce the likelihood of

~confusion between the messages by increasing "distance"_* o

. ' the time required to encode: the more nearly opti'malthe,coding;,~’the‘filongérf— -




N

1T
~between them, (As in statistics, there is 1ess danger of confusion between~

variables A and B below than there is between Variables C and D)

_DOMAIN. "OF .
- CONFUSABILITY

“One method ot‘combattingnoise'can be illustrated'as followslt suppose"we.
'_wish to transmit the information that theitoss of a coin has conme up "heads"
“"‘We choose a code which assigns to "heads" the symbol "1" and to "tails"‘”
- the symbol "0O", If the signal "1" is’ sent over a noisy channel, Lhere ls

. a certain probability that the wrong message will be received i e., that

‘“the receiver will be 1ed to believe that "talls" canie up when in fact it

:gwas "heads" We can minimize this danger by using another code. Let "heads" ff"“

N be represented by "11" and "tails"'

one signal only is affected, the receiver will know that there has been “;w'"l
‘interference, since he will receive either: an "01":or a "10", neither of
which have any. assignment within the given code.. There is still a certain: o

probability that he wi11 receive a " when a "00" was intended, or a "00“

when a "11" was- actually tranSmitted, but this possibilaty has been reduced..,t’ff‘

If the coding “heads“ =.1111" :"tails" = "000" is adopted the probability
of absolute confusion is further reduced.v If one error only occurs in trans-f;
: mission, the distance between signals is. now sufficient. that messages can "~f'

~""sti11 beridentified correctly inyspite,ofqthe effects of noise.-:"OOI"

v

" Now in the event of noise, 1 v
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'"910" or "100". would be obtained from a "000“ if one error only occurred;
a "llO" "101" or "Oll" from a "lll" in the same ‘case. The occurrence
'of two errors will still produce a faulty interpretation. EOWever\if.the i

'alternative coding “heads" = "11111", "tails".= "00000" is_introduced the °

risk is further considerably reduced since three errorslwould~have‘to occur

in order to result'in an erroneous reading of the'original‘message. Sup- :
_ pose that initially there is a 25% probabilitv of an error in transmission

occurring for each digit: the probability that a mistaken interpretation

will occur has now been reduced tol %, a very considerable gain in relia--i

: ﬁbility of transmission.-

- This completes our cursery (and partial) examination of infor-'d::

' omation theory° The meaning of the term information, as employed by Shann.
non 1s' related to the degree to which a given message reduces the ugggr-f
itainty of the receiver' more explicitly, it is based on the average sur-f
prisingness of messages drawn from a certain enSemble, and hence on the
1 average prior likelihood of occurrence of symbols in the ensemble. Itis T

'the subjective state of the receiver before the arrival of the:nessage -

which determines its informativeneas; thua information theory, Iike pro-fg'" s

bability theorw,is concerned with expectation.y..'f'

Nowhere in this formulation is any reference made to the meaning

of the signals transmitted. This has two implications with which later

»chapters will-be concernedx (1) the model is of very wide application inff'

the sense that it’ applies -to ”‘¢ . phenomena we might not want to think :
of as.communication; (2) it deals with

i

1 It is wise to note,ihowever, that around the concept of "eﬁpectation"’
there has centered a controversy among mathematicians dating back to
Bernoulll and some of the issues are still unresolved; the interpreta-

tion of information theory suggested here is thus not necessarily non~;~}

controversial.
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‘one aspect only of the phenomenon of human communication5 namely‘that'which~h‘
can be explained by the useoof a model which is-based on"probability theory.;

| Modular metworks and communicationjtheory A
The Shannon model deals‘explicitly‘only with‘communication in o

one—way two-node (i.e. simple sender receiver) networks. lt takes us up
_to the point . of reception of a message by receiver; it does not explicitly »
take into account processes of re= transmission, .and hence patterns ?f in-'
.formation flow through netWOrks composed of many elements. ln this sec—"
tion we. take a very brief 1ook at Soma- approaches to the study of the beha— -

vior of complete'networks.
In’thefsucceedingrdiscussion§-we'wi1E~be.considering SR
d‘information transmission and OVerload in two kinds of netwOrks ;‘the'human;'u'

”nervous “'system, qnd social groupingaof humans.. ln this section we.

51 will look at two: classic papers having to do with the former, reserving our. 33"

v_discussion of models of groups for Cl;pter 3. ¥

The nervous system of a human being is a network of formidable
size and complexity of connection. On the other hand, the. information-
retransmission characteristics of individual ‘cells in the nervous system 1in‘f>

are quite straight forward and rather well understood. This 1atter fact o

| means that by imposing relatively simple restrictions it is possible tov-*'g -

f-produce a model using only. quite well known mathematical operations which
‘:: nevertheless captures some- of the characteristics of the neural system

and evokes the possibility of grasping the principles on which the func—

'tioning of the brain is based. (We ‘shall: see 1ater that modelling of groups S

processes presents exactly the opposite problem | while the complexity of L
connection is not potentially very great for small groups thedactual;eleé ffﬁ

mentary information transmission ’A‘f'
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processes of evolved are enormouss)’

Single -cells of the neural system(neurOns)_are.composed of a

‘central cell bodyd(called a goma), to which are?attached‘fiberS'called .

_dendrites, and one. single long fiber Qcalled on axon) which in turn bran—

ches into a network of smaller fibers (called telodendria). :

: - D,eng:!rltes :

. Ce!l-bcdy_ orsoma . ¢

A

Synapse ..

: Cells are interconnected with each otherix:Such 8 way that thef '

- telodendria of one cell terminate at (synapse upon) either a dendrite or

the soma of another cell. Each cell operates by transmitting electrical

: impulses (or. spikes) from the soma along the axon until they reach a synapse,

or synapses, with other cells.> Whether‘or not a cell emits an impulse
at a given time, depends on the strength of the impulses which input upon
it from other cells, that is, the number and intensity of signals arriving
from adjacent cells'at.the several synapses.‘ If ﬁlsome finite interval

the incoming signals to a cell together summate to a given value (called

a threshold) the cell fires; otherwise it is silent. ' Input signals arriving '

during the refractory period will not cause the cell to respond.__i

l. Actually there is some (non-zero) probability that the cell will fire in
the absence of external stimulation. In addition, thresholds values may
vary at different times. In general the explanation gven here is highly.

" idealized. For a more thorough treatment see for example Pribnam (1971)»
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" The interpretation of a neural net in terms of the Shannon mo-
del of an ideal communication system would suggest the following: each
cell functions in turn as a receiver and a transmitter of messages.
Messages are constructed by the use of a.simple binary code ("fire - not fire") }f
bbDifferences in intensity at the input level to the cell are reflected in..
the frequencies at which output impulses are emitted (the greater the

input intensity, the higher the output spike frequency).;ld_lll~”nj

To understand how the nervous system can represent the external
.“World in all its complexity, we have to turn to a higher level of expla-

nation,j‘ o

In a paper which has since become a.classic,:McCulloch and Pitts B
» (1943) showed that the characteristics of individual cells described above, s
. with the imposition of certain not excessively limiting further assumptions, 5

'lend themselves to precise modelling of neural netWorks, using only the B

: ,instrument of the ordinary propositional calculus of modern mathematical R

logic.i‘

They Showed that by assdming, for exampla, that all cells fire .7:
in phase only at Specific time intervals, and by ignoring differences in -
the time required to transmit impulses form one cell ‘to: another, a"modular _7 N

network" (i.e. one composed of modules having Well defined mathematical
:-properties which represent certain essential neuronal characteristics)
1can be made to perform operations similar to what we usually would call

"thinking" i e., such netWorks are- capable of "reasoning".’

In a basic propositional logic, Lwo major types of linguistic

Aelements may be discriminated' a) a set of elementary propositions which

- may be mapped to’ states of a possible real world ("The SUm is shining"

"Roses and red" "I missed my breakfast this morning"), and b) a set of
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logical connectives, by means of which complex sentences maybe built up

out of simple units, to any extent desired ("I missed my breakfast this
morning since the sun was - shining and I wanted to look at my red roses").
Certain of these logical connectlves (itnot™ ‘"and" '"or" -”if" "then"Ja.)
have excited the interest of modern logicians, since their S
mathematical specification has" prdvided a powerful “tool for the analysis
of comprehensive systems of thought based on complicated trains of reason'
ning. - It has become common practice to use what.are termed "truthgtablesﬂfd
‘to define sonme of these logical connectives. Some examples are.given be--E
N low. (the column(s) ‘on Lhe left specify the assumed conditions in the real
“eworld,=i e. “true", "false", corresponding to" the extension of the propo~
g sitions linked together by that particular logical connective is still

h to be true_in the real world); -n'

"A. INVERSION (NEGATION).

_trueifff~’1fa1se* :
. false . . fl true -
‘B, CONJUNCTION
A s o | ass
true .| true . || - true
true | false - false
false true false

falge | " false . false
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'. 7 C.  DISJUNCTION

A 1B - avs
true | true . . true
. true - false . - true - -
false | true || - trie
false | false J .. ' falSe
© D.  IMPLICATION & . | L
- | Al s
true .| ¢ true T ff true
true | false - false
- false | true - true
"false " false o true

l lo‘illustrate° if the statement "Roses are not red" is true,
then to say "Roses are red"'must be false, and vice versa (Negation).
Similarly the statement "It is cold and it is raining" can be true only
when both statementS'"It is’ cold"»and Tt is raining"~are'true (conjunctionysh”

}:However if we say "It is either cold or, it is raining (or both)" then the -

";only condition under which the stat: ‘nt is falSe is when both ”IL is cold".f*"”
and "It is raining“pare Untrue (di8junction),< The statement "If it rains _zfjﬁ
then it must be cold" is false only in the circumstances where "It is raining":%'"
s true but "It is cold" is’ not.1 ' RN ' . .
Any one Of these "truth table" definitions of the logical con;ﬂ
[“éCtiveS of negation, c°ﬂjunction, disjunction and implication can be }f>
essily realized by a modular net.: For example; the following net;’ ith

threshold "2",:with ‘two inputs, and one output,.is-sufficient to-represent{f

‘L‘the connective'"conjunction"if.'

| hclp N.B.: - this definition of the connective Wif, .. then..." is rather B

different from that normally employed in ordinary language. ‘."V

RV
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A < —
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The cellfires(i.e., A & B is true) only under the condition that

3 A& s'

both A and Biiresimultaneously (i CI A is true and B is true) Similarly

we can represent "disjunction" a8 follows' -

B

' Since the cell has a threshold of l, an'. output occurs whenever

| either input is activated. This is equivalent to saying that A V B is
' true whenever A is true or B is true'» Hence this type of cellular arran-'"
gement can be said to represent isomorphically the logical connective of

.disjunction._

_ By joining cells in more complex assemblies, logical ideas of 1:

- conslderable complexity can be achieved.

The principles embodied in the McCulloch~PiﬂB article are.:
exactly those which Were being employed at the time in the developmentilﬁ‘
of modern high speed digltal computers. A digital computer is in fact__{

a realization of a McCulloch Pitts modular net., It ‘can perform simple o

',logical operations, which ‘can be combined into complex "programs"; andfk.i

depending on the ingenuity of the programmer, the result is an. behaworof

',very considerable complexity, which begins to rival s if not surpass in o V'
B certain respects, that of man.‘ The temptation is to identify machine

A“‘ "thinking" and human "thinking"; There exists in fact a theorem which states that::'

a suitable modular net can be made to reproduce the behavior of any finite 7 ;




. . nervous’ system actually worked,vw

: Tk
automation(i.e., any organism having a- finite number of- internal states)
providing of course that we could Specify exactly the input to the auto—‘V
_ mation, its internal states, and the output which occurs for any given '
combination of input and internal states. ’ | !

McCulloch and Pitts neyer claimed.of course that their modular};'_ :

‘net in fact really represented the functioning of the actual nervous sys-_
tem, and it has become increasingly clear over the years*that while com~
puters and humans may both be said to "Lhink" they hardly do 80. in anything
.like the some kind of way. To some extent indeed the strengths of one are. the -
weaknesses of-the other.' In most contemporary approaches to the modelling‘ |
of the human nerVous system, the wavelike character of neural activity. KR
.5 and the patterning of showers of neuronal impulses is given greater émpha81S.

'Von Neumann argued, on the basis of Shannon s theory of optimal coding and
-f’because of the known unreliability of individual neurons, that more atten-7 .
- tion should be paid to the statistics of the neural system. What McCulloch

B nnd Pitts successfully demonstrated, thus, was not 8o much how the human

lfrather how to address the general ptoblem .

' of modeling complex networks.;~:

A second paper of equal influence to that of the McCulloch and-;
APitts is that of Turing (1936). A Turing Machine has some control over i
its own input, and as' a consequence is able to determine to an‘ extent:"
its own pattern of. stimulation, and.can access its own- memory and’ storedii;
programs of behavior. A Turing machine, in conception, is an automatonf
to which is attached a potentially infinite tape upon which are inscribed ‘

.:,.a certain number of symbols (including the null symbol). These are read 5



" ofsince they are related to some of the dlscussion which follows' first,
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"by the machine , and the machine in its turn subsequently inscribes sym-
~bols on the tape (if necessary erasing those which already appear there).r

y In some reSpects the organization of a modern computer is simply a reali~.” B

ation of the principles ‘of the Turing machine.f The computer‘reads in data,;.“

- accesses information,stored in memory, performs (one_at a time) instruc5.7

" tions which are part of a predetermined program, calls up subroutines,

h and writes_output data. The reSSemblance of these operations to those‘

: performed by hUmans is suggestive. ‘indeed Turing himSelf proposed that
Cit should be possible to produce a Turing machine which could so success-

fully "mimic" human behavior that protocols of. their behavior would be

__undiatinguishable. In fact Turing proposed as a criterion for the designf

:.}of such a machine not that it be "really" like a human being, but only

“that it be capable of reproducing human-like behavior with sufficient si-:"

_:militude to be indistinguishable from the former.

Two characteristics of the Turing machine should be noted

"unlike the network of McCulloch«Pitts neurons, the Turing machine is able'f}
to take information only one step at a time, i.e. it proceeds by following R
a sequence of operations one after the other.h This will appear to be
'equivalent to a, "single-channel" capacity as the concept is to’ be used
in the Sequel. Secondly, the Turing machine executes "programs", which ‘L b
- only in part depend on the state of the environment.: It is not totally

"stimulus~dependent".l

‘~fCommunication'and Control .

In our discussion of communication in networks, we. have -

E freely used the notions of "inputs" to an m@@nhng which might consist of
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- a singie cell or a network of~elements, and of‘outputs. The inputs and

outputs considered have been thought of as the recePtion and transmission .&V'" '

of messages, which are a special subset of all the events which might cons»jﬁ'

-‘titute inputs and outputs to an organism.' We have been led to think of

this process. somewhat as repfesented beIOW’

. Message | Individual’ hMessaée»i
S . . g ).
Input. ) OFEamism ) o

: in.this'model the.output of’the:organiSm.at time t+ 1'wouid uSFéIinbe.;f
expected to show some influence of the input at time t.,-ThisjasSumption_

"has been basic to all the discussion to this point..

It seems equaliy reasonable, however, to ask whether the .Q:H
a input at time t + 2 is notin turn 1ike1y to show an effect due to the k

': output at- time t + 1-, If we strike a. piano key,rwe normally expect to cea
-:hear a sound‘afterwards.- If we say.“hello" to someone we expect him to -;h
return the greeting. .The reason‘we are able to make this assumption is |
'that we may assume the organism(s) to be. coupled to another entity (which
we term "environment", (E), in order to- leave open the question as to what .
kind of- system is concerned | animate, fnanimate, human, non-human, etc.);;*

in such a Way that the output of "O“, constitutes the input of "E" ‘and

- vice versa., In this way Organism and Environment constitute a closed 1oop:’

( ; & »'Environment N

outpurmy | Input (B)

= Inputf(o):i 7gvf‘"=' S .“:‘Outputnﬁo)j

&4-);—-'.Crganism :yf*“'er“J'f

Such a;system exhibits "feedback' .
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Two systems so. coupled'are:now in'a position to affect each -

other. Some of the inputs to "0" are likely ‘to be judged more favorable- o

than others. This may be because some activity of g threatens the secu—

rity (what Ashby calls the essential variables) of "O" It may equally

be that keeping "E' in a certain state, as . signaled by "E"'s output, figures‘-

in a plan of "O", If "0" is a pilot coupled to a plane flying across the~f

nput .

‘following form (in which every cell has a threshold of "2"){"&

g XN SR N N~
A N\ S \ TN 7 -

R and T do not, then outputa 0 and 0

-Atlantic, keeping the plane in a certain state (flying at a. certain alti-¢

tude, headed in a certain direction) is necessary both for reasons. of se-i

' curityvand intentionality.f His. problem is this to maintain guidance, or.

“control, over the behavior of_the‘plane. This he -can only hope to achievei:

by being able'to:yary:hisfown'outputst_

To illustlate, suppose that "E"; is a network having the

oy

LN T

i

AN
[ 4

2,
=3

Note now that if inputs 11 and 12 occur, and at ‘the same time inputs 13

will fina while outputs 01 and 02

4 3 4

‘ will not. Since any automator, - as we havegseen, can be" represented by a mo-‘\

- dular net, it only requires sufficient access to the inputs of the auto~

mator to assure that its outputs are maintianed within acceptable limits ) ;f_~

’(always assuming there is & subset of acceptable outputs available to bhe

Outpur T i

.2.y<:::>rif;d, ; 1 } -.11_"'“_ ‘:\\;)/*' ,f ">°§i;t.“1:'
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automaton)} We may haVe to perform a number of experiments to see- which

inputs to it will produce the desired outputs.. What this means is that

eventually we should be able to learn to fly a plane by ourselves, pro-.“

. viding that a) it will f1y and b) ‘we don't crash while learning to’ fly.

In terms'of the earlier‘discussion; we may think of'the actual -’

outputs of '"E" as drawn from a repertoire of available outputs. The'sise‘f‘“

of the repertoire is related to the complexity of the environment "E“;

the potential information value of the messages transmitted by nE (1i.e.

. xits outputs considered now in the perspective of information theory) is‘

' thus in part a1so a function of environmental complexity. The information

A*"E" are two elements in a cou led 8 stem the out uts of "E" are not inde~.-_*
P Y ’ P _

value of communications from "E" is also, following the argument developedb‘

' _'earlier, a function not only of the size of repertoire but also 86, the

probability of occurrence of each to the outputs. However since "0" and

'f“pendanL of the behavior of ”0"‘ hence, each output ‘of - "E” can be expressed

‘*fias a probability conditional on the outputs of "0“

v

One difficulty which arises is that the environment may dis~'fffvi’

play memor s 1. e., it may reflect in its output not on1y the most recent -
behavior of "0" but also earlier activity. Furthermore, if the environment
is organized in such a way that it has return, or feedback, 1oops in its

internal organization, the actual funtional relation between input and

'output may become very difficult to comprehend. A very simple example _ﬁr .

'“is shown in the following net'z

.: ,l This is the principle of the "black box", i.e., the method of understanding
.+ . systems by examining their behavior. under varying conditions of external’.

stimulation without regard to an analysis of their internal working
parts. - o ' ‘




-

Input a >,.ioutput,ad o

b 4

- Input by ¥ Oﬁt?ut'bal

,~Here, if inputs ai and b .'océut« simultaneously, Cell A with threshold
'"2" will not fire,_but Cell By also will threshold ”2“ will, and output
Anb alone will occur.; If, in the next time period, the same inputs,. i
and bi’ are repeated, the output of the net. will now be different,:_theif
»output of Cell B, as a result of the first input, 1s sufficient, when

"combined With input ai, to cause cell A to fire, and hence this time out-'

[
R T

' put a will occur as'well asfb.,,ﬁﬂ
’ (o] . o N o]

A second problem is that "E“ may exhibit learning. ‘6Vér time,“f

" its organization may change, and in turn the contingent probabilities of_.“

e environmental output, for given output of "O", may alter."”:

Finally, we must take into account the possibility of "noisy"ih'p:@:“

.communication £rom "E" to "0" In part what happens in the environment ’
-_Iis due to externel disturbances, external in the sense that theyeaxx duep
'jto unexplained factors, which nevertheless.may act on the coupled.orgenbm-.3‘
: environment system. Such external disturbances~result in increases inﬂ

- the information content of messeges received from nEn,

We are now in a position to state the principal of 8 cybernetic'jf

controlfmechanism.> Since non has determined goals, and since the outputs S

" of “E"‘can'be evaluated against the criterion_of whether or not they are



-1 I.e., a "servo-mechanism'..
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consistent with these goals, we may'schematisegthe'complete system asffol-

lows:

——— —— Outputs(E)
Disturba : _ = S : .
| e * Environment. [~ } ——1 .Evaluator

(Mnoise") -

W

\/‘j\",butputs-(o)'lai

“Organism | ¢

*kcontrolf

“~This is a model of a control system based on the principle of error-control 1

It operates to reduce the difference between undesired products of environ—"-' ‘

mental activity, and those states of the environment which are acceptable,.‘

_ according to its own set of goals.s The system may then exhibit what ap-

_f‘pears to be goal directed behavior.,

The extent to which regulation is possible, even*in principle,

5's,”:is determined by what Ashby terms the "Law of Requisite Variety" (Ashby, 1956)

.Successful control of the environment implies the ability to reduCe the""”
variahlity of the environmental output to within some set of acceptable

limits. This output variability can only be reduced if Lhe organism has S

,available an appropriate repertoire of outputs, sufficient in fact to asa

sure that for whatever change in the environment, there is an adequate '

response. The' variety in "@"s outputs must equal that of "E“' Ss ,Output;f‘

‘information must equal, or be greater, than input information.




Plan of succeeding chapters>

In chapter 2, we turn to seelhow some of thg ideas just outlinedi
have begun to figure in the design and interpretation of experimentsl |
We present an hypothesis of information overload, based on the Shannon.
model, and Look at the experimental findings which have fonowed out of |
the-use of the model.g.We then'examine a"second framework of explanationf'
' which incorporates other principles discussed in thls chapter, and begin - o
uto Look: into the nature of the organization of information related processes.ﬂf
Awithin the human (always at the level of the individual) Finally we turn i;’f
- torthe question of practical implications of the experimental evidence, i
: and begin the exploration of a framework for the analysis and design of

-_real-world systems,

In chapter 3, the essential insights of Chapter 2 are expanded f -
~and extended to a new area of inveStigation» the 3°°ial gr°uP“ A commuev'

nication theory of information transmission emerges two types ofeinfor--

- mation are Specified referential and relational. The 1ink between

comnunication and-social relationship is developed, Finally, the question ]t"'-

of network overload is discusSed.'




|
I
|
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Organizatioh of'the.chapter

The objective of thiS‘chapter-is to consider the psychological -

bases for a theory of information overload'at”the level‘of-the»individual.

The intuitive idea of information overload is straight forward'
the processing of information is work, and as-. for other kinds of work ac—_l'
tivity, highly stressful conditions (pressure of time, fear, etc ) tend

to affect the capability of the organism to carry out- tasks, to a point

‘indeed where he becomes confused and performance begins to deteriorate :

rapid1y.‘ When deterioration sets in, we refer to the condition in which

the organism finds himself as "overloaded"' information overload occurs

in communication systems and involves tasks which have an information

processing_basis..

The first part of the chapter is given oVer to an examination.

 of one particular theory of overload - its theoretical bases, the evidence

which has accumulated in favor of it, and gsome of the criticisms which .

"have been directed at it There are two reasons for choosing this parti-_

» cular starting point" a) first because it has been, historically, around L e

this particular theoretical and research tradition that most current expres-i
sions of concern about the danger of a surfeit of information in our society '

have centered (such as those alluded to in Chapter I), and hence it seems'>

prudent to have c1ear1y in mind on what foundation these recent statements

' are based, and- b) secondly, because the theory in question makes relatively
.~simp1e assumptions, and thus, from a presentational point of view seems a

g convenient point of entry to the more general discussion to follow.tff'
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At the conclusion of this introductory section,‘we.willfconsi-_f“.
der arguments to the effect that the original'information—overload'theory
is inadequate to account for all the known evidence.. We will attempt _

to show the theory fails on two counts: - a) emphical-- in that it fails

i,

 to predict correctly certain phenomena, and b). heuristic - in that it limits

excessively the type of experimental situation which can be invesLigated

with its aidn

We ‘will then, accordingly,offer an alternative explanation for-

hthe findings which constitute the major support for the information over-_t

load hypothesis. In 80 doing we will be forced to discard the concept

of human channel capacity, as the term has generally ‘been employed, without

however abandonning the idea of a limited central capacity to which the o

._concept of a "single channel" has been related.' The explanation which
is tendered attempts to avoid some of amhuyities and contradictions which

vhave plaguedsome of the existing treatments of the subject.;“

The discussion of a limited-capacity central processing mecha- -
nism will lead in turn into a consideration .of the organization of human
behavior, and how it is affected by varying levels of information availa~r

bility. At this point we - will propose a concept ‘of "program overload"

. We will then look in turn. at. theories of the reception of information,_'A'

internal transformation processes, and the execution of responses.:“ '

We will finally, in summarizing the contribution of. communica-
ion theory to the understanding of why and how“information overload“ oc-f

curs point out some of the areas where additional work is. indicated, k
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b.Reaction time emperiments'andtthe‘concept of.channellcapacity -
Psychologists were - attacted in the early 1950t;to the Shannon-v;:d
Wiener model of ‘a communication channel primarily, it seems, because this .
new tool appeared to shed light on some -old problems in psychology.' ln
1885, Merkel had‘found that~the timeé taken by a subjectito make_a correct
: ‘efreSponsetto a;singlefstimulus"when-a}number‘of alternativefstimuluseresponSet
- patterns'were‘available simultaneously waS'affected by the number of alter~ y:z"
.natives‘presented._ That is to say, suppose the subject to be required to.
'»push a button. under his index finger whenever a. green light appears.: how:;
long it takes him to complete the response (i.e., push the button) has
';to do with how many other lights E;E_E have 1it UPs and how many otherf:
ﬁbuttonsne migh_ have had to push Commenting on Merkel‘s -experiments;'.
".Blank (1934) and Woodworth (1938) observed further that the reaction times
~.:obtained in fact varied as a function of the logarithm of the number of

ialternatives.A The coincidenCe of this finding with the measure developed

| by Shannon was. immediately apparent,pand in his 1951 book, Language and

.Communication, George A Miller'reviewed Merkel's experiments, making ex-"“'

plicit the connection between reaction time and the information content
of the stimulus display.; Hick (1952), and subsequently Crossman (1953) ‘ v} o ,.‘i
A-and Hyman (1953), also beginning from a re- examination of the Merkel fin-. . R
.:dings, then went on to conduct further experiments and to establish the ;ii‘

foundation for a more comprehensive theory of the role.of information in
V.determining.subject,outputl : we5turn t0;100k~at their~egperiments.in;5:'

the next.Section;f7

Before we can properly understand the original concepL of in-

formation overload we should first be clear about how the communication fl'[if.”A
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channel model has.been used in these-choice‘reaction time“experiments.

Two main contributions"oflinformationAtheory are_evident' a)’thehuse‘of -

an information'metric-to-measure'features of the'stimulus display, and

b) ‘the use of the Shannon paradigm of an ideal communication system to~:

‘model the‘experimental:situation.~."

a) Because of its great generality (see Chapter l), information‘:s
theory provides an excellent instrument for describing stimulus responses

repertoires. By varying the rate of presentation of stimuli, the size .

'of the stimulus ensemble, the probability of occurrence of the various Q'

stimuli and contingent probabilities from one. stimulus event to the next
the amount of information presented can be varied systematically, allowing '

for-easyﬁcomparison acrossﬁa_wide:variety of experimental“situations,"-

b) In order to understand the utility of the Shannon paradigm C ﬂ,
as an interpretive tool we require some familiarity with the notion of

a."reaction time experiment"

- Reaction time (RT) is the lag between.presentation of stimulus
anduthe subject's response. Donders (1868) described three types of reactions,
a-, b—,land c- reactions (and by derivation, three types of reaction time .
experiment){ In an a- reaction the subject makes a single response to a>;,
single stimulus.i This is also referred to as a "simple" reaction. :ln‘a

b~ reactlon there are. at least 2. stimuli and an equal number of responses,

»and the subject makes a single reSponse for each stimulus on -the’ basis o w;?

"of a l-l.mapping between stimuli and~responses.
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.Since the latency of response of the subject in this situation is termed
"."choiceireaction time" the b reaction experiment provides the basic model
for a "choice reaction time" (CRT) experiment.i In a c- reaction there are
two stimuli, and a single response which is to be produced only when a

'particular orie of the two stimuli is present

- In a simple reaction time experiment the only uncertainty

concerns the time of appearance of the stimulus. the identity of the sﬁi-

mulus and of the response is known in advance. In a c reaction experiment~;f“ '

there is both uncertainty as to when' the stimulus will appear, and which
Astimulus it will be.r The nature of the response is pre determined.v~ ﬂv'
a choice reaction time experiment, time of stimulus occurrence may be

either known in advance or left uncertain. In addition, there is both

stimulus uncertainty and response uncertainty, and indeed the two tend to L

be confounded ‘In general in the 1iterature concerning information

: overload, it is the choice reaction paradigm which has generally been =

' employed.i &

Now let us " look at how the choice reaction time experiment has o
. been interpreted with the aid of the Shannon model of an ideal communica- i
~ tion system.‘ One such interpretation due to Laming (1968) is shown in the'

following Figure.' s
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FIGURE IL- 1

Noise
Source
> Transmetter“’_~"'__‘“,‘“"'> . Channel - m_> Recelver - |7 Response -
. (Laming,_1968) R © .. Human subject.

An 1nterpretation of the choice reaction experiment in terms of the Shannon

‘L model of an ideal communication system.‘r;.' _ _ L o ‘ fl"q '

In the CRT experiment, the sequence of stimulus signals can be seen as"
equivalent to the message output of the source' _the responses of the sub-.
ject are then interpreted as the message received after being transmitted .
through the human channel. The capacity of the "channel” is the number of
bits which can be transmitted per second, which depends on the number of
accurate responges made by the subject. The informational content of the

messages emitted by the source is:a joint-function of the rate of. emission, T

the size of ensemble from which the items were drawn, and of the probabi-
lity of appearance of" each ' C S :




mission process is assigned to intra individual pnenomena. for Laming _*

- thing which follows,including theae'
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Laming's interpretation 18 not theonly one which has,been‘used,'-‘

Hyman (1953).provides"a'slightly differentieiplanation.

"The choice reaction- time experiment can be lookedtpon as a
model of a communication system. The display represents a transmitter
of information,ﬂ Each alternative stimulus or signal represents a message;

more information can ‘be transmitted the greater the number of messages-

- from which one can be'chosen. The channel over which the signal is -

transmitted can be considered as the air gpace between the light and S

'and might also’ include part of S's visual afferent system. The'S acts o

as a receiver or decoder in that at some point he decodes the signal into

its message and reacts with the appropriate response (the destination of

the infomation),

' The two interpretations differ in terms of how much of the trans- -

i

“the presentation of the stimulus display constitutes a: signal and every- SRR

form of a signal (recoded in a form suitable for transmission through the

human "channel"),'occurs whithin the boundary of the organism; Hyman would

limit that - wbich takes place within the individual to part of the chan- i

nel, and to reception, ox decoding, of messages. Hyman thus assigns to

* non- organismic processes the encoding of messages.. o “i. e

Both haming and Hyman interpret the subjects| responses as - cor—‘

' responding to that component of Shannon's model termed the "destinatiom'

'of the information. The effect of this interpretation is to telescope inLo ,“

one event two separate phaSes of behavior.: a) the reception of auessage,

and b) the execution:of a response.f This introduces the implicit assumption e

{oding of the source’ message in the,'f.i?
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vﬂthat any'novelty’in the reSponses of the subject'is due‘to events which

' intervene -before or at the moment of reception of the message, due perhaps D

vto characteristics of the encoding process, or effects of channel perfor-'
.{mance (which constitute in the Shannon model "noise", but" which we might
» equally well interpret as more or less systematic disturbances which are

associated with,the peculiar characteristiCS'of the-human system‘as-a S

_ - channel or.decoder).f,'. - » ' e -:?l .-“:f R

' One important consequence followss. the .use and~interpretationg_'

‘_’}of Shannon's model which we have just discussed is appropriate only in

"'those situations where the person's output (his behavior) is a direct B

”ilinear-function of the messages he'receives. In this instance the indiu.".
Vuvidual is a simple transducer;that is, he is merely a relay in a communi-f

'f,cation.network. As it happens,the conditions of the reaction time expe-

w'iriment are such as to nake plausible such’ an interpretation; to what extent

~..we can generalize to’ other situations will have to- be seen. fA P

The interpretation assigned by Hyman, Laming, and others in

;fthe same tradition, to the Shannon model is clearly not~the-same as that':

. offered by Shannon himself (see Chapter I) Shannon‘had inlmindithe-trans~';l. o

mission of information between two nodes in'a network' we have just been .
l'considering,~on,the other.handg the case"of transmission of information

through a node. 'The mere?existence'of’such a difference is not something

'hwhich in itself‘ought-to disturb us: as we noted in the preceeding chapter, e

i'mathematical models, like that of . Shannon, begin by being purely axiomatic,

-1and can often, legitimately, be applied in several different ways to illus_-fw

| minate rea1~world phenomena. The criterion is:a simple one of efficiency
each time we are led to ask what extra insight has been gained by the use

of a particular.model,.whether the explanationSare-consistantpwith all thef
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available evidence, whether the model is productive in the sense of generating‘

‘hypotheses, and on, We may also want to enquire whether in the choice
of model we have 80 reduced our field of inquiry that we have begun to
l leave out of account many phenomena which, for other reasons, wevare inter- .

ested in studying.

In the following sections we shall accordingly look at some
~ of the applications of the communication model to choice reaction time_ ; o
’»,experiments, and ve will then go on to ask whether, -on the whole, the B
»model is efficient._
-The*information-theoretic interpretation of choiceareactipn;

e oe oo v IS B S A i [OYPS S , e v e v e e o e e e ot 0o ve

time experiments:f}early‘experiments :

In Hick’s.original-enperiments, ten pea lamps were-arranged
“-in a somewhat irregular circle and the subject was provided with ten cor--{i

7responding Morse keys on which his fingers rested. Hick measured reaction

"times to several series of signai;presentation (100 to 200 stimuli in length);'Qi:r;ff;

varying the ensemble size from two to eight. . Frequencies of each signal

. in a series were approximately equal and first order autocorrelations were

- eliminated. His data confirmed the assumption of an underlying logarithmic y[1r>~i-

relationship between choice reaction time and the number of alternatives'
available,_when corrected“to take into account~the temporal uncertainty_;;

:'_ experienced’byrthe'subjectzas to when_the:response would beﬂtéguiredlgf
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- The equation which best fitjhis,data"was
Rt | - RiCn) = b log(n + 1) |
'where RT(n) is interpreted as ‘the average reaction time to one.of R equally
probable stimuli b is a constant, and (n + l) includes a factor to account
for temporal uncertainty as to when the signal will appear, which Hick took
to be equal to the un?ertainty due to an increase of one in the size of

-

the stimulus ensemble, From his results, Hick estimated that subjects

' reach an average rate of transmission of* from 5 5 to 6 0 bits per second

Hick's motivation for the.use of ‘a logarithmic (rather than of,
for.example, a simple linear) function in his equation was as follows
there is,'for'each subject, following-the presentation of the stimulus, a_.-’
certain time which is required for him to identify (recognize) “the. signal. l
There are . several ways in which such a process of recognition could occurf?)
1Hick pr0posed as a likely candidate, in view of the fact that it would pro—
duce the type of results which can be fitted with equation (l), a "progres-3:~“~
:_sive classification" procedure. The method is similar to the coding tech-.
nique of "binary fission" discussed in Chapter 1t in the first test, the " g
subject places the stimulus in one of two equally probable classes.; Depen7““'
'ding on the result of the first test, a. second cut is made which in turn b
subdivides ‘the appropriate half of the original possibilities into two f
_equiprobable halves.. The process is repeated until the subject”%eroes in"_
on the correct identification of the stimulus (somewhat in the same fashion_‘;
‘as onedoes in a game of "Twenty Questions"). Obviously, with this proceu"f"f""'ci

dure, each time the number of e1ements in the ensemble of available stimuli" AN

(1). In his, original paper Hick used logarithms to the ‘base. "lO" in this
‘ discussion we will continue to assume the base ‘to.be "2", as- is the
~more general current practice.-’ - : "

,'(2);'Hick’saassumptions¢are discussed.inhgreater detail‘laterfinethefchapterg
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ts doubled, one dichotomizing step 1s also. added. If it 18 assumed that
each‘dichotomiZing-scanning phase consumes. an equal time, than the desired

logarithmic relationship appears,

| Crossman (l9335 followed'up these experimentsfof Hick.by‘testing”
for the case of stimuli which have unequal probabilities of occurrence.
Crossman assigned his subjects the task of sorting a deck of ordinary
-playing cards into various classes, eg., by suilt, by number, by color, etc.
His method had the" advantage that it permitted an evaluation of the effect
"of varying the a priori classes into which stimuli must be assigned;

"His findings supported the earlier result that the response lag is in fact

o proportional to the uncertainty in the signal source, and that this relation-

'ship continues to hold up when signals are not equally probable. -He'disco—

. vered further, S a8 we. should expect if recognition were the mechanism

primarily reSponsable for differences in reaction times,that the descrimina~

bility of signals was able to affect the outcomes significantly.

Crossman also introduced exp citly for the first time the con-

'cept of channel capacity, and hence the theoretical possibility of an upper

limit constraint on the amount of information which subjects can transmit.

Hyman (1953) used as the stimulus in his experiment a visual
display consisting of a matrix of small lights, with one to eight positions

in which the light might be expected to appear.‘ Subjects responded by ut-

o tering a matching nonsense sy11ab1e corresponding to each light position.

»'Hyman varied not’ only the number of signals with probability he1d equal
and the frequencies of signal occurence (the number of a1ternatives remai-

;fning the same) but also first order sequential dependencies (while holding



- threshold latency, determined, in part at, least,p y'the‘time required
. to marshal any output activity.r The interpretation of the slope b as

g reflecting an internal classification process is similar to that of Hick

- pirically a relationship between latency of response in a choice reac-
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' constant the relative frequency of signal occurrence). He'found-thefmeanf~~

=iRT~to-information—content'function:to hold in.all conditionss-)

By 1955, Bricker found it possible to review the available

choice reaction time studies and conclude that the evidence was sufficient{ o

 to state with some confidence that average reaction time could be plotted p-

as a’ function of the information in the input. :

@ o c?"iia+bs

: where CRT is the average reaction time, H is the entropy of the stimulus“-

'ensemble, the intercept a is a factor to account for simple reaction time
and the slope b reflects the time required to react to a stimulus in a ﬂf

L@ ‘
»two choice situation. The notion of simple reaction time is that of a

The experiments of Hick, Crossman and Hyman demonstrated em- -

tion time experiment and the information content of the stimulus display.(

o They also introduced the principle that the human subject could be viewed ; jf

~ds a channel throUgh which information (presented in: the- form of stimulusi 5;,:
- signals) is transmitted (as the subject's responses) Hyman (1953) noted“

the underlying assumption "Thesa hypotheses assume that (a) the res-él.l;r :

(l)V Hyman's results in certain respects raise difficulties with. respect
- toa communication model interpretation which will be discussed in.;
a later section.,

(2) " H could more properly be interpreted as information transmitted,.Ht;

but in the case of a 1-1 S-R mapping,-and low error values information f
transmitted approximates closely stimulus entropy, Hs T :
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ponses are completely determined by the stimulus series... (thie) assump-‘

‘tion demands a one- to-one correSpondance between stimulus and - reaponse
series". This assumption can be represented as folloWs (where effects

due to noise, orverrors,‘are disregarded)1

N

" Human subject

The general ressemblance of. this model of theluman subject
to that of a- McCulloch Pitts neuron may be noted in particular, R
responses oceur (the subject "fires") only when certain threshold sti- :

mulus values are present; no other transformation of the information

is assumed, and in particular no memory or learning is assumed (in fact,_,;j R

in the experiments cited, learning effects were treated as a source of
:Acontamination). The isomorphism between the model of the human subject

'and a neuron has encouraged, as we shall now see, an attempt to. state

a general hypothesis of information overload.

The Hypothesis of'lnformation‘bverload

In none of the experiments mentioned above was a direct attemptﬂri:'T

made to measure channel capacity as such' in’ most caaes, indeed, the. -

;information content was deliberately maintained at a level below that




" numerals projected on a screen (varying the number of alternative nume-'>
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which would result_in.any appreciable-number'of ertors occurring.’

However, Alluisi, Muller and Fitts (1957) using as a stimulus

rals in the experimental ensemble,and.the rate of presentation)-found

that as the ratepof_presentation of the'stimuli was increased,,the sub-
jects'began to makelincreasing numbers of errors, and ih fact that_al-
though the‘rate“of.information‘transmission:first'leveledhoff; 1tttﬁéh

began to decline. -

How should me account for the decremeﬂ:of performance afteru |
‘vchannel capacity has been, presumably, reached and then exceeded” In' o
a series of articles in the early 1960'8, James G. Miller (1960, 1962,
'-A:1963a, 1963b, 1964a l964b) set. out to develop a general theory of in--
-formation overload' (a) he stated a hypothesis that under certain cir- -
cumstances the subject Would perform at . sub optimal information-trans—'
mission capacities when compared with an ideal channel, and-(b) he further.
attempted to show that the results obtained in choice reaction experi-
:ments constituted merely.one example of a more general principle affecting

organisms as simple as the single cell, and as complex as complete so- -

cieties. He went on to identify some of the typical symptoms associa- e : o

ted with communication situations where the.organism becomesaoverloaded,

ranging from elementary strategies of adaptation to full escape.

Miller's hypothesis of information overload can be stated as.

ffolloms: when input information in bits per second is increased, the

' output at first follows the input more or less as a linear function,
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then levels off at channel capacity and finally falls off toward zero. n.:.".

(Figure I1-2)

The channel capacity of systems, Miller argued, should differ
according to the level of complexity of structure of the organism s in-

formation- processing system.” ‘




~0utput iﬁformation

L T 25 T2
| FIGURE IT -2 . - . -

Max. possible transmission tate

.///f.r Ideal perforhance (chsnhel éapacity)‘:
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. Input infor@stioh:; a

:The Hypothesis of Information Overload.A “

 As information input increases, output first reflects the
increases informdtion content of the input until an asymptote

" is reached, beyond which point information transmitted declines.,j:ri
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In deVeloping Miller's argument for his hypothesis of infor-
mation overload, we shall proceed in two steps ~a) first we will look'
at some of the experimental evidernce" which has been adduced in support

of the hypothesis;'and b)‘we will look more.cbosely at the theoretical

foundations of Miller's position, Wthh in turn will lead into a- discus-;'-nf'

sion of the general merits of the communication model of Shannon as a

theoretical underpinning for the interpretation*of-choice-reaction time-m

experiments; The advantage of proceeding in’ this fashion is that it

corresponds in general to the two levels of- Miller s reasoning which

first attempts to show that certain very general laws of behavior applyh:f-;}?.

. across svstems of-very different-levels of complexity of organiZation _‘
'and secondly attempts to situate human behavior within the general fra-i
‘mework of explanation we have been discussing in this chapter. There

"-is the further advantage that in reporting the experimental evidence

for organiSms at differing levels of organisation the essential points-

of Miller‘s argument become quite clear; this,thus,leads quite naturally'f;l- ‘

into an- examination of the theoretical foundations of his position.

‘Overload at. the level of the cell |

o se a0 e S se e B e e e e e e e B b o e S e e -

Much of the persuasiveness of Miller's argument derives from

his assumption that the same channel capacity model which applies to N

A individual cells of. the nervous system is equally pertinent for more

complex organisms., Miller has ‘been able to accumulate an impressiver

volume of evidence, to show parallelisms in response to varying information =~ .

cdnditions between organisms at very different levels of organization; |

- from the simple cell to large social organiZations. Muchlthe most con-

vincing part of this evidence*howeVer-refersAto behavior of the cell. -
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For this reason, as well as to get a thorough grasp of how the hypothesis
has been tested, it will be useful to look at some of the evidence which
has been cited by Mlller to substantiate his claim that the hypothesis

is universally applICable.:

In order to estimate the channel capacity of neurons, a pre-_

-liminary difficulty must be cleared up. ‘The’ simplest living system which “,_~‘

s capable of processing information is the cell (and indeed the higher;

level information macro processing activities of more complex organisms:}pf

' 'hz'depend entirely on this cellular capability). The cells of the nervousf"

;Asystem, or neurons, respond to several types of external stimulation
such as light, sound, touch etc... by emitting a sequence of output

pulses or. "spikes"" Their behavior under different conditions of ex-..

ternal stimulation can be investigated by varying the intensity of fre- o

quency of the stimulus. The number of pulses emitted per second is,

: however, not necessarily the same as the number of bits,'since the code
- which the cell is using is not_a ailable to us by inspection. <Suppose::
'we determine that the stimulus will be varied along one dimension (eg.,

"loudness") on which we distinguish eight values. »For us-the.stimulus

 ensemble’ has a maximum of three bits of uncertainty.,'lf'the‘cell dis-- .
criminates between only four different values of the stimulus dimension,_
3 however,lfor it the maximum information contents‘of thezensemble is four S

‘bits of information. This problem is resolved by Miller by assuming

-thatthe number of'bits transmitted is at leastlproportional_to~the num~ :
~ ber of pulses emitted,‘i.e., thatAinput information“cantbe_estimated |
.by output information. On'this'assumption;=the validity'of thefoverload
hypothesis can be evaluated at the level of the cell, even though the "

.. actual channel capacity.can be at best'estimated.approximately.>




‘ ~dentritic spike output rate. When the input pulse rate was increased

T‘flto 42 pulses per second, pulses occurred only at every second input.
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GiVen these constraints, ‘there is extensive evidence to sup-'

port the overload hypothesis at the level of the cell (1) Some examples.

‘'will be sufficient to indicate the general nature of the experimental :

results on which support for the overload hypothesis is based. _‘u"w

Brock, Coombs, and Eccles (1953) found that when antidromic

electrical . pulses were input to the motor neuron of a cat at low fre-"

quencies (13 20 and 28 pulses per second) there was a corresponding soma-\_

At 61 inpulses per second an output occurred with every fourth input;

 and so on, with the output pulse rates falling gradually from’ a recor-:‘

ded maximum of 28 pulses per- second. The theoretical curve of Figure II- 2

f» thus gives a good general fit to these data. '.f'

f Some adjustment processes can be at least indirectly inferred ‘

"from research conducted by Granit and Phillips (1956), who found in their -

" work with cells in the cerebellum that when the interval between input

f-pulses was 1ess than 3 milliseconds, every second input elicited an out-'h

put pulse only 40% of the time, and when the inter stimulus interval

was less than 2 2 milliseconds, the ntensity of the secnd output pulse

'1-also diminished. Other research appeass to indicate similar alternation

.i of strong and weak impulses, prior ‘to more pronounced declines in the'f

. transmission rate (Wall, Lettvin, McCulloch and Pitts, 1956)

~B:has;alsbzbeen found that while the neuron}appears to be able -

" (1)  The evidence will be reviewed extensively'in'Miller‘s forthcoming'.
: - book Living Systems, Chapter 5. Dr. Miller was kind enough to pro-

vide us with an advance copy of his: text.L We have greatly benefited‘

from his generosity.
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to discriminate between differences in the intensity of stimulation,
and to indicate these differences by changes in: the interpulse frequences.b
of its output sequences, there are limits to the reSolving pOWer of its

discriminatory mechanisms; Mountcastle (1966) obtained results which

~ show that the output appears to be able to reflect up to between 4 and

5 categories of input, but that’ beyond this limit, the cell does not

\_respond separately to further differences in intensity.u (It will be '

seen later that this limitation in discriminatory power has an analogue

at the level of the human: organism, andtnns providedan explanation for ‘

the phenomenon of the "span of absolute judgement", ingtheatetms_of

' George A. Miller)._!

Additional evidence for the assumption that the number of spi-:
kes per unit time is a coding mechanism which represents differences of . ':

intensity in the stimulus has been noted by De Valois (1958).; Mbre im-'

viv:portantly, there is very good evidence to indicate that the information"

8o encoded by receptor neurons is preserved intact at higher leVels of -

the nervous system (Jung and Baumgartner, 1955 3 Tasaki and Davis, 1955).‘-f?§- R

In such systems with numerouscells synaptically linked, the refractory

- period is however longer than for the individual cell (Mountcastle, Davies

' snd Berman, 1957).;_~

From these results the following conclusion can be drawn.

the neuron is an effective information transmitting channel within spe-":‘:‘.‘A:‘:“.':‘{~ e
'lf:cifiable limits.. Its ability to encode and transmit information with |
"high fidelity is limited to stimulus ensembles containing not more than :;:Hf:
51f2 3 bits of information and to rates of preSentation of about 30 signals

: per second.' When rates'of presentation are:increased to:the’point where,4'A

the cell has-insufficient‘time to’reco?efuitsfdischarge;f
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potential before a new stimulus is input, 1t exhibits signs of disorga--
nization which increase. until breakdown occurs and information transmission .

.~ fallg-close to,zero.

Hence the efficient functionning of the cell is particularly
(1)

sensitive to variations in the rate of arrival of new . information. S

(1) The explanation for the observed decrements in performance

of the cell at the higher levels of stimulus information is as follows: . -
"in their normal resting gtate the membranes of neural cells are electri-.
cally polarized, the outside being. positive (because of the presence CL
of free sodium and potassium ions). The- potential of the cell is positive,
As the nerve impluse passes along the nerve fiber, sodium ions flow into
the membrane, thus briefly altering the- electrical balance; After-the
implulse passes, the original balance is regtored, but the restoration o
period (during which the cell is refractory to Fnrther inputs) seems ‘

" . to take a minimum of about 30 milliseconds. A -




'1000 (9 96 bits per stimulus)
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Direct evidence of overload at the level of the individual
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= ' organism

In this section we ghall examine some'evidence'which shows‘_.
that-the same hypothesiZed decrements of performéﬁce.observed:at the
level of the cell:also:appear,'With certain restrictions,latgthe level
of the organism. - | | |

The type of choice reaction time experiments reported earlier

in this chapter turn out to be unsatisfactory.as a sourcefoffdirectpde-
monstration of theioverload bhenomenon. The.reason is simple: CRT ex~ - ui'*
.periments have not in general exemplified high levels of input informa-'p
‘tion, certainly not of an order sufficient to lead to breakdown. Rate |

" of presentation of. signals is- generally moderate (sometimes left to the '

subject in‘the<form of self-pacing tasks). For.the,most pan:ensembles_V
have been restricted to 32 elements and usually 1ess (or a maximum of

5 bits input information) When this limit has been exceeded, as in g"

.Hilgendorf (1966), where the ensemble was increased to a maximum of

‘the error rate nevertheless remained very

low (less than l%) and as we should suspect there was no indication of
'. breakdown.. His subjects maintained according to Hilgendorf‘s estimates,v

‘a roughly constant level of transmission of information of about 5.5 bits 1Ifd;
per second for all 1evels of stimulus uncertainty.. CRT experiments-are';.
_in fact structured to keep error rates low (not more than 10% in any event), ‘;TJ

;so that overload is, as it were,_"designed out" of the experiment.' B




A better source of evidence are-”tracking“:ekperiments.iin--A'

which the subject has to adjust his behavior to match features of. long

sequences of stimulus presentation and response. In this situation sub- o

jects can be pushed to the 1imit of their information transmission capa~‘f

" elty and beyond.

We will begin accordingly.by.looking atvsome~oftthe,“ugn

results which havelbeen‘obtained in~these.experiments.

- Vince (1949)'reports a'series of experiments in which'input*"

information was presented by passing a moVing horizontal band of tape

before the subject at various rates of speed- The information was co-

~ded in the form of. clumps of dots, arranged horizontally, vertically,
or in groups, and of numerals printed on the tape. Depending on.the
number'of dots, or the value of the numeral the subject was required

to produce an equal number of taps on a telegraph key.i The dots’ were o

‘spaced either equally or unevenly on the tape at intervals which resulted

in the following rates of presentation. l 0, 0 5, 0. 3 0 25, 0 17, 0. 14

or 0 1 second interval between dots. The presence or absence of a dot

was counted as.one bit of information.' The results are shownvin Figure

I1-3,
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At slower input rates, subjects are able to track succ ssfull '

- As the rate of ‘input of informationuis increased, the number of

' responses continues to increase, but the:number of correct responses

reSponses very rapidly. The absolute upper rate of tapping

from two to fiVe lights per second,

‘n”sequences of 100 presen t ns.

',;(The findings are shoWn in Figure,II
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The same general finding as that obtained by Vince, and by:;f17

which is explained by the greater complexity of the input signa

Conrad (1951, 1955, 1956), Conrad and Hille (1957) ann,

(1958) conducted further experiments which confirmed thatlbothitotal

input information and the number of input sources affect indep nd:ntly

(D ~This explanation raises another issue. since the information as e

- presented by Klemmer and Muller is’ presumably CIOSer to. optimal en- j%ﬁ'xl’

S IR -coding, and thus to the actual channel capaciﬁy ‘of the individual,
o we might be led to inquire whether maximum ‘vates. of transmission.

. .. ' in some of the other experiments’.cited above represent .channel ca-‘:':‘f

pacity rates, or some. other constraint. 1his is’a question to'which

we will return later. '




the output rate of subjects. These experimenters found clear evidence

of deterioration of output response at’ the higher rates.'~

In a series of experiments Quastler (1956), Quastlerland Wul ££ :
(l956a), Quastler and Wulff (l956b), Quastler and Brabb (1955) studied
the question of overload with respect to a variety of types of activity.:f
In one experiment, young students of piano were - required to p1ay a score
~which consisted of a sequence.of single noteS«arranged in random ordera
Ensemble size (the range of values of the notes) and rate of playing
were varied. The reasults indicated that subjects were- able to maintain}~
" an error free performance up to about 5 keys per second;‘from 5 to 10»
' keys per second there was a tradeoff between speed and accuracy with
,the consequence that information transmission remained high although
the percentage of errors increased' while above lO keys per sed)nd per-' -

'formance deteriorated. The amount of information transmitted was affec- .

ted positively by the number of keys up to 25 keys after which increases fjf

.in the range of keys used resul
mission.‘ Maximum rates of information transmitted obtained in these ex-‘
'periments were about 23 bits per second.A~It was-not determined whether_q
this rate.could have been increased by requiring subjects to play more

than one note simultaneously, following normal practice in piano playing.i” K

.in lower rates of information trans- o

Similar experiments were run using skilled typists, who were f'l'ff

o presented with random sequences of equiprobable symbols, drawn from an

;plalphabet of 4, 8, 16 and 32 symbols. Performance was paced by a metro-~*
.‘1‘nome at 2 3, 4,'or 6 beats per second.: With ensembles of 16 andfless C“A
7}symbols, and at. rates of presentation of " slightly more than 3 symbols

per-second_average,~the typists‘made few errors. ~Beyondtthese limits,
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- errors increased proportionately to the increase in speed of_typing."
At higher levels performance deterioratedl The highest‘transmission rate a
achieved was about 16 bits per second. Other experiments using reading

and mental arithmetic tasks produced comparable results.

The theoretical basis of the information overload hypothesis -

In this section we present & rationale'fornthe'overload hypo-

thesis, couched only interms of information and elementary network'theory.

T We will avoid the introduction of any assumptions other‘than those al-

ready developed in earlier parts of this chapter. Our objective in this o _.
) discussion is to present a plausible explanation, at the level of ‘the o p= | ,
organism, of why human information~transmission behavior should conform.i

: to the hypothetical pattern, as the findings quoted above indicate:it V

does. We hope in the process to’ acquire the smallest amount of theore- o

itical baggage possible, and reserve to the next section the task of - asses-r‘:

i:’sing the utility of the model so developed._.ul ‘.

ﬁiller's reasoning mayAbe summarised a8 follows' ‘the .rate’
of . information transmission depends, as we have seen in Chapter 1, both
on the number of signals per unit time, and on. the average: information
conveyed by each of the signals. Therevare inherent limits associated
with each_of these_factors, rate of presentationiof’Signals and.average_
'informationscontent'of the~signalsx‘ we'cOnsider each in‘turn;fi\.:

' Signal rate of arrival as an information parameter

----- 3 -'-u.'--.----—;.-u--—--—-—-—-----punh--n—------——-- -

\‘.

~ There is, it should be evident, an irreducible minimum time

required to process any message whatever its content (simple reaction o
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time) and to get ready to accept a new message. The "getting ready" - :
to accept a new message implies.a period which_must be_added_on to_the
.actual‘processing time itself. It thus.constitutes.“dead“ time_(some;. '
times referred to as the "refractory period"). When rates of presenta-
tion of stimuli are set so. high that they result in new stimuli appearing
bafore the previous ones have been processed, an impaired performance |
will inevitably result.' This principle, it has been seen, is clearly

evident at the leVel of the cell s
'.l_,

How do we relate the decrements in neuronal performance to the level- L
‘ling off and decline of transmission Capacity of the organism as a whole”é-
: First let us recall that the nervous system of the organism is made up |
of very long concatenations of 1ndividual cells, and that such systems are ,
particularly susceptible to'accumulations of error.‘ Wiener (1948) noted
.the possible analogue to a complicated telephone.connection, with nume— .
f“ rous switching points and relays. | . - |

" The more stages which are- involved, the more rapidly
the service becomes extremely bad when a. critical ;
level” of failure .is exceeded, ‘and extremely good .
when this critical level of. failure is not quite ‘Tea-

 ched. Thus a switching service involving many stages

- ‘and designed for a certain level of failure shows

- no obvious signs of failure until the traffic comes ..
up to the edge of the critical" point, when it goes

- completely to pieces, and we. haVe a catastrophic traf-
fic jam.‘ Sl : : :

Man, with the best - developed nervous system of all
the animals, with behavior that probably depends. on
the longest chains of effectively operated neuronic
_chains, 'is then likely to perform-a complicated type,
. of behavior efficiently very close to the edge of -
.. an-overload, when he will give away in a serious and o
 catastrophic way... A point will come ~- quite: suddenly —-I'
. when the normal traffic will not have space enough
‘alloted to it, and we shall havé a form.of mental.
- breakdown, very possibly amounting to,insanity.n;
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Figure II-2 does not however indicatefatsudden fallloffi to
explain the gradual character of the decrement in.performance,'Miller A

has posited the existence of what he terms adjustment processes, (fil—

tering, omission, abstracting, etc.) which begin to come into play as
channel capacity is neared. The analogy with a telephone system is~farlv'f
' from satisfactory since, as we saw in Chapter 1 (p. I- 44) the nervous

. system is constructed in such a way that it is able to combat relatively

f high, levels of error‘(in the form ofimalfunctions of single:neurons)a

- The weapon whichfis employed is redundancy: ' continuing with the analogy-”

':~'of a telephone system it is as if eVery call made was duplicated exactly ‘

f.by thousands of other calls, conveying the same message at .the same time.7
Assuming the operation of a. simple statistical principle, then the falL
off in performance would in fact’ ressemble the prediction of the overload

"’l

hypothesis. .

Size of ensemble as-an information parameter L

-‘-‘u-u---a-npw-»--u-'--- ----- -—nuuun----uun-n -------

There are, we- posit further, intrinsic 1im1tatibns on the fine-

. ness of discrimination an ergantam can make and hence constraints .

on the organism s encoding ability.A There are two ways in which messages_i.lf'

may be encoded (three if we consider the combination of the other two):_':i
A(a) an amplitude, or pulse, modulatlon code, in ‘which the transmission

" of information depends on whether a signal of a given pattern occurs, and

(b) a frequency modulation or pulse interval code in which the transmis- _1f’“

.‘;sion of information requires recognition of the lengthcf the interval

‘occurring between successive markers. In its most elementary form, this

Second code consists of the presence or absence of a. signal during a sucession'
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. ._ ‘of intervals of equal 1ength. Every coding':‘system, howeVe

essentially an elaboration of one or the\other of these method_

Both types of code are subject to the following constrain

stipulated by the code.:

It is therefore proper ‘to describe

set of signals in terms ‘of a set off:”:'ﬁnhw'r‘m'

Since there is an: upper;limit to the number of absolute ju_g

ments or discriminations which an organism can perform with accuracy a on

.: any dimension; it can be.reasoned that the greater the number of stimuli
which are to be recognized by the subject, the greater the likelihood |
'that errors will ocecur. . From this fact, and by making assumptions con;
':.cerning the probability of inaccurate judgments occurring, a ngise or _:
{confusion matrix can-be.computed.' (Crossman, 1955‘ Quastler, 1956; Luce, 1959)

‘One calculation based on a matrix as computed by Luce is shown in Figure 11*5 »’"'

it will be noted that information transmitted plotted as a function of

‘ ' (), For empirical v;erificat‘ion-;of_this fprinciple, 'see ppI[-53-55. S




stimulus information follows the predicted pattern.
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(L)

()

. . |
For further discussion and criticisms of the utility of the confusion’

- matrix, see Luce (19%¢9 , pp. 171- 186). For one thing this model. failsw"’

to predict the well established finding ‘that absolute judgment is not
noticeably improved ‘by-extending the range of the continuum on which :

_ the stimulus to be estimated is placed o S S

\\.
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At this point we have completed our development of the argument

in favor of the information overload hypothelis.

The prOposiLion advanced as the information overload hypothesis‘
states that as, the rate of Anput of information increases the output does
not level of £ at channel capacity, but rather falls. We might have,if :ii
we had wished s contenLed ourselves by thinking of this as a generaliza-
.tion based upon the examination of a variety of empirical findings at
_several leVels'of investigation.‘HoweVervwe have been able to go\further

: _to show that there are g priori theoretical considerations which help

to explain why performance should decline rather than level off at channel
capacity, as. We should expect if- the human subject in fact conformed exactly

to. the model of a communication channel._‘ We shall now turn to look at ;
some'of the evidence leading us to reject, in part, the Miller argument.;: I
We will at the same time examine some of the theoretical shortcomings g:'hﬁ;"fl

of the 1ine of reasoning which has been advanced in preceding secLions

- .of this chapter.

.'fModelliﬁgithelhumanias‘a”communication.channellf"an assessment. - -

’ In this section ‘we. turn to an examination of some of the'objec~ ‘

'tions which have been raised to the communication channel model.
:objections are ofitwo orders.> those which have to do with problems of ::
iinterpretation of the model itself and those which concern certain em-?}f ‘
.pirically obtained findings which are difficult to reconcile with predié—.obd
tions derived from the theory. At the end of the section an assessment f~T;-

of'the utility of.the model is offered.g_'yi_.;fwf_f'i15




I1-33

Problems of interpretation

Lamingv(1968) has pointed.out serious inconsistencies in the
application of the Shannon model to‘choice‘reaction\experiments.d-Shan~’_.
non' 8 concept of channel capacity was linked to that of coding. iIf the.l‘
entropy of the .source is’ less than or equal to the channel capacity of |
the transmitting system, then there must be a coding system which will
~,.permit transmission of the source message with an arbitrarily small erad“
: .ror rate. To establish channel capacity, we would thus have to be assu-;“
- red that the original message had already been recoded in optimal form.-.
But this in turn requires the. examination ofmessages, if necessary, .of
infinite length which in turn implies a (possibly infinite) coding
~delay. - Clearly the analogy with most choice reaction experiments does o
not hold}l whatever the reason for breakdown,:or the confusional state,.

. it can hardly be argued that the reason is that channel capacity has been

"exceeded, since the definition of capacity implies a condition of optimal o !jf

‘ coding, which cannot be shown to hold in the choice reaction experiment.
'“fFurthermore, Laming argues that the encoding system is embodied in the'f;f
performance of the transmitter, which is to say the display system, and

‘this is an invariant in the experiments we have been discussing, with

" the result that optimization of the transmission rate could not have oc-

',curred.' Breakdown may be associated with varying levels of information,
'-bpt cannot be a consequence of exceeding channel capacity. Hence the

statement of the hypothesis itself is based on a misunderstanding.

"The simple manner in which Shannon 8-measure of entropy has

usually been applied in psychology has already been criticized by Cronbachfj~f'h'

(1955) This measure applies only to ideal channels, in which messageS‘

© are infinitely long, in which an infinite coding delay is acceptable
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(though not always' necessary), and where complete and accurate knowledge

of - the probability structure of the signal series is stored in the system. ' ;l

In a choice- reaction experiment the messages are, of - necessity, very short.
* The very design of the experiment requires that each signal must be: passed
completely through:the system, encoded, transmitted‘and_decoded_and the
response registered, before’the next signal'is emitted fiSm thegsource..
Reaction time must therefore include not only.transmission'times but also .
the time required to enCOde and decode’ the message and to execute' thev.

message" (Laming, 1968). Support for Laming‘s view can be found.in'eVi-*

'dence from at 1east one experiment (Kirchner, 1958), where it is indicatedd

that under.conditions of enforced delay of response_(of more than-three

~ signals), there is a decrement of performance, rather than an improvement :

as should’be expected-if in-fact human beings cou1d be.compared-to idea1-_.‘..

",communication channels. Presumably other: constraints become operative

. at this point, egs memory.

 The restrictions noted by Cronbach and Laming are very serious,‘

the concept of channel capacity has to do with only the transmission phase\

-of the communication sequence, but a11 the- "measure" of man s "channe1
.capacity" which we have quoted lump together activities,'or stages of
encoding, decoding, and remission of message from source to destination

(i.e. the execution of a response). Thus‘whatever'it is*which has-beenﬁ-.

measured by investigators, it -cannot be channel capacity in its pure form.- .

'And since the concept of an information overload has been explicated in

" terms of channel capacity,~the foundations of our inquiry are put‘in-dang&

. ger.
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How significant a-role does encoding-play in the process?
While the experiment quoted above (Kirchner, 1958) indicates that manvu
is not an efficient machine in ‘the classical engineering sense, we have ‘
against this result ‘the following opinion, due’ to G. E. Miller.~ "The
most glaring result (of the choice reaction experiments) has been to:
highlight man's inadequacy as a communication channel..r It is my ownvi
opinion that man's peculiar gift is his ability to discOVer new ways tov
vtransform, or to recode, the information which he receiVes.' It seems »:
_to me that the very.fact oflour limited capacity.for processing:informasf<:
' tion has“made'itfnecessary'for,us to discover clever ways:to abstract_the-

essential features of our universe and to express these features in sim-

‘ple laws that we'are capable ofacomprehending in a single act of thought;_;fg'

“__We are constantly taking information given in. one form and translating o
1: it into alternative forms, Searching for ways to map a strange, new
phenomenon into simpler and more familiar ones._ The search is something
we call "thinking"; if we’ are successful . e call it 'understanding'"i;

(Miller, 1956). " }’f:*’f' -

~1f"Millerfsfobservations:are correct; i.e., if the human subject_

is in, fact constantly trying to make sense’ out . of - to read pattern into -
sequences of stimuli, then all we have to this point are very noisy mea-i,

sures’ of human channel capacity indeed!

‘ Experimental findings. Problems and Inconsistencies
One question which has excited some experimental interest is
the following 'are increases in information transmitted due to changes
in size of ensemble equivalent in their effects to changes in the rate

-of presentation of stimuli (where it is assumed naturally that total

information transmitted is. always equalized)? Or to state the question
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another ‘way: since it. is already well established.that increases-ina

the rate of presentation_of,stimuli beyond a”certain.point result in_deyf“

_crements of subject performancen, i.e.y oVerload (eg. Vince, 1949);pcan
the same effect be obtainied by increasing the size of the ensemble?

¥

Alluisi and Muller (1956 1958), Alluisi Muller and Fitts (1957)

used a random sequence of arabic numerals projected on a screen at a uni-'

form rate. The experimental manipulation consisLed in changes in the en;
semble of numerals employed and rate of presentation of symbols. The
effect predicted by an information theory interpretation appeared in ‘the
latter case, but was:much less evident in the former. Mowbray (1960)

_ presented numerals to subjects, varying the ensemble from which numerals
.. were drawnffrom;two to ten, Subjects were informed in advance which nu-
meralsimight appear; and the size of the ensemble.> No differences in

reaction time were observed.

It may be objected that these experiments raise the question
of the true ensemble, and as we observed earlier in our discussion of

. cellular transmission rates, unless the ensemble is known, the rate of

information transmission cannot be estimated accurately. We mignt he led;

for example to. distinguish between an "explicit“ and "implicit” ensemble.
the explicit ensemble is the one which the subject receiVes from the ex-
perimenter, theimplicit ensemble he brings<with'him as a result of a
lifetime of training.. Thus in the case of numerals . and letters there
is probably little which can be done experimentally to overcome the sub—

'ject‘spown personal implicit ensemble.
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In‘Hilgendorf‘s (1966)Hexperiment,htypes cf-stimuli Were\varied,
all highly learned'(principally‘letters and numbers) ‘ The following pro-
'.cedure was employed: .equiprobable stimuli were presented singly, in ran- -
dom order, at the back-of a box'with a-single'window. Subjects held

'their hands on a palm key until they had identified the stimulus, than j
lifted their hand to press the ‘approprilate response key. In this manner

it was. possible to discriminate between "recognition time" and "movement
time“ EnSembles of numerals of up to 1000 were used (constituting .ap-
'proximately 10 bits of information). Hilgendorf’s-findings show the effect'A
predicted by Hick's,equation: CRT =‘a (n.+ l). ‘They-also'indicate that.a
_ relatively large part of the overall effect is due to increases in’ movement‘
' time. the maximum rate of information transmission obtained with both |
phases considered together is 5.5 bits per second but if we look only
at the recognition phase, this rate rises to 27 bits per second AAt~no»h
- point does anything like an overload effect appear.‘ Other experimental

results, using a similar design, indicate that 80 significant number of

- errors occur in the ensemhles of less than 20 bits of information.

From these experiments,.it may be.inferred that the determinationlp;ﬁf
of optimal rates of information transmission for the human system depends .
very strongly on how familiar the stimuli are for ‘the subject i e.;to what..
extent they are. overlearned o ~ Other research has shown that estimates of

maximum transmission rates ‘seem to vary widely from experiment to experiment

depending on the degree of stimulus ~response compatibility.f In Leonard’

(1959) experiment, subjects rested their fingers on a set of relay arma-'f'
tures, and were required to depress any armature which vibrated No dif-
ferences in reaction times whatever were found when the ensemble was

. varied to include two,to_eight alternatives.
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In genera1§ it seems clear from these and other findings that

a) the overload effect is not clearly associated with'increases in the

" size of ensemble,'and”indeed b) that the determination'of:channelfcapaci-

»ty has not been. achieved empirically beyond ambiguity. =This 18 true even

though, for reaSOns of experimental efficiency, the set of stimuli used

have generally been very simple (on- off lights, moving dots, single let--

" ters and numbers, etc ). In ordinary’ 1ife we are used to dealing,with

more complex stimuli: our.eye takes in a glance a multitude of details.f

Unfortunately for the experimenter, there are no behavioral equivalences

"sufficient to. represent directly the exact informational content of the‘-

(1)

_ message received. o

Hence forlﬁdestination“ (conceived as behavioralioutput)lto‘be

. the same,asi"receiver" (in the Shannon model), the‘experimenter is res- .

" tricted to,singlelstimuligf»

The communication channel model has been found wanting on other °

“grounds as welL Hyman (1953) found that, when the probabilities of stimulil'-

were not equaL the equation CRT = a + bH made a good fit of the data only

if one was considering the overall mean. when one turned to look at reac-g;’pl"

1 The reason is related to the distinction made by Jakobson and Halle,

19563 Jakobson, 1964). between selection and combination. Jakobson -
observes disorders of aphasia, associated with the successful deco-
ding and encoding of.verbal information, can be grouped under two head-

~ings: - similarity disorders -- which occur. during the input of inforw. .

mation - and contiguity disorders -~ which are associated with diffi-
culties in combining elements into the appropriate output patterns.

' There are thus two .types of relationship among stimuli which organisms
must deal with in the process of. transmitting information.
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tion times to\individuallstimuli,'the predictions of'information theory"
were very wide'of the mark. : ln one of his experiments. probabilities:of

- stimuli (size of ensemble = 4) were set at’ 13/16, 1/16, 1/16 and 1/16,
respectively. Mean reactiontime as predicted by the overall regression

line fitted to the reactiontimes of all 24 experimental-conditions (for
0.994bits ef unceftainty> was 363 msec., and thecobtained‘time:was 361“£
msec., & very close fit. However, in looking at reaction times to the
_individual stimuli, the predicted times, following an information theory
interpretation, would have been 258 and 824 msec. for, respectively, the.""

:' frequently occurring and infrequently occurring stimuli. -The observed

~ mean reaction times for the most probable stimulus were 306 msec., the S

._observed reaction times for the. least probable stimuli were, 585 msec. .

: Neither of these. figures are close to the predicted figures.

1t would be difficult to find outright support for the use of

:‘.a communication channel model in these findings.hplifxiii

A somewhat different, if related, question ig the following.--.~

are effects due to variability An the time of arrival of stimuli (i e. B

variability in the inter-stimulus interval, or ISI) equivalent to thoSe y R

of variability of size of ensemble? (Uncertainty concerning the inter-

stimu]us interval does not imply changes in the overall rate of presenta~ hp:f:z
tion, so that the two questions are distinct). Alegria and Bertelson L

' (1970) varied size of ensemble (2, 4 and 8) and time uncertainty (for

periods of 0. 5 and 5 O sec.), and found that, when amount of practice is
'equated, effects due to the two dimensions of uncertainty were indepen- '

dant. Thus, in terms of the equation.. CRT = a + bH, time uncertainty )

affected the intercept, ensemble size the slope. } Hence time uncertainty
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' would seem to be associated with simple reaction time, and-size.of‘ensems \fi.

ble with choice reaction time. From this resuit'we might draw the con- .
clusion that if. channel capacity is limﬂted, it is limited in different o
ways at different stages intervening between stimulus presentation and

‘ response. Are there, therefore, different types of overload, and if so

how can they be specified? It is to this question whmch we' shall shortly .

turn.‘ First we must attempt to summarize our discussion of the Millerz"

information overioad-hypothesis.
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The late fifties, roughly the period when G. A Miller 5 arti—
cles and Broadbent g book appeared appear now to be the high-water mark

of enthusiasm among psychologists for the information theory model. There

was more thanAa slight tendancy»to gtate flatly that the human organism‘l .
could be described as a communication channel. Even then~thefe was’ an
awareness of the limitations n the applicability of the‘communication
‘channel model: as: G A Miller (1956) observed ironically "If is an act
of charity to ca11 man a channel at all. Compared to telephone or tele- |
vision channels, man is better characterized as a bottleneck" Subsequently,
‘there has been if anything a further backing off from extreme.positions

on the subject.

'What judgment.should'we now makef Basically;'a scofchf*verdict:~5-
not proven. Within 1imits, .the communication channel model works, and
K _its use is according]y justified Both on intuitiveiand on experimental
lgrounds, it'seems" reasonable justified to state a relationship between.diéa-f ‘
'stimulus uncertainty and response latency (and ultimately efficiency of

'response),

Furthermore, these results are not limitedfto the.somewhat i:?
artificial conditions of the 1aboratory.f Richard Meier has observed-
_similar conditions in’ organizations which are subject to periodic overe:
loading, such as libraries,,atock market exchanges.. Meier (1962) describes ik f.‘ff
the eventual breakdown of information processing that occurred in the Ame-
rican Stock Exchange in 1959, following a sudden quadrupling of otders.:
.fThe extent to which conditions of superabundance of available information

: have . resulting effects on habitants of the (increasingly wired) city
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has been discussed recently by Milgram (1970). 'wé can.hardly-doubt there- -
fore that overload occurs and that it has something to do. with information— :"

processing demands on the individual

j There-arerhowever difficultieslliihe:communicationlchannel model
is too érude an'instrument to serve.as a tool:of'inventigation offphenomenafi,
- of human information~processing behaviorq If interpreted literally it ‘
'leads to the kind of extreme telescoping described in the last section, with o
an attendant difficulty in deciding how t0‘exp1ain apparently‘inconsistept- |
: results on the basis of'an insufficient number of'variables.~ To'assigh }
everything betWeen stimulus -and reSponse to "channel" is too much .io
classify responses as the."destination" of the message demands too great
a distortion of our ordinary conception of the role of behavior to be.ea~ l
sily accepted | As Craik (1943) long since pointed out, human beings do
vvnot ordinarily behave as a simple linear throughput system like .a telephone :}

'network On the other hand if the- channel model is used only as an ana-'

logy, it leads only to an empty heuristics.

‘{ In order to‘render useful the central insight of'the communica—li
tion channel theory, namely that somewhere between input and output there
are mechanisms of limited capacity, we can.no longer avoid facing the difficult -
»question of attempting to Specify the various gtages of information processing |
which intervene between the arrival of a stimulus and the execution of a.
response. In addition, we will attempt to discriminate between two kinds '
of limited capacity, a temgoral limitation (associated with temporal uncer- 3_f.

'tainty), and a spatial limitation (associated with size of ensemble)
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\

It is to this problem that we now turn. In ekpendinglthe set'of aSSunptions_

_ with which we have been worhing, we will no;longer_find it necessary-to
. adhere to the fiction that humanS'are_restrictedlto behaving as simpleﬁ'

“linear inputeoutputfsystems.ﬂ

. Modelling the organism‘as a multi-stage adaptive:systen:f,‘:'

We have’seen certain limitations in the application of the comf;.:

:‘munication channel model of the organism which have led us to reject it
as an adequate theoretical basis for our inquiry. Our task now becomes

to develop an alternative toolx one which is consistent, if poSsible,

i with the considerations outlined in the second part of. Ghapter l‘; We*will._,’“

.'introduce two new, principles. a) the principle of central 1ntermittency

L in the organisation of behavior, and b) the principle of decomposability |

of reaction-time data. To develop these concqns more fully we will examinei'-

a certain amount of research material in greater detail.‘ Finally We will

.‘attempt to pull togeLher what we have found out into a preliminary synthe~"”'

sis, with particular emphasis ‘on how the point of view developed in this

chapter can serve as -a guide to future research.

The principlefof central-internittency

- e o it P L T Wy

In two;important articles published in 1947 and 1948;?a-young""

vBritish psychologist, Kenneth Craik advanced R view of the organism as: an h"t

'intermittent correction servo-meohanism, in the language of contemporary
control theory. Craik noted that, in tracking tasks, as’ the difficulty of

the task increased'(i.e. as the.information_lead increased) subjects become
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.incapable of tracking yariations in the‘path ofithe stimulus-object.in a
:continuous fashion: instead they'resortedfto‘behavioriuhiCh consisﬁn -

of a sequence of individually discrete, or discontinuous, adjustments to

the moving stimulus.i Each discrete correction requires about .5 seconds

to complete._ Hence, Craik reasoned, it cannot be correct to compare the TJT

nervous system to a vaSt telephone sw&&hboard, which continues to receive'

;input at increasing rates and to increase output continuously until the
system Jams. In Craik's model, the organism behaves rather more like a :.
computer, accepting inputs, making transformations (both logical and come
-,putationd.involving both immediately available and stored information),

and producing outputs. The output of the human organism in turn requiresf'b"
" some moniboring time, during which feedback is required to determine that\

the desired response has been correctly executed.> Craik suggested that

'decision time required .3 saconds, monitoring (or execution)tlme .2 seconds -

Ttogether accounting for the total .5 second response time._ During moni-- f
- horing the organism is not immediately responsiVe to new infornation or

»signals arriving during that period, thus giving rise to the notion of a
psychological refractory period,'analagous to the refractory period of

the neuron,.

The concept of‘a psychological refractory period had been ad—’
.vanced earlier by Telford (1931), following the analogy of. neuronal re->“
fractorinees, and ‘the concept was given further currency by 'some of Craik'
colleagues in England. The present consensus among psychologists is that :
the tem is axnisnomer, and ought to be replaced by the- more useful concept

" of intermittency (Bertelson, 1968; Smith, 1969), since it is clear that,
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 unlike the neuron, the organism is capable of accepting newﬂinformation

]

i during the "refractory"‘period. For example, Vince (1949), using a design B} - o
which required subjects to respond to dots on a. rolling white paper tape
by tapping a telegraph key, found that omission and errors Occurred when
the next input marker had arrived before’ the previous response was completed. N
However, subjects were able to.maintain a high level of correct reSponses :’“
even under conditions of slight overlap. Mackworth and Mackworth (1956)
i similarly found evidence to’ indicate that omissions and errors ‘were corre;:
| lated highly with amount of overlap. HOWever, in their experiment the
task was rather complex, requiring an identification of six items on each
of two cards, and an dtem by item matching of each of the pairs of items._fgf
Webster and Thompson (1953, 1954) also found that ‘the amount of overlap
'_ was related to the efficiency mf transmission, but concluded that the ef-
~ fect depended on the amount of information associated with each markerr o
icwhere markers carried 1ittle information the effects of OVerlap'Were less'
. :seriouss Broadbent (1958) concluded that tWo messages could be dealt

with simultaneously if they conveyed little information.;"'

‘The principle of central intermittency is consistent with indeed
implies, a hierarchical organisation of behavior: since one activity is .
to be terminated before another is undertaken, we must infer a: masLer pro- o

gram responsable for ‘the sequencing of activities.

It 1is also consistent with the decomposing of response formation jﬂ:‘

i processes into functianally distinct subprocesses. to which ‘we. now turn.
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‘ o » ' The principle: ofdecomposability_ .

| A second assumption made by Craik, widely.shared"by other reé
searchers ‘in theAfield5 is that the total;reaction‘process‘is an éﬁélgam-"
of stages‘intervening between input and’response,band;‘more'importantly,
that total ‘reaction time is decomposable into its several individually :

(1)

separable components.

'The assumption of decomposability'dates back-to-the workhoft
a Dutch psychologist, Donders, in the nineteenth century. ‘Donders reasoned
that choice’ reaction time is made up of two component a) a simple reaction -:‘
-time,.and b) choice time.szr. He ~argued from this assumption that it should
‘sbe possible, experimentally, to isolate the effects due to. each phase of |
*1the total choice reaction. " (The equation cited above CRT = a + th,'exem-

- plifies mathematically the Donders assumption" the intercept a is inter-i
"preted as a simple reaction time parameter, the slope b as a choice time:
-;parameter). The difference Dondérs reasoned further, between a c- reactionpfip

and a b—reaction (choice reaction) is due~to Lhe additional time required i R oo
‘in the latter for response selection.. The difference between an a- reaction ;1: -
(simple reaction)and a c- reaction is explainable as. an effect due to the

‘necessity for stimulus recognition in the latter case,

boe

'Donderslthus posite three distinct phases'of reactionz'»recognition,t_r;

choice and simplefreaction.' He.assumes_them'to be.additipe: that ‘1s, he .

(b Stated with’ great clarity by Sternberg (19 69) -See alsohsmith,(ﬁL968l );T"t

. - (@ See p.II-—4 above. -
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.. assumes that one phase is terminated before the next begins., From this

- assumption, it follows that experimental means can be found to isolate

" the time required to complete each phase in turn, and hence to identify

"with greater specificity the effect of various types of environmental va=

‘riability., This is the gemeral procedure which we intend to follow.

The current tendency is to identify 4 stages which intervene

between stimulus presentation and response . execution.

a)

b)

c)

d)

stimulus pre processing: Taw sensory data is organized to

produce a’preliminary impression of the stimilus object;

stimulus identification' the stimulus is placed in an avai-

lable category through the application of pre existing
representations held in memory;

resgonse selection' on the basis of the available informa-

tion a response is chosen (utilizing logical and computatio—
nal operations),

response executioni .the response is effacted, and immediate

feedback monitored.

The motion ofustages is illustrated in the following diagram:
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Memory

\
. B
b
1HPQCA ‘Stimulus - N Stimulus |
4 Pgeproces~ ’fltdentificat
sing ) :

Response

Selection

- Response

| Execution

. Ougput
~7

Model of stages of information processing on Lhe individual
- (After Welford) - ; o

Atténtion'

" In. the last t@é'se¢£1ons we introduced the concepts of the-di¥‘

-vision into stages of information flow within the individual and of cen-

E‘tral intermittency.;

his capacity to perform another«phase is reduced.

call a limited attention to give to any phase of. the activity cycle at

any giVen instant;» "Where is the channel limited "yoit has been asked°( )

(1)

Moray (19 67).

The latter notion implies ‘that’ while the organism
- is preoccupied with one phase, for example the execution of an action,‘

He has what we would
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The answer, it appears, is in the.mechanism‘of attention. ‘What then'is
attention? It does not figure as a stage in the model outlined above,
and we assume it to be a mechanism of a different order | that which re- .
: gulates.the organization of all the other»activities, The importance of -

this mechanism has become increasingly clear.,:;

During the 19501's Colin Cherry initiated the inVestigation of‘
a phenomenon which he termed the'tocktail party effect" : He asked how,i'
in the midst of a noisy room with many competing conversations audible
to the listener, the listenez is able to select out one source from the .
lothers and disregard all other irrelevant speech which is available.,.
| Cherry's investigations were pursuedfutther‘by Donald Broad&ent (l958),
who rejected the hypothesis of the operation of peripheral processes in .
favor of an explanation baSed on a. central selector mechanism, which acted ‘as
- a filter to reduce the "load" on higher~1evel cerebral components by uti-: =

(1)

lizing 1argely physical cues. (directionality of sound, timbre of Voice, ' _fgf r_j.'w
 etc. ) to screen- out irrelevant material.

Broadbent's assumption that physical'cues alone.were the opera~ }3
tive factor was . shown in turn to be inadequate by Treisman (1964), who
rdemonstrated that the meaning of signal alsoservedas an important selective :7'::

cue. If, howeVer, evenvrejected information, which could not subsequently .

'be recalled by subjects, had been processed t:the point of assigning a f A

(l) ‘These researchlfindings‘arepreported‘in-greater detail‘below;
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semantic interpretation, then a good deal of central processing capacity

must have been already used. in the operation of the filtering mechanism

itSelf

It has recently been proposed (eg., NormanA19p69;) that the .

Sensory system

Stimulus-
Analysis
M chanisms»

Incoming sensory material is analyzed and” excites ‘a representa-

Buffer

; . selection process is constructaisomewhat as follows'.
Ph}sical signals -

) pectations

Linguistic|

Models

. L etc.-

" Materis

Storag
Prograﬂ

Criteria

Analysis of Previous L

Signala T

Storage Z of
System - N -
' S Pertinenc?
;’Selection!ffe’
. .ans - L
o Attention

tion in a buffer storage system, or transient memory.

'.-establishes

‘likely that

to what has

' experience,

gone-hefore.

a representation in the transient memory.

Storage:

Memory

Concurrently, the :’

'analysis of previous signals is going ony and this information also excites

for the individual a scale of. ertinence, since it makes it .
out of the available information, what is selected is related

In this respect, eXpectations based on: prior

This analysis of previous signals_ﬁ‘;

on linguistic models, etc. may in turn influence the determination
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of what is pertinent; Through the interaction'of‘newssensory material .
and analysis of previous signals, the strongest representations in transientﬁ ‘
© memory are selected out for attention and in UEn are fed into the analytic

process, to affect,'inturn‘subsequent-selection processes;"”

A mechanism of this kind, supplemented by'adequate memory ca~"
' pacity, is sufficient to provide a dynamic for the multi stage model pro~ '
posed earlier. Suppose for example the individual to be occupied by the
.effectuatiOnf of a response. Responses usually consist of=step~by-steps
'executionvof instructions to individual:effectors and the'mdnitoring~of'
immediate feedbasck. Information which is now pertinent consists of feed-
”back cues*and other information tends to be disregarded until that part
,»of the program is completed. Attention then shifts back to the- recogni-
tion of incoming information, and subsequently to choice of - response, until
sthe cycleis complete.‘Because of the buffer-storage system,la certain degree':
of overlap of signals is not incompatible with responsiveness to the total
'«available stimulus information. LV;._hf N : |
. The operation.of the buffer storage
The presence ¢f7a very short term'buffer storage capability

'1s stronghysuggested by experiments of Sperling (1960), Averbach & Coriell
(1961), and others. Their experimentel evidence seems to be best explained
by a theory of “what Neisser (1967) terms transiant iconic storage._ When pf"
a V1sua1 stimulus is presented to a subject the sensation of the stimulus s
may outlive .the presentation of the stimulus. This is expkuned by the well-' |

known psychiological finding that each- sensory modality is associated with
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a projection area in the brain. The concept of an iconic memory supposes .

" that "the persistence of ‘visual impressions- makes them briefly available

for pracessing even after the stimulus has'terminated" (NeiSSer, 1967),

The experimental'method employed involves the use of tachistos- |
copic display of stimulus material. jThe'principle of tachftoscopicgexpeF;

riments is that'the-subject-isishown-extremely brief presentations'of-na;

* increasing duration; . Sperling (1960) used,rectangular-arrays of letters'

“such_as the following:

T.DfR-f .
S RN

"F ZR

ffwhich wvere- displayed for periods of 50 milliseconds, too brief for the .

hhfeye to respond actively by changes of fixation. In general, subjects were

not able to read more than 4 or 5: letters (consistent with Miller's notionof-
. a '"'span of attention" or "span of apprehension"). Sperling then instructed
subjects to read only a single row of the display. SubJects.were cued

by a different-tone for each row,»sounded aﬁtg;;thetachiStoscopic‘presengf
tation.. The result was near perfect accuracy forvthe selected TOW Aver%'“n

bach and Coriell (1961) showed similar results, substituting a single o

‘letter for a row, and a visual pointer rather than a tone.

From these results, it can be concluded that a visual input

"can be stored briefly, that it decays rapidly, but that while still present
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in memory, information can be read from it, SUbjects reported that the..‘
letters were visually present and legible, even though the stimulus had

not any longer been present for 150 milliseconds..'

A similar mechanism associated_with auditory’inpUt has~been‘

posited by Neisser,ﬁwho-terms this auditory storage_"echoic:memory“._

- The operation of the selector: '

% o be s M be B e s At s e B g RS e MY be MW e W M A o mm be b e

In considering mechanisms of information reduction, lt is we11

rium of the human organism far exceeds the amount which can be usefully

'utilised. The retina of the eye alone contains in the order of one hun- '
“dred million cells, and the optic channel to the brain carries about one.
ihundred thousand nerve fibers. It has been estimated that the ear is able:}
to transmit 8, 000 bits per second the eye perhaps 3 4 million bits per se-r.‘

- cond (Jacobson; 1950, 1951) The effective difference betWeen the infor-'pp

mation provided to the brain, and the amount iL is able’ to use is consi—

derable.

It haslbeen suggested.that ihformatiOn reductionﬁoccursjin'ser»
veral stagesj here we consider two: a) those assoctated with primary
sensory analyzers, and b) those associated with the retrieval of ‘informa-

tion from buffer'storage.'

a) Primary sensory analyzers

To understand the limits on selection of input, we must first

»establish the capacity of the organism to discriminate differences.~ N
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Humans are very good at relative discrimination, which simply implies a.
comparison along a dimension or dimensions (essentially more or. less-of
" some attribute(s); many tasks however require absolute discrimination,

or Judgment in the absence of any external reference. George A. Miller

(1956), in a famous article "The Magic Number Seven, Plus or Minus Two.‘“

.Some~limits on our Capacity for Processing Information", made

an extensive review of the literature on this .subject, comparing the ex-

, perimental results across sensory modalities, and -arrived at a. principle

'Aof ‘the span of absolute judgment, which ‘say that "there is a clear and

'definite limit to" the accuracy with which we can identify absolutely the
‘magnitude of a unidimensional stimulus variable'. (Miller, G.A.; 1956).
The subject's ability to discriminate in absolute terms has been evaluated

by Miller in terms of information theory, and ‘he” has estimated approximate“

maxima of 2, 5 bits in the judgment of tones. (Pollack, 1952 Pollack, 1953),“:

v-2 3 bits for judgment loudness (Garner, 1953), 1.9 for judgments of the ;'
-concentration of saltsolutions (Beebe Center, Rogers, and O’Connell 1955),
3.25 bits for judgments of visual position (Hake and Garner, 1951). The- |
limits are in all‘cases approximate: subjects begin to make occasional -
_errors as the number.ofndiscriminations required.reaches threejor four,

and increases steadily as.the number of discriminationslalso.increases.
‘Such upper limits of discrimination.do not depend on .the range chosen'
Pollack discovered that the same subject who could accurately discriminate

5 high-pitched tones, presented in one~series, and 5_low-pitched tones_fy'
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.. in a second Series,; could still only disting’ui_sh 5 tones when the ensem- -

ble included both high-and-low;pitched'tones.(l)

’ The importance of the perceptual constraints imposed by the span
of absolute Judgment may ‘be better evaluated when placed in the context
of the complete perceptual system. _First, . they'apply only‘to tasks which
require absolute judgments} where the problem is one of- relatiVe judgment,
the same limits do_not hold. Secondly, the results reported by G A. Mﬂler'

" refer only to'unidimensional judgments; most sense organs'are capable of .

simultaneous discriminations along more than one dimension simultaneously

.(leading Miller to propose a second principle of the span of perceptual

dimensionality).n Experiments which utilize a two dimensional variation

in stimuli have demonstrated increases in information transmitted varying ,
-from 2. 3 bits for saltiness and sweetness combined (Beebe Center, Rogers a
.and O‘Connell, 1955) to 4.4 bits for dots in a square (Klemmer & Frick, :
5.1953) The addition of further variables increases the judgment capacity,

"but the additional information transmitted is less than additive.‘2;=,‘

b) ~ Selection of. informatich fromﬁbuffer storage”."f”‘ B 'fl;l

Much of the available sensory stimulation provideiby primary
extero.ception mechanisms is disc&rded at a second stage of processing.

The internal filtering mechanisms, which are utilized by the organism as

a normal part of his perceptual process, operate both within and between

‘ (L) A comparison of these results with those mentioned ecarlier for the single *
cell, where Mountcastle, Davies and Berman (1957) found that input inten-
sity is coded in 7 discrete steps for thalamic cells, suggests that the
limits reported by Miller have a physiological basis. ‘A different expla~-:
nation not yet studied in detail might see these limits on the organism's .
"resolving power" as a function of short-term memory. constraints. We
have not as yet found a discussion of -this point. :




11-57 -

(1)

sensory mbdalities; the effect of the filtering is a reduced and more
manageable picture of the environment, to which the organism can more ca- .

pably respond.

With respect to the-two .most important channels (for the human) ,
the visual and the auditory, the’ processdiffers somewhat. The visual field if
normally contains ‘a diversity of objects, to which we attend only in part. |
Everything which~is going'on in the field of view is not of equal imporg

- tance, and weibecome_conscious mostly of eventslwhich arefrelevant to our.
activities, so that.other things.in the'periphery'do not really'eﬁist

~ for us. The eyes'operetehby‘making sequences.of-saccadicpmevements, of'
jumps, frcm one fikation point_to'another, remaining'fixated abouthS per'c
.cent'of the time:' In this way, if important eVents occur in different
parts of the. visual field, they can be. scanned in a succession of fixations.._:.
Such scanning‘processes serve to permit the eye to select ‘a point of at-.':fi_

" tention'and to ignore other information; they also, incidentally, illus-

trate well the principle of intermittency a11uded to above.

lThe ear works on anoLher.principle from the eye and:external
scanning is accordingly more difficult. Spatial relationship between events‘-.-
in the audioscope are difficult to determine with precision, while the
perception of temporal relationships can be rather easily affected by overlap

of messages, irrelevant atmospheric noise and- the like.

(1) As contrasted with the "ad justmernit" processes mentioned. by J. G.<Miller,
this customary resort. to omission, filtering and abstraction. seems
to form an essential element of the perceptual system. Even the phe- .
nomenon of information overload finds a useful application within
the perceptual system as a whole: an example is "critical flicker
* fusion''y where the OVerloading of some cells permit certain specia-
- lized kinds of percepLion, necessary for example to film—viewing.
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1f twofmessages arrive at once9 and if both.are relevantu(to
be attended to)MLhe resulting ‘overlap produces a considerable loss of in~
formation (Webster andThompson, 1954;<Poulton,“l956)f Broadbent (1954)
read lists_of digits to subjects over separate.channels into each ear.
Under conditions of overlap, subjects appeared;to'be able tofdeal with
bboth sources at rather slow rates of presentation, but asxthe rateiof pre—
sentation increased, they increasingly showed a tendency to pay‘attention
to stimuli.reaching only_one ear. At certain speeds, he found that although
inputs to one ear.were dealt with before those to‘the other ear (Titchener s
phenomenon of "prior entry"), subjects were able to retain additional infor-
mation in memory for a relatively short period. : ‘These results as,noted
earlier, depended on the amount of information associated with each message
source: messages which convey little information can be dealt with simul-
taneously, while with more information,_overlap produces correspondingly

greater decrements in transmission..

In general, if some information is to be retained, and some
Adiscarded ‘the ear’ is better able to select out the wanted portions of the
message if the gources can be isolated, e.g., bysbeing fed into‘different
ears. Hirsh (1950) and Kockv(l950) showed that noise has less effect on
.intelligibility if for examplbs two loud. speakers are employed separated

physically,_one for the relevant signal the other for nolse.

h Different levels of explanation have been offered for these
findings. it was first proposed that peripheral sensory masking alone_ -
was. sufficient to explain the difficulLy of the organism in paying attention
to two high-information sources. ~Broadbent (1958) rejected this interpre-I
tation in favor of avsecondiexplanation which supposes a role for mechanisms
originating in the'central nervous system.f'ﬁisrassumption was based-on an h:
examination of expe-

\.
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rimental evidence concerning the effect ofvinstructions on_aubSeduent
performance° When the suject 1s aSked twoiquestions simultaneously,~if

the experimenter announces which voice_is_to be.answered?.thg‘subject.is_
generally able to.respond~as instructed,‘ In_the abSence of'such instruc-.
: .tions,»or if the instruction is issued.afteripresentation ofjthe‘stimulus;v
* the performance'of.the subject Shows‘serious'deterioration; .Such results '
do not-support a theory of peripheraliaensorylmaskingﬁ;they.do however: -

support the model presented‘above,

.Broadbentls supposition that the.selection processrconsiSted i‘
of a choicepof ﬁchannel"5.using 1argely physical cues, was'in:turn shown
to be inadecuateiby,Treisman (1964), who found‘that'betweenlmeSSages-read’
. by the same person in the same languagq selection was based on transitional :
probabilities between words, athough there was: considerable interference .
from.one passage to the other, In this case it 1s apparent that "selection"_:ﬁ
is delayed until the.moment of’readout from buffer=storage.. It does nbt
."depend for example; on which ear receives the message (Grey and Wedderburn 195&»,

.hence it will not do to identify "channel" with a particular organ of re—:'

ception.

- In ordernto.investigate the Broadbent~theory of alternating
attention between channels, Moray and Jordan (1966) investigated a ‘highly
compatible two channel task They provided subjects with a means of pa- :hd
rallel output matched to parallel input& simultaneously presented to the
two ears of the subJect.. They found thaL this procedure increased quite

considerably the overall "channel. capacity" of the organism (from l pair

'-:every 1% seconds‘to 2-pairs per'second) ~The explanation given for these:

differences notes that thelearlier experiments require~paralle1'to Serialc,,‘
‘conversion of data, and hence allow for the‘intervention.offmemory cons-

taints.
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The findings reported have applied only to information-reduction
processes within single sensory modalities; there are further losses bew-
tween multiple sensory tnputs.\ In general9 1t appears to be’ possible to
carry out simultaneously two redundant tagks involving more thanyone sen-
sory modality: many people find it possible to drive a car and at the same
time engage in animated discussion, This capabilityuis in turn limited -

by the information-processing requirements of the Separate tasks involveda.»

' However, when subjects are required to perform simultaneously visual and
' ”auditory scanning tasks, and if difficult. material is presented to one

" channel and easy material to the other, the easy material is disregarded

(Harris, 1950). When there i overlap involving symbolic material, pre—
sented rapidly, then one senSory input is disregarded completely (Mowbray, :

1954). The presence of noise intensifies these effects (Broadbent,-l953).

Where the inpuLs arriving via different sensory channels are *

- non- -competing, there is some avidence that they interact ' (Bernstein, o
. 1970). The effects,however,although frequenLly are not necessarily addi-

_ tive; it appears that where there is_ambiguity‘in the interpretation of’a.

stimulus received on one channel, the informaLion provided by another sense'
is used as a means of verification(lz Thus there is a tendency for obser-
vers to‘interpretIthe-directionality of sounds byjmeans‘of*an apparently'
related visual event‘(Thomas,Algéli.' When_interpretationsaclash, it:isy

the visual information which' is givenfpriority.”" 4 o _' o

a) Birdwhistell (1970) has proposed that our use of nou~verbal ‘cues has

a similar function in communication.
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A'gener31 resu1t in the experiments discussed here is.that_&here
there is competition among signals, in the éeﬁse'that alternafive stimuli -

. are present to_be:attended to, then the organism"shdws a tendency to sup~

press one source ‘in the intérest of continued successful reception of ano- -

ther source.
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Pre—attentive_processes: some conclusions

We haue.been‘led to the conclusion:that the act'of perception.

. includes a process of "read;out" from the available.ensemble of sensory stimuli,r
or a re-codificationvdf input into‘another form which can be storedpmore~easily.:
The translation or recoding‘must often imply going.from a visual to:a verbal
medium. Neisser argueS’from this that "perception‘is not a passive takiné;in

of stimuli, but an active process of synthesizing"or'constructing a visualt‘
figure. Such a complek-constructive act must take a certain amount.of~tine“~
'(Neisser, l967).: Such Janalysis-by;synthesis" requires a concept of organizationg
of activity based .on what has been termed a contiguity relationship:‘ a capacity ;
to combine acts in-Sequence.(l) Hence, included in the act of perception, is a
‘performance which follows the type of. organization we. usually associate with

motor activity. Perception includes an activity in which successive steps occur,

and as Neisser notes, such an activity requires time to.performu

Whithin the analysis«by-synthesis model.of perception;~the_role;'
of attention is critical‘ Attention determines what region of the sensory o
‘field is to 1ead out, or re- coded (2) The processes of focal attention cannot
operate on the whole_field simultaneously.«”Such processes'predSupposeAsome
.degree of prior "settingn} they can come.into‘play after prelininary operationsac
have already segregated3the figural units involved (Neisser;h1967)}"NeiSSer
terms such.preliminary operations "preattentive processes"; They "produce the

.obJects which later. mechanisms are to flesh out ‘and interpret" ' They are in essence crude'l

(1) See note p. 11-38 ahove.

(2) "A pereeptual set' operates by affecting what the subject does during the
brief period of iconic storage. This does not mean, however, that the set
affects only "response" and not 'perception'... There are no instantaneous
perceptions, no unmediated glances into reality. The only way to use the
term - perceptlon‘ .gsensibly is in relation. to the-extended processes that
can go as long as. the icon continues'". (Neisser, l967) - :
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approximative images of the world, often ag much determined by prior ex-

pectations as‘by the nature of the stimulua'itselfspﬂ

A point to note is that, in addition to providing- the raw ma-
terial for more refined perceptions of the external world, these crude,
half- processed“imagea aISo serve to set in motion response tendencies which.
in the model presented above would Seem to be. reached only after interme—
diate phases of recognition and choice of.response hadxbeen.passed. >ItA‘t .
. is gomewhat iike_the batter who~begins his“swing'as Soon:aa the ballsisﬁ

~_thrown, before he has any idea if it is Likely to be a strike or a-ball.

Dixon (1972) has argued recenLly on the basic of findings from.
experiments in subliminal perception that "aL an early pre conscious stage
in cerebral processing, incoming information actually makes contact with
memory systems, thereby acLivating conceptual aSSociates to the applied
.stimulus" “The evidence for this conclusion is often intriguingx Dixon'
for example quotes the.case of one subject’ who guessed "Valparatso" when e
presented with a sub- threshold representation of Lhe word "LINE" } Later,y
in another test he gave the word "Line“ as a first association to "Valpa-
raigo". The reaSon, it emerged,.was because he had once Voyaged on a

liner called ValparaiSo, co

- Other evidence indicates that material presented subliminally
is capable of producing subsequent effects on dream imagery, and thus,
while not perceived consciouly, ‘seems to ‘be held instomage ior a consi-*

. derable time.

A more relevant finding is that conscious recognitionfof‘a‘signali .

is found to dependﬂon its emotional significance tobthepindividual;” Dixon
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concludes that information can be received, classified and even responded_’
to without ever becoming conscious! "All in all, these data suggest that :
at some preconscious stage of the perceptual process the brain detects

the meaning of thecincoming stimuIUS'and so initiates an appropriate change
in itg level of sensitivity for their conscious representation". AThis
assumption is conSistent with the idea that a first response is initiated,

and then modified by the control system, when the full meaning has ‘been

"regulator" channel should conduct faster than the "information" channel;

This capability for rapid response based on early alerting is
important where rapid responses are required.’ Fehrer and Raab (1962) .

measuredflatency_of response to stimulus alone and stimulus followed by

. mask (where only an impression of movement was poSsible) and found no'difm
" ference. ‘Fehrer and Biederman (1962), Schiller and Smith (1966) obtained
o similarfresults.. This finding illustrates the point that while, at one'

'level, the- process of read out; or. recoding is still underway, the organism

has already begun his response ‘on the basis of a first signal that an:event

has occurred "The‘mgchanisms which register-this onset'ars different,~-

Asimpler, and‘faster;thaﬁ'those whiCh,identify the letters" (NeiSser, 1967). .

This theory serves. to’explainwtwo phenomenai‘ (a) the associatiOnTlf,'

of error with increasing rates of signal presentation, and- (b) Kornblum's

(1967, 1968 1969) finding that reaction times in sequences of equiproba-l

ble,stimuli'are_significantly faster for repetitions thanlfor non;repetitions.
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In the first instance, error is naturally associated with increasing reliance

(1

on crude pre-attentive processes.

should be expected to follow the previous behavior, in the absence of other clues.

The distinction'between.pre;attentivs processes and Secondary'

' recoding suggests.in turn a reason for the relationship between information
presented and latency of reSponse. The concept of. information.is equivalent p

to that of variety,vand,is associated with the ‘idea of "surprisingness";‘ The
-imsge formed from the operation of pre-attentive processes is. approximative and
indistinect: {it permits the olganism to begin an (approximative) response wh11e
more refined verification procedures can be. accomplished (and ‘the response adJusted
accordingly in the light of fuller information). The less informatiVe the stimulus,
-it should follow, the more likely the image ‘due to pre attentive processes is to

be accurate, and the mote cursory can be the verification: process.' The more

informative the stimulus, however, the greater the extent of verification required, '

and the slower the response.~

(1) But, as argued earlier, it is preclsely output activities which are
most affected by the rate of presentation of markers, independent of
the rate of information transmission. o T i

The rate of presentation of markers has two’ possible effects._ (a) Since
increases in rate of presentation necessarily must eventually reduce

the duration of the stimulus, there must come a point where the brevity .

of display itself causes non-recognition. Mackworth (1963) showed that

for values of less than 50 milliseconds, recognition declines sharply.

(b) Increases in the rate of presentation of markers result in increased
"crowding" of signals into a given temporal period. In this case, we o
should expect to find increasing confusion of one stimulus with the next,

or "masking". There must in a word be a 'limit to the temporal resolving
power of the visual system. -

A great number of experiments indicate the correctness of this assumption, o
an interesting result associated with the theory af an iconic memory

ig the phenomenon ofbackward masking, in which a stimulus presented

later masks or obséures an earlier one, which is still present as an . -
icon (Sperling, 1960 "Exiksen & Lappin, 1964; Eriksen and Collins, 1964).‘

In the Second caSe, the “setting” of attention '
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The identification of stimuli

In explaining the direct relationship between stimulus entropy
and reaction time, most theorists have focussed on the stage at which idenn.'
tification of the stimulus occurs as one critical determinant. (Smith, 1968)
bln Bricker's equation, CRT = a + bH,xthe'intercept, a,'is taken to be equi-
' valent to simple reaction timej. the slope, b represents processes of signal
recognition_and response-selection. In this section the’ first‘of these

phases is considered.

\ It is generally agreed ‘that stimulus recognition is accomplished
. when a representation of the incoming stimulus has been compared with pre-
-existing representations‘stored in memory (to which names are mapped) and
a match has been. found; We can distinguish two major questions concerning
~the process, both of which have excited a good deal of interest and con- |
.troverey. a) first, what is the nature of the "fitting" operation between
new‘stimulus and:memorial,representations; and b)- secondly? whattis ‘the
nature.of-thé.searchfprocess amongfavailAble\memorialPrepresentations?f

Fitting the stimulus to the. memorial representation

uuuuuuuu t-h.-—ﬂ.---‘n-nn-’-—----nnunh-uu-——-uuununuﬂc‘-n

Two major theories of how the matching process. takes place.
can be discerned: a) "template". theoriesy and b). "feature testing"‘
theories. Template theories assume that stimulus inform1tion is presented
' in a central display area, where a generalized image, or template, of the
'concept concerned is then compared, and, depending on the closeness of- |
the fit, an identification is made, or rejected. If positiVe, the stimu~ f
. lus has been "recognized" For example, if the stimulus to be recognized
is a letter of the alphabet, the actual stimulus, say an "A"- is.tried
on for fit with the templates of each letter in turn. Since the’raw |

stimulus information may be quite "noisy“, in that there is a good deal
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of variability in the form in which charactere'arelpresented,'it is assumed
that a certain amount of "cleaning up'" of the image*may intervene between

[

 stimulus preSentation and identification.

Feature:testing models assume a more‘actire.transformation of
stimulus materialx-j essentially a mapping’ into the. semantic space: bf The An-
dividual. Identification consists of the application of a series of tests,{
utilizing as many dimensions as necessary: UIg it red?" "Is it square?"
"Does it ‘move?" etc.' Recognition occurs when the number of tests giving

, positive results is great enough to exceed some critical limit.. _. L

Neither-enplanation is fully satisfactory, but acceptance of
vthe feature-~ testing model, in some modified formq has - been gaining, prin-
Vcipally because.ofjtwo factorsz a) evidence\that the neural analyzing
:”mechanisms'ofithe hnman do. appear‘to operate‘1 on a feature extracting
i principle, and b) attempts to develop artificial character ~recognition

systems based on template fitting whieh have not prcven particularly feasible-ee

The memoiy search process

| e e o o e by A pn e e g b b e e

 Hick (lQSZ);outlined four possible search,proceduresiﬁ

1. Replication with simultaneous trial

When a snfficient.representation of the‘stimulus‘has been formed;-.
it is then to be compared with,“or'matchedeagainst, pre-established memorialx
representations;'}Suppose the compariSon trials-are conducted simultaneonsly,‘l,
suppose each.trialpto take an equal time, then comparison time does not
depend on the size'ofithe stimulus ensemble, contrary to.the'obtained;re-

sults.
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However, we could explain effects due to ensemble size as an .
effect due to the time taken to produce replicas of the original repre—

sentation. There are three'processes by which replicas‘could be producedg

a) simultaneously, in which case replication time would be in-'
L :
dependdnt of engemble glze, contrary to findings;
b) seriallg,.in which case replication-time would be 'a linner

function of ensemble size and§

c) geometrically, l.e.y by successive expansions or "doublings

of the original representation, which produces a logarithmic function of

~ensemble size. .

2. Random searching

ivdn thisjtheory, no~replication is required,‘since.each memorial
representation'is compared'singly..-There are no simultaneous trials;h
The memorial representations are chosen one at a time and in random order,
and having been tried are replaced, 80 that each. may, in principle, be
'tried more than once.' On this assumption, ‘the average number of trialsi,
before the stimulus 1s identified is equal to the size of the ensemble,

not a logarithmic function of it. HOWever s the expectedvariance predicted o

. from  this theory is: greater than expsrimentally obtained results would justify.

(1) With simultaneous replication, we can produce a satisfactory result. -
by dropping the assumption that all comparison trials take equal
time. If we assume that comparison times are distributed around a
mean and if we assume a certain kind of distribution (the exponential),
we canocbtan an appropriate theoretical basis for. the obtained results
(Rapaport, 195(9 : :
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'3, . Systematic searching -

This process is~similar to'the previous.except that‘the ensem;
ble of,templates is scanned systematicallyd(either in a random:or.a‘given
order)without replacement, Assuming a stop rule N average number of trials
required to find a stimulus - template match is a linear, rather than a |
logarithmic, functionsAof the ensemble, S + 1/2; Assuming,no'stop-rule:reactien tine

1s a linear function‘of size‘of ensemble.

be Progressive or .serial classification .

.In Hick*sffourth Category, the notion of‘template.watching is’
"_abandoned in favor of a procedure of classification by features.‘elnlthis'
‘view, identification consists of the application of a series of dhhotomous
':tests: Red? (Yes, No) Square? (Yes, "No) etc., similar in kind to the

~ parlour game of'Twenty Questions“, the answers to which narrow down pos~
sibilities}untilirecognition is attained; This process will produce, given
. the.appropriatekset of tests and a reasonably unskewed distribution,of_ o
probabilities, a- logarithmic relationship beLWeen recognition tiwe:and-

size of ensemble’ (Hick, 1952). - e ;'-,,jo»,:" o

None of the theories proposed by Hick have proved to be entirely
satisfactory. In the original Bricker formulation, CRT = a + bH, the in-
tercept a, as ve have seen, has usually been taken to describe simple reac;
tion time, including elementary pre- processing operations, and the s10pe,

b, to refer to secondary recognition and choice processas, ~None of the

with simultaneous comparison trials, the s10pe is independent of ensemble

\
|
|
|
|
template-matching proceSSes suggested by Hick will produce this effect' 1_>1:
size, with serial scanning, the function is linear. If we shift to an

explanation based ‘on replication times, we are compelled to identify the

intercept with the recognition phase and ‘the slope with preprocessing, which
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~is an unconvincing interpretation, on'other.grounds(Smiths 1967).

The concept of serial classification appears initially more

promising; for two reasons: a) because the “Zerging -in -feature testing

“procedure is capable of producing the desired logarithmic'function,'and_ '

(b) because recent physiological evidence makes\it plausiblejto'believe<.

that the perceptual system is essentially a feature- testing procedure,

even at primary 1evels of sensory reception. However at least one expe- E

riment- designed to provide a direct test of the hypothized classification

" _process has produced negative confirmation. Leonard (1958) argued that

1f- recognition consisted of performing a finite set of (dichotomous) tests,_ :

then providing - advance information about one of the tests should have

a result equivalent to that of reducing the ensemble by half Leonard‘

_prediction was not supported.

The: serial classification model discussed here is, conveniently,

" on error- free one, fn the sense thaL no provision is made for classifica--

tion” decisions made on the basis of less than perfect information. This

'__deficiency can be easily remedied by building in same of the aSpects of
' modern (anesian) statistical decision-making theory. On this view, the indiu

'vidual ‘goes on’ oollecting information unLil he has enough to make a recog-

nition test by comparing it with a. memorial representation,presumably a

<list of features. This has the advantage that it seens to eXplain certain

well- established findings, such as:

8. the speed—accuracy payv-off =~ several experiments have shown ‘

‘'that subjects working under time pressure make more errors Lhan those under
‘little pressure; there is a direct trade off in information transmitted

: between.speed‘and:accuracy;
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b. the effect of value - “the Bayesion model is Well equipped .

to explain the tendency of subjects to respond faster to highly valued

stimuli than to lowerdvalued stimuli, since optimal decisions in the Bayesion,

sense walght both probability and value;

C. the effect of expectation - experiments have repeatedly

.shown that reaction time 8 are influenced by a: priori expectations,'which

figure in Bayesian\computation;

d. effects due to decreases in discriminability - ~either ;va
degradation of the stimulus or greater similarity between stimuli ~may re-

sult in ‘an increase of the number of tests to be performed;

4

C.. effects due to practice - the feature testing model is .com~

' patible with an- increasing "automatisation" concept equivalelt to practiceg f:'

leffects._

Recently, Steﬁnberg (1971) has argued that an - information-:_‘

‘:._theoretical view does not provide any realundérstanding of underlying pro-r_

cesses. - In ‘some of his research he has attempted to concentrate on. the
matching from memory part of the total identification process. His method
consists of requiring subjects to memorize lists of numerals, drawn from
‘the set of primsmy digits, of varying size from 1 to 6. The subject is then
_ required to say whether a given stimulus is drawn from the "target" set.

If it is he giVes a positive if not a negative response.l The measuretob—-

tained is the time of reaction.

From his results Sternberg has concluded that recognition is
-accomplished by high speed serial scanning of the target set (Sternberg,
1966). Reaction time; in hiS~experiments, is consistently_a_linear, rather

then a logarithmic,.function of the size of the target set;’_
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We can explain the difference in funCtional relstionship betWeen i

gize of ensemble and reaction times in these experiments from those found
\earlier in different ways. First, it should be noted that, regardless

of the gize of the target set, the response set consists of only two pos-

- sibilities, a positive or a negative. Studies by Rabbitt (1959) and Pollack ‘

(1963) indicate that CRT increases with the number of responses, and that

the number of stimuli associamd“with a given response affects CRT only

when the number of Tesponses is largd (in the vicinity of six, for example). - .

A more interesting interpretation has been proposed to exphlin the apparent

' -incompatibility between the obtained 1inear and logarithmic functions o

. (1) - ;
by Cavanggh,1 who suggesm that the key mechanism’ is the span of immediate’

. Memory . '“‘r . “In the Sternberg experiments, the. subject has to
hold in the. short term memory a maximum of six items against which stimuli

. are to be compared, plus two possible responses.‘ This is still a feasible,

" memory lead. In a typical choice reactlon time experiment, however, the _Z-AH"

~ subject may have to keep in mind different numbers of items. If the size
‘of ensemble is 1 (simple reaction), then he has only to remember the apu.
propriate response. CIf size of ensemble is 2 he has two stimulus alter-
nstives, and two.reSponses to bear in mind, still an easy;load. For'an,
engemble of 4, thefmemory load has:risen:to 8,_and this{is;the:extreme

upper limit of the short term_memory capacity.

1f the ensemble S-R- ensemble is 8, the memory load 1s l6 which o

18 well above the capacity of short term memory, and hence implies access o

to long term memory, where search rates are known to be‘slower than'those ’
for immediate memory (Steﬁnberg, Knoll & Nast, 1969).: While this exp1a~

nstion is still speculative, as a line of eXplanation it looks promising.

{1). Personal communication.
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it has the advantage of pinpointing limitatioﬁiof "channel" capacity in

terms of a specific function, memory.

The reaction function obtained by Sternberg,‘since it was linear,
could also be described as a sum of two terms, an "intercept" a and a "slope"‘
b. The intercept,‘as before; is-taken to be,a'term which includes pre-
processing, or,fcleaning;up!.operaﬁons'on the:raw image; : the slope reflects
Amemory search operations. Some recent inVestigations have centered on
. the question of how much "cleaning‘up"|occurs before recognition processes
are.started, 1n'o£hé: words how the watching occurs. Sternberg (1967)
:argued ingeniously that if the serialicomparison process occurslrelatiyely‘
late, then effects due to degradation of the image would largely be reflec~
ted in changes of the intercept value (since it is known that oVerall reac-:
: tion ‘times are lengthened by diminished stimulus discriminability), 1f :
the image arrives relatiVely unprocessed at the point of memory search,
-ftthen effects due to degradation should be reflected in an alteration of

»lthe slbpe.. The results of thiswork showed in fact that serial comparison
."does not take place until the image (or list of features) teaches a. rela-

;tively high point of refinement.

Chase and Posner (1965) showed that increasing the similarity
of- stimuli, and hence the potential difficulty of determining a definite
. match, had the effect_of increasing the.steepness of the shqpe, as a two-

step theory of signal identification would predict.

What can now be said concerning the oVerall capacity of the

organism to identify stimuli, and hence. about. potential oVerload? The -answer -

b
RN
A
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._is complicated by the fact that, in a character—recognitionvtask for exemple,’

if a stimulus is presented singly, and if the'size of the target sét is 5;{='V

response time is about 500 msec. If/however the same stimulus is presen-
ted in an axnsay of other characters, all to be compared with the target
set simultaneously, average_ response time per stimulus is reduced to 100

msec., and even this,figure can be improved with practicel(Neisssr, 1963),

To explain this Sternberg and Scarborough (1971) have proposed

' that serial - compariSOn processes can be conducted in parallel., What limits
:-there are on how_many such processes can go on.simultaneously,‘andvindeed

the'whole'questionsof~the identification of complexvimages'remains a fieldf‘

The stage of response selection

. ------g- ------------------- -y - -

As Smith (1967) notes, by far the greatest attention has been

';paid in the experimental literature to processes of stimulus preprocessing

and identification. There are few models available to suggest how response

.'selection occurs._ Luce (1959) has pnposed a model which ressembles’thef.:'

serial comparison model of recognition just discussed. He suggssts~that

‘the list of available alternatives is scanned exhausﬁvely until the-

- Mcorrect" response is identified. Falmagne (1965) has attempted to {ncor-

,porate in his model the idea of effects of previously performed actions - '_3»

on the present state of readiness of the organism. Hisnndel is thus a
version of the prOgressive classification procedure discussed above, with

response times to individual stimuli showing carryover effects from pre~

yvious.responses. There is in fact clear evidence of such "repetitioﬂ'

effectS'(Bertelson, 1961, 1963; Landauer, 1964)...
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’The’relative neglect'of the responseASelection phase is unfor-

tunates There has existed a persistent suspicionfthat theiempirical‘lo-,

* garithmic relationship between size of stimulusFresponse'ensemble'and time e

of reaction was more an effect of response»selection than of any'other

..'stage. There are two main reasons to argue in this way. First, a'number

of experiments have shown that where stimulus- response compatibility 18

sufficiently high (as in the case of the Leonard experiment discussed on

p. 1137 above), the relationship disappears (Fitts and Seeger, 1953; Fitts

d;and Deininger, 1954; Kay, 19553 Conrad, 1962} Alluisi, Strain, and Thur-

' mond, 1964). The slope of function: relating CRT to- stimulus uncertainty
'is inVersely related to the degree of compatibility. Since stimulus recog-

1__nition is still required, it appears to be - the stimulus to response stage

,which is- affected.

- A second “important source of evidence concérns the effects of

:effect of reducing the slope of the reaction time - size of ensemble func-

tion, (Mowbray and Rhoades, 1959; Davis,,Moray and Treisman, 1961; Neisser,

Novack and Lazar,‘1963 .Egeth and Smith, 1965)., Again practice, or’ learning,

‘ affects seem to have more to do with response selection than with stimulus

identification.

- Choice reaction experiments are one kind of a larger class of

experimental types, which can be differentiated accordingly to the nature

of the S-R connection; or the type of task., The following non-exhaustive

list serves to illustrate:
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‘Overlearned tasks - 8 é‘R~connection "automatic"

CRT ekperiments - - S = R connection known, but not yet.
o perhaps "wired in" :

Learning tasks = 1) S = R connection known in the &f

abstract, but not yet integrated

Recognition tasks =~ -~ ii) S - R connection unknown; ,
S " learned by a conditioning schedule.
based on a one-one S.- R mapping.
Concept formation' T S - R connection’ unknown; principle
tasks" o : of many-one mapping to be diScovered
" and then 1earned.

Gémbling“taSRs - - 8 = R connection is unstable (i.e.,
R based on a principle of. randomness),x
and hence unlearnable.

each category the cognitive operation inVOlved is different;

central computing time required is different; and the- possi-'

bility of an interaction between reaction time and number of stimu1i is ?H

- .apparent.

-"This“is an;areafin need of ‘more intensiVe.study;fll .
The stage of response execution
' Earlier a distinction was made betWeen the principle of "selection"‘
and "contiguity'| : ‘A'. . Another way to think of the problem is to”

bear in mind that, regardless of the information in the original display,

by the time the response execution stage isteachaithealternatives have

narrowed down

to one._ The . function of the input-phases»is thus.to,narrow

" the information content of the incoming mesages d0wn'tonzerog

Response execution, on the other hand, is time-consuming: output .

consists of a

concatenation of‘miniwactivities,yorganized serially R
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. to produce ‘a coherent‘pattamlof behavior..'Each~individual subeaction.e

may have to be fitted into an organized sequence, in which subsequent

elements: of behavior connot be initiated until previous steps have been

‘completed. The whole sequence has to be monitored, which means that part_:

of the input system has to be co-opted for purposes of obtaining feedbhck.

. ..A . \ : H N . .
Output activities are particularly susceptible to disruptions
associated with time uncertainty, and with the rate of presentation of

signals, ‘ R : B | ' R I

Evidence”of output limits having ‘a physical basis can be found

in an experiment by Quastler and Wulff (1955) which inVolved playing piano

. notes arranged in & random pattern.- Here physical 1imits imposed by the‘

o necessity to mOVe the hand in order to strike geem to have been an important
.”,.factor in rate of information transmission. Up to about twenty keys (roughly
itwo octaves), considerable gains in channel oapacity occurred; for a range
fiof 65 keys: there were errors.even at slow speeds of performance. The same;

: experimenters found similar results using a typewriter. Up to about 16

keys, subjecLs‘could achieve about the same speed of output with compara- .
ble accuracy, but with 32 keys their performance was striking&y poorer.

This result conforms roughly with the ordinary situation faced by a prac-.
ticed typist, who is‘accustomed’to using about(twenty symbols_with maxi« f

mum frequency.

Nevertheless, Quastler and Wulff noted that their results could

not.have been due to eitherfoutput constraihts done, and‘indeed-theoretical’

- interest has consﬁﬂently ‘centered not on physical constraints but rather

on the role of central processing mechanisms. craik (1948), for exsmple,
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in attempting to explain the‘intermittentfcorrection pattern ofisubjects,ie >.
speculated that ﬁif,.; the time-lag is:Caused.byftnedbuilding up of some'
single 'computing‘_process which then discharges.down.the motor nerves,
we might expect:that’new seneory impulses entering the brain'ﬁhile this
central computing.procees was going on would-either disturb it~or.be‘hinéy:
dered from disuucbing it by some 'switchiné? system.)" - dSince.the'early :
experiments of Craik,numerous studies have confirmed the effectfof prior
signals on reaction times of signals which follow (Bertelson, 1960,
..Davis, 1967; Welford, 1967), and most explanations have posited a limited:_

ncapacity central "channel"'and some sort of queueingprocedure.
Posnergandeeele (1970) distinguish between the time'required
for an'operationvanthhe'space required mithin some 1imited'capacity'cen-;ﬁl

-tral proceasing system. At one time it was considered (Hick 1952;

'-Fitts, 1954' Broadbent, 1958) Lhat the processing of a signal pre empted s

. channel capacity for a time; more recently it has become evident that not_: :
all OpeIINiOHS|JSS up equal amounts of the limited capacity: ‘as a result.

' some aperadons can be carried on simultaneously without interference.w

"Our current notions suggest that many mental opera-
tions which involve: the access of external stimuli.
to long-term memory are orderly in terms of their : .
time relations, but that these same mental operations
do not seem to require space, that is, they need not
interfere with other mental operations which must
be performed at the same time unless the two have
some specific incompatibility. Other task components
require both time and space in the sense that they
will interfere with virtually any other task which
must be performed simultaneously." (Poener & Keele 1970)”

L

Encoding‘processes, for example, may be timewshared. _In,general
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‘ it is the processes which form the initial stages of a task which require
- little space. The processes which do require space are those performed
on the retrieved products of memory search; in other words those occur-

v

ring late in the tasks;'

In somewhat'similar vein, Morav (1967).has proposed'a'model
of the brain, notlasva limited capacity channel but asia'limitedicapa~ f o
city central processor "whose organization can be flexibly altered by in~'u

..ternal self-programming" (p. 85). The total capacity of the,brain can be

‘ divided, and allocated in different ways, according to the task s OT the

r:phase of the task being performed. preprocessing, stimulus categorisation,s
':response selection_and ekecution. Parallel‘processing'ofjpcertain activi:
' ties may'occur (the idea of a "slave" computer).;3ln addition; Moray argues
' that the functions performed‘on the message themselves take up the capa-'

”‘city of the: transmission system:

"The best analogy of which I can think is the rela- -
. -tion between the data storage and program storage '
'in a digital computer. If we want to perform a com=
" plex function on the data, one which requires elabo-
rate programming, then we seem to have a smaller com~ .
puter as far as the data is concerned. If you have
a lot of ‘data, then you are restricted to relatively
small programs. What the analogy fails to bring out
is that I think there can be a transfer of hardware,
© as it .were, from the store registers to the arithmetic -
register and vice versa. This is unusual in computers,‘
but the flexibility of the more or less. |universal
neurones' in the brain may- allow 1", ‘

1f the model of Moray is valid, then we should think not only

of information overload but also of program overload. We shall return to

this'question-in the,next‘chapter.
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.Summarz

We began this chapter by asking whether the Shannon model of am

\
1 ideal communication system ‘was a useful tool for explaining human informa-.
tion=processing behaviorn‘ We discovered that the main utility of the model.
‘ has been to isolate an interesting functional relationship between output |
: - and input, where the‘main input variable 1s amount of stimulus information,.5
| and the. main output variable s the correlation between output responses‘
.and signals received.. The function has the form of an inverted U, and .Jb:

'has provided a ‘means of defining a condition called "overload“

we discovered thatbthe evidence was too chancy,land the model
too crude, to remain satisfied with this level of explanation. We then o
~ consgidered a multi stage serial processing model, and discussed problems
of. information selection and the allocation of attention.h We_discoveredz
a number of things, such as the following first, in one sense.information
3.overload is a universal condition, and hence uninteresting.:-ili | |
As Simon (1968) has observed.: "Saturation with information is no new thing.o.‘
the world is constantly drenching us with information through eyes and ears -
millions of bits per.second, of which, according to the best evidence, we - |

can.handle only about 50". The critical process is selection and organization.{ .

Secondly we accepted provisionnally.an "analysis by~synthesis"
model of information reception, in which processes of active stimulus -
'identification and'memory-search constitute main phases. We found that memory :
-restrictions are a key;factornin limitingginformation'processing, andlprobably

'esplain some. of thetoriginal’findings‘on which;theiinformation.overloadjhypo-'A;

‘ thesis was based,
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Finally, we discriminated between information reception and pro-.

. gram organization, and proposed that much of what has been called "infor-

mation overload" is more'properly "program overload" Interference with

_ the temporal sequencing of activities can produce serious disorganization

.'of the organism_s_behavior, which justifﬂﬁ;fUllythe term'"overload".

and in particular in designing effective systems in a future society where

" Implications for further research &

e e e b 0 e e e an e . e

Although.this chapter.has been devoted to a review of experimertal -

' literature,four oVerall point‘of view in this book is essentially-cons-

“tructivist. That is ‘to say, we are intetested in’ therapplication of: knowledge

exchanges of information figure_larger in the picture as_a whole, and where yf

" individuals function increasingly as information processors}' Within this

'Iperspective'we>may_ask what has been_learned_from'ourysurvey:of literature;‘ p

Essentially, we have been working towards a framework for des-~
cribing and analyZing information—processing behavior.~ By looking at ex- L
perimental theory and research, we have begun to form ideas about what

questions to ask when we turn to more naturalistic conditions. We havev~

_been alerted to the potential_significance-of certain factors.7 Let'us

see what some of these are.. In order to do 80, we shouldcimagine that -

we are in the normal living and working conditions of an individual who,

we may have reason to:suspect; is a candidate for information, or_program

overload. Here'are.some of the questions'we might'be led.tofask.f‘

" 1. How many communications are received?
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We start by making a time-budget for the'individual. We ask
. what messages arrive, récognﬁzing that what constitutes“a "message"p(a:
'letter? phone call° TV program?) is. already somewhat arbitrary.u-The arrivalJ'

rate of messages is specified..

2. 'what.ensemble are the_messages drawn ﬁﬁim?h;

Now we start tollook at the relativé informatiyeness.of:messAQGST"l
" received. ‘Some individuals may receiVe numerous messages but on closer
tinspiration it turns out that those which have to be attended to are highly

redundant, and hence uninformative.

3. How predicteble is the arrivel of messages?

We saw that the inter stimulus interVal of messages is in itself

",an.importantfsource-oﬁ’uncertaintyb whose effects~we.maygwant.to study..v‘ B

l4; What is the overlap of messages° p‘

A point of major importance in the study of program overload lni s
is the extent to which a second message "interfers" with an earlier mes- -
: sage. Either the second message causes an interruption of the first, or-.

has to be held in_storage,pin which case we ask:

5. 'What:are_the dueueingPprocedures‘employed?s1
Particularly if a number of messages arrive during the "refrac- ‘
tory" ‘period (while he is still occupied), we want to know something ebout

how these new messages are in turn‘accessed,

6. What is the complexity of the message°
By’ this We mean,input complexity: how easily can the message

- be apprehended? We"elso wish to ask:
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‘7, How complex is the task associated with the messagel?
Every task can be described as a certain number of operations

“to be performed, taking more or less time, requiring more'or less organi-_'

' zation, implying more or less communication,.etc.~;How'Well learned is-the

. task?

8. What are the memory requirements?
- Messages require the use of stored material,'either in the brain;_

. of the receiver, or more likely, in files. We want to describe‘memory

access, or retrieval; procedures.

9 What modalities of transmission are employed?
More than likely, messages are received in several formsx ,.

1: written, spoken,ugraphic._ What are the prevailing modes of reception.

“10. What are the deadlines?
Deadlines, unlike inter-message 1ntervals, represent the impo—

- sition of external demand factors, which lend urgency to activities.‘. o

11. What 1is the value, or emotional loading, of messages”

We saw in the earlier review that time of responSe is a funtion

of value._ Can messages'be ordered.on this dimension2 _

12. How compatible are reSponses to messages°
Some messages can be reacted to on the spot} others require the

initiation~ofcomplex;responses.‘

13. How are messages selected for attention”_

This question relates to the problem of agenda setting, and the

allocation of conscious attention to problems‘
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‘14.. How are unwanted messages filtered out°
The business of filtering is Bimilar to the previous processj
of selection, but logically distinct. How much can be effectively dele».u‘ffg»z o

: gated, for exemple?

15. What are the adaptation strategies? ‘
As message load is increased, do letters become shorter? or; :

‘ lunch breaks? How does the individual cope? .

16. What are the signs of stresg?

What iB the pathology of overload?

These questions are only someiof the ones we might want to?ask,:=a~'
arising‘out of our:consideration of the literature. Our. objectiVe is to
'}develop a Bet of profiles of information processors in a variety of occu-'

-;pational fields. From this set, problem areas will emerge leading eVen-'v

t:tually to the design of techniguea to reduce the oVerload on the individual.

There is equally a need to continue, and exp&nd, fundamental
research. Let us identify one or two major areas which haVe not yet been

lfully probed.

First, We need to know a great deal more about human memory.
No matter how elaborate the filing system, ordinary memory is still the
_line of first defense in information overload.v We saw earlier that memory
is .also a major limiting factor in the reception of information.- In spite
of some very interesting recent work, the underlying principles of memory

.mechanisms are still‘Very imperfectly understood.




Sequencing and takeout procedures apply in the human system, as’ contrasted

"with the computer. The program model is appealing intuitively, what is
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Secondly, we need much more research on recoding procedures.
i b

The peculiar genius of the- human, and his ultimate weapon of adaptation,

is his ability to~reshape, re~interpret, re-conceptualize, find patterns

I..

in the flux of events that eventually permit‘him to liVe in environments ‘;g
to which he may not have seemed initially adapted. Hostile physical en- .
vironments will require the same kind of assiduous research and planning

that was needed to develop life systems for outer space.

Thirdly, we need to know nore about the organization of actl-

'»vities. how decisions are taken, how programs are articulated,what kindt:f -h[" '

‘t

needed is now more experimental attention. In this respect, we need a

' better_inventory of tasks and acts. ‘We lack a language for coding output

behavior~in-terms>compatible with a rcybernetic:]model

Fourthly, we need very much to investigate how complex stimuli

‘»«are received in particular visual and iconic material. Most of the o

stimuli reported were rather simple in character~ they said little about

- the potentalities for multi~model reception of messages.

‘One could add further ‘questions. This is sufficient to indicate

i

. ) ) i
at least part of the road ahead. S o Lo R
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CHAPTER III

" COMMUNICATION OVERLOAD .
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In chapter 2 - the empirical basis for two different models
of organismic functionning was reviewed -- one a simple "channel" model,
one a "program-execution" model. In this chapter, while some evidencev
of network overload will be considered the major purpoﬂe is to ex-
tend the program-execution view of an organism and to show how it.leads to
a method of examining.communication in networks. With this step accom-
plished, we will then turn to the queltion of designing networks which

minimize communication:overload.
In the first section of this chapter, we"re—state.some of the
arguments already developed in the earlier discussion, but in a tather

more formalized wayi ”This will in turn lead us to alconsideration in

depth of the program model, particularly as propeunded by Millhy,’@alanter,.<~

‘and' Pribpams - The ‘fmplications of this model, and some . neurological;" T

‘evidence for the model are examined This is followed by a consideration’

of the role of lymbolic repreSentatioﬁ;of reality, which in turn leads

into a disculsion of . communication.' Two levels of communication,referen-:

tial and relational, are specified, and the implications in terml of pro-l:

gram load conlidered.l Finally models of network design are conlidered

and the whole problem ofuoverload re-statelin terms_of the model developed;
. . A .

\
A
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- Limitations of the_éOncept of Transfer Function 1;

Much of the literature of information overload has been couched,
ag we have seen, in terms of a model of the individual as a communication

~ channel, which in input exhibits the irritability common £o - all living

forms, but is otherwise the passive transmitting instrument of information~gf7‘

carrying events which impinge from the external environment Its output f
reflects in appropriately transformed manner only these input events._.
Information overload in this perspective is uniquely a consequence of

‘ features of the stimulating properties of the environmentfl)When
overloaded, the organism adopts a strategy of defense, shutting off the
information stream at its gource, leaking it,vfiltering it,land so‘on;.

The “strategies" are.merely defense mechanisms‘andyin no way-affect the f:?
hessential concept of the organism as a’ pipeline or channel between a given

--input stimulus and an output response, but a pipeline which carries infor—‘

mation, rather than matter.

This model of the organism is exemplified” in the concept-of
"transfer function'l Experimentally realised, the transfer funct[on implies:.f.
“the presentation of a stimulus (S) at time (t) and the observation of a
_response (R) at time (t+l). LIt 1is a transfer function 1f the response is:a.? '
. monotonic function of:the stimulus, and of nopother:variable, ile;, R tFl =

£.(S t). In this section weiWill’examine.the_utility'of the,concept‘of

(1) Cf. Lipowski (1971) "By attractive stimuli are meant those which
arouse appetitive and approach tendencies in people on whom they
impinge. Overload implies excess or surfeit of such stimuli, in that:
they exceed the. individual’s capacity to process, choose, approach
and consumate"



1113

transfer function, and, in so doing, provide the basis for avdifferent"

approach to the,modeling‘of-organismic functioning and information overload.

' Biederman_(1966); Bair (l§7l)"have recéntly distinguished three K f

types of input output function, which.correspondto three models of infor~"' -

mation-processing machines. "The functions performed by man on received

information may be divided neatly into three categories of tasks, infor-_‘

mation, conservation, reduction, ‘and creation, which subsume more specific

,functions labelled transforms".

- InformationiConservation

In ‘an, informatbn conservation model not only 1= the output
assumed to be a direct function of the input, i. e., Rt + 1= ¢ (St)

but a1so the function is assumed to be reversible. That is, given an

output, and knowledge of the transformation performed by the organism, .*':.

the original stimulus input could be determined The machine which
correSponds to this model is subject to two major difficulties' random “
error (noiSe) and dropouts (omissions, in Miller's terminology).; This

,model views man as essentially a re-coding machine, ultimately as a’

transducer. Graphically, the transfer function can be represented in the o

following way

.Noise

Y

—
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Experimental conditions whichtexenpiify:the.information
conversation task are described by J.G. Miller;(l962):7 '

"To test our individual subjects, ‘we designed
* and built ‘an Information Overload Testing Aid
apparatus, which we refer to as an 'IOTA?*, B
This 1s arranged to present stimuli to the subject K
‘on a ground-glass screen which is on'a table in-. -
front of him. He responds by pushing the proper
buttons, Stimuli are thrown on the back of a
screen by a projector, a perceptoscope, which
- ghows movie film at rates of from one to 24
frames’ per second. ‘Our film presents black
arrows on a white background, appearing in from  :
one to eight of the eight two-inch vertical®
slate which run down the screen; There are
8 possible angular positions, like those of -
clock hands, which the arrows can assume,
. There are 8 corresponding buttons for eabh
" of the buttons being ‘used,..If an arrow in
Position b' appears in Slot 3, the only.
. correct response. is to push button b of the
set for Slot3" S :

The transfer function, An- much of the 1iterature on information?aii -
OVerload is effectiVely the criterion function, since 1ess than completei”ﬁ A
. conservation of information is regarded as an unsuccessful resPonse theﬁfﬁ

‘next class of functions to be discussed tends constitute, in this perspec-“*t:

tive, "defenses" adopted by the individual in the face of overstimulation..

'information_Reduction*

Information reduction machines producebafsystematic“loss 6f

information, while at'the same time maintaining essential featuresfof

the input., The associated functions are thus ‘not in general réverSibief

Reduction models may be further classified acCording_to'the:tyPe of

reduction involved:
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Filtering

. The concept of filtering is that some types of input

are systematically given higher priority than others,:f

or that some inputs are consistently Screened out, .

‘»ignored,.lost.

Condensation (Abstraction)
In condensation; none of the input information is.
ignored, as is the .case for filtering. Rather the g B

signal is processed to produce an output which

o represents the input but in reduced form. Arithme- '

‘tical | operations ‘such as addition, substraction, multi- - LT
‘ plication, division, are examples of condensation.,,i -

» Machines capable of condensing information require a

\
memory capacity. ‘First the machine must*store an.j

algorithm or program which is capable of providing

' instructions concerning the steps involved in the
' reduction._ Secondly, the input iﬁformation consti- e

© tutes’ data which frequently must be held in short

term storage while awaiting processing., Graphically,

‘we represent memory capacity by a self—terminating

1oop,‘as follows.

o

N
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ii1) Contingent transformation (Sequential Processing)
| The concept of contingent, or sequential, processing of
'information is similar to- that of condensation, howeVer,
in contingent proCessing,-it is further required'that the ;auin~‘5i
output.of‘one‘program serve as theoinput of a seébnd.‘ The
Areleyance of'this model~for human;Canept formation has'd
--been discussed by Hunt (1962) and Biederman (1966)
addition to memory, such a machine includes a selector,
or executive, component, which guarantees that the
operations or subroutines are performed in the appropriate
order. The analogy of a computer program has been widely
employed to illuminate the processes involved in contingent -
l_ transformation of information. Graphically, such multi-
staged algorithmic transformationsvare represented,as

programs'With programs.contained within them:

s \ -|\s e . T RN AN R'—"f(S)

;Information»creationfs

:

Bair (1971) discusses a transformation which he relates to .
information creation tasks and which he refers to as a '"one to ‘many

mapping of stimuli resulting in a greater output than-input".
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A one-to-many "mapping"‘implies the existence of further unspecifiedf'

variables,

1)

-From”Bair‘s discussion, it appearsvthat,two fundamentally““

'different models are'involned:

Information retrieval

The.example'given by Bair is the task of multiple

- word association, in which one stimulus word produces

a chain of output responses. -To explain this phenomenon,.'.

we require, in addition to the notion of a program, a
long term memory. Within the memory, data in the form

of words are organized by a principle of association,

' 'so that the stimulus word serves as an entry point to

the list.. The output is then dictated by the program

instructions (presumably including a "stop" rule), and

, .by the organization of the stored list of words._ The ”

i1)

: output is therefore no longer a function only of the

a previous process of learning, the new. output is in -

effect a function of the present input, previous inputs,

and (for reasons explained in the next section), previous _

outputs. This cannot be considered a "transfer" function.

Match-~ mismatch feedback

In g probabilistic learning task, the subject is
required_to decide for each trial in a continuous

sequence of trials which of a set of events will_occur;

1f the subject receives knowledge of thepresultsi(KR);

.'input, but also of memory. Since memory in~turn‘impliesA .
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he will tend to use this information, which provides |

him with clues:about the probabilities;ofvthe events,

in order to guide his subsequent choice behavior.:‘
(Hilgard and Bower, 1966} Posner,.1965;_Schipper;1196?).
(1) and (i1) above differ principally in the memory
requirements, and: the immediate role of feedback in

the process, The latter notion is illustratedhthus:

st .

L

e
N
Feedback

- This discussion reveals a fundamental difficulty inherent in

much of the discussion on information overload ’ Whether one likes or ﬁf .

.dislikes the term l'information creation" as a label for information

retrieval and feedback it is apparent that memory and learning are

very nearly universal elements of human behavior, and a theory which

is restricted to explaining behavior in which these fundamental processes

are absent, is

excessively limited in its application. Yet, ~as We saw

earlier, much of the literature based on the channel model has pre supposed

that behavior.could be viewed within-the frame of reference of a‘transfer

function., We have seen that this assumption fails to hold for information

creation tasks.

In these 1atter instances,:since the output is a function

~, _Rttl = £ (St, Rt-1)
T~ S : . :
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of variables other than»the immediate inpnt, the range of variation of
information content of the stimulus input should beifound_to have iess.f-
importance in determining the output, and this is in‘fact‘wbat barr.-
concludes from his (admittedly cursory) review.of the iiteratnre:

"The generalization that task difficulty increases
with increasing transmitted information has been

- shown to. be not entirely applicable to information
creation tasks. In information creation tasks,.

reaction time is more closely correlated with
réponse uncertainty (variance) rather than 'trans-
mitted information". (Bair, 1971)

. The difficnlty aopears to be twofold:» (a) insufficfent attention.

has been paid to the function of stimuli for ‘the organism, ‘and - (b) sources
- of information have been too narrowly defined with respect to the organism.
4The notion of the human as an information channel seems to have

.blinded workers to*the-pnrposive aspects of behavior; for the most part;,
organisms do not passively receive stimuli rather ;hey.acﬁiveiy seek out

.sensory information.~

The,pointzcan.be.illnstrated'by reference to a simple.example.
drawn from everyday eXperience; We can imagine a man.malking_doWn'a iong:
flight of stairs.- ﬁor psrt.of“the way,.the steps are qnite_broad,.sob
that the walker has to take two steps to cross each step’and one paceA
down to the next. At a certain point the‘starrsxcurve to the rigbt,
then straighten out, but at this point they become narrower, while the
"lift" between each becomes higher.. Eventually the walker‘reaches4thel

street and turns left.
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Suppose the man is buried in thought; so_that most of the task‘:
occurs "automatically". If the steps are long;ﬁthgfwaiker.quicklyhfalls
into a rhythm of two acroSs and one down.’ Neu.information‘is represented
by a stimulus which indicates that he has to change from a. two-and-one
straight ~down program to a two-and-one right turning.to a cne and~one :
straight down to a f1at surface left- turning to a flat- surface straight-

ahead program. How aré we to evaluate stimulus input information in this

case? It would seem most ugeful to perceive visual information as. consti—

tuting signals by which the full ‘complex program is organized_ Any explan-
ation which emphasizes that the individual appears on‘obseryation to ac-

tively organize his head movements in order to.''scan" his enVironment for

" the needed cues to change his behavior and hence suggests selective atten- o

tion and.information-seeking behavior is 1ike1y to be a more adequate expla-

natim than one which begins by a description of the uncertainty in the envi-f-f

ronment. We could imagine of course that the set of stairs is a. stimu1us

presented to the walker and his walking is merely-the appropriate response..

(there are in fact certain advantages in conceptualizing it in this way),

but in order to do so we . should have to take account of the role of purpose

in the resulting ”eXperiment.“ There is no outside eXperimenter to set the

criteria for successful performance of the experience, it is the. walker“s

“own objectives which establish the order of presentation ofastimuli.

A re-examination of the question of infornation-oyerload in the

light of this discussion leads to the abandonment'of a theory of "transfer

_function", and in turn to the abandonment of the communication‘channe1~cbn4

cept. What the experiments using reaction time as«a*criterion‘effectiyeiy




Po 47§VMiller, Ratliff and Hartline, 1961). Such intextai eﬁvi:vnﬁan&g S

- tion (Schacter, 1964). By the internal envivonment is meant the funciion

of unfamiliar stepe in the fog. A fuller account of informetion cveiload,

Do

_in our view, must take into account in addition the purpnses of the indi-

vidual, the programs he is executing, the importance of feadback ard the.

role of perception in.providing appropriate signals for the carrying out’

of his programé{

There is, as suggested earvlier, a second difficulty welated te
the definition of enviromment (and hencé source of stimulation) geuexallw
employed: 'The experinenter has geverally been able ro wmanipulate the nop-,

ditions of the external cnvironment. It tends to be ovérlosked howavey

that there is a sécond ‘environment, the internal envivonment

have recently been. shown to be in turn subjecl to sxperiucnts

1ozsaniee
!

ing of the organism itself, and the numerous internal processes 'ty wiiuh
the individual accomplisines homecstasis. The same inforiration proccssing

system which receives information concerning external events &lso. v

messages from the internal enviroament. These latter mes

certain way as dn -index of our success in responding

.
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demonstrate is essentially that a person can only run so fast down & set .
ternal world,
1
|
|

In this context, we may view the individual as being the recipient’

. T ' i S S o o - |
of two orders of feedback, one direct, one mediated by the dependenca ol - .© - = |

the states of the internal environment on those of the”exiernal.éavitanmantg."

The conclusion to be drawn from this is that we may not siafely in all
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cases ignore the effect of variables other thanathose.ofgthe immediate
stimulus configuration when evaluating the»effects"of rates of :informa-.
tion on the performance of the individual.v We must thus be sure how the .

- subjects situates the stimulus within-his‘imagejof‘the world;~ :

Plans and behavior:

At this point we will outline a somewhat different approach
from that exemplified by J.G. Miller and others. In this revised

,perspective, the role of-plans in behavior will take on a greater importance; S

Rather than visualize the organism as a channel for the transmis—‘
_sion of information, we conceive him as exhibiting behavior which is guided
or produced by a program, consisting perhaps of a'collection of subroutines,-
which are stored which can be occasionally modified and supplemented, and |
hhichare available to be called up by appropriate instruction from the
main program, Such subroutines are in fact conceived as. being triggered ‘

by specific stimuli

.‘Suchla model of behavior has been shown.to‘fitlafvariety‘of]patternsf-.

of behavior observediamong organisms less developed than man{:

The larvae of barnacles will SWim,upwards~towards'theisurface ;
or~downwards towardsvthe bottom of the sea depending.on its;relative:warmth_
or cold., This program could be represented'asuthe followingi:>i

- SUBROUTINE DEPTH | |

IF TEMP:> K + A THEN CALL SUBROUTINE SWIMDOWN‘
ELSE IF TEMP(: K'--A THEN CALL SUBROUTINE SWIMUE;
RETURN |

STOP
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. Additional ekamplee can easily'be added:‘ Ethologisté neve.for
example made detailed angl&see of.the behavior of-the-small fieh called.
tne stickleback which show the explicit cues required in order to set:
into motion an entire”sequence of behavior; ;Tﬁeré'ié e,term for such
stimuli: "releaeersﬂ,v | | |

(1)

A channel 1s a one way conductor . In this respect‘itAsheres
something in common witn‘the old'notion of a reflex arc: étimulus‘é
'receptor + afferent nerre » connective fibers » efferent nerVe'+ effector.+‘
response. The concept of an information processor as a collection of sub-"
Aﬁroutines organised . by an ‘executive routine is of a decidedly different )
otder: | |

The' neural mechanism involved in reflex action
cannot be diagrammed as a simple reflex arc or .
" even as a chain of stimulus- -response connections: - -
A much more complex kind of monitoring, or
- testing, is involved in reflex action than.
. the classical reflex arc makes any provisbn
for. The only conditions imposed upon the -
- stimilus by the classical chain of elements
‘are the criteria implicit in the thresholds
of each element; if the distal stimulus is
strong enough to surmunt the thresholds all .
along the arc, then the Tegponse must occur... .
The threshold, however, 1s only one of many
" different ways that the input can be tested
. Moreover, the response of the effector depends
upon the outcome of the test and 1s most con-
* veniently conceived as an effort to modify
"the outcome of the test. The action is initiated
by an '"incongruity" between the state of the organism
.and the state that is being tested for, and the
action persists until the incongruity (i.e. the pro-
ximal stimulus) is removed

(1) C£. Miller (1962): Where the following set of stages of the
channel are identifier: Boundary + input transducer + internal
transducer » channels and nets + decoder + learner » memory >
decider & encoder ¥ motor or output transducero
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The general pattern of reflex action, therefore,

1s to test the input energies against some cri—_
teria established in the organism, to respond -
if the result of the test 1s to show an incongruity,
and to continue to respond until the incongruity’
vanishes, at which time the reflex is terminated....
Consequently the traditional concepts of stimulus
and response must be redefined and reinterpreted

to suit their new concept. Stimulus and response
must  be seen as phases of the organized, coordi-
nated act... Because stimulus and response are
“correlative and contemporaneous, the_stimulusppro—
cegses must be thought of not as preceding the
response but rather guiding it to a successful
elimination of the incongruity. That is to say,
stimulus and response hust be considered as. aspects
of a feedback loop. - '

Miller, Galanter, Pribram
' _ (1960)

The organism;‘in such a model' is conceived to be continuously .

{

‘directed by a program in which control passes from one subroutine to.

v

another,‘and one from'stage to stage within the subroutine._ The

organism performs operations (output) and makes testS‘(input). 'It;

_utilizes sensory data in order to accomplish certain outcomes; it is
_stretching a point to consider this -as the transmission of information

in the sense of a channel, although'actingflike-avchannel"is-one:possible'_ C

task which the organism can undertake.

The.efferent~control of sensory input.

The real disadvantage~offa communication or transfer.function model "

is that it takes insufficent account of the‘fact that man is’a”general‘pur—
pose machine, capable of performing many kinds of activity in a variety of
environments (including, when called upon, acting as a subject in a choice
reaction experiment). va_man is merely-a signal transmision>system; then
he 1s activated when.signals‘are presented to himjf His behavior depends

on the nature of the stimulus- field in which he finds himself
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we would not suppose him to look for stimulation;- The advantage of a
“program" model is that it lends itself to the explanation‘of adaptive
behavior. However, it also implies»some re-orientation of”perspective
‘with respect to the inputting of information. This topic is-considered

in this section.

\
i

If the assumption is made that all behavior is guided by a program,
or plan, than it should follow that there is a set of choice points, where
the presence or absence of a certain indicator determines the choice of
theinext-Sequence of hehavior. The thesis of central direction of behavior;.
vdwhen contrasted with that of man as a communication channel, requires a ‘
.different interpretation of the choilce reaction experiment In the latter,

the‘subject faces a display panel on which an event is to. occur (perhaps

the appearance of a light, varying, let us say from red to yellow to green)
‘and a’ control panel with. parts he is required to operate (suppose three
_buttons worked "R“,S“Yﬂ and "G"), He is informed_that each'button matchegfr._
up with a single light, .and that.any time a light appears,'he mustwhit thei
correct button, in the shortest possible time. Other possihle{stimuli areh‘
now - irrelevant to the assigned program.‘ the sound of a‘distantpsiren;:the"
color of the experimenter s tie, the clock on the wall _ Attention hecomes
riveted on the diSplay panel, and the motor mechanism is arranged for.
optimal response. The accomplishment of the task (or completion of the
program) requires information. When a light flashes on, the test is per-’

. formed: "Red? Yellow? Green?'and depending on the result execution follows.

After verification to determine that the program has in fact been completed

control passes back to stage one, ready for the ‘next run of the program.
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The concept of stimulus 18 defined by the functional role of
information within the program: ‘it is not objectively determinable by
reference to external criteria. The experimenter is reduced to inferringi
the nature of the stimulus from his observations of events in.the environ-l
ment of the organism and the organism s subsequent behavior' whatever '
stimulation ig potentially available, the "stimulus" is what the organism N

responds to.

From this we should be led to suspect that stimulus input me-
chanisms, like motor output, are subject to central control What evidence‘:””'.

_is there ‘for this assumption?

ln addition to the evidence presented earlier in the discussion
of iconic memory and pre attentive processes, some physiological evidence ;1
can be adduced which supports the theory of a measure of efferent controlif B
over input. Jung, Creutzfeldt, ‘and Grilsser (1957), Creutzfeldt and Grﬂsser)‘.
(1959) Jung (1958) have demonstrated that stimulation of the thalamic re-h
gion of the brain stem may alter the critical flicker fusion of cortical
neurones. The nonspecific-thalamic nuclei and the reticular-formation
are usually considered to be the_mechanisms which control arousal and'at-vl
.tention (French, 1957)handvare the most likely candidates'for the.rolelof .
the.control‘mechanism which waslhypothesized in the preceding:discussionr
kWooldridge, l963).:‘Ffench (1957) performed.an experiment.which demong_
trated the control of reflex motor reactions by.the reticular fermatiOn.
The degree of a response of an anesthetized monkey to knee taps was record-’
ed. it was shown that activation of the reticular formation affected the

intensity of the response.
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French was led to conclude fron a review of the_eVidence that "these

centers can enhance or inhihit.sensory as well as motor‘impulses. _in '
short, the RAS (Reticular Activating System) acts aa‘a‘kind of traffic:'
control center, facilitating or inhibiting the flow of signals-in the

nervous system."

"The astonishing generalitylof the RAS gilves us a'new out look
on the nervous system. -Neurologists have tended to think of the ‘nervous

system as a collection of more or léss separate circuits, each doing a S

Zparticular'job.- It now appears_that ‘the system is ‘much more closely

integrated'than.had been thought This should hardly surprise‘us.-~A
simple organism such as the amoeba reacts with totality toward stimuli.

the whole cell is occupied in the act of finding, engulfing and digesting

food. Man, even with his 10 bilion nerve cells, is not radically diffe-

rent, He must focus\his sensory and motor systems on the problem in hand;

and for this he obViously'must’be equipped with somegintegrating machine.ll

'""The RAS seemsito»be snehia machine;:'Itfawakens theihrain to.
congciousness and keeps it-alert' it directsathe traffic of‘nessages inithe
nervous system' it monitors the myriads of stimuli that beat upon our senses,
accepting what we need to perceive and rejecting what is irrelevant"it ’

tempers and refines oﬁr‘muscular activity and'bodilyfmovementsli_We,can go

‘even further‘andisay that 1t contributes in'an:important way to the highest

mental processes - the focusing of attention,_introspection and doubtless
' . (1) ' - : SR :
all forms of reasoning";

(1) Cf. also Dixon (1972) who identifies the RAS as the system
which provides for conscious representation of information.
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Granit (1955) found evidence.that activation of thefreticular
formation was capable‘of‘causing potentiation or inhibition of photocally ;"
induced activity in: retinal cells, indicating centrifugal effects. - Hernan-< -
dez Peon, Scherrer and Velasco (1956) in a famous experiment determined
that activation of the brain 'stem area was able to depress afferent con-
duction at the lateral geniculate body in the visual pathways, and hence
to produce a reduction in sensory impulses to the visual cortical receiving -
area. Their findings indicated that. the effect was due to a true inhibitory’
influence from the brain stem reticular formation.' This influence was

'modality-specific. They concluded "It appears that this effect is exerted
by inhibitory centrifugal fibers to the retina, and that their functional o
role, therefore, is to block sensory impulses during attention, preventing .
A them from entering.the brain, and from interfering with the neural mechanism

ofAintegration occurring_during_that physiologicalfsituation;"

While these'erperiments support'a theory;basedﬁon:thefconcept.of
a central-control'mechanism whichndirects’the attention'of the §rganism,
_selects regponse programs, and "’ supervises stimulus input it does not.statefp'
on what basis reticular activation is brought into play, or how perception

Toccurs,

Pre~attentive processes
Neisser, it was seen earlier, proposes a two~step'model of percep—
tion: in a first step, the organism is alerted and a rough general picture

formed; in a second, thefinformationlis_read out in’ greater detail Sokolov

(1960) has discussed in some detail the eXperimental'evidence for the: mechanism’

termed by Pavlov an "orienting reflex".




®

-response., The orienting reflex "is evoked when: the neuronal model set up in

_these central influences are mediated through a gate control system.
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This reflex is non-specific; it occurs as a result of any increase, decrease, or

qualitative change of a stimulus; and it produces'as well a primaryinon-specific

the brain does not coincide with all the parameters of the stimulus.' - The sti-
mulus might be a sound; cold, a shock: "The orienting reflex is produced not
only by the stimulation itself, but by impulses arising as a result of non

coincidence betWeen a certain cortical pattern (the model) and the applied

_stimulation."

/

In addition to the generalized orienting reflex, Sokolov identifies

a. localized orienting reflex, which is. modality- specific. The function of

'this ‘mechanism is to increase the discriminatory power of analysers, as a L

result of direct stimulation through descending pathways to- receptors from N

‘the reticular formation and the cortex.

A theory having similar elements to that of Sokolov has been ad-. ¢

'vanced by Melzack and Wall (1965) to explain ‘the findings concerning the'

'experience of ‘the’ sensation of pain. While the full details of their theory

are not relevant here, the following conclusion is pertinent. ;"It 18 now

firmly established that stimulation of the brain activates descending efferent

fibers which can influence afferent conduction at the earliest synaptic 1evels _
of the somesthetic system. "Thus it is possible for centralAnervous system_
activities sbserving attention, emotion, and memories-of prior experience

to exert.control over~the sensory input. There is evidence to suggest that

@)

(l) The authors propose a model of such a. system based on rather
complex feedback mechanisms. :
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"The manner in which the appropriate central activities are triggeredq“"

into action presents a problem. While some central activities, such ‘as. an~
xiety or excitement,.may oopen or close the gate for all inputs at any site-b
on the body, others obviously involve.selective, localizedogate activity.

Men wounded in battle may feel little pain from the wound but may complain :d‘
bitterly about an inept vein puncture...The signals, then, must ‘be identified>

evaluated in terms of prior conditioning, localized and . inhibited hefore the

.action system is activated We propose, therefore, thatthere exists in the

nervous system a mechanism, which we call the central trigger, that activates
the particular, selective brain'processes that exert‘controlvover the sensory,_

input."

The authors thaninote.that certain pathways ?rdjebtiﬁéliﬁ‘?hé brain

_stem and thalamus are extremely fast, and that messages'arrivingyon these
pathways could activate selective brain processes’to.receivebsubsequent’afferent

volleys arriving over more slowly‘conducting fibers. .

Each of'thesegtheories are built around the role ofimatgh;mismatch
error signals indicating variety;in;thefenvironment which must be attended to.:

We must now explain how theisubsequent informition is analyzed.

Perceptual analysers

Perception is not determined simply by the stimulus :
patterns; rather it is a dynamic searching for the ‘
best interpretation of the availaple data...
It seems clear that perception involves going .
beyond the immediately given data of the senses;
this evidence is assessed on many grounds and
generally we make. the best bet, and see things - -
more or less correctly. But the senses do not
give us a picture of the world directly; rather
. they .provide evidence for checking hypothéses
about what lies before us. Indeed, we may say
that a perceived object is a hypothesis, suggested
and tested by sensory data,’ - o

Gregory, 1966
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The process of perception will be illustrated-here only with res¥
pect to the visual channel, While the detailed.proceSSes of perceptionlare

very different for other channels, we assume here that at higher levels,

‘much the same principles apply.

The retina is.composed\of rodsvand'cones, the rods being connected
in large groups to secondary nerve fiber conductors, the cones being con-
nected to fewer individual'nerve fibers. The experiments of Hilbel and
Wiesel (1962) conclusively demonstrated that the retina functions essen-
tially as a pattern‘recognizing device., Single cells in the visual area
of a cat's brain proved to ‘respond . only to certain patterns of stimulus
7-on the retina. A bar of light would stimulate a given cell only when pre-
sented at a certain angle, for other angles the cell’ remained silent
Different cells respond to different angles.- The general principle which !
these results illustrate had been stated as early as 1942 by Lashley
“The principle involved is that the reaction is determined by relations
subsisting within the,stimuluS‘complex and not by association of a reaction
with any definite: group of receptor cells.” This accounts for the fact

that we see the same object even. though its image happens to fall on a dif-

ferent part of the retina.-‘

Cells which are deeper_in.the_brain_in'turn respond only to more
generalised characteristics. (Hilbel  and Wiesel, 1962)., We are-led to view
perception, from this-evidence, as a process of identification of dimensions
of~stimuli, of increasing genurality-as higher order mental processes are- in-

volved, and‘information_is integrated from additional sensory channels,
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Visual impressions, finally, "consist of organized objects, seen\against a
less coherentsbackground. Discriminative reactions, when analyzed, are. found

to be based upon certain generalized features of the stimulus.".~(Lashley, 19425.i' g

The primary task of perception in this view is identification and. ]
classification. This suggests an explanation for our earlier observation ;
that although the senses provide on overwhelming ensemble of information, the

organism as a whole seems to transmit little. The point is made by Morrell

(1967): "...Information 1s processed in parallel in thousands of cells

so that the organism need not depend on the reliability of any single element

for identification of an’ experienCe. These parallel chains need not all carry
exactly‘the same information and,rstrictly'speaking, therefore:may_not ne-

cessarily'be"redundant.":It is only necessary that the nervous,system receiveA
enough information about_an.experience to-identify it even 1f some aspects

are left out«or distorted Furthermore, it 1is likely that on first exposureh

to a stimulus, the nervous system gpecifies 1t less precisely than after many

exposures.~ Ultimately, the code must be transformed from one based upon a

_discharge pattern through time to one that is more stable, i;e.,immune to

electrical interference, more disseminated, andvsusceptiblevof very much faster

read-out,"

The point:we are making i1s nowhere betterlillustrated:than by reference
to the classical question of why the world remains apparently'stablelwhen we'
move our eyes - why we do not. experience the "swish-pan“_effectlof a film“‘
or television_cameravsystem which also depends on an optic system similar in.

some ways to that of the eye.
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. Evidence now appears to clearly support an outflow theqry ofSHelmholtz;-
which states that command signals flowing outward to the eye/head effector
system are monitored by an internal loop in the brain and fed into the ana-

lysis process in order to correct for head movements and thus retain sta-

bility of image (Gregory, 1966).

The importancé of active anal&zing'processes'becomes even more
salient when we turn to the question of recoding of-perceptuélfinformétidn" -

into symbolic forms.

" Symbolic representation of stimuli !

We have prdposéd that the process of pércéption ihciudés_aireéoding,
or "read-out", cbmpqnent; thé~necessity to suppose thé exiStenéé of a‘réad-oﬁt.
‘meéhahism becomés pebgliarly.evident when we turn té’thé Qﬁestioﬁ‘of}ﬁoﬁ.per;
'céptﬁélsdata_géﬁé to be represented in symbolic,(above,all,‘lingﬁistic)'fbrm.;f.°
‘The simplesﬁ éxplangt§0n1- that each symbpl of the 1anguage25¢qomes,‘thfough.<
‘5 cohditibning,‘aés6ciatédFWith certain stimuld aﬁd thereafte;{fhngﬁ}ons as a:
'sign of the‘originaiusighificatg‘;'wa§~effective1y_shown to'bé:;n certain r¢s4-:-‘ 
pects grpssly inadéﬁuété by Chomsky in his 1957 revi¢W'of Skiﬁnér's.Verbéi |
Behavior. Tbe'tﬁeofetiﬁai-diffiéulty is that the grammar5¢f‘é natural lan-
guage is capable of‘éeﬁerafing on infinite number of syntaCtically weil-formed
seﬁténées} and indeeq £n.ordiﬁary discourse 'new" senténceg;é%e(consﬁantiy Being'
prbdﬁced. ILf meaning‘Wgre the.result only of conditioning, wg‘ought to expeF
“rlence great difficu}t&f;nlunderstanding new seﬁfepces.. Tﬁe‘faqt is howevér\
that we are often pfesenﬁéd with novei sentences, and may hévg‘hd t?6u51é<in

comprehending them,
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Furthermore, the proéess of human thinking,:by universél expéfiencé,
‘ linyoives the manipulation of symbols to arrive ét 60nc’11_1‘sions whiéh :

are not derived~difect1y from empirical evidence, althoqgh_they may-

subsequently be so te§ted. S - R_theofies ofvlangﬁagé-prinde relatié

vely poor explanations for such a process.

A "read-&ut" model assumeé tﬁat incbm{hg sensofy data'are re-
cognized as comprisinngne of another pertiﬂgnt pattefn. Thinking about ‘_J'
the world requires first that sensory impressions bé mapéed‘intb a domain
of symbolic forms or~imag¢s,~éugh that, ideally,fé one—oneicorreSpondancé o
can be supposed to holdibetween tﬁe symbolic.imaée'of the Qbrla énd'€he

.world itself. .Ali:inputs originating as nbn-symbolic evenfs-ﬁa§'be thought
of as traﬁsfofmable.1nto‘éymbolic‘eqﬁivalenﬁs. If_the imégég br.symﬁolicf@odel..
of the world, is_expliéitly iinguistic, then 1t ¢6hsiéts of"an:;hsgmbie_ofg

sentences. -

The.prﬁﬁiém_ﬁhidh the individual faces.ié.tb'ke¢p his.m6d¢1Aup to _:::
date. ‘How isIthisiQCCOmblishe&?.‘First; we aésumg thaﬁ heSEeéefﬁéé inaic5_
>ti§n of'a:mismathh betwéenjhis*éxisting imaée aﬁd ﬁheireal.gtafé‘of‘the'world.
(perhaps via the orienting reflex discussed'earlierﬁ. To altef the model,.‘

a new sentence, or séﬁfehéés, mﬁét'be-genéfafed. .Thesé méj:ih tﬁrﬁ be vefi;
fied by comparing them with évailabie sensory information. We should have to
suppose that sentences are generated sequentially, teSted,~énd‘depending on.

the sign of the test, either the model is adapted, new sentencés are éénefated ;:
and/or additional sensory inférmation is sought. Another>w#y to:expfess’this‘ |

" process is_tb_descfibe it as hypothesis - testing.
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Since the number of possible séntenceé is infinite,~the proéess is in>
principle nonterminal. Pregumably'howevef dthef méchanismslcome,info_-

play to limit the process.

How aré hYéofﬁgsés:qahfirmed énd diéédnfifmedé.vTﬁé1éeh£e?¢e., f‘:

' which is generated Wiii have two 1ogic§11y distinc£ compohents:.a reﬁérenfi* V
or referents and a prédicafe which attribugeé_sométhing about theAfefereﬁf (s)
or states a félatioéshié,betwéen réféfénts. Theireferent'may bgiéh explicip
objec£ (s) or claséf(éss of objects. In ﬁhe senféhﬁe "That,rssé ié red“',:E
"the_refefent is hthéﬁ roée" and the predicaté,iéi"fed",. Injdfdéf tbfVerify-

- such a statement, two.steps are required: first, a set of measures will have

to be dééidéd bn\a gfiéri‘forlthé’doncépté rose éﬁd-red. inlthéir‘éimﬁlést.;”
: foym, sugh ﬁéaéufés:ére‘éimply_categories;-in dfhef cases,va_écaié may bé’.
implicated; The cﬁnééquénce‘fpr the.organism is that befbre encéunﬁeringt
sensory stimuli, he hééIanilaﬁle_é set of class;s'iﬁfo whichfwe-qan_ﬁrdér
oEserﬁétions, SﬁchAéﬂLASSumpﬁion is consistent Qith'ghyéioi;giéai‘evidence =
indicating that E?ai@fahéiyzérsvafe activaﬁed,BéforgAqthefiétimuli aﬁpear.x"
Second, upoh encoﬁntéfiﬁg”sehsofy;iﬁﬁrgssions,ia‘deéision_mﬁgtJthen bé.méde

concerﬁihg how to class the sensbry impreSSidns. Objects are discriminated.

There are thus two phases:-application of measures and classifiéafion of

e

observations,

When the measuring and cfassifyiné'taSR has'beén.édmpiétea; one
furﬁher step femainé,‘tﬁ comgare<£hé~data agéiﬁét the 6rié;ﬁél hypothégis:
the observations 6btaihed afe not data_untii théy;are made;tb serve the
funcéion of mismatch or étror.signals-(ih the séhéé-of'hypbthésissconfirJ

mation and disconfirmation).
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The complete process from'hypOthesis generation‘to‘data analysis is regarded

as a feedforward process: perception, in this-model, consiSts not of passive

, reception of stimuli, but active obtaining ‘of feedback signals serving to: mo-'

dify a pre- existing image.

This approach assumes that perception resembles motor activity, -
with the difference that to effect motor évents, instructions rather than

hypotheses are generated ("Cut the red rose" rather that "That is a red rose")

The instructions are_broken down into separate actions, the changes of state in

.the effectors ave signaled by means of proprioceptive channels and evaluated

as mismatch or error ‘signals. -The process is illustrated-invFiguce.r'lll-f‘" o

Feedback and information

Within the approach outlined above, the role of feedback has been

‘ given a central place, it & seen to be essential to perception, to the effecting
- of motor activity, and to the control of behavior itself At this point, it a
'is pertinent to- enquire what revisions in our conceptualization of information

are required within this altered perspective..

The subject in a task situation is in a state of uncertainty, fivst.
as to the nature of the stimulus which is to be presented to him, secondly

as to the nature of his response, thirdly as to whether his response was'

Mcorrect", in the sense’ that 1t reduced’ mismatch signals to within acceptable“

limits. In the latter case, the task has been accomplished

It was seen earlier that the amount of information contained in the -

input signal is identical with the reduction of uncertainty (and hence depends'.

on the ensemble from which the input signal was drawn).
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Feedback provides knowledge.of the results.(KR) ofvhis'response; It reduces
uncertainty concerning the outcome of hisg response} The information value‘
of the KR; or feedback, depends on the number of kinds of KR which could have

been sent to the subject, i.e. on the'varietyuin the KR message ensambieﬁ

" We may define.two types of KR: (a) intrinsicyKR;pwhich 1s feedback
that is either the result of proprioceptively aVailableninformation.(musclef
stretch cues are an:example), or is usually presentAtoithefindividual'inV
the performance of;a particular task (as for example‘in steering tésks; o

whemrvisual information can be used to supplement kinesthetic cues); and

» (b) extrinsic, or- augmented, KR, which is present only when an additional

feedback _loop to . those usually present is found This latter type of KR

is peculiarly susceptible to experimenter manipulation. it may in many cases
simply consist of the experimenter (or his stooge) informing the subject how :
he has done. Augmented KR provides a means to "train" a subject to perform i

a task according to certain criteria: the subject‘should_be expected to con-.

- tinue to modify his behavior until he has eiiminated orAreduced the mismatch

signals - in this_sense.the'applicationdof:extrinsic KR is equivalent to thatﬂ

a reinforcement schedule.

This distinction permits a further. We may discriminate'betWeen

two types of experiment, according to the role played in each by augmented

KR: (a) skilled performance, and (b) concept formation experiments,

In skilled performance experiments, the criterion for satisfactory
performance of the experimental task 1is unambiguois. In an enperiment of

Trewbridge and Cason (1932), four groups of subjects were required to draw

: 100 lines all of a Specified length
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After each sttempt; the experimenter provided‘augmented‘KR of threevkinds:
(1) spoken nonsense syllables, (2) right/wrong messaées, and>(3)_magnitude7
of error messages. In the control condition, no KR wag provided. " The resultsl‘
indicated the importance of information to the subjects. in condition (1) and'-‘
the control ccndition,.there was ‘no improvement of performance, in- conditions

(2) and (3) improvement occurred with max Lmum 1earning in the case of (3).M.

The choice reaction experiments to which the hypothesisiof infort";
mation overload has been most frequently related are‘baSed:upon; for the most
.part, skilled.performance tasks." The:effects of augmented feedbachsdo.not in.
' these researches appear‘to'have received a‘great'deal'of'attention. lhe-appli—.
1cationAof extrinsic.feedback by the experimenter, in order to:"teach" the sub~
:ject a standard of performance, violates the concept of a. transfer function.‘
The subject must 1earn to discriminate the appropriate stimuli, understand
::which response can be acceptably associated with each stimulus, and finally L
'learn to perform the correct<reSponse.’ In concept formation experiments the:'
'1earning of the rules governing the appropriate correlation between stimulus '
_fand response are made much more complex. With respect to this type of expe- .
riment, it will be seen, it is more appropriate to ask. how much information o

is used, or must be‘used, to complete a single correct response.

Hypothesis testing and the formation of concepts

"One might speculate that, in the adult human subject,

- any task that -leads to the search for a rule, for
example one -that relates the subject's response and
.the experimenter’s 'reinforcement' must first produce
the specification of the rule before the:rule can
be applied... There is now adequate eyidence that
.the adult human organism will usually genérate rules
or hypotheses whenever the environment demands some
consistency in behavior",

Mandler, 1964,
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"The number of ways in.which an arrry of events

can be differentiated into classes will vary with

the ability of an organism to abstract featurcs

vhich some of the events share and others do not....
Categorization at the porceptual level consists of

the procuess of identificaﬁion, liperally an-act of
placing a stimuius input by virivue of its defining
attributes into a certain class ... By categorizing

as equivalent discriminably diffevout ‘things, the
organism reduces the complexity of its environment ...
To know by virtue of diseciminable defining attributes
and without need for further direct tesl ... is Lo
know in advance about appropriate and inappropriate
actions to be taken. L '

Bruner gt al., 1956

Experiwents in concept~learning are concernad with human being's

use of informetion to learn or yecogniceYpatherns.’® In a series of ex-
(% . [ R .
periments condocted during. the fifties, Bruner, Goaduow and Austin (1956)

fuvestigated some of the conditions under which .subjects were able tw-alisin

new concepts, In a concept attaimment wipariment, the subject is roquirod

to discover a principle of grouping stiwmuli dnte equivelende clusses: he

must determine the intrvinsic attribute propenties which seive te cliaractecize

A

members of a given class, Experimentally two main dicments are requived fox

the performance of the task: a) a sequence of instances, consisting of plcw

tures of objects, geometric patterns or even words, ecach instance beinp cha-

racterized by a set of attributes - ~ peometivical Tiviiy VAryLg AN simi
23 1 & A i

shape, color, number, orientation, ete, which in anoihet eaperinental siloae

tion would be simply referved to as stimuli, Subjects  are then required to

produce & single vesponse to a $timulus sel accovding .to the desired attri~

chute dimensions, (For erawple, "sorxt instances of all red forms regardless

: : : - 0" . .
of shapes ay opwosed te ol ev-colored forms.). b) Thae second element consists




_subject to control his feedback, Those two types of:expériment'méy“be:ter
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. of knowledge of the results of his attempts at identification (KRZ,or"

validatioq‘fdr éach presentation of an inStaﬁée;. The sﬁbject*muét be
able to assume an undérlying.pétterh-in_thé-samble of>stimuli'préSentéd§ :
to him, and accuraté“feedbaék on_fﬁe results_of(ﬁis guesées; ‘Eééh.at;..
tempt af identifignpioﬁ lelowéd by vélidatiéﬁ provides tﬁe Subjectswiﬁh_va
infofmation,vSindé_iE constitutes a tésﬁ which fimi;s ﬁheinumber of at~ -

’

tributes the subject has to take into account in. attaining the concept.. -

N

Theve dre two main types of concept formation expeiiment, de~

‘pending on the methiod of presentation of stimuli, and the freedom of the .

wad

(a) array sorting, and (D) serial sorting experiments,. .
R t‘::‘ - ’ = }' h N

3

In array sorting,  subjects are presented with any array ofinstainces

. and are requirved to sort them into QYOUps.

In s@yial sorting, instances are- presented in sequence: either

pre—detefmihéd'dﬁ:\anaoﬁ, and‘ﬁubjecﬁs~are_éskéd-fo mak@téHbléﬁehéﬁfiof f?cm:jn.
grbups'accordinéifo désifédlstimulﬁggdttfihpféga‘

'_In arrﬁf Sd?tiﬁé: the‘suﬁject'fQCeixes féﬁdbadk"aﬁoﬁtvchoiées f
he malics as to Qhethurhc isﬁdgﬁt of'wroug; bﬁt Le iéiaLsoifxce‘tb select Uie
naxt ihstmnces Bgcauée‘the arwvay isqdispiayed~b¢f§fé him;- In}priﬁciple
this all@@ﬁ him. to choose.instances S0 tﬁaﬁ he cnn.maxiﬁize..the inférmr

. '
'

ation in the KR, -

In $arial sorting, the subject is shobn one: instance of the concept

i

and must cheose whaetber or not it is part of. the conzept; then he is told whether
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he is right or wrong. Here, the cxperimenter can control the next ins-
tance in the sequence and therefore the subject cannot maximize inform-

ation received from knowledge of reésults,

The imﬁofﬁanée éf'a "pfogrdm“ mpdei‘of infﬁrmatioh processing
is moreAimmediatéiy'gvident whgn we turn to look at.éonéeﬁt formation oxe
periment.s than'foflskilled performancé cxperiments, iﬁ.payﬁihecause:the
individual is :equired‘by‘ﬁhe design of theA”xpériment}Ld_Adopf:g moxe['
active exploratory role. The description of‘thev”straLﬁgiésﬁ employéﬁ.

by subjects given by Bruner and his associates conforms very well to the.

model of Sﬁgroutinéss subjécts_tend‘tb follow wcll~definéd
"consérvgfixv_chusing", ”focué gambling",‘étc~ “Thc:aﬁdﬁnt*pf iﬁforthiﬁﬁ
to'hé gained frqﬁkq stimulus depends, in part, 0n the euchCtS»pﬁeviQ@9
choice; This con;ideréblyvextendé the cdnécpt Qf the ¢hdihe'feﬁctidn uQn
periment; and:alldws us Lo placé«it in a‘difﬁefeng perspuuLiQe; as a éubl
qlass'of éequenfu51:choicevéﬁperimenté which;do not encépﬁége hypcthegi§¥

formation. T

Bruner and his'associates found, among othér things, that the cholice
of strategies varied systematically as a function of the informational, styain,

and risk characteristicS’of‘the problems, lnfornation was varied by botil amoun®

provided and by the form (pesitive versus negative instandes). Cognilive
strain was varied in several ways, of which the one most saglient to our

earlier discussion was a stepping up of. the pace cf presentation,. Urnder con- -

ditions of moderate information and low cognitive stress, subjects followed
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a program certain te provide a certain amount of informdtion per choilce,
Under no time presscuce, this "strategy" guarantees evenlual success,

When time and other limitations were imposed, it was found .that subjects.

“tended to shift to.a "strategy" in ﬁhich, ifvthey werdiuék}ry tley could -

obtain much iﬁformation quickly, buﬁ Qﬁiéh invoived conéidgrable risk; w‘
It was also.fqund‘that'ﬁnderrmtessure pf,tiﬁe sghjec£§ t§ﬂded Lo féil.
back on cues thaﬁfséemed in the past to have.been uéefgl, éuéS‘thaflﬁefé
nost easily ayailﬁble or nost easily discriminablm,A Fiﬁdliy;.tﬁcy:noted
that undew augelerQLWigime pressure, subjectsbbggan TQ cast:abéutﬁin-
seﬁréh of»almost any available piece of information, eveﬁ ghough ﬁhe re-

@

suil was Lo overwheln their limited information-carrvyinp capacity. Tt aphosy

CEhatt with  dnereasing stress, the strategies slhiow a tendency. to degenevats

Lrom ovdexly systematle seerch towards yvardom gearch,. ..

\ N - o )

A‘furth&f'liﬁitaLjon discoverad by Brunér,-Gd&ﬂnﬁQ and_hnstin car
be traced to limitatiéné éf'mémﬁﬁy.‘ Thg su%jeéﬁ ié‘rchiicd to stox&.thﬁifé;
sults of previdﬁéipositive_dhd hegatﬁvc c:l.lcs"iCt-':m“3 it jé'for this,reasbﬁvthuﬁ 
Bruner et al, hypétheéiée that ”negative“>instéEC;svtend to bé uudef@ti;i;fd_
by subjeéts: a gréuter meméry étraﬁiis invbiﬁed.

t, L.
n othev research, Schrodew, Driver and Steeuiicct (1967) used &
war game simulation which required subjects to integrate available inform.

ation in order to issue a savies of commands resulting irvi the deployment

off their foreces on an imaginary island against a similar enemy foree, ‘The

experimenters varied the amswunt of infummation presented, input rate, and
L b X S
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the proportion éf results called positive and negative. They found that

increases in the rate of presentation of information at firat iuproved | .

the information processing performance of subjects, but that beyond a
certain point severe decrements occurred. ‘They also found, like Brunev et
al, that negativé instances depress performance, Under conditions of low.

= Lo X o o . o
stress, subjects used move dimensions of information than under high stress,

" when judgments tended to take on a black and white cast, stereotyped

thinking become evident, end ~omplexity of integrations declined.’

Tha .vesults repovted by Schroder gt‘nga siippoct the view that

under conditions of stress, it is the nature of the program-utilized by

the information processor which is affected,:

The internal environment o o
In the provious discussion it was shown that KR, hnowledge of the
results of one's choices, may be a seuvce of information which is as important

ey stimulus information. In this .section, we look at & further neglected dos

wmain, that of interoceptive stimulation.

The role of the weticular formation, and iun parlicular of the thalawmus,
in the control of behavior in general, and the execution of many sinnle

program of bohawiow, Las already been noteds Adjacoent tothe Lhalamus

in the brain stem is the hypothdamus, which is an important center fox - the

conlrol and regulation of visceral pracesses of the body, body tempervature, and

N \

the glandular system, Hess (1957) found that stimulation of cells in S
YR

the hypothalasus aflfected tate and depth of breathing, blood pressure, heart’

rate, and causesd vamniting sod bedy elimination, Appetite is apparently con-




.

‘result of changes occurring within the internal enviromwent which can be
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trolled by the hypothalamus: destruction of a patt of thi$~regidn'ﬁill‘

prevent. an animal from eating no matter how hungry, or will cause it

to keep on eating, no watter how satiated.. In addition, cmotion can

be aroused in an animal by stimulation of hypothalamus sites, fear, hos-

tility, vage. Additional work by Olds (lQSGl.Brody, (1958) ‘and others
demonstrated the. existence of pleasure and punishment centers in the

brain, stimulation of which produced. ovidence of hunger veward, sexual reward
H] k E : >

intense pain - in the absence of other external stimulation, .
Since the body for lts contilnued functioning, requires the main-
tenancn of howneostasis within a great variety of subsystems ~(Cannon, 1932))

el

it ig not surprising that the system responsible for'mouitoring.andfcontrQLg

SMngoactivitics of the body should be clesely associated with Uhe propgram -

diructiﬁg-méchanism:of the body responsible for activity upon the external ETANNGAR

roument. The organism remains iriormed about statesof the envivonwent in two

ways: (1) directly from the extavoceptive system, and (2) indirsecfly, as a’

to changes in the external enviroument. We ave becomivws, accuslomed, for

erample; to measuring pollution as much by its effects on our internal good

1.

‘ o , _ , E
health, as by smell and tastes which often dues.not provide good informetion v

The state of the internal enviroment is of primary importance, since if its-

continued efficient functioning cannot be assured, the existence of the ovge-

— : , : ,
liAn ingenious use of this fact ig illustrated in the anperiments of Schaoter
(1964) . . Schacter induced subjects under another pretoxt. te teoke epinephvine,
which preduces syvmplows of palpitation, iremors, guecléiabed breathing. B
Schaeter found that subjecte labeled their amotion by referionce Lo conditions

“in their external esvironment, .

.
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nism is threatened. The state of the internélfenvironment ig a Cfitérion
by which we sometimes evaluate states of the external environment, Beside °

beliefs stand feelings, beside intentions, wants,

Most choice reaction experiments havewaésﬁmed.the'statéé'of'the
internal environment‘td be constant; however, there is at ieaéﬁiéome evidence
in the Scﬁroder gg;gl;'experiments to indicate that effects of emotion caﬁnbﬁ
properly be digregarded. .Thesg experimeﬁters fdund'éffegtéidue‘fo what ﬁhey.
termed nﬁoxityn ana neuéity", roungy unpieasaﬁt and pleasan;AéﬁViroﬁmentaij
reward; This suggesté that thé-ﬁonitdring:of'changeé bf state,'resulting-iﬁ.u
: adoptionﬂof'ﬁrog:a@ éhaqée, and-thé‘eValuaﬁion pf poséible*;ffects,_ié nbt.
restricted fo.those_oééurring in the external énvirohmentévthe internal éﬁ-

virohment‘is‘dlso implicated;




The role of communication in the information processing system;1

The effect of communication, the - consequence of symbolic inter-
change, is to link information processing\systems. We ask people to tell
us what they see,_and act on what they tell us.v We_request_oplnlons and_'. N IR |
advice., We issoe'instructions and others carry theh_out}ﬁne commi t our;
selves to certain;tyoes of program because of our relationships‘with.others.

Someone has access to direct experience of the‘externsl:enVironment, but

it may not be us. 4We.live, in effect, a Vicariousfexperience{
Let us restate this point slightly.’

Every human needs informationfand advice on what program to carry b

out.  Every individual is susceptible to information management and direct

methods of control; and hence to the domination, or'nanipolation by others;

. and ultimately‘toithe acconolishing of the objectives of others, and the &
"neglect of thosebof self. Each individual has to measure the implications‘
. of others! messaées in terms of his own self interests; .§ocia1:roies;cen""

'_be defined by the_messages‘appropriate to them;._it foilons thatlevery .
messsge either»reinforces or changes\a roie’relationship; - There is in~:
ail commonication'reiations-this built-in tension._ The use of the word

Mtension" in the sentence above s equivalat in. part to saying that there

1 The importance of communication has been seriously neglected in the
literature on information overload with unfortunate results in limiting
the generalization of laboratory results. .Within the "wired nation"
the increasing importance of symbol exchange may be confidently predicted.
The individuals who will be subject to information overload in that society
more likely than not will have had their information passed to them by
someone else. The effects of this interdependence do not appear to have
been examined experimentally. ‘One index of this dependence seems the
wirespread and apparently increasing phenomenon of viewer SuspiCIOn of
the ‘news services.
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is a further element of uncertainty (and hence another source of informa-
tion) which is a function of being in a linked set of informationeproceS~
sing systems. There are in fact two new sources of information of which e

must take accouut;i

Every linguistically encoded message contains information on

_two different levels; (a) referential (b) relational information. First, a- sentence

has some propositional content which'refers to an external world.* The
content of sentences may be described as falling_in the'categorﬁieither
of (a) re'orts;'(bj conmands. Reports are due‘to:the oneration of pro-
cesses of.perCeotion§~commands-are intendeo:to result;insthe“effecting'-“
of a plan. Reports_refer to a world which already egists;.commands.to"

a Worlo‘which.does not yet exist, except in imaginationr'VImageslnodel

- perceived WOrlds; and projected, or possible_Worlds.

The external environment is something we assuue to be directly
Vfgiven to all of us thrOUgh our reSpective sensory systems;i one main.
function of’language is to refer, or point"to,"things=in the comuon>en9
‘vironment. By contrast;»our internal-environments’are our own, and only

we have immediate“access to-them. For each'of us our basicihnowledge éon-‘
sists not only of beliefs about the state of the external environment, |
including our explanations of its dynamics, but also of our feelings which
represent the states of our internal environment.” Not only "There are
roses in my garden” but also "I love the smell of roses"; Ihe‘common in-
formation system'Which results from.communication'in a dyad:has one generalif‘
external environment,f(with:however two images of>it).but:two internals |
"enviromments., - Let:us represent'the latter as a_set of‘ordered couples.

(Newcomb, 1953)
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Then this set defines a,relationship. Every communication potentially

carries relational\informntion' it may specify whether first the two believe

the same things, and second have the same objectives,.want, intend, feel o
the same things. " Such information 18 never fully attainable by direct

sensory experience: -it can be arrived at only bypinference.

Problems of the determihation of referential information cortent

The fact that messages can convey information-(about events in’
an external environment) has to do with the existence of a mapping between
‘h the symbols of the message and the elements, states or events of that world

- There must exist some equivalence relation between the two domains lof message

and world.. In the discuSS1on of chapters 1 and 2 however the measure. of
information was a function only of relations between the symbols themselves,
'that is to say of internal constraints (associated with contingent proba--r,-

o bilities5 for example). -

Garner (1962) has distinguished between the significance of a B

message, and its structure. - The significance of ‘a word is "the particular

i

specifying or indicative‘relation_for any single event or:symbol”.' SigniJ

ficance may be either external or internal.' The ekternal'significance“of-": o _ |
& word is what.itirefers to:ifthe‘significance of'the word."tree" is the = = - |
object it standsifor; or‘some other symbol of the object.(such as a'pic~“g
ture, or a‘word in'another language meaning the same thing) . The_internal
significance of a symbol is its set of assoc1ations9 1.e., thé}other

symbols which it brings to mind.
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" Structure may equally be partitionned into internal structure

- and external structure. By the word "structure" is meant '"the tOtality

of the relations between events" "As relations between events or symbols,v

structure is amenable to quantification, using an information theoretic

metric.. lnternal.structure measures the amount of relationship<between

the elements of the message itself, the pattern or formal constraint.
External structure‘is measured by the totality of’the relations between
the elements of the symbol event and events of the external environment,

"as long as there is'a high correlation between the two sets of events“

:(The high correlation is. necessary to assure that a Specifying, or. indi-
-cating relation exists, that is to say that the information in the message
~continues to reflect uncertainty in the environment, rather than in the
,symbol events themselVes independent of their external referents) For
v.;example, the meaning of -a radarscope comes from what it reveals about the

- structure of events in the outside world, for example the movement of

The internal structure of the symbol system

The most importantAsymbol system is-language;‘AThe basis of lan-
guage is a set of names, which in turn refer to classes.--Underlying all
of our linguistic behavior, accordingly, is a: classification system, which
constitutes the internal structure -of language. The classes themselves
are ordered into. larger groupings, hierarchically,called "taxonomies“

Two principles are employed inclusion, and-contrast.f Examples of taxo-

nomies are easy’ to find: . for example we include both "houses" and ”barns"

under ‘the heading of-buildings; but in turn we‘distinguish




between "ranch houses" and "mansions ".

~ BUILDINGS

8 ‘BARNS - HOUSES
1] : .
) - ; .
o S
ke RANCH MANSTONS
l HOUSES

é——;—-4~—— contrast >
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The principie of inclusion works vertically, ffqm the most fine

‘discriminated level of categorization, to the most inclusive. The prihcible

. of contrast determines how many discriminations are made at:each level. -

- The principles of contrast and inclusion depend on phe operation

~ of semantic featuréé; brfcomponents of,meaning. (Goodenough, 1958 )..‘

To give only one brief example,~we diScriminaté between & "bull" and a

'?¢6w"; a ﬁsteer”, 4 "bullock" and a "heifer". B make these discriminatidhsf

we employ two basic semantic dimensions,; sex and ‘age. ''Cows", "bulls" and

"bullocks" are adult, "steers" and "heifers" are not: fully grown. '"Gows"

and'"heifers" are femaieg "bulls" male, ﬁbuilohks”yénd ﬁstéefs":heﬁter..

SEX

MALE FEMALE - NEUTER _
ADULT - ~ wBullM "Cow" iBullock
AGE , I e
IMMATURE | MHeifer" | "Steer'.’

Such an arrangement is termed a paradigm.
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The complexity of a taxonomic system (and of coding systems gene—
rally) depends on two factors. a) the number of features employed (or the
number of types of contrasts used), and b) the "fineness" of.discrimination :
at.each contrast leyelrv In the example above.sex'and age are-different
semantic features;‘three‘categories of sex are discriminated;"andl(in the e
‘partial éheme abOVe) two categories of age. MacKay (19695:referskto the."v
first as the structural information content of a representation, or its

logon~content ("the number of definably independent respects in which it

could vary - its dimensionality or number of degrees of freedom").and to

- the second as metrical infarmation-content, or metron—contentv("the,number:w;‘

"~ of logicaldelementsiin a given group or in thevtotal'pattern")}

There is nothing predetermined about the number of features or.
“the fineness of a system~of representation. As Tyler (1969) notes. ”It
3is through naming and class1f1cation that the whole rich world of infinite EA
.Variability shrinks 'to manipulable size_andvbecomes bearable; Our.methodsgof'

oy

‘.classification are‘entirely~arbitrary and subjective. There is nothing in the.

external w0rld which demands that certain things go together and others do not.'FV:

It is our perception of similarities and differences together with a set of
hierarchlcal cues that determine whlch things go together. 3We'not only react -
to certain discriminable stimuli aseif‘they:were the same,rwername them'and_

organize them into groupings".

A classificatory, or representational system is'stillﬂan~"ensemble" in
the language of information theory, but-onefin which"there ekists already;'
an internal constraint if such internal structure did not exist the

system could not function to. represent the external environment. '"Within
any fixed system of ‘symbols or events, -structural meaning is prerequisite
to signification meaning. Unless correlation exists between a_ symbol system

and another symbol system or a system of real events, there can be no .-



IR
éxtefnal signification.. Unless the s&mbois-themséiﬁestarg.correlafed,f'»
there wvan be no specific rules by .which the interngl;significatidn can
: be learned". (Gagner, 1962). | |

The measurement of total information cOntenﬁ 6f thé'ensémbLé_.
or system of reﬁféséntagion; must take.into.éccount.both the ihternél's;rﬁce .
ture oflthe system itéelf, and, sincé the Symbois'aré correlated with ex-
ternal eVehts, gxferﬁal structure, .Hoﬁ frequenﬁly a.givéﬁxsymbol appearé
has to do with tﬁe,fkequency of the event iﬁ stands'for in the world of
phenomené; and"idiosyncrasies of the coding system,'_THat thé Shannoﬁ |
iﬁformétion theéryiﬁéasﬁre.canlbe adapted'to'hahdle‘ée@antié informatipn.
in‘systems bﬁ-répreéentatibn’is walgknown,-aﬁd fequires>no.parti§ulép'“
‘egtra assumpt;ohs (Mccill; 1954; Garner & McGill, 1956; Garner, 1958, 1552;

and Watanabey. 1954, 1959, 1960).

The existénce of a common ensemble Sf symbol;;HWith commdn re- -
ferents, isla ﬁre-requisiée*té communication. Veybalrcgmﬁunicatioﬁ‘betﬁeen
individualsvdées not hdwevér cons;spAof fheAtréqsmiésipn:bf'singiefSymﬁéls.
'.Mességéé‘consist df¢éénéaténéﬁi;ﬂs'of symbéis ksenﬁéﬁcéS) théh‘éré:cons—l\
tructed according tb3genérative and~transfofmational rulgs.(Chbmsky;

1957). The numbeﬁ'of}such sentehcés which can be formed from atfinité voca-

bulary in a languégé~$ystem7ﬁhich'permits of recﬁrSivéness.énd'imbédding

is however infinite‘(Chomsky,'i957). This éssumption of-an'infinitely
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extensibleAensemble.of possible messages introduces a serious complication.> .
One solution which has been proposed is baSed on theAprocedure

by which sentences are produced. At ‘the core of all linguistic systems

are a set of elementa;y propositions (or kernel sentences in Chomsky s

original formulation). An<elementary proposition contains one or.more
points‘of reference ('"subjects" and "objects" of the sentence) and posits-
something about it or them., The_positing takes in_general two forms: a) -

it assigns an attribute to the point of reference ("Roses are red"- “Children

~run"), orxr b) it states a relationship between two, or more, pointsof reference

("Horses eat grass" "Ottawa is between, Toronto and Montreal").

'Each.elementary proposition stands.for'a state:of.somevpart.off"
vthe eXternal'ehuironment.‘ Now the set of all elementary. propositions is
hifinite, and in: fact ‘the total set of such propositions constitutes a state~';

escription of the environment. Furthermore, to each state~description

can be assigned an, a prior probability. Hence for the' set of all elemen~
tary propositions, when weighted by their probabilites,'an informationcon-’"-
tent value can be defined. The transmission of a message, hence, conveys :

information- about the environment. :

It should‘certainly be recalled at this point,.howeyer, that
the information content of ‘messages (as we saw in Chapterfl)vis a measure'
of the amount of uncertainty associated with the ensemble as. a whole, and varies'
with the averagelreduction in uncertainty per message. It is not intended
to measure the information'carried by any‘particular message. Hence, if~
we wish to know, in‘a:realalife situation,'how much information overload.

an individual is_subjected'to,»we~shou1d have to know how frequently he
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receives messages, and, secondly, what is'the}toEalﬁuncertainty_in:his

environment.

Problems of the determination of relational information content

The discussion which preceded suggests the need for a revision

of the Shannon,model to incorporate ideas of a common code,'or system _

of representation,.and reference to an external environment..

PJ(: I11i-2

Common system of = :
repres ertat:on (or code)
~emp]ove< ~

Channel

!
4
i

—

)
74
:,:.D -
b{'\
!
_)Q
v

gxternal enviromment
‘which is referred to.. "

hecJ*wer of\f
~iiessage

It has been proposed (Jakobson, 199) that.parallel to the se-

veral relations implicit in this ‘model (source message, message recipient,

reference):

a) Expressive: many messages (verbal, non-?erbal)iconic)

the state of mind of the sender. This function is(enshrined in but

~

limited to phrases. such as "1 feel", "he believes", "she is angry",i

wish", etc. ' The total structure of the message,‘including,ekternal.

ture, may have to account for the total uncertainty of the sendet's

nal states.

‘message-code, message referent, message- channel message message), commu-

nication has several discriminable functions (and hence several points .of

report
not
ﬁWe
struc-

inter-




b) Referential: the relation_between'message;and external envi-
ronment has already been discussed.

c) Metalinguisticr\ some messages concern the code itself "when "

1 say X, what I mean 1s...",_'. o :f" o o There is always
some uncertainty:about the code, and hence messages can inform the receiver

about the code itse1f

d)Ihatic:‘ the term "phatic" has been employed to refer to mes- . -

sages which are about the channe1 itself (keeping it open, term1nating

the connection, etc.) In ordinary conversation 1t sometimes appears that

an inordinate number of messages have a mainly phatlc function.“ |
e) Poetic:_ as Garner (1962) has noted, there is internal as well

as external significance. Some messages refer to the association within

‘_1anguage, and these are appropriately termed the ”poetic" function of com- . .

munication.

f) Conative:~ sentences phrased in the imperative are clear exam- l_.‘

_ ples of the conative, or Feffective ", function of communication. This -

is what MacKay (1969) has in mind when he writes.' ”The meaning of a message""'

can be defined. very simply as its selective function on the range of the

' recipient's states of conditional readiness for goal directed activity;

so that the meaning of a message to you is its se1ectiVe function on the
; 1 ‘

‘range of your states_of conditional readiness",l“.

Let us. develop this idea s1ightly further.

When a message reaches its recipient (intended ot otherwise),

it may produce a contingency between_the subsequent-output of“thefrecipient ‘

1 Cf. Searle (1970), p. 48.
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'and the message. MacKay callsithisithe_”meaning" of the m ssage., Austin

(1962) termed 1t the illocutionary force of the message°' He arguedifor

a distinction between the performance of an act of saying something, and the
performance of an act in.saying something; The(latter constitufes-the per-
formance of an illocutionary act. He was.thusyled to Aistinguish bétﬁeehf :
the ggrge of a message; and its meaning. \What MacKay calied;ﬂmeaningﬂ,-
Austin meant as ”force",. Thus one further‘point of reference of a message

is the domain Offiéts produced by the recipient upon its reception.

A'similarupoint‘has'been made by Newcomb (1952), Newcomb argued

that a communicative act links‘three‘elements:” a comminicator, a person

'.'being communicated.to; an enVironment.‘LThiswtriad he‘termed an'"A«B~X”
system. A.communicative act must assert something about an environment
(what Ssarle, 1969, terms ‘ts propositional content) Atzthebsame.time,
-and at‘a different'level' it Constitutes a‘state of the'A=B~X‘system.A
"It is presumed that a given state of the system exists when a given ins—
tance of AtoBrex occurs, and-that as a result of this occurrence the. sys-'
tem undergoes some change (eVen through‘the change may be regarded'as
only a reigorcement.of'the pre~eristing'state)&<'Thus all communicatiVe iy
acts at once describe a state (on one level), and are a statei(at another
1eve1 that of the A B X system) They report an. experience, and they

impose a response."*.

Another way to.make'the Histinctioniis to consider‘the uifference
between "information-transmission" and.”signallingh, The resuitgof infors
mation—transmission, as of direct’experience;-is to increase the\recipient's
certainty about something whereithere was, previously,'an absence of know—
ledge, Signals, howeyer, customarily set’ off, or trigger, sequenceskof\

activity, as for example when a hockey referee-drops the puck.‘_Communication
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serves both to transmit information and to signal.

Mahl (1959) has referred to the distinction between a,repre-

sentiongl model and.an instrumental model of communication’behavior; vIt'I
"A" .wighes "B" to‘choose a certain line of'behavior;_he chooses those mes—.
-sages which his past_experience has led him to believe are<most likely o
to produce the responses he wishes. He may not represent directly either
his own state, or the response he wishes. He may not say.. 4™ cold° |
close the door", but rather it gets cool early these: days, doesn't it?"
He ChOQSéB‘a message having the illocutionary force_appropriate to the

situation.

What‘is the nature.of the "force" involved? Searle (1970) has

- noted a distinction between "brute" facts, and "institutional" facts,i’.
:Acts which owe their force to - brute facts have ‘their basis in the physical
realm, Institutional facts owe their reality to the operation of what

lhe terms “constitutive“ rules, of the type ‘-"X counts as Y in context c,
Saying "I will" in a church, before a minister, to someone. of the opposite ;
sex, following the-phrase “Do you take this man. (woman) in- holy wedlock?“- |
constitutes marfﬁng that person. Even though the expenditure of physical

energy is feeble, the effects may well be momentous!

In the interpretation of meSSages;ithere appear to'behtWO'decoding

stages: one based on the system of representation underlying the communica- o

tive act, and one based on a system of interaction._ It is this latter coding

system which determines how ve: a3sess the expressive and conative content of

the messages.

The concept of "interaction“ will lead in “turn to that of "rela~‘b

tionship"



First, let us develop slightly the pbtion of inte:actibn.

I1llustration of the concept of interaction

In Fig. ILI- 3 -a there is no interaction between A and B. Eééh

~state (g.and E) of  the two individuals can be expklined'és a fﬁnction'of

previous states of the individuél,-and of. external influnces. »With inter-_

actioh-arises the bqssibility of mutual influence. It is,hbWeyer anlin% _

fluence of two gqai;directed systems,(I1L1- 3 -b).

NoCODOC RS e
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‘Hulett (1966) has shown how a completed interaction sequence"

might be analysed: .
FIG.ILI~ 4
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In generalvthese are:the stages:

a) goal identification° "To the extent that A's orientation :

either toward X or toward B is contingent upon B‘s orientation toward X,

toward X'. (Newcomb, 1952)

b) choice of instrumentality. GiVen;the need to do something:

to undertake a particular act, express opinion, reveal his feelings, the

means to accomplish this end 1is the delw\fery of a particular "AtoBrex"

which, it is hoped, wxll elicit the desired response on ‘the part of B

c) B's response ("BtoAreX“)

d) Validation of the response. The communicatorinow finds his

., Ais motivated to~influence_and/or to inform himself about B's orientation :

original obJective (one particular BtoArex) either confirmed or disconfirmed;

if disconfirmed, presUmably, the need is intensified and the likelihood

. of a new (probably "sﬁronger") AtoBreX increases.‘_The cycle is\repeated,

.but with the difference that A's pre-existing image is now changed, with .

,l_5o.“:
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- consequent implications for the selection of the next instrumental act.

. The choice'of a certain illocutionary act, in aiSpecific situation, f

has to do with thelm)mmunicatoﬂs perception of the relationship between.
himself and the ObJeCt of his message, in’ other words with the const1tutive
rules he considers appropriate for ‘this context ("X is to count as Y in

context ¢'").

The interpretation~phase of the sequence raises a different point{

The issuing of a communication is invariably infamative about the state

1
of the organism who executed the act.

One function of communication is'thus; in Newcomb's wordsg_hto,_

: maintain‘sinultaneous.orientation toward one another"."TheAinfornstion.'n
contained in tne message concerning the communicator'slstates;~and his .

' choice<of,act, are criticalto‘the determination of tﬁelotherls"attitudes
towards self. Hence one motiVe'which may underlie\a comnuuicative.act is -

' the attempt to either assert or re-assert something about the essential

L Tnis follows logically from the mutual presenting of two persons to. each
" other: 'in one sense all acts are communicative (cf Watzlawick et al's
(1967) axiom "One cannot. not. communicate".

A similar point of view is expressed by Leach, 1970: '"When an individual
acts as an individual, operating upon the world outside himself -- e.g.

if he uses a spade to dig a hole in the ground ~- he is not coneerned

with symbolisation, but the moment:some other individual-comes onto

the scene every action, however trivial, serves to communicate information
about . the actor to the observer -- the observed details are interpreted
‘as signs, because observer and actor are in relation"
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relationship between the two communicators. For-theArecipientsof:such"
a relationshiperelated communication, the process'of'interpretationimay )

be complex, and based on elaborate procedures on inference.

. Harold Kelley (1966 has made a careful analysis of the struc-

ture of the communicative act which we call a "threat". The illocutionaly o
act, in Austin's téfms,”may be formalized'a_“a cause-Y, unless B cause‘X" f}
or "not (B cause.X) implies (A cause Y)".V’From_this,>We maybinfer'that:'f
(a5 A wants X to 0ccur, (b) is indifferent or negative to-the occurrence fh
of ¥, (e) B does not want X to occur (at least by his agency), (d) B
.”strongly does’ not wayt to occur, A intends X to. occur, A intends Y to occur given
b not - X B does not expect Y to occur, (e) A, believes X is feasible, (f) A believes.

Y is feasible, (g) B believes X is feasible, (h) B believes Y is feasible, |

(1) A is not strongly attracted to B, (j) B is not strongly attracted to

EA (k) A assumes B's interests to differ’ from his, (l) A 1s asking that g”
" his interest take priority over B's, (m) A is relatively stronger than ‘
B. These inferences appear to be related to the concept-of.threatening‘d.
itself; Kelley: argues however that in the interpretation of the threat N
B may also have to consider what might be termed contextual factors.; in
particular, the strength of A's need for X, A's perception of the cost
to B, and. the relative pre- existing statuses: ofA\and B. .If A is perceived.
to be motivated by a very strong desire,.then "his threat is more in the.
nature of a frantic plea for help than an attempt at intimidation" |
That is to say, the intended threat fails to meet the requirements of the

communicative act of threatening, even if it succeeds as a plea, and hence

accomplishes_the purposes of the communicator., Thus, the intended threatener

must take care not to express an emotional stdte, e.g. extreme anger, which



I11-573

is consistent with the assumption of very strong underlying need,_else 3
"he reVeals a weakness which enables others £ comply with his threats
without loss of face" His weakness consists in his dependence on the
threatened person for satisfaction of a very important desire -- he opens
up the possibility of blackmail. ,Conversely,_argues Kelley,'“the lesser
the indicated need ;..\the greater the extent to'which the-latent mes-
.sage reads, I don't really care about this thing I'm askiné.g This i
Simply an occasion-for setting you straight_about who 1s"on'top'1n our

relationship".

Thomas;Schelling'Cl960) has‘demonstratedrthat in"order'tchom;w
: municate_effectively a threat, theAthreatener must_also_effectively'express:.U
an apprcpriate attitude towards‘¥. ‘The.most effective means'to*communicate

such an attitUde:isjto show that in the event of the non-occurrence oflx;'
A's motivation tofcause Y'becomes very strong.ﬂ In this case, the establish-f
ment of a causal.connection between the two events means that "the threat

'is no more.than a.communication of one's own incentives,'desiéned tofimpress
on the other thehautomatic:conseduenCeshof hisfact”.-:ln;this.event,.the ’
"threat" appearsfto degenerate‘into a "warning';vnothuncommonly,'communie
cators specify: '"No, I'm not threatening you,;l'm just:warning’youﬂ in

such circumstances,'ATerstablish a threat;vthefcommunicatorymust:commuf‘“.
nicate, Schellingiproposes; his,relative indifference tofthe'occurrence

of Y! should 1t become clear that he actively desires the non occurrence'

of Y, then the threat is unlikely to have the intended effect. hﬂ. S

Every statement of a pOlnt of view by an individual isvpart of
his presentation of self ‘the two dimensions of transmission(xfinformation.
and assertion of a. determinable and consistent self-image cannot be disen~
.tangled "Since most persons have a positive" conception of self a very '

: pervasive tendency»in social interaction_is to maintain}a'presentation"
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of self consistentvdiﬂlthe favorable conception... In any social interaction
a person is attempting to validate his occupancy of several important social

positions". (Allen, 1968).

Every interaction may be weighed in terms of its.potential effect
on raising or lowering a chosens0cia1value.‘ The value cannot be measured
against an absolute social scale t the individual is foreverfin thefsituation-
of attempting tojaQSess the underlying scale on the basislof'a.series of -
paired comparisons,'.He therefore redui?es sources.of information, consisé
ting of (&)‘the choicé of communicatiVe actsvon the part.of others,-directed
towards him, and (b) the feedback to his own communicative acts directed :
:towards others. Potentially, therefore, no- interchange is irrelevant to

his attempts_to maintain social value.

etwork overl oa'd' ‘

‘ Through out most of the discussions on‘overload, both in this
report and in the literature generally, the question of effects has been‘
posed at the level of the individual._ Our discussion of information and
communication has opened the poss1bi1ity of proceeding to a higher level\_,

of system, at which we may ask what is known concerning network overload.

The importance of this aspect of the problem is this. just as it is true

that overload at the individual level may have extremely serious by- productsﬁ
(in the form for_example‘of nervous-disorders, illness'shortening_of lifej
.snan), we should.exoect network overload to have similar:dysfunctional
consequence& in theform'ofbreduced efficiency of-grOUp functioning, lowered'-~
organizational efficiency, and eventually the breakdown of social organiza-.

tion itself




Since, contrasted with the f1eld of individual information processing,

.no well-developed body of literature related to network information processing
exists, our approach will be slightly different. " We will first suggest

a certain number of ways the question could be addressed We will then.
consider some of. the available experimental evidence, in order to develop,

as far as possible,:the empirical basis for our assumptions.f We proceed

in tWo steps: first we examine netWorks in which referential information

is transmitted;_second, we_turn‘to:the question of the effectsioftvarying;
:amounts of relational‘information. | - o U

'The.transmission of information:in'netWorks‘_

o e n ee b4 b e e e o 2 e e e ke ke m ke e e e e R A e kS e e e e

A first question we may ask is what is the effect of‘increasingl

the size of the network. First we note that for'any fully-connected'network,.
i.e.y where everyone can communicate with everyone, the potential number

.of messages whfch can be received'oer TH7C1tlan*" is a’ function of the num-

ber of nodes in the-network:f

!

where "xi" represents ‘the number of possible simultaneous received messages
for a node, and g the number of nodes in the mtwork. For netWork.s with

two elements,:only one message per instant may be received. Ibr networks

~with three elements, two messages may arrive simultaneously.  For four nodes,

3. Etc.
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Illustration of number of possible simultaneous message for.algiveniposition

For totally connected networks, the total humberioﬁ poqsiblé 
éimulténeous.messgges, for all positibns,ié:

max .
Y

5% .x = nln-1)

n.
i=1 1

i

Even.though,‘since neither processing nor transmission time are
accounted for in this formula, ‘the maximpm‘would rarely be attained; still
it is obvious that even minimal increases in the éize ofvnétwork-are likely

to increase materially the load on individuals in the nétwork.

Let us assume thét each node has some average maximum output,
which we may want to represent in terms of information theory as a certain
number "a" of bits per period of time "t". Then the actuéltinformafioh_

input of a ndde is

max T max
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The maximum acceptable input is not necessarily the same as maximumn : |
output: the individual may select pertinent information, may "chunk" it in <
‘different forms, may store it, etc. Hence increases in available»information;
will not lead in themselves to overload. However it is reasonable to assume .
that the maximum output 1s some (possibly variable) function of the input,
iwhich we might therefore represent by a weight’"wﬁ. MAximum,output is thenvh"”:
max Cal o S u ‘
w'z .
Suppose the'nalue of w 1s set'so‘that.the outputhof”one mode is
sufficient to accupy totally the attention of.another, in a given time |
period and overload occurs as soon as one individual has to pay attention ;f
to the production of more than one. other person. The system_as a whole_ma&
still not overload-because communication is not continuous; 7Nenerthe1ess;:ﬁb
increasés 1A'sizé'cadsé increased pressure on the system;";There are two
ways adjustment can-occur first, the total time‘spent in. communicating may-
increase and second, the frequency with which one - communicates with any

other given individual may decline.

To illustrate, let ‘A be in a network with two other individuals,..“
B and C. Each spends Y of his time communicating. AEach‘spends at'a maximum
(in the fully- connected network) 50% of 'his time receiving communications
(leaving him-ZS% for communication and 25% "free").- Now- A moves into a.
- 5~ man network. Since he now has 4 input channels, each 25% occupying
of his time, he has no time left for communicating. " His solution is (a)

to increase his total time spent in communication (both sending



1—5@ .

and receiving), (b) to reduce the frequency with which he communicates to
any given individual, by restrictions, for example, on the all channel

characteristics of the network.

‘As soonIAS.network restrictions oceur, another problen arises}:
‘saturation. If forrone reason or another,.becaUSe of physicai, sociaiuh‘
" or other constraints, nodalvcapacity or actualﬁnodal.perfornance is.noti
standardized, then one position may become "saturate&'ﬂin the:sensepoff

being unabletx)handle all the traffic directed through it..“

Finally,it should be observed that the uncertainty of the environ~- .

'ment is the other critical factor. How quickly a network loads is presu-
mably a. fwnction of how complex the information transformation requirements
of the task ane.“T:\

Experimental results::

- e Ba e Be Mkt e ot ot e ee we ve ¥ S Be Do Be

» A_number_of the propositions advanced here have been‘inyestigated-b:

experimentally. Waiker.(195h) discoVered for_example\that;’as~the size
of network increased%from.three to fiVe,-group efficiencﬁi(in'terms of
problem solution times, and'errors) decreased,"group moraie dectfned;f
the number of messages increased and unanimous'selection ofha Ieader de¥
creased. This result.tendstto support the assumptionfthat increases in
size place additionelfstrain'on groups and increase ovenéhibilevels of

comnunication.

- The concept of "saturation" was proposeo by131lchris t al

(1954) to describe the condition associated with-a super<n)timal 1oad of
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number of messages for a given position.‘Two.types”of'saturation'werefiden—
tified: "channel.Saturation"Aand ilmessage unit-saturation".’“The formerfdh'
refers to the‘number of channels a position must.handle; the latter £o*

the number of.messag'es.1 Shaw (1964) discriminates further between input
saturation (task information to be transmitted), noting at the same. time_
that saturation refers to the total requirements placed upon an- individual
in algiven position, including non-communi cation- related information demands
such as data manipulation.A Shaw (1954 a,b) showed that the central person.
inlcentralized netsftends to become overloaded by.the communication,requi—

rements_of his post;.

:Enyironmental~complexity seems to have receiued less attention.‘f
Tuckman (1964) concluded that groups tend to“become hierarchical‘under_'= r
stress:induced:by enyironmental complexity. AShmw}(1964)ihowever:conclu-‘
ded from his reviéw"cf thelevidence-that contralized'groupsiwerehmorefeféo'
fective in solvingisimple problemsv(essentially the exchange.or collationd‘
of pre-assigned datal, while decentraliaed.networks-did\better'on more

complex problemsj(solving arithmetic problemst

The concept of centralisation embodied in the experiments repor-';A
ted by Shaw has been criticised by Mackenzie ( 106 '),‘who notes a
confusion betWeen an assumed network structure ﬁfmi'ule reali qtrucinlreup:4_

derived from a_c_tual observed £rromo :mteraction p‘\tterns.

1 Mackworth and Mackworth (1956) - projected up to 12 sources of infor-

" mation simultanesusly to subjects through separate windows. ‘Decrements
in performance were asgsociated with (1) the number of. windows employed
and (2) the amount of overlap of messages. :



- nicate individualslhave‘to learn two basic codes: a.systemnof:repressn-
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Our previous argument led us to believe that in order to commu-

tations which determine how symbols are mapped to external°referents,uand
a system of constitutive, or institutional,rules which determine_how mes-

sages are to be taken,.insofar as they specify responses onlthe part of the

recipient,"and'imply attitudes on the part of‘the sender.' Role relationshipa

between individuals arise whenever standardized patterns of message exchange

emerge, either by agreement or from practice.

We expect stabilityiof role relationship to be associated with
frequency and 1ength of interaction. ‘In a-frequently-cited-experiment, ..
Schacter (1951) introduced a confederate into a group.programmed to produce.
deliberately discordant communications. Other members initially intensified
the number of communications addressed to the "odd man out",'and when he
remained recalcitrant'they then sharply reduced communications to him;
effectively relegating him to- Conventry. In general, continued interaction
appears to lead to a measure of stabilisation (normalisation) of relations,
at least to a reduction of uncertainty concerning‘the probable behavior of

the othex.

As-uncertainty is reduced'concerning'the pattern“ofainterperSOnal

relations, the number of communications concerned with this domain tends to

diminish (although not neceSSarily in a smooth curve). Let us represent this

assumption as a function:

E f)O
o ‘
. - F l
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Then, és;oﬁe‘3~network'increases, total unCe:Eainty concerning
relationships increases, as a positive function (the flatness of the
curve reflecting oﬁ assumptidnlthét networks inérément-slowiy)f.
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Furthermore,‘since,'in a lerge, andiculturally dinerse;'populaj )
tion, agreement concerning‘the code of constitntive.institntionelvruiesv
is likeiy to be'highiy variable, the functionalireletionship'between‘dura-”
tion of interaction and the proportion of communications devoted to Rela-.'
tional/Referential informatlon is affected by the extent of cultural si-:i

milarity.

PLOTIT- 8

Proportion of
communications|
related to

“elational/
Heferential
intormation

Culturally
Different
lnteractions

Culturally
gimilar :
'vterdoiLons

.. buration of Interaction:

Hence the steepness of the curve in Figure III «8 ‘ is a function of cultural
diversity In general, also the larger the network the more heterogeneous-
- culturally it is likely to be, and hence the greater the probability of

high relational uncertainty in large networks.
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'Assuming'that'each individual is onlylable'to deal with'a‘limited .

3 amount of total uncertainty, then‘an incrsase in:relational uncertaintyf

should produce a reducedvefficiency With‘respect £o the processinglof-re-'
f"ferential information. This is ‘the conclusion reached by Shaw as 'a result

" of his survey of relevant experiments., He-defines a concept “independanceU'

which is | determined by the perception of individuals of their role, in

the group, and then adds: "The effect of independence upon performance

is due... to the individual's ~willingness and ability to perform under

“'the more autonomous conditions. That is, lowered independence not only

. directly limits the possibilities for action (hence performance), but. also

reduces the;person s.willingness_to«perform'at.hisjoptimalflevelﬁ.. o

. Experimental support

‘h The liféréture appears to besrelativelyupoor"asciticoncerns:thei
points raised above:. Some support ‘can ‘be found in. the work of Bales (Bales, A
11953 Dunphy, 196') to- support "the idea that the development of in-i
.terpersonal systems proceeds in several phases,.asdmore complex interac- i,
tion patternsdevelop. 'To accondate this idea the function shown in Figure B

111 - § ' should incorporate a cyclical pattern.j’

Since some kind of balance between relationship modifying and
information- transmission processes is implied by our argument, we might
ask, conversely,. what happens to social organization under conditions of
'extreme pressure to transmit information.. A number of experiments (e.g.
Hovland and Weiss, l952 Kelman, 1958) show that information transmission'_>

is affected by the perception of relationj we have not however been able
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to discover any experimental evidence concerning the reverse situation, o
~and particularly-concerning the effects of information‘overload on the

perception of relationship.

Perspective

In this final chapter we have sketched in,‘all too lightly, ‘the
general outlines of an integrated theory of information and program oVer-A
leed. In doing s0 we have not been able to draw on the rich sources of

:experimental rindings that ‘were available at the level of the individual.j?

'organism.‘ There is, clearly; a great need for systematicitheory and re-:
search at the group level» Individuals function within groups, and someV
of the primary side effects of the communication explosion are not to'be
found by looking only at individuals. A government office, a garage, a}

: university are systems, Just as' the individual is, and their processes,w

can also be discussed‘with'the same kind of precisionfas the cognitive

processes of the‘personr Welneed.however-finer:instrumentsithan we;now_-

possess, to permit us to describe properly phenomena of communicationrn.

' in networks., The discussion in. this chapter is intended to be a. contri-.

bution towards this:goal.

At the}begining offour investigation we'warnedjthat,_althoughh
we had aipracticaligoal inyview, some of our discuSsionlwouldﬁseem abstract;-
This should not be read as an’ apology. There-is a~dynamic.interplay bet -.
- ween theory and practical which must never be neglected.‘-lhose'responsi-:
ble ‘the deveiopment of theory and reseacch must learn from practical expe—
rience by putting their ideas to the test ‘Those responsible for practical

planning are equally likely to miss the boat by asking
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questions which are set at too low a 1e§ei:_;in no other centnr§tnaa'it'
been so evident hon practical is theoryl wefare Constantly in~need of‘
conceptual towls;iotﬁerwise We'riak thelpnrsait offempti_information.":
To quw.te Simon (1968)ﬁ | | | |

"Science does not advance by piling up information -
it organizeés information and compresses it... In the -
scientific:. endeavour, 'knowing' has always meant *
'knowing.parsimoniouslyf. The information .that nature
presents to us is unimaginably redundant. When: we

find the right way to summarize and characterize that’
information -- when we find the pattern hidden in it --
its vast bulk compresses into succinct equations, each”
one enormously informative. : '

Hetelin liés the real significance of today S infor-'
mation revolution. -Information and the processing R
of information are themselves for the first time be- =
‘coming the objects of systematic scientific investi-

. gation. We are laying the foundations for a science
of information processing that we can expect will

' greatly increase our effectiveness in handling the-f[
information around us', -
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‘One important conclusion which can be reasonably drawn from _ | |
our discussion is that the real problem of the wired nation isinot that
of information overabundance as such but of the undertaking of too many
..separately interesting tasks which together reault in the condition we
term''program overload".. In chapter 1 of this report it was’ noted that
the introduction ofhnew technologies has two COnsequences. while it
augments available information, 1t also’ leads individuals to interact
within wider~networksil The 1atter fact seems to us to be’ the more
important, - and the more neglected. It implies that individuals tend .

- to get involved, simultaneously, in a number of transactions.'.

The danger of overabundance of available information.can be
'easily exagerated The mechanisms of perception are adapted to inhibit,
or suppress, unneeded and unwanted information. Milgram (1970) has'
demonstrated that individuals living in imformation-rich New York City
exhibit equal ability to select needed and screen out unwanted infor-'
‘mation in this environment (which'they chose indeed becauseiof’its
informatibn characteristics,.as.Mumfordiandlother urbanologistsbhave 16ng;i

been at pains to point outl,

By comparison, the individual scems disastreusly non-adapted to
deal with program overloade Fhis we take to be the siqnificancc of a
vecent arvticle by Lipowski (I971), who arpunss ! w met o fonturc of the

affluent, technological dud opon SOcimty_ithhnt'it exposea its members Lo - o o

an overlead of atlractive stimuli', ‘pvm ki defines “attzactive stimuli™ o ‘
as those which “arouvse appetitive and. approach tendencies”e ‘They involve . .. -
his énpacity,to "pwo@ess: choosc,'apprOQLh,nnd fcrsuwm ot .-_In,orr‘tcrms;.«

this would e re»intﬁrﬁretcd as the tendéacy to become,involved-in more’

autivivies runn cur h“'unru)u “ely hanoled by the individual.




,cation and- comparison of his hypotheses and perceptions), but he is vul—-f

_ e ‘ -111-67_
- The process is insidious: each new activity 1is initially attractive, and

the individual may tend to underestimate its time requirements over a longer B

period. Eventually, he is committed ‘to more activities than can be managed e

at once, each with,accelerating information processing requirements. AThe

final product may well beiconfusion and breakdomng:

The evidencc_we do have indicates_that progr&m OVGrload can prevent:

successful conccpt iozmdtuon, and hence reduce the 1nd1VLdual to ;tereotyped’ o

rcesponsest As Ms:er (1962} writest "The culturc_cf,citiesucannot prow und

.davelopnunless'man‘J xrlorn1ntqfion of thr un:verso and m.n 8 study o+ ma1 S

supplies new conceptS*and imnges mere rapidlv than they are lost”

Another question which has received little attention in the
available literature is the role of human communication. To a surprising ,?
extent, we have been ‘led by the influence of a communication model based
in engineering research to suppOSe that the analysis of informationlsystem -
could be conducted without regard to’ other communication uariables. 'Thisﬁ
situation needs to be rectified, particularly since it is at this level
above all others, - that the social (as opposed to the psychological), effects

of technological innovation will be: most evident

We‘have reasoned as”folloms:_ _man reguires information (verifi-

_nerable to control




‘ T Communication has as cve effect Lhe 1'.;.1’:liil)\7~()l :i.nfotmation
trapsmissidn systems into chalns. in which (beocause of the SVIDOJIC Caguuijty
of man) owe cai aprvo arotier as hL eves an< nlb.h&ndqgjiltuis‘ R -

because Qflthigﬂcontro]“*dl ons on of LOWMUWLC L10n§ even. more tman becaus&

of the informationalg{thut indiv duals GQLlel yslohu nLdL up OFf qid1u

? . and roleg, which (a) a SU‘L to Lﬂlelduals ‘a cartaLw at abl]iis in thved

~communi.cation relation$h1p5~ and (h) create Ihc b si of an org, &nlu@d
society. What has not been auled~ih the ljferafrle on Juforthion ovtrloxu

uhched to

is the effcct~thatAintensif1ed 1nformation~process1nd may_be
have on the social strdcture which tbe‘lnﬁormatlon»con;ro] syshem SLppOlt

‘ . As the individual bedores overlo&ded'-does thea 3 ultlng ¢Lr' “rake fov

increasing depoendence ‘on others? - Or dec]mﬁc in t1U5L”- Undél Qondition of

-overload, does iL_buebmu increasingly. di £fd u]L Lu U)P\HJ e the necessary

H . e .. . ‘._... . U P N RS, S N e A A
coclal arrvaugauonts? D@ﬁs SompIe chencion deeline?  hAre thereueffects on how

\.much»informatibn‘is_accephed from others?

The answers to;theso~and 1m11wt quesbions culnoL be found?xn LT

.

existing 31Loxa~ure, yp ‘_hiS'lnfOTmathH is of 1ncrcauhd urgcncy-1iL wml;

have gained us little'ii'in U;i‘ﬂllng our menns-to.commun;cate~w1th each

others, Qeksuéceed‘ s jn Lhe process, in dCoLIOVin& th vcxy ba51 on Wthh
our SOLLOty can bo oxgqnjzvd g he-nued to !earn not only how to handle moxh
1n£o;maL:on, but at the same ‘LHL how to remomgani/ thenaccompanylngA5001d]
&rrapgemvnts- "Tno bLLdkLn“ up an.aacgautadLiong‘or 1t& rcdn L10n~to
1mpoLoncy duo to comﬁunica11ons ovov1oad s,n.fxoquon1]y du" Lo 1nadgqua0|.”
in Lhe bd31§ fozmulq ior: daing isiness: ox 1n thc 1'r01m11 t‘r‘ul s of the

. gamé' set. by Qccupatidns;aml.professxonsr -'_(he‘_xer, 1%,.u




It {8 in this perspective that the pregent report hasibégﬁ
. " .. undertaken,  Our g@é‘L_mUst be the‘i‘nt_ellligen't planning'bf our ownl .

communication syétéms .
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