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T SUMMARY

Modern life hés_been marked by the incréasing penetration §f com-
puters into many of its aspects. This has now feaéhed the péin£ at
which the man in the street may shortly find hiﬁself interacting with
computers, p}iﬁarily through remote terminal dééices. Already, in
fact, surprisingly largé segments of the populaéion experience the
man-machine interface in their daily working lives. Shortly, the
same ma& be trﬁe of day-to-day home life.' Experience has shown that
technological advances interact with human sociéty énd actually change
its organization. Consequenfly, it is impértané that adequate atten-
tion be paid t6 the psychological variables affécting the human user.
It éeems épprOpriate that good understanding be obtained of how people
' feel about thé interface, how itAcan‘be structured to make it maxi-
mally useful aﬁd‘minimally unpleasant for human users, and so on.

To date, howevér; thé primary thrust of resgafch into the manfmacﬁiné
interface has been directed towards impréving its engineering featﬁres.

There is inhexént in this one-sided attack on the issue, a danger, that,

rather than modifying computer functioning to suit people, there will:

be increasing pressure to modify human functioning to suit computers!
To summarize iﬁ very general terms,_theré are two broad areés in
which the psychology of the man—méqhine interface can be studied. The
first of these concerns the onfgoigg states and traits whicﬁ the human
user brings to the situation. The second concerns the properties of
the interface design upon which the firsf éet of variables impinges.

The ultimate human reaction to the interface represents an interaction



bétweeﬁ these two classes of variables. A number of personality factOrs.
look to be involved in human reactions and several of these are dis-
.‘cussed.- It should be born in.mind, hbwever, that the psychology of the
man—maChiﬁe iﬁterface as it currently exists, may cﬁange répidly‘in the
next few years, with the:emgrgenee of é generation of adults who have

" - been surrounded throughout their entire lives by technologicél devices.
,it is also possible that the?e-will be no'siﬁgle set of Statements
cdncerning the optimal organization of the interface, but that it will
>diffef'ffom area to aréa‘in ﬁhigh combuﬁers are utilized,-and from

user to user.



II INTRODUCTION

Technology and life

A major historical development of recent years has been the rapid
growth of technolOgy. The point, in fact, has now been reached at

which some writers have described modern life as involving “an exploding

‘technologyf (Martin, & Norman, 1970, p. 3). It is customary to regard

this ‘advance of technology as primarily a,blessing; However, it is

clear from recent history that technological advances do not usually

result simply in the availability of a new comfort or convenience.

' In fact,.as Reich (1970, p. 3) has pointed out, advancing technology

changes life more profoundly than simply adding to the machines which
are available.t:Cpnsider, for example, the profound re-organization of
social life which has resulted from the ﬁass avaiiability of the tele-

phone or thenT,V. or the automobile. One wonders, aﬁ this time, how

' our grandparents ever succeeded in forming social relationships in the

absence of those devices! In fact, technology-"demands of man a new
mind" (Reich, 1970, p. 3).

The problem posed by this.developing technology's potential for

‘profound psychéicgical effects on its users has recently been recog-

‘nized qguite explicitly by some writers. Although hefwaé speaking of

mass communications, and not commenting specifically -upon problems

of technology, the remakrs of Weiss (1971, p. 390) are particularly

pertinent to the present discussion. In his view, ihformation-—

technology is now so advanced, from the technical point of view, that

the real issues in the area are "economical, legal, and socio-



political;; rather than technological. As he put it elsewhere in the
same paper (1971, pé 312), the preéent need is for "psychological and
motivational® studies. Other writers too (e.g. Greeﬁberg & Kumata, 1968)
hé%e pointed out that essentially psychological vériébles afe néw the

issues of greatest interest in, for example, study of the mass media.

The emexgence of the computer

Precisely this same pattern of burgeoning growth has, in fact,
been seen in the aréa of communication—sciénce. Iés growth, from the
earliest information—processing technolog§ of, say;'angientichinese
paper and ink, through the first appearance of the'earliest "calcula-

' ting engine" aﬁd SO on fo the developmeht of the most recent devices,
“has been one of technoiogicél advancement (Schramm, 1960). The pin-
ﬂacle‘of this growth process, as it exists today, is.the present-day
éompute?. Less than thirty years ago, as Martin and Norman (1970,

p: 9) have poiﬂted out, the computer was considéred to be é theoretical
possibility but a practical.iméossibility because, for_example, of the
supposed impossibility of building logic circuits based on thermionié
vacuum tubés wﬁose iife:expgctancy was so short that a tube could be
expectea‘to fail a£ time intervals shorter than thé fime required for
repair of previoﬁs tube failures. However, twenty years later, over
ten thousénd computers were in operation, in the Uniﬁed States alone.

" The pointihas’now been reached at which the compﬁtef possesses
.spectacular power.as an information-processing tool, and as a iogiéal'
isyétem; 'Therei}s even a.tendency to be seduced into supéééing that

the computer mode of information-processing is superior to . that of



human functioning. This kind of thinking is strongly supported by,

for example, things like the legendary chess-playing computers, which

learn from their mistakes, modify their own strategies and tactics on
the basis of experience, and eventually become extremely difficult to

defeat. Similarly, the existence of computer Chess-Olympics, in which

computers, are pitted against each other (or rather, programmed against.
‘each other) to determine the chess-playing computer champion of the

world greatly influence the public image of computers. Again, the

"artificial intelligence" of the computer has developed to a point

where one such program "generated a new proof of a Euclidian theorem

which was neater than Euclid's own proof"'(Martin.& Norman, 1970, p. 46).

The computer mentality

According to Barrett (1968) one result of this‘change of events
is the development of what he called the "computer mentality". He
defined this new kind of human consciousness in the following way:

There are two major sources .of the computer mentality.
The first is natural selection. Computer programming
is an exacting profession, one that appeals to those
who possess the capacity for meticulous attention to
detail and a willingness to adapt to the rlgld means
of communication dictated by the computer. They are
fascinated by the complex gadgetry and language. The
second is environmental, the computer mentality comes
gradually to accept the idea that the whole world can
be understood in the same terms as the computer. Com~
puter mentality looks for and finds the pervasiveness
of mathematics, the rule of logic and ordef, and the
simplicity and predictability of the most complex
psychological and social processes.

What Barrett is drawing attention to, in fact, is that a kind of cult.

has developed around the computer, in which there is a strong tendency



to expect people to modify their way of functioning in oxder to be com--

patible with.the computer, rather than modifying the functions of the
computer:to make them more‘amenable tovhuman ways. The tremendous
speed, accuracy and flexibility of the modern compnter have all com-
bined to shape the present'form of the relationship\between man and
computer -- the conversion of accolytee to the computer mentality. As
far as the man~mach1ne interface is concerned, a major result of thls
~is that the de51gn of the interface has been left entlrely in the hands
of the engineers. The considerations, for example{ which dictate the
design of teletype terminals are not those of ease of‘usage by the
human operator, but rather are matters like economy of core usage,
‘amenability to real-time operations, speed of function, and so on.

In terms of the computer mentality, things like the predispositions,

: prejudices, attitudes and emotions which the human user brings to the
intexrface are unfortunate defects that have plagued man for a 1ong‘
time, that reduce his efficiency of function, and‘that make him a
rather nnsatisfactory device with which to interface computers:

Whiie nse of computers was confined to a small group oflconverted
devotees who restricted themselves to the Computer:Centre, this state
of affairs was a matter of little concexn (except perhaps to those
who were worrled‘about the mental health of the computer types). How-
ever, the extent tO.Wthh the ordinary man in the street is now begin-
ning to interact with computers is increasing great;y. It is for this
reason that the kinds of issues emphasiaed by Weiss have begun to

assume considerable importance . There are a number of ways in which -




the computer is now beginning to entexr the lives of a wider and wider
band of the population at large, and some of these -are summarized in

the following.section.

Computer penetration of life

The first basic use of the computer in information handling is as

an information storage and retreival device. InAtpis use it can be
COnCeptualized as é kind of library,'or even as a bhook with'an unusually
elabofate index. It can store large quantities of‘material beyond the
span of ‘an inéividpal memory, and then rétréive tbeﬁ according to,

t

for example, some indexing system subplied by the usex. A proper.use
of key WOrdé and‘similar devices makes it possible:for the array of
information to be individualized to fhe‘needs of a partidular user.
In medicine, for example, physicians in some cities can now supply
a list of symptoms to a chputér diagnosis Eentre, haﬁe them checked

out against sﬁbrgd lists of symptoms forming various syndromes, thus

permitting computer—aséisted diagnoses to be made.

A second related use of the computer is an an information-pro-

'~ cessing tool. . The computer can be used to assemble, organize, and

analyze>masses.of scattered; apparently unrelated or simply unofganized
information, into usable data sufficiently organized for human users

to reaq, store, énd utilize them. This may even in#olve carrying out
complex statistical analyses which might otherwise be virtually impos-
sible. For examplé, computers are being used to analyze responses
loﬁtained in opinion éollé, and s?stems for doing this have been ‘deve-

lbped even when the queéstions in the polls are of the open-ended kind,



rather than the multiple>choice kind. The "general inquirer system"
(document) , for example, analyzes natural language #esponses to
oﬁinion polls. similarly, business firms can now $ubécribe to compu-
terized systems which analyze market trends in their fieids and facili-
tate estimatiné and similar functions.

A thixd rble of the computér in everyday life involvés the machine's
functibn as a supexvisory and céntrol device. 1In ﬁhis situation, the
computex regulatés the fungtion of other aevices, Without itself actually
being the instruﬁent of communication, oxr carrying Qut the particular
actions involved; Examples of this kind of_functigging include com~
puter control of traffic lights, in which informat%on about the flow
of traffic is trapsmitted to motorists via computei;controlled traffic
lights. A second examéle involves the ﬁelephone switching operations,
in which the flow of telephone messages is regulate@ by computer, and
finally,computer-controlled type—settiné, in which input to the systém
at thé wire serxrvice end may écﬁually be in codéd form; so that whatiis
received is not a message in "clear" for human typesetting, but a
series of impulses that go straight'tb the reéeiving cdmputer, which
then sets type»iﬁ natural language. |

In all three of the functions discussed in pxecgding pa:agraphs,'
the major aspect‘of the computer participation lies in its ability
to méke decision§.. These decisions are based on the parﬁicular
needs of a specific sitg;tion and invol&e comprehensive and rapid
analysis of information about the situation. Thus, traffic may be

re-routed by a'new routé never before used by human controllers, on



the basis of a unique, atypical pattern of flow. Similarly, a set
" of nnexpectedfcross—categories and responses to an opinion poll may
be analyzed by the computer ﬁhrough its abilit§ to attend to cnar—
'acteristics of the questionnaire not apparent to human analysts, or
too multitudinous to be carried in the memory. In fact, then; a key
property of compnters is their ability to make decisions and to change
theixr responses"according to the particnlar needs of' a particulaxr
'user. This property is not seen in other information—devices which
people have grown accustomed to nsing. VThe decision-making ability
of the computer nas contributed largely tovits widespread application
in the areas of education, medicine and dentistry}?the Armed Forces,

and so on.

Computers and teleprocessing

Until recently, however, the computer has had one serious draw-
back as far as its capacity to function as an everyday device is
_ concerned. It has( in the past, been very-much the esoteric darling
of a small clique of highly specialized users. It has conventionally
been-necessary forfanyone who has wished to use the computer ‘to come .
-into close physioal proximity to the machine, and ro:be the ﬁaster
of highly specialized communication processes. The computer has,
in fact, iacked gny mass communication aspects.

However, this state of affairs is now changing rapidly;' A key
facnor in that cnange has been the development of remote teleproces- .
sing. In remote teleprocessing, the computer user is linked to a

central machine by a terminal device, which may.-be a typeWriter key-
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board, a cathode ray tube, a ticker-tape device, or one of a number

‘of other such.devices. The terminal and the computér.may be hundreds
of miles apért, linked by telephone lines oxr some other similar‘device.
Examples éf.this kind of séparation of user and main-frame machine
have been in the teaching of students in Regina, Saskatchewan; by a
computer located in Edmonton, Albexta, 496.miles %&ay. Anothexr
-example involves Eékimos in Inuvik who are now liﬁked to the Univex—-
sity of Western Ontario, 2,800 miles away, via a-teléprocessing link-
up to the Univérsity computing centre.

:The computer has certain tremendous advantages in these kinds
of linkages. It can receive feedback from a user and modify the
contact with him én the basis of that feedback. It can compare'his
responses with a list of anticipated responses and réspond appropria~
:teiy, oxr haﬁdle unexpected responses effectivel&. It can refer a
user to other sources of information according to ﬁis pa?ticular
. needs, and so onf‘ It can aléo'co—ordinate,the-number of information
devices such as TV screens,_movie projectors, and so on. In fact,
the computer has the capacity to make the information-exchange pro-
cess between‘méchipe and user extrémelylidiosyncratic to-a-particular
recipient, and thug to individualize the whole process in a.way which
is inconceivable with other mass communications deviées.currently
in widespread use. There has even been speculative talkvof é system
 of mass feleportation in which actual objects (oxr even conceivably
people) would be transported via particle flows and energy modula-

tion such as is. seen in radio, with the whole system under computer
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control. Although this is a science-fiction speculation at the present
‘time, the.dev;lopment of the supéréonic transport mﬁst héve looked like
a wild speculation at the time of the first flight ét Kittyhawk. 1In
any caée, remote teleprocessing has enormously increased the.capacity
of the computér to interact‘with the orxdinary man ig the street, rathef
than»tb confine its interactions tq a small group of devoted specia-~
listé.

This greét increase in the capacity of the computer to interact
directly with.the‘general public has been greatly facilitated by two
major,technicgl deveiopments. The first ofAthesé involves the areé
of cost. Extfemely large éomputer systems are very expensive, and
.require high levels of usage to justify their cost. At_firstzélance,
thiswseems to rule out.teleprocessing by indiﬁiduals or-organizations
who do not ha%e very large financial resources avaiiabie. Howevef,

a single computexr configuration can be jointly used by a number of
users through wh%t is known as "time sharing".i This may take the
form of a consorfium of uéers sharing the costs among themselveé to
provide themselves With_computer services. It can also be achieved
>by renting tine from.a commercial time-sharing company, of which
'there are in ékcess of 100 in North America (Hamblen, 1971). Laxge
systems like that in project PLATO at the University of>Illinois,
for example,-permit no fewer than 4000 remote termiﬁéls to operate
simultaneously (and still leaves enough core free fék normal data-
processing operations). . Less than ten years ago, 32 terminals

connected to one computer would have been - considered a large number.

3
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The development of such large systems raises the possibility of
- huge computer %etworks invol%ing, perhaps, network gompanies rehting
time to users in something the same way as radio anq TV networks do
nbwf Associatgd with this is thé imagé of miilions_éf receiving sets
in the form of remote terminals sitﬁated in peopleés hoﬁes, in their
officés, in the schools, and so on, all linked to the central netWork
broadcaster in sbmething the sameiway as radio and TV sets ére linked_‘
to the networks'ﬁpﬁ. The home redéiver could, preéumably,‘be in the
form of a TV tﬁbe or a typéwriter terminal, or even a tailo;-made,

‘ printed—on-the;spot newspaper. One tremendqus advantage of such a

- network wouldibéathat individual‘users would be ablé to modify the
"programs" thé& ﬁeqeived to suit their particular ﬁéeds. (This
gene;al line of qrgumgﬁt-has been.spelled out in detail in., for
example, Cropley (1972).

'~ The second area in which advances havé greatly inéreased the
capacity of the éomputer to be available to thé man in the street has
involved advanées in programming languages. Many languages suitable
for teleprocessing are available. However,4in the past, they have
tended to be qﬁite unlike the ordinary everyday language of the human
user. Computer languages have,'in fact, been abstractions from natural>
language, in aECOded form. However; some recent arrivals on the lang-
uage scene have great promise for permitting corrmun_ication betweeh man
and computer in éomething very close to the natural language of the
user. Furtherxmore, these more recent languages greaﬁly facilitate

interactive relationships between man and machine, in which the com-

ir
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munication is something like an ordinary conversation. An example of
one such language is that of.'APL, which has been described bf_one
.authority (Hunka , 1967) as "the ideal user's language". For the
"purposes of the present report, the peculiar Properties of APL are
that it is exceptionally capable of-supporting convérsational inter-
actian between man and machine, and that these intéractions are
couched in.something approaching naﬁural language, Furthermore, the
.vmachine can be p?ogrammed in such aiway as to make a widé variety of
alternative responses to a user available to the machine, so fhat.it
does not simply repeat stock phrases over and over.aéain,>but‘actually
appears to be paéticipatingvih a conversation. (It is ﬁot suggested
here that APL is the only langqége.which has these pxoperﬁiés. It is
citeq primarily as an example.) A fuller account of the proéerties
_-§f APL has been given elsewhere (Gross, Cfopley, Hebb, & Palmer, 1971,
pp. 124-125).

What this.all amounts to is that recent advancgs in information
" science, predaminant amoﬁg them the development-of ﬁeleprocessing
techniques both in the area of hardware and software, have giﬁen‘the
computer potegfial to function as, in'eéfeCt, a masé qémmunication
device. In tﬁe past, the machine has not had frue masé communication
.potential. What has been lackiné has been the abilify to communicate
with veryvlargé, scattered audiences of non-expertsﬂ Thé teléphone
or TV, for example, could scarcely have had £he impact on human lives
that they have‘had, if they had remained highly technical devices,

requiring lengthy training for their use, and centralized in one ox
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two very large rooms in a few key cities. However, recent growth in
computer speed and core size, along with the developments in the field
of teleprocessing, seem to be leading to a situation in which the. com-
puter can now assume a'neQ role in.human life. In fact, the computer
has already reached the shop floor of -the factory, the counter of the
bank, the order department of a supermarkét, the general manager's
»office; and so on (Martin &sNofman, 19705._ People are already growing
aécustomed t§ being billed by compﬁter, and to having many of the
cheques which.thgy receive prepared and disPatchea by coméutex (with
the many amusing stories that have resulted.fxom 9omputerized errors
in these areas). Students in schools are becoming increasingly'accus-
tqmed to some degrée of interaction Witﬁ terminals('éven if 6nly in
the library, ratﬁef than as a normal tool of»theix teaching. Further-
moré, in the teaching area, the computer is by no means confined to
large urban centres, but has been successfully used, for example, on

the Canadian prairies (see Cropley and Gross, 1970).

Feelings about computers

The public have not been unaware of the fact that their lives
are beginning more and more to involve computers. furﬁhermore, psycho—
logists, communications experts, and indeed, governmental agencies
have begun, in receht years, to attempt to grapple with Some-of the
kinds of issues that Weiss (1971) urged should be egamined. " (See
for example, Béer (1972) , Martin & Noxman (1970), Parkman (1972) and,’
of course, thé'l972 report of the Canadian Department of Communications

task force on “Privacy and Computers" (1972).) Indeed, the present
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report is a further example of growing interest in the whole matter of

\

people and computers. Basically, as Parkman (1972, .p. 5) has pointed

out, it is possible to discern two extreme reactions, extremely favour- -

able at one end, extremely unfavourable at the other, with various
in between shades of the extreme reaction occurring in &arious peoﬁle,
. As Parkman (1972, P. 5) put it "The notion that there are machine pro-
cesses that bear ever closer reseﬁblances to humén thqugh disturbs some
vpéoble and exhilargtes others." There is little doﬁbt,.agéin.to cite
. Parkman, that (p. 6) "new developments ... seem to have the potential
for reshaping man‘s place in>the universe and altering his idea of
| himself". | J |

o For some observers, these "new developménts“ hold out hope of the
millennium, but for others they cbﬁtain a distinct threét to the idea
of "man's inimitable gifts" (farkman, 1972, p. 6), This has sometimes
reached the extent that some individuals exberience a state of aliena-
tion from technology as a result.of which they'reject it,‘arguing,
fo; example, that the computer is anti—creatiye. Again and again,
the question of individual righté versué technological advantage arises
‘when technological advances, especially in the area of computers, are
" discussed. As Cropley (1967) has pointed out, some qf the same ideas
may be seen in recent increased interest in the topic of "creativity".'
" Apparently, the concept of alienation is of considgrable impdrtance
in understanding the relationship befweén man and machine. Amoné some
individuals, there_is‘a strong feeiing that increasing computerization

of life is leading to a devaluation of the characteristically human

f
¥
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'
kinds of functioning such as emotion, intuition, and so on, and an
excessive emphesis on logic, clarity ané/similar preperties. One of
»the results o? this is a feeling that ﬁeople are inéreasingly being
estranged froﬁ a truly human way. of life.
This rejeetion and even fear of the computer has recently had

vigorous expression in terms of fear of invasion of privacy (see;
for ekample, Parkman, 1972, p. 146). These fears have seen sunmed up
and. evaluated in a recent report sponsored by the Federal Government
of Canada (see the report of the Task Force on "Privacy and Computers",
1972).. Much of this fear clearly.has at its source a feeling that the
computer can never.exercise discretion, shoﬁ judgement or even pity.
As Vogel (1973; p. 17) has put it "cemputers neither:foréet nor for-

five". The task force report already referred to used dramatic

language like "information pollution" and "privacy crisis".

Summary
The basic:argument of the present report, to this point, may be
summarized in the following way:

l. Contemporary life is 1ncrea51ngly being penetrated
by the computer.

2. This penetration is going on at increasing speed,
particularly in view of the advances in teleprocessing
which have occurred in recent years.

3. Computer technology has reached the point, in

fact, at which the computer may, in the next few years,
become as much a part of everyday life ag, .-for example,
the telephone or the TV.

4. 1In the main, as was apparently the case with the
other two communication devices just mentioned, minimal
attention has been given to human factors in this new
role for computers.

v

-
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5. In fact, the broad spectrum of public opinion may
be regarded as a dichotomy, ranging from warm approval
at éne end, to alienated rejection at the other. An
example of increasing public resistence to information.
techinology is to be seen in the area of invasion of
privacy, and the recent flury of investigations and
reports in that area. ’

6. TFears concerning the effects of computers on
people are, in fact, well founded. Experience shows
that the effects of widespread penetration of human
life by a new information device are quite profound.

7. To date, the main thrust of investigation of

the man~machine interface has been essentially A
dominated by engineering. Thus, the key issues which
are codtrolled at the interxrface are not the comfort
and psychological well-being of the user, but the
efficiency of machine design from the point of view
of factors like cost-saving, time-saving, engineering
efficiency and elegance, and so on. ‘ '

Purpose of the report

- The basic purpose of the present report is to outline some of
the human factors which the psychoiogical literatnre_snggests are of
major importance in the man-machine interface.- Although no empirical

test of hypotheses advanced in the following sections have been

carried out, some of them are more than simply abstract and essential-

ly impractical theorizings about men and machines. On the contrary,

understanding pflthe psycho~social . factors involved in the man-
machine interface seems to have clear implications for the actual
engineering and technology of that interface. Unfortunately, howener,
some of the ps?cho-social implications may be directly oppesed to what
would be regarged as good engineering practice. Fo;;example, it might
weil.be shown eventually that human beings»weuld fin@'the interface

psychologicallg more tolerable if the machines were gometimes hesitant,
¢ . X .
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awkward and stumbling in their responses. However, the idea of
designing a machine to do its job inefficiently would probébly be an
eﬁgineer‘s niéhﬁmare, so that, és long as control of what happens at
the man-machine interfaée relies essentially in the hands of the
engineers, it is unlikely that the interface wili be designed in ways
that foster the psychological well-being of users, if not that of
thé‘engineers themselves.

The following sections of the report are concerned with an analy-
sis of the man-machine interface in essentially pgychologicalvterms.
These variables may be considered as being of two kinds. The first

set of variables consist of those factors which the individual brings

Ay

to the interface as a result of his own on-going psychological organi-

zations (attitudes, exPectations, mood, intelligence, and so on).

The second set of variables consist of those factors in the interface

)

situation itself which provide cues that are interpreted by the human

user in terms of the on-going psychological stétes just mentioned.

To put it in ; ngtshell,‘as a result of pre-existing psydhological
organizations, the human user interprets and structures his inter-
action with the computer. This structuring is based on the psycho-
logical cues con;ained-in the computer situation, so that the human
-fesponse_to the interface depends only éartly.oﬁ the ébjective prop-
erties of the interxface, and substantially én the particular psycho-
logical status of the user, and the way he interprets the interaction
situation. If] for example, the>human usef perceives the machine as

threatening, say by providing a challenge which he may not be able
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| . . to meet, the user is likely ﬁo respond with anxiety oxr hostility.
Subsequent analysis of the psychology of the man-machine interface will

be oxrganized along the basic dichotomous lihes just spelled out.



IIT RESEARCH METHOD

Design of the study

The ﬁresearch" strategy employed in the prepargtiOn of the pre-
sentireport did not involve any expeiimental work. It consistedA
' basically of,gathering informatioﬂ.in the area of computers and
people. This was carried out by the use of three information-collec-
ting procedures. The first consisted of a search of ébstracts in areas
like ﬁuman Engineering, School Learning, CAIL, Indugtrial Psychology,
Human Factors, Technology and Society, Computers and Society, and so
on. A review of the literature was carried out in this way. Letters‘
wefe subsequently sent to some 36 authorities in tbese areas, whose
names had beenAobﬁained by searching abstracts. Pinally, loosely
structured interyiews were conducted, on an informal basis With a
nmmber of ind?viduals (including a stockbroker, a secretary, a teacher,
ahd a student’ who have occasion té use teletype te;minals in their
work. This i; a simplified ve?sion of the bpinion—ﬁolling technigﬁe
developed by Knapper and Cropley (1973).
A partial list of the jourrals searched follgwg:
Applied Erxrgonomics ,
‘Journal of Applied Psychology
Journal of School Psychology

- Education and Psycholog%cal Measurement
Human Factors . A .
American Journal of Psychotherapy

Perspectives in Defense Management .

Ergonomics

Annual Review of Psychology

American Psychologist

Occupational Psychology

Programmed Learning

Scientific American
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Public Opinion Quarterly

Science Journal

Administrative Science Quarterly

Bulletin of the Menninger Foundation

Alberta Journal of Educational Reséarch

British Journal of Mathematical and Statistical Psychology
CAUT Belletin ' .

AEDS Journal

Journalism Quarterly"

~Journal of Educational Psychology

Computers and Automation
IEEE Transactions on Human Factors in Electronics
Contemporary Issues in Educational Psychology

"British Journal of Educational Psychology

CAI Centre Technical Report

IEEE Transactions on Man-machine Systems

Dissertation Abstracts International

U.S. Army BESRL Technical Researc¢h Report

U.S. Army Human Engineering Laboratories Technical
Memorandum ) s

Washington University Department of Psychology
Technical Report

Only limited documentation is carried out in the'texﬁ itself. However,

a list of papers read, research reports studied, and major texts util-

ized is included as a bibliography at the end of the report. Precise

documentation is limited in the body of the report because an attempt
o Y

was made to integrate and co-ordinate material from a wide variety of

.sources into a relatively unified whole. -

[
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IV RESULTS

Findings are reported in two broad sections. The first is con-
cerned with factors in the situation itself, the second with psycho-

logical characteristics of the human user.

Situational factors

Process variables. The first set of psychclogical parameters
operating aﬁ the man-machine interfacé involves Qhat may bé calléd
"process variables". These'ére factors that relate to the kind of
things that the user actually does, and the psychqldgical nature of
his actions dufing the interface. Some of these process variables
will be discussed in géneral terms in the present sgétion.- One.such
key variable is that of the context in-which the in?érface is:exPeriQ
enced. For example, the user may feel that his participation is com—.
pulséry or,volﬁntary; He mayASee himself as béing tgsted by the
'machine on behglf of, fox ekample, his employers. If is apparentl?
important whether oxr not the context in which the interface takes.

. place involves-the use of the machine as a simple ééjunct for brushinéi
up>knowlédge ox éupplementing information obtained in more qénventional
ways, oxr wheth%r_ﬁﬁe interface is the pfimary node of operation. In
general, whereﬁthe user feels that his usé of the machine is voluntaxy.
and that it is simply a supportive tool, acceptance @f the intexface

. is -good. 5 | |

A second such process variable is that of the passivity ox

22 ' 1
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activity of the usexr. Where he sees himself as essentially passive,

for example aéfing basically as_a‘clerk or a feedexr of information

into the comp&fer_assembly line, the human user is more like;y to feel
hostility.and resistence to the interface. Again, a third process
variable is thét of the degreé to which>the user is able to "escape".
Behaviour at the man-machine interface has to be extremely "reality-
oriented". The kinds of behaviours demanded‘of_the'human user aré
extremely highly specified, and must be folloﬁed very precisely.v Therg
is no room foxr day—dregming or, for example, manual clumsiness in
using, say, a teletype terminal. In connection with this process
variable, personality variables in the user like need.achievement

‘are heavily involved. The user who has a high level of need to do
well and toAmaster the situation is confronted with a device which
requires extreme accﬁracy and care on_his part. He cannot "escape"

by varying the,actions he carries for, if he does, ﬁhe machine will
"reject" him. lIn Ehe high need achiever, thisAseemé frequently~to

~ produce embarréssment and even a feeling of humilation ox pexsonal
failure. Interviews with users like; for example, clerks in a stock-
broker's officé, suggest that the machine is‘quickly seen as an ominous,
everfpresent iﬁescapable tyrant, thaf subjective féélings of failure
and humiliatiog.on the part of users often result, éﬁd that strong
hostility towaédé the machine.develops to the point‘ﬁhere it is treated
as though it i§ an unpleasant peréon who has come to\wérk'in the éffice.

A fourth process variable involves the credibility of the whole

system. Where the user believes that he is doing something valuable
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and worthwhile, for example as a result of a pre—existing disposition
towards the "ain't science wonderful" point of view, the ihteractioﬁ
with the machiﬁe has high credibility, is evaluated‘as worthwhile and
is enthusiastically accepted. Where the machine is seen as a new-
fangled gadget, which has been forced upon the user, and which hé knows
deep in his heart cannot do the job anywhere near as well as it Qés

. done before, rejec?ion of the use of the machine and personal hostility
toWards it are high.

These process variables may themselves be summarized in the follow-
ing>way. Where the human user feels that he 1s the master of the- |
situation and that he is doing things rathef thanvbaving things done
to him, and that £pis is more or less of his own free "will, acceétance
of the man-machine interface is good. Ong interesting concépt used to
unify these process variables isithat of creativity. Although it may
seem to be strgtching the péint, a number of writexs have argued that
éomputers are, in a sense, anti-creative. This point is rele§an£ iﬁ
understanding process variables at the interface. gubjective inter-
.pretation_of théir own interacﬁion with terminals gn_the part of users
interviewed for the purposeé of this report indiéatéd»that, where the
interface makes the user feel that he is, in a sense, being creative

. (i.e. he plans, Qoﬁtrols and varies the sifuation, rather than simply
.reacting to the domination of the cowmputer), and thus sees the inter-
face with the computer as simply an aid to his own "genius", the inter-~
face ié not experienced as threatening, huﬁiliating, or frightening.

These comments suggest that some of the following intrapersonal
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variables would be appropriate for an empirical study of psychosocial
factors at the man-machine interface:

1. Risk taking
2. Radicalism versus  conservatism
3. Authoritarianism
- 4. Divergent-convergent thinking
5. Attitudes towards technology and science
6. Need achievements
-7. Extraversion-introversion
8. Impulsivity

The computer as a "personality". A second sef of factors in the

actual interface s}tuation invoives not the nature and organization
of the interaétiqn which was discussed in previous paragraphs uhder-
the #itle "process variables", but the actual "stylé" of the computer
itself. One useful way of considering the psycholqgical variables in
this area is to dé what many relatively unsophisticated users do,
and to treat thequmputer aé though it Qere, in a gense, a person with
a personality of its own. Interviews with ordinar?é man in thé'streét
~ users conducted in the course of preparing this report suggest that

1 . .
this is preciéély what a Very lérge majority of users outside the
‘rénks of computer specialists actually do. :The_computer} as a pérson_
ality, is xrigid, inflexible, compulsive, authoritarian, and cola and
emotionless. It ig irritatingly and smugly infallible, totally
unsympathetic towards users' human frailtiés, striétly logical; and
totally self—cenﬁered. It deals ruthlessly with uéer errors, and-even
when the error ié éctually in the machine sYstem} it irritatingly per-
sists in writing out messages that imply that the user is at fault. It
is maddeningly fast in its actions, and can humiliate any human typist

by the speed with which it writes out messages. All in all, then, the

~
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interfacing devices by which non-specialist human users are confronted
possess very poor interpersonal skills! In a sense, then, the question
of making the man-machine interface psychologically more congenial for
human users is a matter of improving the "personality" of the inter-
facing device.

One particular problem for human users in this area seems to be
the fact that computing machinery is so rapid in, for example, its
ability to type responses to a human user, by comparison with the
rather frail human efforts in the area. Furthermore, it is cold and

unsympathetic in its treatment of users, even when they are nervo&;
‘/ 4 | &

and flustered middle-aged women or flighty adolescent gi €Y The i o i

result of this cold and emotionless, ultra-fast and accurate behaviour
on the part of the interfacing device is that human users frequently
feel resentment and even dislike for the computer system. In this
respect, it is interesting to notice that machine failures which
result in errors of function are often greeted with glee by the
users. Some persons interviewed reported, for example, that they
would stand and gloat over a malfunctioning teletype terminal. Another
said that he gets great pleasure out of pulling the plug out of the
wall when the terminal annoys him too much by refusing to accept his
fumbling efforts at communication, and that he then stands and stares
at the machine while muttering something like: "Take that, you
s.o.b.i"

Viewing the interface system as having a personality of its own,

has a number of direct implications for design of the system to in-

X
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crease user acceptance and psychological comfort in the interface

gsituation. For example, it seemg that a system which was more variable

" in-its response time, sometimes even taking a relatively long time to

respond, or even apparently hesitating and having difficulty in res-

ponding, would provoke less hostility and anxiety in human users. Simi-

larly, a system Which actually made some mistakes, for example typing

errors, and then acknowledged those mistakes, admittings its own frail-

ity, would be similarly more emotionally-acceptable to human users.

i

At the present t;me, many of them pefsist in treating the computer as
a person and reséondihg to it as they would fespond>to a person with
a. similar personality. Thus, if the major %im of systems designéd
were couched in terms of the psychology of the humah user>and‘his
psychological comfort, engineering efficiency might well have to be

sacrificed in order to create a more "human" computer personality.

User factors at the interface

Anxiety. One of the most obvious differences between a computer

'

logic system and a human logic system is that the computer operates

strictly in terms of "cold" cognitive processes, whereas the human
b A

being is a system employing “hot" cognition. Thought processes. in

human beings are accompanied, in fact, by emotion, and this is what

- makes them "hot". One major emotional reaction to the man-machine

interface is that of anxiety. Human users very frequently report that

they feel that they are being tested. There is a strong feeling that

a man is better than a machine, and that therefore a user has an obli-

gation, as it were to the human species, to master and dominate the
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machine. A stxong sense of competition develops. The typical response
ko, for‘example, an error in entering a message on a teletype keyboard

with the resulting rejection of the message by the computer system, is

a feeling of failure.

Over a period of time, with intermittent experieﬁce‘of failure,
many human users develop high levels of anxiet?. 'ihe éituation is
one of intermittent negative reinforcement, with ernrors in.using.the
system occurring only occassionally, and at unpredictable infer&als.

. The result is Aevelopment of high levels of anticipatory anxiety. This
ireaches the point in some users at which they are afraid to use termi-
nals at all, and egperience a build-up of tension When they know that
they are shortiy going to be called upon to'use a teletype device.

One person interviéwed, for example, reported that g secretary in his
office had deQéloPed.the habit of leaving fhe.offiqg at precisely

- 8:30 a.m. each*morning and locking hexself in the pathroomJ- At‘8:30,
“other offices with whom this particular‘officeAwas'linked by tele-
printer normaliy came 6n line and repérted in! At p;esent, then, for
many users, the major emotional.factOr involved in the_man—machine
interface is that of anxiety.

Alienatioh. As has already been pointed out, one of the features
of modern life;is an increasing resistence to technolégy. In many
people this takes the form of actual fear and resistence. .Amqng those
who see one of -modern life's greatest problems as reduced interperf
sonal contact, the increasing necéssity to interact With computers as

part of everyday life is seen as a movement which is steadily making
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people more and more alienated from each other and from their environ-
ment. Thus, in fact, it is possible to say that substantial sections
of the population have rejected technology (Parkman, 1972; p. 153).
They are hostile to computer‘technology, for examplé oniihe groundé
that it is an;i—creative, and‘afe; in fact, sfrqngly alienated from
the man-machine interface. Thus, such peoplé are very sensitive to
the‘éues in the engineering and fqnctién of the inﬁerface which sug-
~gest de—human%zation. Procegs variables like compuisiop, or apparent
.reduction of the human user to thé étatﬁs of a mere:tooi of the com?',
puter, are quickly detected>by such people,’and areainterpreted as
further proof of the alienating effects of modern tgchnology. Their
pre-existing éttitudes predispose them to interpret features of the
computer system in unfavourable terms.

The'relationship‘of broad, on-going psychological states like
anxiety and alienétion to interpretaﬁion of cues inherent in the
organization of the man—machine interface suggésts that a number of
psychological ;ariables in users would be expected t; be siénificantly
related £§ feelings of hostility, rejection, and so on, when the.con-
puter system was utilized, as agéinst feelings of satisfaction. Some
Aof these are listed below:

On-going levels of anxiety

Prior experience with technological dev1ces
Low levels of self-esteem

Need for warm emotional support from other.
human beings (succorance)

Internal-external locus of control
Level of affiliative needs

)
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Age and sex. A number of the variables discussed in preceeding
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sections imply that there may well be significant differences both

between males and females in their psychological reaction to the man-

machine interface, and also between cohorts of individuals of markedly

different ages. The prevailing social division of sex roles is
oriented towards emphasis on technological and mechanical interests fox

males, artistic and creative interests for females. Thus, it is pos-

sible to speculate that the man-machine interface would be particularly

trying for the stereotypical female and less trying, or even attractive,
to the stereot&pical male.. -In fact, Cropley and Gross (1970) did find
that there was a preponderance of males in a compﬁter science clasé
in which they conducted some research, and that those who volunteered
to take instruction via Computer-Assisted Instruction were predomina-
tely male. |

Similarly, the rapid increasé in technology means that'those who
are éresently elderly were reared in a woxrld in which there were few
technological comforts, the middle-aged in an‘énvironment in which there
were still relatively fewiwidespread devices in life. The very young
or the as yet unborn however, will reaéh adulthood having been sur-
rounded by a wide array of technological gadgetry for their entire
liﬁés, A Simpie example of this involves the fact that the present
authqr did not see television until he wés 21 years old, and did not
live-in a house With its own telephone until he was 27. By contrast,
his children have never known an environment which did not include TV
or. telephone. The implication of this contrast is that many of the

factors which human users bring to the interface will disappear in the
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next génerafion. Among these factors would beiignorance and fear éf
_tedhnology, a clinging to the “good Qld‘dayé“ when people did things by
“hand, anxiety that one will be incompetent'in'the use of the machine,
.and-so on;

Thus,‘it is possible to predict that the key psychosocial'vari-
ables:jﬁst listed may disappear as relevant variables at the mén—machine
interféce as a result of changing seg sﬁérebtyping aﬁd difﬁering condi-
- tions of child rearing. What has been referred to here as "alienation

i

from technology" may then céme to be of increasing importance. ‘This
lattexr development would occur if ﬁovements like the burgeoning ecology
movement continued to gain strength.- Indeed, the report of the Govern-
‘mental Task Force on Privacy and Computers in a sense implies this
very‘point. The report suggests that there is, at present, no privacy
crisis. It thenArefers to the "ecology crisis" which is said to ha&e
.been ignored uhtil serious damage had been.done>to the environment,

and implies that strict control of information-science should be - im-

plemented prior to the development of a crisis in this area.




V IMPLICATIONS FOR ACTION

Machine personality

Although .the immediately preceding comments on a possible drastic
‘change in the key psychosocial parameters may partly invalidate the
point, the first implication of this report is that there is a need to

; . ,
re-define the "personality" of the computer. Such a suggestion would

undoubtedly encounter strong resistence at the engineering level, and

would, presumably, involve increased expense along with pronounced tech-

nological inefficiency. .Howéver, there is a serious danger that, if

no cénscious ejfort is made to achieve some'psychotherapy with the

- computer system, there will be increasing acceptance that the compu;
ter's way of fpnctioning is legitimate and proper, and a consequent
tendency to expect human beings to modify their personalities to match
that of the computer. With the realization of the vision éf "a compu-
ter in every household", it seems certain that_drésﬁic modification of
social organizétioﬁ, the notioﬁ of, for example, creétivity, the nature
of work, mass communications, and so on will change. The feal issue

at the presentfmoment seems to be the one of who will dictaté the nature
of the man-machine interface -- the engineer whose primary concefn is
for technologiéal efficiency, or the communications psychologist whose

primary concern is avoidance of psychological injury .to the human user.

Machine design °
Although it would clearly be Utopian to envisagé a drastic revolu-.

tion in machine design in line with the kinds of statements in the

(<
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"in indicating whether a good deal of the problem may not, in fact, be
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previous paragraph, and indegd it is probable that some readers would »
tegard them as. absurd, it is possible to make statements about whét
the machine design features of the interface should be like if psfcho—
social considerations were predominant. In very Broad ternms, machine
design woﬁld'have to be turned away from maximum speéd, maximum effi-
ciency éf core usage, shortest possible.respéhse time, "and so on; and

oriented towards minimizing negative reactiong in human users.

Testable hypothésgs

",Preceding‘sections of this repoit contain a number of fairly
specific statemenfs which would readily generate empirically testable
hypotheses. In the presént paragraph these will merely be summarized
and organizéd.3 The first set of empiricél studies ﬁould involve an
atfempt to demonstrate tﬁe extent and nature of negative ésychologi—
cal reactions to the man-machine interface. It is possible that
computer specialists might find it éurprising that non-specialist
users do exper;ence negative reactions to the .interface. On the other
hand there méy’well be a.tendency tb.exaggerate'the problem. A second
broad.empirical gquestion in this area is .that Qf testing the connection-
between.spme of the specific variables listed in earlier sections.and
psychological reactions to the interface. Cross-sectional studies in-

volving differing age-cohorts would also be of considerable interest

self-remedying, as younger users participate in the inteiface.
A third broad area for empirical investigation involves examination

of the relationship between specificvkinds of interface engineering and
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user reaction. In the same vein, evaluation of the relationship betwéen.
usex attitudes and feelings towaxrds the intérface and different kinds of
intexrface devices is.needed (e.g.>cathode ray tubes versus. teleprinters,
" etc.). In particulaxr, it seems very likely that different cbnﬂigurations
lat the intexrface will effect different éeople in different ways. Thus,
there may be no single most desirable forxm of the interface from a psy-~
‘chological point gf view, but raﬁher, a variety of configurations to-
match the variety éf personality organizaﬁions to be éxpected in human
users. Similarly, empirical study might well indigate that different
areas of usage (e.g. Computer-Assisted Instruction, computer—-controlled
shopping, computérization of stock market éctivities, and so on) might
well be shown to involve different psychologically optimal designs of
the interface. Currently, investigation of sucﬁ differences in the
design of the interfacé is primarily based on systems analysis of the
logical opera??ons of the computer involved, and not on the illogical

operations of the human user. -
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