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ABSTRACT

Increasingly complex technology in modern times has changed the nature
of many work activities. Mechanisation and automation have served to
amphasise the importince of mental workload to productivity, physical amd
mental haalth. The stwdy vses & simulated routine office stocktaking task
to compare sthjective experiences of mentel wbrkload hetween trxaditionel
pan and paper methods and the mors recently developed computer technigues.
An onalysis is also mode of essessments of difficulty by subjects free
to adopt a working wethod of thair choice (ie. in a flexible envirooment)
and subjects who have no freedom of working method (ie, & rigid externally
imposed working strategy). 4lso included is an analysis of the cogaltive
strategies adopted during task performence and across the different
treptment conditions., Research findings are of particuiar relevance to
the design of jobs in the moder: office envircamert where human-computer
interaction is becoming increasingly prevelent, the effective design of

man~machine systems, and to the genera. field of workload research.
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CHAPTER 1 - INT..ODUCTION

World-wide techmological ionovatioms have changed the faca of both jobs
and mecdern organisaticoms. Computers in partinulér represent en extremely
powerful force, extending mem's capacities to seemingly limitless levels
(Oborne, i985). The araas in which computer systems are being int.sodnced
are tonstantly expanding (Wang, 1989), and so the nature of work in
spheres of production, education, wedicire, engineering and soeial

spheres has altered.

The early applications of computers to meny areas wWere proven unsatis-
factory, largely because of the developers’ and designers' disregars for
the human element of the system {Wang, 1989). In racent years, enphasis
has been placed on the importamce of the stu’, of the dynamics of human-
computer intersction, Such research attempts to deal with the design of
"humen interactions with computers for effective working" and “eomputer
intersctions with humans for effective working" (bowell and Long, 1589,
p. 1515). The accent is therefore now placed upon the interactions of
the entire system: bumans, computers, the work to be performed, and the

organisation in wiaich it osccurs (Lonpg, 1989; Wang, 1989),

The impact of computsrisation upen clerical office work in particular hes
often had a negative impect, The nature of the work wmay change from
self-paced to computer-paced, the opportunity for social interacticns may
be reduced znd the amount of contrel and discretion im the planning and
axecution o©f the work may alse drop (Mumford and Banks, 1967; Obornpe,
19854 Hockev, Briger, Tettersall and Wiethoff, 198%; Yamamoto, 1985).
The crop in control over their work whick way be experieaced by clevical

staff has important conseguences. Hockey et al. {1989) cledim that
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Yeontrol (buffers) the ipdividual ageinst the effects of excessive eavi-
roneental (or job) demands™.(p. 1402). They further hypothesise that a
drop in opportunitias for control of work may serve to incresse aexperi-
ences of workloed {a phenomenon they believe to be fundamentally subjec-

tive).

The sbundance of workload resesrch serves to emphasise the importanmce of
the construct. Hockey et al. {1989) claim that workload study has im-
portant lmplications for work stress., Hancock {(198%) states that worf:load
assessment can help ergonomists to compare the efficiency of different
system designs. Kantowitz (1987} suggest: that workload may help to
provide insight inte the characteristics of different jobhs, If workload
refers to the Iinteraction hetween operator and task (Eockey et al., .1989}
than it should alsc provide information on the allocation of tasks between
hupan and computer in an adaptive computer system (Hancoek and Chignell,
1387, 1989). The seerch for optimum loading for the operator reguires
the consideration of human well-being, systems efficiency and task per-

formance (Hopkins, Parks, Rohmert, Ranlt, Soede and Schmidtka, 1979).

The present study attempts to combine all of the above e¢lements., Exam-
ining the implications of the compvterisation rf a clerical task, and the
sffacts of different lewels of personal control over work to be performed,
in terms of performance costs or geins for the organisetion, workload
costs or gains for the indiviaual. Cognitive strategies adopted by sub-
jects during tesk performance are discussed in terms of their importance
for the development of an interactive and flexibie human-computer ze-

tationship.
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CHAPTER 2 - Mantal Workisad

2,1. The definition of mental workload

Innraasingly complex technology in modern times has highlighted the im-
portance of an effective man-machine interfuce, The daveloping sophis-
ticaticn of man-machire systems has oftsi left the impression of the human
operator doing less and less woxk, The f»=t that the Jperator's nesd feor
physical ‘sxertion has been reduced, shonld not be taken es implying that
his or her worllocad hrs been redused simultuneonsly. Indeed, the range
of activities in whick mental load way be involved is expacding, The age
of information techrology has resulted in extremely dramatic changes in
tie vary nature of work (Barber, 1988), Mechanisation and sutemation have
served to emphasise the importance of meatal workload t~ productivity,
physical anc mental health (Ralsbeek, 1981). Since the practical appli-
carions of worklouw. are Bo hroad, a general met.h.od for the application

of worklead is sn essential requirement.

The evalugtion of the memtal compoment of an operators' workload is im-
portant to the design of & suitable man-machine interface (Fibiger,
Christensen, Singer & Kaufmenn, 1986). System's designers need to Lnow
the performance characteristics of both the oparator znd the machine in
erder to allocate tasks between man and machine in such a way as to
stimulate performance and productivity without overloading the opsrators
mentally (Chiles & Alluisi, 137%). Owerload occurs when a tagk demends
that an operator perfcrm beyond tbe limit of his or her rescurces (Barbar,
-1988). This definition therefore assumass that the information processing
abilitias of 2n employes are finite and limited. Hockey, Eriner,

Tattexsall and Wiethoff (198%) claim that overload can regult in a

13



stressed state, resulting in strein, or for example, a drop in performance

levals,

It is important that whenm jobs are improved by increasing their aental
content undue workload should not result (Hacker, Plazth, Richtar & Zimmer,
1978). If the resulting workload is unacceptable, the job will have to
be redeslgaed, or a mora sultsble schedule for rest and work will have
to be applied (Ralszbesk, 1573). It is indeed ironiecal as Basber ([1988)
states that incressing problems ir unemployment ars found coupled with

excessive workload demands on werkers in cextain jobs.

It would seem reasonable to assums that an optimal level of workload does
exist. Continual performance at such a level should serve to maintain
healthy functioning (Kalsheek, 1981). At aither side of this ideel how-
aver, are areaa; of both wederload and overload. Just as long periods of
physical underload may result in a loss of function, so periods of mental
undarload may impair task petformance. If information 1s presented at
too low a rate, it becomes difficult to maintain the interest and alert-
neas of the worker (Barber, 1988). Hockey et al. (198%) state thet
undericad is found together with a passive or restrained responase to ths
envirenment resulting in boredom, lack of challenge and low job ssatis-
fection., Furthermoro, a low workleed task may simply not be perfermed,
resulting in & performance decrement (furry, Jex, Lsvison end Stassen,
1579). Human beings it seems, attempt to maintain a2 certain leval of
mental activity 88 a4 norm. If this uorm is threatened, the organism may
adopt a process of load searching or load shedding (Kalsbeek, 1981).
Working in a state of overioad however, may be acceptable for short pe-
riecds of time, but will eventvally result ia exhaustion (Kalsbeck. 1981).

. At certain times a condition of overlosd mey meraly rasunlt .a & drop in

- ; 14



productivity whilst at others the conscguences could be fatal (Barbex,
1988), for example in a ecase of pilot overload. A situation of mantzl
overloazd may mean that more imminent tasks will receive the focus of at-
tention while other tasks may be time-shared (see sectiom 2.4.) or com-
pletaly ignored (Casali & Wierwillas, 1983). An overload of information
reguiring assimilation may he viewed as undesirable ip terms of onpexa-

tional effic ey znd safety (Casali & Wierwille, 1983},

Any attempt to reduce overload showld however be zareful not to remove
"elements in the task which give the individual a sense of respomsibility,
fulfilment and satisfaction. Pericds of high worklvad may contain high
intrinsic motivation which is extremely sustaining for the individual
(Rolfe, 1973}. As Jordan {1963) said:
"Unless a task presents a4 challenge to the human operater he
will not use his flexibility or his judgement, he will ..ot learn
nor will ke assume responsibility, nor will he serve effi-
clantly as a menual back-up. By designing mar-machine systems
for man to do least we also eliminete all challange from the
jeb., We wmust elarify for ocurselves what it is thet makes 8 job
a challenge to man and build in those challenges -z avery task,
activity and responsibilit~ assigned to the human operator,
Dtherwise men will npot complemeat machines but will begin to

function like a machine" (p. 165)

2.2, The measurement of mental worklead

For reascns of safety, efficiency, wage-setting and health, zeliable
measuret of mental worklosd gquantificstion are therefore essentisl

(Moray, 1982). The need for measvrement techniques has resulted in meny
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messures, test iistroments and analytical procedures, collectively termed

workioad estimation techniques (WETs} (Caeali & Wierwille, 1983}.

There is nec universally accepted definition of mentzl worklead, and neo
agread upon method of measurement {Moray, 1982). The spacific hackground
of a researcher is likely to determine his or her cholce of beth defi-
nition and ¥ET, in accordance with the spacific priorities, purposes and
vbjectives of the study (Barber, '.988). For example, those individuals
adopting a multiple resource mouel of attentionsl allecation view mentel
workicad as "the cost of performing one tesk in terms of a reduction in
the capacity to perform additional tasks, given thet the twe tasks overlap
in their resonrce demands" (Kramer, Sirevaag & Braune, 1987, p. 146).
The physiologists view mental workload as the ‘zosts™ of activity, that
is the biclogical consequances for the organism (Ettema & Zielkuis, 1971),
and so on. The sbundance of definitions which exist in tle literature,
and the wide varisty of WEIs, has precluded any azreement upon & theore-
tical model of mental Joad. The eclectic literature which axists in the
field makes it extremely difficult to establish general principles ap-

plicable to the mentil load construct (Vicente, Thormton & Morasy, 1987).

What is reguired is a method of meusurement which takes both thu human
and the task into consideration in en attempt to achieve an optimal level
of workload. Bsrber (1985) claims that no single set of WETs should be
viewed as superior, but ratber that different measures may be best suited
for different purposes. The consideration of many different technigues

at this stage should provide s more complete pleture of workload research,

Primary task measures are based upon the simple premise that ap increase

in the workload of a task will result im a corresponding drop in per-
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formance on that task (Barber, 1988}, Parformance criteria as measures
of mentas wouiload have long been recognised as inadeguate indices, Such
ipeasures merely state how weil a task demand has been met withount con-
sidering costs to ths performer. Meny of today's jobs are largely cog-
nitive in natvre, and aithough such tasks do not display any high degree
of overt action, this canmot be tak n as meaning that ne work is done.
Performance measures are only an output measure and as such can only be
viewed as an indirect index of cognitive Iunctioning (Krame: et al.,
1987). An cperator may be able to accommodste an increase it task demands
by changing his or her strategy of task completion (see section 2.4.)}.
Suck a change would not rTesult in a drop in gross performance measures
(snch as resction times or erwor retes), but could only be detected
through more subtle performance indices (Barber, 21088). Furthermore,
although & seemingly simple task is performed perfectly, it may fasl
difficult because of tiredpess, peyoffs associated with task outcomes,
aor bec:iase of the motivationsl state of the individual, Alternatively,
careful and clegr imstroctions and 8 suitable balance between speed and
accuracy mey make a seemingly difficult task easy {Moray, 1982). Per-
formance measures zlone arve therefore inadequate indices of operator load
{Enowlea, 19863), and do not allow for simple comparisons across tasks
{Barber, 19BB). Thus in addition to these measures, it is importan: to
asaess the various costs of performance to the eperater {(Rolfe & Lindsay,

1973).

Another WET which iz largely limited to overt Lady action is the vse of
observer ratings. 'The assessment of workload is ezsily contamineted by
the stress of intrusion. Intrnsion is an undesirable and artificial
change in parformance, which is attributable to the uza of a WET, its

related precedusre and/or asspciated apparatus {Casali & Wierwille, 19843,
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The intrusive nature of observer ratings can be reduced by the use of an
observer well trained in the tesk being performed, and familiar with the
workplace. The apparatus used by the cbserver include checklists, film
records and tape recordings, The mathod again assumes tha: workload can
be measured through observable activities such as body movement or speech.
The method can therefore not take account ~f mental activities which have
au sssantielly covert nature, and constitute an important parxt of mental
load (Philipp, Reiche & Kirchner, 1971; Rolfe, 1973). Rolfe (1973) states
" that the load of a task is 8 combination »f that load engendered by the
task plus the capabilities and axperience of the aperator. Workload is
therefore both objective and subjective, Hince this method is &n attempt
to objectify workload measurement, it would seem that as a technique it
is incomplete, lacking the ability to assess any type of subjective ex-

perience of workload.

Another attespt 8t objective measurement can be fousnd in the fregquent
usage of physiolopical indices of mental load. The rationale for the use
of physiolegical medsures is iargely based in the analogy often drswn
between mental and physical workload (Barber, 1988)., For the purposes
of this WET mental workload iz defined as being the esffect of largely
non~physicel behaviour which is measurable by changes in physiological
variahles. A further rationale for the use of physiological measures is
based in an information processing perspective. It is assumed that a pool
of information processing resources exists whick varies in size, In-
cressed task demands rasvlt in incrassed physislogical activities par-
ticularly of the central nervous systeir in an attempt to increase the size
of the rescurce pool, Suitsble physiologicel WETs should therefore re-

flect a ¢hange in the mental demands of © -esk (Barber, 1988).
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In such weasurement it becomes extremely important to distinguish betwean
variahle changas caused by mental and physical workload (Fibiger et al,,
1986). This difficulty in identifying mental rather than physical Iload
suggests the need for multiple physiclogical messures (Williges &
Wiarwille, 1879}, The nature of the apparatus required for physiocloglcal
megsurement lesds us to question the unobtrusive maturs of the technique,
which in turn suggests the contamination of results due tn intrusive WETs.
It is however appropriste to consider certain of these physiclogizal

measures in cloger detail.

The fregquency of hmartbeat represents a commonly nsed WET. Heart rate
is however alsc used a measure for other parameters, including oxygen
jnteke, temperature snd so on, 4s such, it acts as an integral over a
number of factor. which combine to preserve hopeostasis within the
organism (Strasser, 1881). In many memotonous working comditions, motor
activity does mot repressnt a major component of the task, and in such
ceses heart rate is pot a particularly suitable WET. Concentration and
mantal load do not necessarily serve to increass the metabolic rate, and
therefore heed anot affact heart f£requency. Periods of psychological
Stress serve to increase heart rate for only & very short duration
(Strussar, 1981}, As a measure therefore heartrate becomes particularly

difficult to interpret.

A related physiological messure is the ginms arrhythmia. The sinuns
exrhythmia is a meesure of the irregularity in the heart-rate pattern.
The heart-rate pattern of normally healthy subjects at rest is irrsgular,
and this phenomenon is termed sinus arrhythmia. Physical worklesd tends
to raise the level of the subjacts hesrt rate apd rednces the simus

arrhychmia, Increasing meutal work, for exazpple the nomber of decisions
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an individual oust mzke, diminishes the sinns arrhythmia without affect-
ing the individugl's heart.rate (Ralsbeek, 1958). Ralsheek (1984, 1968,

1973, 1981) has worked extemsively with this technique.

Most-organisms do not operate at their full capacity op & continual basis.
It has been postulsted that sinus arvhythmia zepresents the amount of
unused raserve capacity within the organism {Kalsbeek, 1973). A complete
suppression of the sinus arrhythmia would therefors indicate that there
' is po reserva capacity left unoccupied. This complete suppression has
cnly been shown for short perlods, after which sinus arrhythmia reappeaars
and subjects tend to make errors. This reserve capacity timrefore seams
to exist to cope with periods of peak load with a sudden inerease in the
amount of informetiom to be processed. It could therefore also be termad

emezgency capaclty (Kalsbeek, 1573).

Strasser (1981) has said that sinus archythmia is valid in sitvations and
tagks where the ievel of mentu]l load demanded is undefined or ¢!ffuse (as
in real-life situations). He glso suggesrs that sinus arrhyt. a seems
to indicate the degree of effort the =ubject uses to fulfil task demands,
Onze again this technigue requires further lsberatory calibration, and
presents tremendous difficulties im Iinterpretation - the most important
guestion being whet changes in heart rate actually mean. At present
therefore, the generalisebility of the technique to the workplace secems
limited. ZFurthermore t.ue intrusive nature of the tachnigue argues against

this WET's suitability in the workplace,

The measurement of adremaline excretion = 2 teschnigue of workload as-
sessment is supported by ius positive end significant correlation with

self~assessed mental workload (Fibiger st al., 1%86). Such measures are

20



complicated howevar by the fact that physicel effort as well as memtal
exertion can confound results, For this reason, variations in adrenzline
levels cannot be used as an lsolated measure of mental workloed (Fibiger
et al., 1986). A further problem with this technique is that adrenaline
measures are not continuous, a problem shared by the technique of mess-
uring catecholamines in urine (§trasser, 1981). Fibiger et al. (1986}
found catecholamines to be of use in workload assessment. Strasser ([1981)
claims them to be of possible value in determining physical or emotional
reasons for an increasead heart rate, Such measures may however differ
in the time they teke to raspond to A change in workload and in the *ime
raqu. sed for recovery after response (Hamilton, Mulder, Strasser and

Ursin, 1979).

A general problem with physiolegical WETs concerns the intrusive nature
of the apparatus required for measurement - for example the electro-
encephalogram. A wide variety of both exlwironmental and subjectire fac-
tors can result in changes in both physi::ai and mental activity, which
may in turn affect the physiological zespons. of the subject, causing
sreat diffienltiss in interpretation (Rolfe, 1973). Performaonce of any
task is accowpanied by & varilety of pexscnal and enviromment.l stressors
waking it difficult to sssociate changes in whysiclogical wariables and
the mental demands imposed by the task directiy (Barber, 1988). For all
of the reusons discussed above therefore, physiclegical measurement seems
to remain little more than a reliable source of cencomitant material
{Rolfe, 1973). Even whan multipla physiological measures are used
(Williges & Wierwiile, 1979) & complete and thorough understanding of the
task situastion may be necessary for the interpretation of results {(Relfe,

.

1973).



The possible existence of a field oi reserve mental capacity led to the

¢ elopment of & wide variety of WETs based on a dual or secondary task

method. These techniques assume sn upper limit on the ahility of the
uman operstor to gather and process informarion. As workload increases,
spare capacity decrecres until z point of overload is reached (Williges
& Wierwille, 1979). Welford (1978) has suggested that when capacity ex-
ceads demand, performance is limited by damend, but when demand exceeds
capacity, performance 1s limitad by capacity. Spar mnental capacity may
" then be viewad as the total workleed capucity of the subject and the ca-
pacity required for task performance (Williges & Wierwille, 1979). By
measuring individual's remaining spare capacity , an indication is gained
of the mental load invelved in task performance (Kelsbeek, 1968). When
no spars mental capacity remains, workload reachas & point of overload,

and the task demuands excesd the worklead capeci*y of the subject.

The basic undeﬂying assumptlon of these techniques, a constant workload
capac.ty, has been guestioned (Welford, 1968; Kahneman, 1973; Williges &
Wierwille, 1979). Navon and Gepher (1377 claim bhehavioural data demon-
strating tha variebilicy in an individual's workload capacity. An in-
crease in workload mey cause an increased level of arousal in the
individual, making new remources availeble and allow..g him or her to
perform at & lesvel higher than before (Navonm & Gopher, 1979). Capacity
should be neicther underestimated or overestimated by nsing peaks and
valleys of pesformance as & guide. It seems safer to state that the
systen "allocates not its capacity but whatever amount of resources il
finds apt st the moment to invest" (Navon & Gopher, 1579, p. 229), If
it is trus that there is a “soft upper 1imit" on mental capacity (Siegel

& Wolfe, 1869) it iz clear that meesurements can be expecied to be in
»



erroT by the same amount as the fluctuations; in the limit {Williges &

Wiexwille, 1579).

The dJual task wathod of wmeasvrement, or the use of secondary lecading
tasks, involves comparing the performance on a task when performed alcne,
to that when it is performed ir combination with enother task, The sub-
jeer is askad to perform a secondsry task at the same times as the musin
task, and this ssrves to ahsorb the spare mental capacity. If a2 task is
primary, its performance should be meintained at a set lewvel., Varying
the difficulty of either of the two tasks should only lead to a reducticn
in zecondary task performante, unless the primgry task becomss extremely
difficult and the previous performance lavel cannot be reslistically

maintained (Navon & Gopher, 1979).

The dual task methods do unfortunately possess a numbaer of manifest de-
fects, Firstly, the technique is extremely intrusive, and it often be-
comes mnclear as to whether performance decrements are due to limitations
on information processing, interforences due to the measurement tech-
nigue, or both (Lindhoim & Sisson, 1%983). A second related problem,
concerns the athical considerations of applying an intrusive techniqua.
In situations where the decrement in primary task performance could an-
donger the operator, the wmethod cannot be applied, for example in an
aeroplane cockpit., For this reason Lindholm and Sisson (1935} suggast
that the method would be baest applied in a simulation enviromment where
the subject's safety would not be comprumised. A more peneral limitstion
of the secopdary task WETs is that of ths validity of the results., It
would seem that the major part of research with this technigua has dealt
withk lgboratory or simulatiop enviromments, thus limiting evidence for

the genaralisability of the WET (Williges & Wierwille, 1579).
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The originel dnal task method developed about the hypothesis of a limited
single chamel for information processing (Welfoxd, 1959; Kalsbeak, 19568)
{see Figure 1), EKealsbask's (1968) model visualises the central informa-
tion handling systems in man as a single-channel function. The iden-
tification machanisms are where incoming signals are recognised and
codad; the choice-making mechanisms ure responsible for decisiens; moni-
toring mechanisms are responsible for cutput; and the corrective feedback
loop is responsible for accursey (Weiner, 1982). Kalsheek (1968) axguses
that the cholce-pak.ing mechanisms ere the slowest since decisions can only
be made efter an entire sequence of -informaticn has been considered, and
not every event requires that a decision be mede. This decision-making
mechanism therefore seems largely responsible for the time tsken to
process information. Pecause of the slowness of this sub-system, mental
load has often baen assessed through the manipulation of the number of

choices to be made per minute,

This hypothesis of a single processing chanmel implies that only one in-
coming =ignal can be dealt with at a time. The prediction therefore de-
veloped that two independent tasks would take the same or more time than
the simple sum of the times neaeded to perform the tasks separately
(Leplat, 1978). Data have hewever disputed this predicilon resulting in ’
two hypotheses: that the two tasks could be co-crdinated se &5 to con-
stitute one only (Kalsbeek, 1964}; or that certain opesrations necessary
te the tasks could be perfoxmed in parallel thereby saving time {Welford,
1268). The two bypotheses rest upon & similar principie, nawmely that an
inddvidnal is cepsble of performing a co-ordinating or time-sharing
process so a8 to Allow for the redistribution of those mental capacities
he or she has available. Moray (198Z) stated that if two prcecessss have

hetervgeneous contrel laws, ther having two tasks rather than cne will
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have little &ffact on performance cr workload. In an attempt fo prevent
these time-saving procdsses from occurring, the dual carsk methed as new
used, attempts to ensure that the two tasks presented are entirely inde-
pendent of each other. It may still he the case however, that the extra
load of +he secondsry task mey encourage the oparator to adopt & change
of strategy wii.ch will distort the xesults. It 5 after a”' the selection

of the most efficlent strategy that constitutes skill (Welford, 1978).

" Bleem and Damos (1985% clalm three sources of individual differences in
the performance of multiple tasks: f£irstly that performance may be limited
by the quantity of resources available for allocation to a task; second
that there may be differences In the policies used teo determine the al-
iocation of resources to tasks; and third that there may be individual

differsnces in the ability to process informetion.

The first of these three s.urces is again concermed with the notion of
residual capacity. Bleem and Damos (1955) howsver, argue the advantages
of a muitiple-~resource model, in which mental resources are qualitatively
different. ZRach resource is assigned to & specific process (for example
spatial processing as a verbal processing). If this is the care, pex-
formance on 8 primary task will not be affected by the introeduction of a
sacondary task which requires the attention of a different rasource pool.
This represents an interesting development, highlighting an inhersnt
contradiction with modern dual task methods. As stated above, more recent
research in the area specifically attempte to ensure the presentation of
two entiraly independent teske s0 a5 to avoid psrallel or sharad proc-
essiag, According to the mitiple rescurce models, this should result
in no deerement in performance, thereby providing nc workiocad Index. As

Barber (1988) states, if the two tasks draw on separate resource puols,
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the dual task method fails te provide a valid measure of the worklead
imposed by the primary task. According o the mulripie-resource models,
if twoe tasks overlap in terms of their resource demands, performance cf
tie first will reduce the capacity available to perform the second {Kramer
et al., 1987). Taazks utilisipg the same processing resources will
therefoxe be more poorly time-shared than tasks which call oa different

resource poocls (Kramexr et al., 1987) (se2e section 2.4.).

" 4s an individual becomes more skilled in the performance of a task, he
or she should be able to cope more readily with the stress of time.
Philipp et al. (1971) found subjective ravings of the dimensicns ‘stress
of time' and 'difficulity of the control task' to be positively and sig-
nificantly correlated. Difficulty does ssem to be dependent upon the
amount of time available (Philipp et al., 1971), Senders (1979) went so
far as to stata that without the dimension of time stress, a task will
not produce subjective fe.el:l.ngs. of mental load, Time styess iz & method
of measurement based on the framework of queuwing theory, that is the
probability that the server (lmman operator) will be busy when the cus-
tomer {signal or message) arrives (Meray, 1982). Queuing theory in turn
is just one of the more formal WETs (Barber, 1988). Buch measures are
applied by systams and control enginsers who are largely concermed with
the foxmal properties of the task. Since only a small propostion of tasks
can be clessified mathematically, the scope of this class of measures is

Iimited (Barber, 1988}.

The use of time stress in a WET is not however & simple mazter. As Welford
(1978) stated, the relationship betwesn speed and accuraecy appears to b=
a reciprocal one. The belgnce is likely to depend among other things,

on the cost of errors, cost of time and the benefits of corrset res;-mses,
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Increased streas due to lack of time may meraly result in the adoptisn
of a lower performance criterion by the operator. Time is spent on the
extracting of informpation to make decisions for actiom cr inaction. If
an aceuracy vegilirement is =not too high, the individua! may mot wait
sufficiently long to dcquire precise information, or may not monitor the
resuelts of the acticn (Moray, 1%82). The degree of precision reguired
therefore influences loac. Tulge {1987} found the relationship between
performance and workload to represent the classic inverted-U shape {ese
Fignre 2). He alsc found a trade-off between speed angd accuracy., In-
creased load resulted inm increased perfc]rmance until such tiwe &5 load
exceeded the individual's pr.ocessing abilities. At this time performance
dropped, and as the subject adopted a lower standard of performance,
subjective workload also decreased (Tulga, 1978). This drop in the level
of aspiration has been termed "a motivational process of coping with load,
{aimed at reducing or preventing) the onset of fatigue" (Hacker et al.,
1978, p. 1%1). Comrad (1951) suggested that speed stress is the reaction
of the individoal performing the task which results in a drop in per-
formence. This differs from load stress (for exawple dincreasing the
nueber of visual stimuli) which is a change in the nature of the task
rather than the individual, and would increase reaction time simply be-

cause of the increase in visual scanning resuired.

It seems that both performsnce and workload depend upen the inveraction
of at least four factors, namely tésk demapds, the performer's capacitiss
or abilities, tha cognitive strategics used, and the selection of an ef-
ficient stretegy when a range exists (cognitive strategies will he dealt

with again in sectien 2.5.).
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The orgatisation of strategies into schema or hierarchies serves to

rationalise work and reduce load (Hacker et al., 1978). Xalsbeek {1968)

hypothesises that as tesk Jemands increase, the individual shifts to

succesgively more simple ievels of oxganised behaviour, Teigar (13978)

als¢ hypothesises a complex system of  adjuscmants  betwean

psyciophysiological functions in respopse to task requirements. He de-
fines mental load as the cost of making such adjustments. Sperandio

(1571} sxgues that the snelysis of operative processes holds three ad-

vantages:

1, In terms of the hypothesis that the operator changss strategy to
achigve a workload lavel cowmpatible with his or her single channel
capacity limit (Ralsbeek, 1968}, the points of change of operatlve
strategiss represent a workload scale;

2, The study of thess processes demonstretes the degrees of freecdom
adopted by the individnal and the flexibility allowed by the task;

3. The chenges in stratsgy and the motivations for such changes provide
information vital to the field of human engineering.

Workload can tkerafore be viewed as & function of the operative strategy

salected.

4s has been demonstrated above, the factors which impinge wpon meatal

workload ars coplovs, togethexr maeking the construer so difficuit to de-

fins, pin-down and measure. Even factors which sppear to be on the pe-
riphery of a task can exert & dominant influence on the operator, his or
her performance, and system efficiesncy (Relfe, 1973). Factors affecting
workload include: reguirements of the task (tiwe available, rigidity in
working schedule, uniforpity of content. numbksr of alternative selutions,
guelity of data, probability of failure); anatcmical fectors (biometric

considerations, fatiguwa, organic changes}; physical surroundings (amount

wn



and layvout of workspace, thermal, mechanical, wisual and biomschanical
aspects); psvchological factors (level of skill, methods of adjustment,
personality factors, attitndes, motivation, expectancies, level of aspi-
ration); and social factors 'werking rules, aspects of the orgenieation,
social convacts, working relationships, amount of travel, leisure activ-

ities) and so on (Borg, 1%78; Fishex, 1986; Lepist, 1978; MNorxay, 1982).
The extremely hroad range of factors which impact upen mental iload makes
it clear that the sheer complexity of the construct denies any simple

solution.

Z.3. Bubjective mental werkload

Perhaps one of the simplest methods of assessing weorkload is to use 2
svbjective measuring tecl., As has been discessed above, the level of load
an individeal experiences wien performing & task is partially determined
by the subject's own particular experiences and capabilities. This serves
to highlight the fact that the mental workload nonstruct is at the very
least part subjective (Rolfe, 1973). Subiective ratings are the only
source of Iinformatior sbout the subjective impact of & task (Hart and
Staveland, 1988)., This type of weasure has been used extensively in the
assesgment of pilot and aircrew worikload ‘Cesali & Wierwille, 1983; Rolfe,
1873; Rolfe & Lindsay, 1973; Wierwille and fonnor, 1983; Williges &
Wierwille, 1579; and sc on). BSubjective opinions may be acquired through
the nse of any of & number of possible tools ipcinding: psychometrically
definred rating scales; structured gquestiomnaires; open-ended guestion-
.naires; and structured and unstructured interviews (Williges & Wierwille,
1872). The subjects themselves, using these questionpaires and rating

scales, describe gualitstively and gquantitstively the work dope in terme
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of the load imposed end the effort reguired to perform the task (Rolfe &
Lindsay, 1973). A major advantage of subjective techniques is that thay
recognise that mental workload is a human-centred rather than a rask-
centred coastruct (Vicente, Thornton & Moray, 1987). WelFford (1978} ac-
knowledges that iFf the ipdividual is given the opportunity tc comment
* spontansously upon what he or the experienced, valuable information can
be gleaned whick may lead to & desper insight into, and 2 greater undsr-
standing of task demands, operators' capacities and cognitive strategies
selacted for use. These technigques thersfore attempt to assess the sub-

jective costs of performance to the individual (Borg, 1978).

As discussed above, any relisble WET should be asmsessed in terms of its
sansitivity and its irtrusiveneas (Casali & Wierwills, 1983). A sensitive
WET is able to discriminate between different levels of mental worklead
vaelidly, it must not respond to variations ir extraneons task variables,
for example physical movement {({asall & Wierwille, 1084). & WET should
not be intrusive, that s the technigque, procedure oxr apparatvs foz
messurement should not of itself conta 1ite results by affacting an un~

desirable change in task performance (Casali & Wierwille, 1983).

In & series of experiments (Casali{ & Wierwille, 1982, 1983 and 1984;
Rahimi & Wiarwille, 1982; Wierwille ar! Connor, 19B3), subjective rating
scalas wers continually found %o “e amongst the woest highly sensitive
tachniques selected, &s well as being relatively unobtrusive to use, In
1979 Hicks and Wiarwills compared rating sceles with techniques of primary
task performance, secondary taske occlusion and physiclogical measures.
The rating scalas spacifically provided a senzitive measure of workload
and resuited in very little intrusion (Williges & Wierwille, 1979). HMany

of the subjactive rating scales in existence are concerned with the
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workload {mposed by tasks involved in the flying of an aiznraft. It has
been recommended that these scales should be adapted and used for the
assessment of worklead in more general tasks (Moray, 1982; Skipper, Rieger

& Wierwille, 1988).

The idvantages of the subjective techniques are numerous, They are ip-
axpensive, unchtrusive, ea=ily administered, readily transferable to g
wide range of tasks, convenient, require no additional herdware, and have
high intra- and inter-subject reliability {Casali & Wierwille, 1983 and
19843 Gartner & Murphy, 1976; Hicks and Wierwille, 1979; Rolfe and
ldndsay, 1973). Hockey et al. (1989) found subjective ratings to be su-
perior to performance measures and physiclogical measures. They rated
the three techniquas according to their sensitivity to changes in demand,
diagnosticity {distinguishing between sffects of different kinds of de-
mands) and their suitgbility (for use in a compuier working enviranme:t)..

Figure 3 demonstraces these ratings.

The technigues do however hold & few disadvantages. Until recently cer-
tain scale developers failed to follew rigorous psychametric procecures
during scale corsvruction (Williges & Wierwille, 1979). This flew has
however been partiully negated through the repeated demonstrations of
bath the relizbility and valieity of the techniques as discussed asove.
Subjective ratings are alse subjest to the experience of tie rater. In-
itielly a task may seew difficult, and so workload ratings will be high,
After learning however ratings of warkicad drop {Bainbridge, 1978). This
problem i5 termed adaptivity. If workload is viewed as a human-centred
rathar than g task-centred copstruct (Vicente et al., 1987), then it is
the workload experiesnced by tne individual ratusr than the workload im-

posed by the rask that shouid be emphasised. Im thi. case, amy workload
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rating should be expected to vary in accordance with such variables ss
exparience and ability across individuals, A& third problem with self-
rating technigues Is that an operator may confuse mental znd physical lead
(Hicks & Wierwille, 1979). In tasks where there is very little physical
effort exerted, this should not he the case. Furthermors, subjective
ratings may be affected by morale, satisfactian or by f2ctors on the pe-
riphery of the task such as long hours of work ox time away from home
{Rolfa, 1973), This prcblem may be difficult to overcome, but suech con-
ditions should be cortrolled for as far as is possible. Also, it is ax-
gued that an individual may simply not be aware of his or her degre= of
mental load (Williges & Wierwille, 1879), Howaver, if the rating scales
are unambignous, and ara clear in their defimitior of the worklead di-
mensions, then most individnals should have iittle difficulty in provid-
ing responses which wounld &llow for both quantificstion and comparisons
{Kolfe & Lindsay, 1973). Finally, as verbal da:a, su?jective ratings dre
limitea in that only information in short term memory or retrievable from
iong term mewory can he acéessed for report. Unretrievable information

can pot therefore be rated {Ericsson and Simen, 1%80; Damos, 1988},

The edvantages of subjective technigues do however far outwelgh the dis-
advantages =- particular'y if the researcher choosas to adopt & human-
tentred appioach to workload. The subjective technigque is often used in
conjunction with othar indices to provide g broader basis for comparisen
(h.lliges & Wierwille, 1979). 1In particular the interview methods are
used tc provide supplementary and corroborative information, since they
ere more intrusive and less refined (Willipas & Wierwille, 197%), Jax
{1888) clams tﬁat the subjective workload megsure is that msasure against
which 211 objestive technigues must be'calibrated. Rating scales should

hotrevar be viewed as central to any worklioad investipazion (Vicente et
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al., 1987), zince "if the person feels loaded and effortful, he is loaded

and effortful, whatever the behaviovral and parformance measuraes may

show" {Johannsen, Moray, Pew, Raswussen, Sanders & Wickens, 1979, p. 10%).

Gopher and Braune {1284) claim that a subjactive rating represents a
conscious judgement by the individval regerding the difficulties experi-
anced durdng task performance. It ssems relavant to consider on what

factors such a judgement is based,

Tasks used in the analysis of workiocad are generally created by re-
gsarchers and are assumed to provide a specific degree of workload vari-
gtion ip a specific direction (Conway, 1988; Hart and Rartolussi, 1984).
The sensitivity of a workload assessment technique is assessed through
its &sbility to detect the different Ievels of warkload which have been
determined a priord by the researcher (Vidulich and Tsamg, 1986), Al-
thongh the jnability of a measure to assess such a workload variation may
legd te its inecorrect rejection es a technigue, the implicaticns wmay
streteh further. Since the & priori determination of workload levels is
based on a face value analysis of the task, it is possibls that subjescts
may be responding to similer factors. A subjective assessmant may be
based on the formal properties of 2 task {Gopher and Braune, 1984), and
its insr.asing complexity rather than an introspective snalysis of work-
load. It would seem that the 'tognitive wvalidity  of the subjective

worklpad technigque requires further investigation.

As stoted above (sectjon 2. 2.} different WETs were developad in accordance
with the specific prioritles, purposes and objectives of each study
(Barbexr, 31988). The motivation for and focus of each group of tachnigues

45 therefore different., In recent years hotreverx, & prominent emphesis
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in workload research Las heen the dissociation between “ha findings of
different kinds of techniguas, S5ubjective workload measures in partie-
ular have beea compered to performance measures {Derrick, 1981;
Egeemeier, Orabtres, Zingg, Reid and Shingledecker, 1982; Vidulich and
¥Wickens, 1986; Wickens and Yeh, 1982, 1983; Yeh and Wickens, 1988). Al-
though in most cases reliesble but low correlations are found between the

two technigues {Wickens and Yah,' 1982} this iz not elvtays the case.

Gopher and Bracne {i9%84) argue that the oxiginal threst of workload re-
search wes to prediet performance. Since. subjective measures do not al-
ways correspond to behavipural weasures they should not be used (Gopher
apd Bramme, 1884&). Such a conclusion is nowever extreme, and it is untrue
to Bay that workload resegrch only cawme inte existence te predict per-
formance since the welfere and comfort of the indiwidual axperiencing the
load was also recognised as important. The different workload techniques
were originally developed from spscific and sepsrate oxientations. Since
the multi-faceted nature of worklosd was stressed, it came &8 no surprise
to researchsrs that results from the differsnt measvres did not slways
correspond. The recent stress on disscciation suggests that researchers
are assuming that the technignes under scrutinmy are testing the same el-
ements uf the workload comstruct.  The subjective rating sczles were da-
veloped to irclude the humen element not being considered by the objsctive
meesures, i.e. the techniques were spacifically develeped to be differ-

ent, and it is those ve:y differences which are now being criticised,

Derrick (1888) claims that it is clesrly more than just the chjective
. proparties of # task which ars responsible for worklead secores. As the
operator is an sssential part of the system, a system designer wast con~

sider the lozd he or she will exparisncs (Derrick, 1988). Both perform=-
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ance and subjective measures should therefore be emploved and considered
by system designars wher evaluating and selecting a system. Furthermore,
with automation often reducing the role of the humar operator to super-
vision or monitoring, measureble performance is dropping. The need for
a worklomd messure thst is independent of performance, such as g subjec-

tive rating scals, i5 therefore increasing (Vidulich, 1288},

2.4, The processing of information

In the sbove sections of this chepter, terms such as 'skill', ‘processing
resources', 'information processing' and 'cognitive strategisa’ have been
usad without further explanation. In this section, an sttempt will ba

made to clarify and expand upon these concepts,

Fundamental to any explenation of how humans think and funetion is.the
assumption that the brain is considered to be the processor of information
{Berber, 1988), that is that part of ourselves responsible for the re-

ception, analysis and response to stimull in our external environments.

Barber (1P8B) attemprs to collect sarlier theorestical modals of how humans

process information inm his extended model (see Figure 4),

At thic stage it seems relevant to deaal with ezch element of the model
in turn. The basic ceptrai processes in this model attempt to explain
how information is assimilited, a decision is taken, and this decision
scted upon (Barber, 1988). However, even Sternberg (1969) when developing
such a model was aware of the arbitrary nature of the labels assigmed to

each stage.
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The encoding stage of the model involves the receipt of a stimulus frem
the edviromment, and the represantatjon of this stimnlus internally io a
suitaeble code. The compariscen stage allows for the matching of cthis
stimulus to other similar representations which may have occurred (Bar-
bar, 1958). (The importencs of this stage lies in the fact that an in-
dividual who has been faced with a similar situation before will react
te the stimulus in & menper determined by tlie success or failure of pre-
vious such reasctions and their ovtcomes), The response selection and
exacition stages invaolve the seléctian of an sppropriate response to the
stimulus followad by the organisation and execurion of said response

(Barber, 1948).

‘The model suggests thet the information processing operaticns may be

modified by the concspts of memory and attention (Barber, 1988).

Baddelay (1982) defines memory as "the capacity for storing and retrieving
information” {p. 11}. Theorists have divided memory inte three systoms:
sensory memory, short term memory (5TM)} and long term memory {LTM)

(Baddeley, 1982}, (see Figure 3).

The sensory memory store does not deal with information in the way one
world expect. This store contains and remembers visual andé eoditory
timuii for excremely brisf periods of time, indeed less than & second
(Krechk, Crutchfield, Livson, Wilson and Parducci, 1982}, It is this form
of memory whichk ellows us to observe a film as & moving picture rather
than &s 2 serfes of still pictures. It also enables us to determine the
direction of sounds. Memory for visual stimull is termed iconic memory,

whilst memory for sounds is echoic (Baddeley, 1982).
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The STM system alluws for the temparary storage of information (Baddelay,
1982) in an uoprocessed state (Barber, 1988). 1t seems that information
in §TM is stored in an auditory code {Conrad, 1964; 1970} elthough other
codes may exist (Krech st al., 1982). The duxation of 5T is only a few
seconds, althovgh this may be increased through rehearsal {that is the
repetition of ltems in order tc keep them In STM) (Krech et al., 1982).
Tha cepacity of the STH is limited to approximately 7 items {Krech ec al.,

i982}.

Dnce zhe short time period of the 5TM is completed however, the informa-
tion will be forgotten, or will be movad on for storage in LTM. ™ALl the
kcowledge  that undexlies human cognitive abilities is stored in LTH"
(Rlatsky, 1950, p. 177}, Information in JIM is stored in & semantic code
and its capacity seems almost limitlsass (Krech et al., 1982). It is LT¥
which acecounts for our enduring memories {for periods ranging from 2

ainute to amany years) {Krach et al., 1982).

To remember information stored in LTM is not a random event., Retrieval
cues enahle us to remember mater:al which has been organised together by
aecessing the memory trace (Flezser & Tulving, 1978; Tulving, 1966)., For
example the words "first-grade veacher" in the qﬁestion Do you remember
your first grade teacher? (Baddnley, 1982; Krech et al., 1982). Ramem-
bering is therefore the active process of taking information out of LTH.
Once A memory trace is astivated it passes intw the 8TN store The con-
trel of the informatiocn-processing systen is therefore carried our by the
manipulation of the flow of infermation into and out of STM (Schneider &

Shiffrin, 1977).



The facilities of memory are available to all the stages of the
information-processing model (Figure 4). The two-way arrows in the dia-
gram represent the flow of information in terms of both storsge and re-

trieval {Barber, 1988).

Every day individuals are faced with an ovarabundesnce of stiguill from
every direction. "The psychological process of selecting from amoug the
svaileble stimuli those to which to respond” is attention (Logan, 1970,
p. 205), Barber {1988) states that attention may be "focused, divided,
shifted or voluntarily captured" (p. 26), its most important character-
istic however is its selectivity, BSelectivity of attention is necessary
hecause of the ‘imited capacity of the processing and memory systems

{Schneider & Shiffrin, 1977}.

Two groups of theorias have developed to explain this cheraecteristic.
The '£ilter' theories claim thet material thot is not attended to is
simply proavented Irom affecting the organism. In other words, tha indi-
vidual will 'switch off' all or part of a sensory receptor. However,
since an individval is capable of switching attention to a pravicusly
unattended stimulus. said stimnlos mist heve been at least partially
processed originally (Krech et el., 1982), For this reason Deutsch and
Deutsch {1963) and Norman (1968} argued thet the screening of stimnli does
not taks place until such time as & response must be made or the infor-
mation must be transferred for storage in LTM. The 'capacity’ theory
claims thet limits in processing resources force the individual to desl
with the overall pattern of stimulation but to attend more specifically
-to stimplj within that pattezr (Krech et al., 1982). Theorists therefove
now view attention zs the selective alloevation of processing resocurces

as tasks demand. It follows therefore that information which recaives
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the most attention will be processed most efficiently {Barber, 1988). A
reduction in performance which is caused by such an overload is termed g
‘selsctive-attention' deficit. There ars two kinds of ettention defi-
cits. 4 divided-attentlen deficit oceurs when it becemes necessary to
process additional stimull and as & consequence parformance deteriorates.
4 focused-attention deficit oceurs when a subject has difficulty in ig-
noring mnon-relevant inputs (2ithough he or she cen fdentify them) and
performaence drops (Schneider & Shif .rin, 1977). The attention phenomenon

therefore clearly impacts upon the flow of information processing.

All of these stages and processes make up Barber's (1988) extended modsl
of informetion processing, an attempt at explaining the sequences of
mental functions inmvelved in deeling with the wany sources of informatiem

that surround individuals,

Attention is closely linked to the concept of time-sharing. Operators
of complex systems in modern times may be faced with a nesd to co-ordinate
gnd perform an entire set of activities concurrently. This msy require
the division of attention betwseez a number of different stimuli sources.
The skill inpvolved in the co-ordination ¢f this information is termed

time~sharing (Barber, 1988).

Two theoreticael explanations for time-sharxing exist. Firstly, tasks may
be performed together continmuously, requiring a sharing of resources.
Second tasks may be performed one at a time, with & continual switching
of resources and attention from one te the other. This second hypothesis
seens to deny the possibility of the simultzneons parformante of two tasks
(Barber, 1988) and would therefore support Welford's (1982} limited

single-channel capacity theory (Kantowitz, 1%51). Allport, Anteuis and
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Reynolds (1972) supgested that two tasks may be parformed conecurrently
sad successfully if tha tasks demand different processing reguirements,
Once the two tasks both require the use of the same processing rssource,
interference occurs. It seems that practice can improve an individual's
ability to conduct simultenesus tasks., Dawmos and Wickens (1980) found
that a4 time-sharing skill can be developed with sufficient practic , and
this skill 1s pemarszlisable. It wovld seem however that interference is
always present to some extent, suggesting that the complete independence
of two tasks is never achieved (Broadbent, 1982). It would sgem tharefore
that & trading relstionship exists, whereby as one task is viewed as more
important it will zeceive a grester share of the processing resources,
to the detriment of the performsnce on the other tesk (Barber, 1988).
This trading relationship is termad the performance resouree character-

istic (Navon & Gopher, 1979; Norman & Bobrow, 1975; Wickens, 19B4).

At this stage it s:lsems important te ask the question What are preceasing
resources ? Barber (1988) claims that thay are "the mentr) stuff that
it takes tt produce efficlent, fast, error-free performance” {p. 132},
but he himself agrees that this can hardly be viewed as e complete defi-
nition. The demand for resources ir a function of the subject-task pa-
rameters (thet is the characteristics of the task, the eavironment end
the performer) and the intended leval of performance {Navon & Gopher,
1979). The information-processing systen w'll meet the resources demand
(in terms of the intended psrformance level) to the extent that reguired
resources are avallable, The level of performanca is therefore determined
by the demand for resources, or the limit on availsble resources (which-
ever iz smaller) (Navon & Gopher, 1979). 1f there is wmore than one task,
respurces batween them will be allocated in accordance with the task de-

mands gnd the subject task preferences (Navon & Gopher, 1%72). The ip-
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trodustion of & second task im 4 dual-task sitwatiop may lead to very
little change in task performance sincs the new task may draw on formerly
unnused resources (Ravon & Gophaer, 1979). Similarly, the system can reduge
the performance on ona task without bensafiting the other (Nevon & Geapher,

1979). This claim clegrly supports the multiple~rescurce modsl.

Recent theorists support this view of the differentiation of the resourcs
pool (Wickens, 1%8&; Kramex et al.,, 1987} “see section 2.2.). Wickens
{1984) for sxample felt that resources ssparated in accordence with visual
and auditory modalities, and that decision-msking resources conld be
separated from those dealing with response processing. If when performing
two tasks simultaneously, improved performance on one results in & de-
creased performance on the other, it would seem clear that the two tasks
are drawing oo the seme resource papl. Interferepce betwesn tasks can
therefore be assigred to their competiticn for resources (Navon & Gopher,
1979). Once two tasks require the services of the same resource pool,
the trading relationstip comus into play, and the allocation of respurces
depends on the priorities of the tasks in question (Barber, 1988}, With
practice the informatiocn-processing system can lesrn to divide its re-
sources efficiently. With practice for example, iwe tasks may become a
seperate and new entity, thereby optimising pexformance by minimising tha
overlap in reasources (multiple rescurce theory) or meximising the overlap

{single resource theery) {Naven and Gopher, 1579).

4.5, Skills and strategies

The ability to cime-share or trade resources can mwost definitely be de-
scribed as a skill, and it becomes relevant at this stege to discuss skill

as it relates to mencal workload in greater detail.
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Hacker et al. {1978) state .uzat the crogulation of activity occcurs at
different levelz. Mental.load can bs redaced through & transition from
the regulation to the anticiparion of stimull to be processed. Such a
tra**  ‘on requires that the individual gains eoxperience, undergoes &

)r =mir -  xperience ard acguires skill.

Every individual brings with him or her & unique combination of expari-
ence, skill and Involvement (Rolfe & Lindsay, 1972 The effort reguired
to maet spacific tesk demands will therefore vary across individuals.
Different individuale cope with the same situation in different ways

(Rolfe & Landsay, 1973).

An ipexperienced operator has a4 higher menta]l workload (Bainbridge,
1978}, He or she lacks knowledge sbout the relationship between action
and result., For this reasson he or she must comstantly cheek the effects
of gotion. The difference between the presert state and the targer stete
iz a measure of the nsad for further action ~ possibly of a corrective
natura {Bainbridge, 1978). The judgement of the difficulty of a task alse
seems to be related to experience. 3Borg, Bratfic "1 and Dornic (19731}
claim that the jvdgement of difficulty is related to:
"a confrontation of the present task wish the content of one's
long term memory storaga including both gemeral experience and
memories of similar tasks ,.. background factors such as per-
sonality traits, habit, likes and disiikes, aspirations and
expectatior levels ... one's emotioma] state, general fatigue
«.» motivetion ... the importance ocne ascribes to the task ...
enticipated success or failure ..." and so or {p. 257).
These issues have important impliceticns for training programmes, If a

task is inivially eoxtremely difficuit, the subject will begin to beliaeve



that the demands of the task are impossible to achieve. This may promp:
him or har to adopt a-lower, .more reaiily achievahle parformance criterion

(Bainbridgs, 15781,

With' any task howevar, a learning process does occur. With experience
an individual's knowladge of the task, and of vhe results of his/hex
behaviour changes. Iearning regquires . namory of previous actions or
judgements end their context (Baintridge, 1978). The individuel there-«
fore develops & ccgn:-tive schema which serves as a basis of comparison
by whieh to predict the popsible outcomes of future behavicurs or actions
(Bandura, 1977), This implies that the individual begine to anticipate
the results of kiz ox her actions, as well 85 ths need for such actioms.
The Aaevelopment of such anticipatcry abilities marks the acquisitioh of
akili. 8kill is the ability to choose the most efficient strategy for
task completion from a ramge of alternatives. Skill encompasses two
talents: the ability to recogrise a possible performance strotegy when
faced with & novel task; and the ability to refine a strategy when faced

with the opportunity te use it again (Welford, 1978).

Such slill will allow the individual to reduce “ig or her mentsl workload.
Anticipating the nesd for action means thet actions zan be planned before
they become Immediately essentis., during period, of lower workload. The
experienced worker shouli therefore be lezs immediately susceptible to
<he effeets of ircreased tesk demands {Bsiubxidge, 1978). Furthermore,
the experienced operaror should hee & knowledge of different working
methods, certain of which may aliow him cr her to increase performance
witheut inecreasing workload, that is he or she may select o working
stravegy whish I efficiont from the point of view oFf performence and

goonomics! from the point of view of worklead (Sperandic, 1971).
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Rolfe and Lindssy (1973} base their research upon three assumptions:

- all tasks impose a load, wbich variss in nathre and magnitude}

~ the satisfection of task demands requires mental and physical affory;

~ the zmpunt and nature of _this effort varies as a function of the task,
che individual's abilities, training and the desire to perform the task
well.

With experience, as tasks become familiar and the individual more skilled,

the effort required to perform a task drops and mental workload is low-

ered.

Since skill has been described as the sslsction of the most afficjent
strategy from 8 range of alternatives (Welford, 1978), it L -comes neces-
sary to ‘consider the tarm 'eognitive strategy’' in greater detuil. A
cognitive strategy can be defined as the mental method operation or
process aAdepted to perform a task. It iIs therciore cancerned with the
selection of an appropriste response to & stimmlus, problem or task £rom
amnngét a. range of alterndtives., QCertain strategias are more economical
than others (Sperandao, 1971). An individual uses more economical methods
when workload increases. When task demands ara relatively low however,
the operator can choose strategles less economical in terms of workload
but more setisfying in relation to other criteria (Sperandic, 1971j, fnr
example the need to maiptain s particuler laevel of activity (Kalsbeek,
19815, The selection of an operating strategy is thersfore an active and
adaptive ;:e.spensa to the demands of a complex task (Keimer, 1982}, This
cavert response to a task implies the brain's ability to model the world
in such a way as to asssss the possible results of actions without re-

quiring actual performance (Craik, 1933; Welford, 1578,
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Welford (197%) went so far as to divide strategies into three types:

1, Perceptual coding and woter progremming.
Coding and sequencing serve to improve speed of performance in such
an example as verbal material, where letters become words, words sen~
tences, and se on. Thess strategies aliow for the imposition of an
existing schema upon incoming data so as to save time. Lhen this
schems is not a precise match for the data "we tend to see what we
expect to see rather than what is there” (Welford, 1978, p. 137},

2, Procedurss of search.
The way in which an individual uses search procedures in cases re-
quiring fault~finding or choice~making, is extremely iuportant to the
time taken to perform a task. Under stress conditiors, attention is
concentrated on the centre of a4 string of informaticn, rether than on
the periphery a5 an sttempt to shed loed (Welforxd, 1978).

3. BLifts of bhalanca.
lera the balance is shifted between two aspects wf performance. For
example, the relationship between speed and accuracy discussed in de-
tail sbova,

The precise strategy selected to perform a task gpenerally represents a

synthesis of existing strategies which alone are insufficient for suc-

eesaful task completion (Welford, 1878).

2.6. Chapter Summary

The range of gctivities exsrting mental load vpon an individual, instead
of ¢tredivienal physical load, is constantly increasing. In order to
maintain healthy functioning, it is important that an optimal level of
mental load should be identified., This chapter dealt with the mental

workload construet, {ts definivion and wmeasurement. Particulsr emphasis
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was placed upon subjective techniques of workload analysis, sinne they
are of relevance to the study in question, Elements of the .uman infor-
mation processing system, time-sharing dhilities, processing raaoﬁrces,

learning, and cognitive skills and strategies were also discussed,
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CHAPTER 3 - Tasks

3.1. Tasks, task strugture and task taxenomies

¥hztever measurement tuchnique a workload inmvaestigator may adopt, he or
she will require subjects to perform a particular tesk in order to assess
workiocad imposed, For this reason, this chapter will be devoted to the

discussion of the importamt concept of task.

The initial step is to define 'task'. 4s with worklead, researchers in
the fleld of task analysis find it diffieult to agree upor & definition
of the concept., Task definitions vary greatly and range from definitions
of an entire situatien to that of a specific performance (Flaishman,
1975). Examples of these definitions include "z complex situation capable
of eliciting soal directed behaviour” (Farina asd WYheaton, 1871, p. 10);
Yg problem, assigmnment, or stimulus-complex to which the individual or
group rTesponds by performing various overt aad covert operations”
{Thibavt apd Xelly, 1959, p. 150); or "any set of activities occurring
at about the same time, sharing some common purpose that is recognised
by the task performer (Miller, 1566, p. 11). Companion and Corssc (1982}
discuss two problems with the definition of task. Firstly, the level at
which & task is analysed may produce these diserepancies, "what is defined
a3 the task in one situation may be a subtask in another anmalysis " (p.
461}. Second, which individual is defining tke task could influence the
findings, ‘Tha task performer may percsive the task differently to a
systems analyst who is merely cbserving the subigct (Companion and Cerse,
1282), It would seem that a number of factors have a role teo play in
complicating the definition of task. What is required is a standardisad

system and level of tesk anslysis so gs to further the study of tasks.



The stundy of tesk is essential to any complete undsrstanding of the
functioning of the man-machine system. Such a'system represents & complex
interaction of the individual, the machine end its environment and the
task. The analysis of task should therefore be viewad =25 a tool of the
ergonomist, allowing for a comparison bstween the demands placed upon the
cperatar, end the capshilities cf that oparator to deal with them (Drury,
1983). The rasult of an analysis should be a description of the functions
and tasks of the system in terms of the system's purpose and their sig-
nificance to the workspace environments supporting human-machine inter-
astion (Fisher, 1986). Task analysis therefore provides in-depth
information on task performence rpguirements, componrents ard constraints
versus human performance capebilities and limitetions (Hopkins, Parks,

Rolmert, Soede and Schmidtke, 1979).

Sternberg's (1979) discussion on the nature of mental abilities hreaks
down a task into four levels: the composite task; the sub-tasks; the
informstion-prosessing CONPORents | and information-processing
metacompenents. The lavel of the composite task deals with the complete
task as viswed by the subject required to perform it (Sternberg, 1879).
Subtasks are a division of the composite task., They require the use of
a subset of the informatlen-processing components involved in task per-
formance (Stermberg, 1979), Analysis at the level of the information-
processing commnnent is concerned with Information-processing in terms
of the dintarnal representation of stimuli (Newell & Simen, 1972). Com-
ponents may be general (G- for performance on all fasks in a gilven uni-
verse); class (G-for classes of tesks)) or specific (8- for single specific
tasks (Bternberg, 1977). The apalysis of compunents provides: a detziled
specification of task performance; a framework for analysing individual

differences within and between grour.' md a framework for investigating
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botk the structure a2nd content of mental abilities {Sternberg, 1979).
The level of irnformation-procassing metacomponents deals with
setacogiition, that is the comtrel of anp individual over his or her owm
cognitive processes {Brown & De Leache, 1978}, The metsccomponents are
responsible for the determination of which components, representations
or strategies will be used and at what rate they will be epplied to solve

varions problems (Sternbezg, 1979).

" Stermberg's theory therefore attempts to explain the structure of mental
abilities end provide a basis for task selection in accordance with this
atructure. In line with this he crganises tasks in a bierarchical format
{see Tigure &), Tasks are arranged in ascending order of complexity, with
tasks on the same level belaug of a similar complexity but including 4if-
ferent classes of information-processing components. Sternberg {1979)
than uses this structural theory of tesks as the basis of his content

theory of mental abilitlies.

It would seem that the fields of research requiring the performance of
tasks is outnumbered orly by the wide varisty of tasks in existence.
Fleishman (1375} claims that & major difficalty is the lack of a task
classifying system whish would allew for improved genaralisations and
p12dictions about how a wide variety of facters affect human performance
on different tasks. Drury {1983) definas tasks as the smallest units of
behaviour needing to be differemtiated to solve a probler, The classi-
fication and growping of these tasks into . framework determined by tesk
analysis is knowm as a task taxonomy (Comperiom & Corso, 1982). Such a
system of classification is a means of increasing wur shility to interpret
or pradict human performance (Cotterman, 1953). Such a classification

seeks relationshipe between the tasks and wariahles of intarest to the
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researcher (for example training programmes) (Fleishman, 1975). Compan-
ion and Corse (1977, 1982) .discuss a number of criteria which appear to
be necessary if the taxonomy is to prove effective:
~ a task taxcnomy should by definition simplify the
description of the tasks in the system;
- it should he generalisable;
~ it should employ terms meaningful to its users;
- it must be complets and consistent within itself;
- it muost b compatible with the system or theory to which
it will be applied;
- it sheould provide some basis for the establishment or prediction of
performance;
~ it must have practical utility;
= it must be cost-effective;
- it must provide a framework for the integration af
empirical data;
- it should account for the intersctions between task
properties and operator performance;

= it sheuld be applicable to all levels of the system.

In order tc be slotted lnvo a taxonomy, a4 task requires classification.
4 mumber of general classification technigues .xist, with different areas

of focus.

i. Behaviour description spproach. This a',.roach categorisss and
classifies tasks on the basis of cobservations and descriptions of
tha operator’'s behaviour during performance. The technique is
therefore Iargely concerned with overt responses as a method of de-

fining the task (Companion & Corsc, 1982; Fleishman, 1975),
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ii. Behaviour reguirement spproach. Here a task is described in

terme of the behaviours that are assumed to be necassary for suc-
cessful performance {Hackman, 1969; McGrath & Altman, 196€).
Behaviour refers to the operator's activities. 4 criticism which -
seaws relavant to both of the above approaches hinges or the concern
with overt bhehaviours. Operators whe perform similar tasks may use
different behavioural responses, and similarly, operators performing

different taske may behave in the same wey (Companion & Coxso, 1982},

iii, Ability requirements spproach. Tasks are described, contrasted

and compared in terms of the abilities a tack reguires of an operator
(Fleishman, 1978). Abilities are defined &s relatively enduring
aitributes of the individual (Fleishwan, 1972, 19875, 1978). Tasks
can therafore be analysed according to an ’ability profile' which
outlines the amounts and kinds of abilities required for task per-
formance {Companion & Coxso, 1982). This approach axploits the ex-
istence of individual differences in abilities so as to gain insight
about processes common to the performance of different groups of
tasks (Fleishman, 1975). TFleishman's (1975) studies with the abil-
ity approach have attempted to bridge the gap in deseribing labora-
tory end real-walarld tasks within the same framework. As Companion
and Gorso (1982) peint out, the development of an abilities taxonamy
i= no simple process. The range of human abilities iz extremely
diverse. Furthermors, abilities may not be -mutually axclusiva
tharsfore making the establishment ¢f a basic taxonomy extremely

difficunlt.

sv. Task characteristics or the task gua task approach. BHere the

stimuli to be precessed are identified. These stimnli ara the
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physical characteristics or gemeral properties of the tagk (MeGrath
& Altman, 196&; Raoby & Janzatta, 1958), but may inclede motivational
and instructiopal stimuli (Backman, 1969). The undarlying assump-
tion is that tasks can be described and differentiated in terms of
thelr Intrinsic and cobjective properties (Fleishman, 1975},
Fleishman conceived of a task as having several components, which
were treated as categories within which to define task charactar-
istics. Figure 7 demonstrates the relationcuip between task, task
componsnts and task characteristies. The problem of this final ap-
proach however is the great difficulty in ldentifying every stimulus
present in the task (Companion & Corso, 1982; Hackman, 1969; McGrath

& Altman, 1966).

Pleishman (1972, 1575, 197B) has davoted his energies to establishing a
relationship between the ability and tmsk characteristic spproaches.
Studies have demomstrated that patterns of abilities ralated.ta success-
ful performance may change as specific task characteristics are manipu~
lated systematically (Fleishman, 1975, 1978). A taxonomy which links
ability and task characteristics may provide & useful framework for the

organisation and definition of a wide rangs of tasks (Fleishman, 1975}.

Peterson and Bownas {1982) discuss two pyoblems facing the development
and linking of task and ebility texonomies, Firstly, it is extremely
diffieult to identify taxonomies of tasks and abilivies that are beth
generally applicable and yet precise enough to allow for some form of
diagnostic evaluation. Once the definitions of classes become suffi-
ciently general toc apply faiﬂy widely, they face the dapnger of vagueness,
making it difficult zo link task and ability reliably. The second problem

is a procedural one. Pererson and Bownas {1082} argue that no streng 2
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priori basis for the classification of ths constructs exists. The nature
and contents of task and ability texenomies will be largely determined
by the tasks being considered, which may result in the dev..opment of a
slanted or incomplate taxomomy. Finally, task and ability taxonomies have
developed from two entirely different data sources, making it sometimes

difficult to reiate them.

For these reasons Peterson and Bownas (1%82) suggest & three step
programme to ensure an ongoing construct validation process. Firstly,

tasks and abilities must be combined and reduced Into independent classes.
Second, valid proficiency weasures should be taken in each of these
classes. TFinally, empirical linkages muet be established between the two
taxcnomles, thereby determining the rules covering the contributions of
abilities to task performance. A taxonomy developed in accordance with
these steps should prove o be a powarful diagnostic tool (Peterson &

Bownas, 19827},

Eason znd Damodaran (1981) discuss tasks a&s having two Important charac-
teristics: informetion and structure. The successful completion of a task
#1 ,J4ires trat the necessary relevant information should be freely avail-
able to the subject. Incomple’'e or imcorrect infermatior will prevent
an individual from performing at an optimal level, that iz task parform-
ance will be information or data-limited {Navon & Gopher, 1979). Task
gtructure as explained by Simon (1960), is a measure of predictability
of the performance wmetaod., Taskse may therefors all be situsted on a
continuum from completely strustured (where goals, methods, sequences and
timing are specified) to unstructured (where no task parametere are

specified) (Bimon, 12603).
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An unstructured task is often callad for in cases where the task performer
must deal with changing informetion, Such a situvation regquired adapt-
gbility of working operatiens. Usually bowever, tasks ars relativaly
structured, particulerly in the organisational context (Eason &
Damodarsn, 1981,. Hare, siructure is often placed upon sn employex's job
by his or her svperior, teclmology (for example production lines or im-
formation systems} and him ox herself (frequent repetition in a Job tends

te be habit forming) (Eason & Damodaren, 15813,

An ipte = -ting relationship exists betwesn the .ructure of & task and
the information nseds of the performer (partiewlariy in terms of infor-
metion technology as discussed in the following chapter), Whilst a
stroctured task will always heve similar information needs, an unstrue-
tured task will demand more flexibility of informstion (Eason & Damodaran,
1981). This relarionship is clearly demonstrated in Figure &. {This

figure should alsc be consid -ed on reading chapter 4).

For computer system designers, task analysis should provide a useful
source of information about the man-machine Jnterface (Johnson and
Johnson, 1989) and readuce the need for them te rely on thair own common
sense and experience (Hamwond, Jorgenson, Maclesn, Barmard and Long,
1983; Hannigsn skd Herring, 1987).
"The cost/benefit ralationship must be considered, b twaen
building the interface following an Iinformed and principled
approach versus bullding an interface in en unpripcipled manner
and then constantly updating and modifying it to achiesve user
satisfaction” (Johnsor and Johnsom, 198%, p. 1446},
Task a:nalys'is can therefore be usad o ddentify n~roblems, difficulties

and procedures which will contribute in user-interface design (Walsh, Lim
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and Iong, 19689). Furthermore, task analytic methods seenm capabie of
predicting the workload which will be experienced by the systems operator

after system developmant gunite gccurately (Wierwille, 1988).

3.2. Task anslysis and mental workilocad.

The concep:s of task and mental worklosd are inextricably linked. Hopkin
et al. (1979) dafine workload in terms of task: "Workicad iz comsidered
te be & function of 2 collective assortment of tesks, and of detailled task
componerts and features &3 well as parsonal variubles that together, da-
fipe and contrast task demand versus the ability to perform, and in turn
contribute to overall system performance” (p. 470), All WETs reguire
subjects to perform a particular task in order to be abla to assess
workload imposed by the task and/or experienced by the operstor. How then

should a ressarcher gu abou! selecting a task ?

Sternberg {1979) discasses the two traditicnal me:hods nf task selection.
Firstly, the researcher may simply adept tasks tha: have previously baen
used. Ju this way there is no independent justificition of the task se-
lectad, and the responsibility for selection is plaved on previous re-
searchers. The second method is to select a task on the basis of its
correlation with other taske. The problem is that the twe tasks should
not correlate toc perfectly (or there will be no variatien in verisbles
measured, resuylting in 4 npifactor theory) or too poorly (where there will
be no ovarlap at all), An "intermedisted degree" of correletion is
therefore called for which seems to be extremely diffiecult to specify
{Sternberg, 1979}, ‘The problems with these methods led Stermbarg and
'I‘ul'ving {1977) to propose four task propertiss, which should be identified

before the application of the task in research:



= the quantifiabllity of a task stresses the need for a task te bhe meas~

"wrable, for exaempla through reaction time or arror rate measures;

- the reliability of the task is concerned with the internal comsistency
of such quantification}

- the construst validity of the task requires that the task be designed
cn the basis of a chosen theory rather then a post hoc theory beoing
developed from research findings; _

- empirical validity ensures that the task measures those corstructs it
claims to.

The aim of these oriteria is to ensurs the existence of specifi.c negs -

urement propertizs in a task, bsfore an assessment is made of its psy-

chological properties {Sternberg & Tnlving, 1977).

Researchers in the field of worklead rest their measures of task per-
formance on two assnmptlons (Conway, 1988). Firstly that the task does
present subjects with varying degrees of workload, and second that the
workload varies in the degree and direction pradicted by the resesrcher.
If this is not the case then research results may incorrectly point tc a
nop-existont flaw in a WET (Conway, 1988}, The problem i1s thersfore one
of ressarchers imposing their expectatioms upsh & situstion. If the ex-
pectad result it nor achieved, rather than alter a modal or theory, it
is the WET which is viewed to be at feult, This imposition of a "correst
ontcome” denies the importance of individual differences to any fiald aof
cognitive research. Brooks (1977) placed a great deal of emphasis eon the
deseription and explanation of individual behavisur, Rather than first
developing an abstract modsl which wovld ncc explain Individual casea,
an extremely general model was Jduscribed which conld be adapted to explain
tbserved ipdividuel difierer.us In behaviour on & post hoc basis. This

is exactly the mathod of *heory development criticised by Sternberg (1979
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- see above) and yet it prevents the imposition by a researcher of his

or her personel biss in eaplaining results.

It is also true to say thst a valid task taxonmomy would be of use to
workload research. If tasks are classified according to their charac-
teristics (Fleishman, 1975) or the processes or yesovurces they tap
{Sterntearg, 1979) it should simplify the selection of an appropriate WET.
As Barber (1988) states "there is no primacy of one set of methods over
another, though it remsins of intersst to ask about which is best suited
For wl;ich purpese, and what inlte:rralations exist between different meas-
ures, to provide a rounded picture of performance” (p. 103). Whether a
task is chosen before or after & WET is determined by the purpose and
faocus of the study. A task-centred study will be concerned with the stody
of the task par se, whersas in a workload study, the task is the means
of testing a WET rather than am end in itself. Whatever the purpose of
the study, the relevance of tasks ian the field of workload should not be

underestimatad,

3.3. Chapter Summary

Like mental workload the construct 'task' bas presented researchers with
difficulties of definition., The grestest problem seems to be the level
at which the rezearcher chooses to deal with the constiuct, be that global
or extremely spacific, This chaprer described the characteristies of task
classification technigques ss wall as the task taxonomies they can give
rise to. Task was discussed in terms of the elements of information and
stracture. Finally, the relsvance of task and the importance of task

selection were dealt with in terms of workload study.



CHAPTER 4 -~ Human-Compeuter lnteraction

#.1. The impacts of new technology

No-one can deny the rapid changes in the complexitiss of modern technology
over the past few decades.

"The acceleration in the pace of technological innovation in-

sugurated by the Industrial Revolution has until racently ze~

sulted mzinly in the displacement of human muscle powar frem

the tasks of prriduction. The cllrren.t; revelution in computer

technology 4s causing an equally momentous social change: the

expansion of informatlon gsthering snd informetion processing

as computers axtend the reach of tho human brain" (Ginszberg,

1g82, p. 39},
The impact of the computar revolution has extreme.y far reaching comse-
quences, chenging tha very nature of work and therefore skills required,
shifting balances of organisational power, affacting the sase of gaining
and the sscurity of informetion, the privacy of employees and even
regching into suech areas as leisure time, It is quite clesar therefore
that computers hkave had a considerable impact upon all our lives and it
would seem that this trend is to continue (Oborne. 1985). Histordcally
however, the technological boom has not besn slow In arriving, placing a
wide variety of stresses upon humans, beings that are not famous for their
skills at adaptation., Amongst more comservative individuals therefore
it is not surprising that thase technological changes have been met by

resistance end suxiety (Nborme, 1985},

Perhaps the major and indeed most often discussed fear relates to the

igsue of unemployment. Logsdon (1980) defines antomation as the "auto-
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matically controlled cperation of an apparatis, process or system by me~
chanical or electronic dewices that take the place of human organs of
observation, effort snd decision" (p. 259}. Such & definition iz bound
to instll fesr in itg readers by stressing the value of technology in
replacing human eaaploysss. Silvey (in Logsdon, 1280) describes the
process of sutomation more fully., When engaged in work, man usss skills,
senses aAnd decision-msking abilities. Automation replaces: man's phys-
izal strength with machinexy; perceptive senses and personal control with
instrumentation and automatic adjuostments; and our decision-meking and
memory function throughk the computer. He therefore claims that automation
not only raplaces but improves upen the physical and psycholeglcal ca-

pacities of the average esmployee.

The major motivation for the introduction of suteomatlon is often siconomic.
Technology, when utilised effectively, can improve productivity and
elimingte jobs (Gotlieb and Borodin, 1873). Indeed, a properly equipped
computer can duplicate and often improve upon many of the physical and
metital abilities of an employes {Logsdon, 1580), saving libouz aod thereby
cutting costs. "When an acecounting system iz mechanised, fewer clerks
and boolkeepers are needed, else there world be no economic motivation
fcr mechanising” (Simon, 1577, p. 1186). A very real fear theraforé doss
seen to persist that machines will zeplace a great desl of the workforce

{Gotliedb and Borodin, 15973).

Suck an attitude towards the intzodvetion of computers caa only be viewed
s negative, encoursging dissatisfaction =apd tension amongst the
workforece. Mills (1985) claims that it is the attitade of the people who
dasien, work with, live with and consume information technslogy chat will

deternine the sueccess or fallure of that technelogy in society. Since
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the phenomenon of computerisarion seems set to stay, a more positive ap-
proach te automation should be encouraged. Oboxne {(1985) claims that
computers zllow us to improve upen man's limited capacity in areas of
memory, decision-making and perception. They are therefore tools with
which to axtend our abjilities (Oborne, 1985). A more positive attitwdie
to computers would emphasise the need for the upgrading eof skills of ex-
isting employees so0 as to be able to interact with the machine effec-
tively. However Ernst {1982) claims that effor‘s to retrain displacad
workers have a poor record. Education is a social probiem, ard reform
i5 needed to encourage the development of eppropriate skills svern in the

younger genarations (Ernst, 1982).

Ralston and Meek (1575) suggest that chenges in skill requirements depend
upon the nature of the work iuvalved, certain operations requiring in-
creased 5kills and othars less skill than previously. Where it is nec-
assary however, companies must develep ‘the skills of their workers thereby
preventing displacement or the downgrading of jobs {Smich, 1984). The
organisdtion's commitment to both its staff and the computer system cah
be assessad through the preparation and training of emplovees to make tha
necessary changes. Training should allow Individuals to extend their
skills und become copfidant and capable of dealing with the system (Smitl,
1984), 'Tha structurs of the organisation, nature and quality of manage-
mant and supervision apd the manner in which nes technology is introduced
will all exer: ap important influence on the attitudes of emplovees to
the chenge (Gotlieb and Borodin, 1973), The intention behind technolog-
ical change is to affect the organisation in some way, that is, an impact
upon the organisstion and its workforce is not only inevitable but also
essential (Oborne, 1985)., It is extremely imporuent for the successful

introduction of & computer system, and for thke enhancement of worker

L] ) 68



gatlsfaction and performance, that organisations should make use of a
transition policy allowing worker participation in a1l stages of the ip-

plementation (Smith, 1984).

It is essential therefore that an organisation should cousult and discuss
implementation, if not with employeas personally, with their represen-
tatives. Technological change has had an Important impact upen collactive
bargaining., Iesues for negotiation have been extended to areas of job
gecurity and working conditions (Gotlisdb and Borodin, 1973). The Trade
Union Cowncil in Great Britain has identified seven wmindomm safeguards
that union representatives should secure for their mambers. These in-
clude:

- g detgiled timatgble for the changes, well in advance of the introdue-

tiong;
- measures to adapt workars to the chamges, eiming at minimising threats

to worker's Lecurity end status;

adequate facilities for retraining;

~ protection of egrnings and Incentives for workers to gain support for
chenges; :

« close consultation with union representatives at all steges (Nurphy,

19686),

Gotlieb and Borodin (1973) claim that studies on the impact of computers
return again axd agein to the gquestion of the antitude of employwes to
the changes. It is essentizl therefore that management does prepare em-
ployees before the arvival of the compuvers. Feasrs must be dealt with
and ovarcoms, Since fears influence gttitudes. A resistant attitude will

benefit neither the amployee nor the orgenisation in the long-term.
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Oborne (1985) describes the computer and its ussr gs & closed-loop systenm,
with each onrly being sble to perform to the level ailowed by the other.
Each compnter user is characterised by & number of varjables which will
ir »rn determine his or her regnirements of a computer system. Each nser
has four kinds of requirements: task requirements (for example for inm-
formation); support needs; expectatioms; and psychological needs {for
exampla for suteomomy, pay &nd se on) (Eason and Damodaran, 1281). If a
computer system does not meet these requirements. the phenomenon is re-
ferred to as a user-system mismatch. The most extreme response to such
2 mismatch is that individuals will simply stop making use of the system
altogether ~ cleerly not a desirable situation. A less extreme response
would be that individuals wiil artempt to change their use of the system,

for example getting another person to use the system for them, or by
dttempting to make shortcuts and thereby abesing the system {Eason and
Damodaran, 1981). The employee may however attempt to modify his or her
task to meat the provisicns of the computer system, Sackman (1974) refers
to this as 'computer tummel visfon' since the task is intexpreted to fit
the system rathaer than the system being applied to fir the task, However
employees choose to deal with it, & user~system mismatch does not allow
for the realisation of the full potanrial of a system. It may cause extra
work, deprive a job of maaning! and result in toe alienation of employees
(Eason and [amodaran, 1981}, The most effectiva way of avoeiding suvch a
mismatch is to include employees in the design and implementation of a
new system - thareby snsuring that the system is not only capable of
performing the specific task at hand, but also meets the regquirements and

expactations of those individuals who will uwse it.

Attitudes to computers colouwr au individual's response to the technology

in many ways. As Eason and Damodaran (19B1) state, a2 negative altitude
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to the system will turn even minor probiems into major cbztacles, whilst
e positive attitude should have the opposite effect. Brune (1978) az-
tempted to assess public attitudes towards computers, and found five major
fears: unemplovment; &rrors; depersonalisation; privecy; and the security
of information. Ermst (1982) explains how much consumer protection leg-
islation has grown out of & concern for the vulnersbility of individuals
resulting from the mechanisation of financial I‘mstitetions. It is
doubtfnl whether such legisiation will ever displace all fears of fraud,
theft and invasion of privacy. In 1981, Smith described three constructs
relating to attitudes towards computers. These were:

- apprehension over computers: this negative construct was based in con-
cerns over the cffects of computers en the individual's self image,
opportunities for advancement and privacy;

- supariority apnd threat of computers: again negative, this was concarned
with fears for the worker's futura, loss of freedom and so on;

- acceptance of computers: this positive construct emphasised the posi-

tive uses of computers in enhhoneing individual's lives.

bborne (1985) suggests that surveys such as Smith's (1981) highiight the
exiztence of a positive to negative contimum of public attitudes towards
computers. A more negative atvitude seems mnre likely to exisc amongst
individuals whe are very :ar;ely, if ever, come jintc contast with comput-
ers. Positive atvitudes are wery frequent smongs:t ragular computer Users

whe stress the benefits of the technology to humanity (Okorne, 1985).

the impact of technoology upon both the individwal and the orgunisation
iz often varied and far reaching. Sueh impacts often tend ro be largely
evolutonary, manifesting themselves over time {Denziger, 15B5). ¥Faor he

organisation too, the iptroduction of computerisation has led to many
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changes ~ particularly in the size, distribution and mobility of the
workforcs (see Figure 9). Rothman and Mosmann (1976) cleim "in part, the
natural tendency for growth has led to the Increased use of computers,

and in part the increased use of computers has led to growth,”

Danziger and Krmer’s (1986) study supports thedr bhypotkesis that the
impacts of computers will vary according to the personal charscteristics
of the end user. ("4in end-user is ... any person who uses a computer ox
its products in the parformance of his or her functional activities,"
Danziger and Kramer, 1984, p. 1-2). This would suggest that computer
systems should not be designed arcund groups of people, but individuals,
stressing the nead for flexible systems cepable of adapting to the spe-

clfic reguirement of individual emplo s,

S8mith (1984) claims that techmneological change has often had the effect
of reducing the amount of physical work, :Lu;:rea.sing the repetitive na%ture
of tasks and reducing the smount of thought necessary for task completion.
"Specialisaticn that involves nothing moxe then routine repetitive tasks
diminishes the worker by deﬁriving him of intellectval challenge and
decision-making respensibility" (Ginzberg, 1982, p. 39). It has besn
suggestad that gutomation will have the largest negative influence upon
work which had very little content to begin with. Boredom will develop
if such work is split even further (Smith, 1984). Furthermere, many
processes require greater attentiveness and vigillance from employees,
theraby limiting oppertunities for secialisation with other wozkers.
Erost (1982) srates that many mechanised systems tend to isolate indi-
vidual workers and presk up normal socizl petterms. La Rocco, House and
French (1930) suggest that the soci?l support of co-workers is an impor~

tant buffer in controlling the health conseguences of stress at work.
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It would seem essential therefore tkat opportunities for soeial inter-
action should be ephanced, if not during workimg hours, in rest perlods

(Smith, 19843,

Wilensky {1972} suggests that methods do exist to help overcome loredom
or monotony introduced by automaticn in the workplace. Employers cam
redesign work and its anvironment so as to allow greater variability in
the work to be pexformed end enlarge the scope of the job specificatien.
Second, employee benafits can ba incresgsed, and f£inally, compensating
laisure activities can be develened, In the 1960's the issue of availsble
free time was discussed in depth. Both W:‘.]ailsky {1964} and De Grazia
(1562) felt that free time would be increasad amongst ths lower
organisational levels, while managerial positions would be faced with
extensions in working hours. Kaplan (19638) felt that the question was
one which would demand great attemtion from labour uniens. Twenty to
- thirty years later however, no sizanificantly noticeable iIncresses in

ledisure time for emplovees have developed.

New technology should be used to remove routine, tediouns and error-prome
tasks from computer users, Human judgement can then be applied to more
critical areas of decision-making (Shnaeiderman, 1984), This is unfortu-
nately not always the case. The new technolopgies should be aimed at im-
proving the guality of work te be performed by human operators, thereby
promoting meaningful worxk {Smith, Cohen, Stammerjohn amd Happ, 1981).
Computexs should therefore be used in increasing the amount of discration
in the employee's work. 4n individeal with a high degres of discration
will have the freedom to decide how to approach his or her own work,
{Eason snd Damodaran, 1581) a privilege mot often available to the averapge

epployse. Furthermore, as COborne {1985) states, compurers should en-
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courage "new ways of thinking" allowing better, not simply faster, work

to be performed.

4.2, The impast of computing upen clerical Wnrke:s

"The kind of work that is bemefiting most from new technology
today ... ‘is above al] the processing of an intangible com-
modity: dinforumeticn ... 'The chanpes can be expected to pro-
foundly alter the nature of the priwary locus of Information
work: the office" (Giunliano, 1982, p. 124},
The arez of focus of the present study is upon the experienced workload
of clexical-type employees. It is cleex that the very nature of the of-
fice in which Individuals are empioyed has been altered by the intraduc-
tion of integrated and automated systems (Ellis and Nutt, 1980, The
changing nature of office work has made the traditional definition of
productivity (l.e. irput/output) seem rather simplistic. The integrated
office is cheracterised by & flow of informetion from and to the employee
{Oborne, 1985). Strassmann {1982) suggests that productivity in the of-
fice enviromment should be concerned with the empioyee's ability to deal
with infeormgtlon in an everchanging environment, and to make appropriate
choices from e variety of options., 45 stated shove (see Section 4.1.},
it has bean suggested that awtomation will have the greatest negative
impact upon work which had very li‘c'cle conteat %o begin with (Smith,
1984). Clerical workers traditionally perform highly routinised and
rule-following tasks which grant them little discretion (Danziger and
Kramer, 1986), thereby being placed in a high risk grouvp acecording to

Smith (1983).



The large-scale introduction of computers into clerical-type work, was a
e result of thelr swpitability for rapid and accurate data-handling.
Computers could therefore help te cut down on large numbers of clerical
staff, dimprove accuracy and groductivity. It is clear that
computerisation covld facilitate such work which Is highly routinised and
deals with the entry, retrieval and updating of yxacords (Danziger and
Kramer, 19B6). Many of the early stndies in this arca assumad A negative
reaction from clerical workers, based on fears of unemployment and anxiety
over tha compler - ri~id technology (see for oxample Braverman, 1974;
Marenko, 1%66; Mumrord end Banks, 196}‘).. Eliznr (1870) found that cler-
ical employees felt that their work had been morse varieo, responsible and
productive before the introduction of a computer system. Mamn and
Killiams (1962) and Whisler {IBTC}I} found preatsr pressure to meet dead-
lines, reduced job satisfaction and grcater anxiety amongst thel: cler-
ical subjects after the introduction of & computer system. Johansson
(1984) suggests that negative nxpariences of boredom, coercion, msntal
strain and social fieslation are .spraading to include white collar jobs
{eee Gardell, 1982). The new technology is in danger of creating highly
repetitive tasks requiring little skill and allowing for little social
interaction, problems which had previously been associated with
mechaniszed mass production. Evidence suggests that in certaln situations
the new technology will incresase the stres ass of the work routine

{Johansson, 1984},

A further problem hes been identified by several studies (Elizur, 1970;
Shepard, 1571). Clerical workers it seems often feel that computerisation
hss reduced their chances of promoticn. Many steps in the pramotinnal
ladder have been eradicated by antopation. .I-‘urthermre, empioyment at

higher levels has become based on technical krewledge and traiging, not
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svailable to the lower echelons, and no longer upen work experience in
lower positions. there Sesms therefore to ke a lack of upward mobility,
resulting in & lack of confidence in the recognition and raward systems

adopted by the organisation (Gotlisb and Burodin, 1973; Shepard, 1971).

An area of much dissatisfaetion, as highlightad by Kling and Scacchi
(1880}, is that computers allow for an increase in managerial and super-
visory control ovar the gquality of work of employees. This monitoring
of an employee's ocutput is not only extremely stressful, but can lead to
resentment and dissatisfaction. For clerical employeses howaver, the
leval of control and discretien over their own work is reduced to a level
of date entry and retrieval. Such & situation may .., ve to increase the
sense of alisnation experienced by the workforce (Mumtord aad Banks,

1967).

Danziger and Krame:x {1986} attempted to assess the relationships between
the end user, computing and controi in the work environment (as demoa-~
strated in Figure 1D), using the four variables of: o ntrel by others;
influence over others; constraints of the job acsessed through time
pressure; and & sense of accomplishment assasssd thiough contrel over

thelr own work.

The results of their study suggested that the changes in worklife carsed
by computing vary sccording to the nature of the work performed., lore
positive expsriences occurred smongst employees highar in  the
crganisational hierarchy, with more discre.den in their work., Diminis

ing self-control over working life coupled with an increased sense of
supervisory ¢ ntrel and time pressure was more prevalent amongst lower

white~cullar employees. Overall however, they found that the effects of
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computing were largest job-enhancing, and no evidence existed for the

dehumanising effect of computerisation.

There are two kinds of problems with computer systems whick may face
clerical workers. Firstly there are informatiom problems, namely prob-
lems with the quality and manipulability of data. Such a fault may gen-
erally be attributed to an infleribility in the particular system. Second
there may be gperational prcblems' such ag dalays, bresk-downs and foul-ups
{Danziger And Kramer, 1886), When it is realised that many clerical stagf
have dealing;a withk members of the publie, it becomes clear why such em-
ployees are particelarly semsitive to these problems. If an automated
system fails to provide rapid end accurats information, potentially un-
pleasant interactions may develop which are stressful for both parties
{(Danzjger and Kramer, 1986). Furthermore, the tendency to concentrate
certain tesks with certain groups of employess may serve to encoursge
their dependency upon the new technology. A computer breakdown brings
with it the real isa.tio:-a that a backlog of work will increase the worklead
of the following dey. Johansson (1984) stares that during thess pericds
of breakdown, physiological measures rise, suggesting the anticipation
of the following days workload, and the lack of perceived control ower
the siti - ion that the ecployee expariences. In these ways
computerisation can increase the streszfu) nature of ap individual's work

routine,

Danziger end Kramer {1986) claim thet computer problems are wmostly as &
result of the particular computer packege employed. They suggest that
. the rhallenge is to make use of the most complete computer package, whilst
improving its lavel of interactiom with the users, Giuliano (1982) claims

that if properly emplioyed, .informstion technology holds many sdventages
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for the office environwent: Information will be more readily available;
redundant and unnecessary tasks (such as retyping, manual £ilipg and re-
trieval) will be eliminated; human regsovrces will be better utilised and
individuels will be freed to make decisions requiring judgemernt and ini-
tiative, If properly exploited therefore, information technelogy can

indeed benefit the oxganisetion, the office and the employee.

%.3. Computers and Cognition.

In recent times studies. concerned with human factors aupaces of humen-
computer interaction have begun to recognise the importauce of factors
traditionally assoclated with cognitive psycholegy. Indeed many copni-
tive theories are applied to explain events which take place at the man-
wachine interface (Badre and Shneiderman, 1982). The importance of the
individual's cognitive processes at such an interface camnnct be denied.
There are however & number of problems which contxribute to the difficul-
ties of c-onducting research in the field of cogritive processing.
Firstly, the area is & constantly changing and expanding one, meking the
gpplication of one particular model or theory extramely difficvlt. BSec-
ond, thought processes cannot be separeted from a host of other ongeing
astivities which oceur in the average individual's complex euvironment.
Third, most individuals have preconceived notions of how they think, and
they need not always be correct (Allem, 1982). Such preconceptions may
confound researchers, who reguest subjects to ifdentify their thought
processes at any given time. Furtharmore, researchers mey themselves hold
certain beliefs about thelr own thought processes, proceeding to dewslop
gnd design bypotheses and experiments based om intuitien. A further
problem is thet cognitive processing is not a singulsr event, but rather

an ongoing stream of processes, making it difficult o identify specific
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events (Allen, 1982)., Cognicive factors interact with other perscnal
variables, for exampls: motlvetional end emotional variasbles, to determina
the level and extent of processing. Reward systems, physical health or
lavel of arousal would all interact with cognitive factors to determine

task parformance (Allem, 1982; Rabbitt, 1579),

A major factor confounding researchers is that of individuagl differences
in cognitive processes, strategles and styles (see sections 2.4, and
2.5.). Warr (197C) definas cogniti';ra styls. as the characteristic ways
in which an individual handles informetion, soives problems and takes
decisdons., Individual differences in cognitive style are said to affect
many aspects of problem-solving svccess (Awbardar, 1984). Evidence sug-
gests differences in ths relationship 6f c.mitive style and ability to
pexformance (Ambardax, 1984}. Oognitive style appears tc be cons;l.stant
acrpss a wide variety of information-handling tasks. It therefora re-
presents a preferred approach to the wethod of handling and processing
information, which need not be related to the format in which information
is presented. Cognitive styles spprar to be relatively stable and en-
during, end are referred to by Fask (1980) as ipdividnal differamces in
cognitive function that result from such relatively permanent factors as
intelligence and personality, es well es from long~lasting cultural and
aducational influvences, Whilst abiliities ave also claimed to be enduring,

they are relatively tashk specific (Ambardar, 1984).

Since human-computer interactions are largely concerned with problem
solving activities, these individual differences in cognitive styles will
impact upon such interaction (Ambardar, 1984}, If a problem is presented
in a manner suited to that computer user's own particelar cognitive style,

problem =clving will be that much mors efficient. Optimal intersction
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between computer and user can only exist if the match betwesn the user
interface and the characteristics of the usar is very close {Van der Veer,
1989). TFor this reason, a number of authors have stressed the need for
coputer systems whick can be matched to the characteristics of the in-
dividual user (Martin, 1973). There seems to be n;: reason why it shonld
not ba possible to present information to the user in & mamer that fits
his or har own individual cognitive style (Ambardar, 1984: Eas~n and
Damcdaran, 1981)., although possible, such an adaptive syst.m is not a
simj:':.e mather. As Norman (1986) states, users iv not only differ in their
knowledge, skills end needs, but for even one usar the reguirements for

one stage of activity may conflict with the requirements of encther stage.

Cognitive systems engineering is an approach to the analysis of complex
men-machine systems which operates on the level of cognitive functions
rather then on the traditional physical and physiological levels
{Hollnagel & VWoods, iQBS) . 4 cognitive system is arn adaptive system which
functions using knowledge about itself and its eavironment in the plamning
and modificetion of actions (Hollpagel & Woods, 1983). Humens may
therefore be seen as such a system since they may adapt their plans and
wrategies in response to Information gleaned from their surrovnd:ngs.
The aim of cognitive systems engineering Iis to develep a match b.twean
man and machine, whereby sach may medify its functioning In response to
the other. Since man operates in terms of a 'psycho-logic' rather than
reel logic (Hollnagel & Woods, 1983), the mackine shonld be able to match
the user's characteristics on this cogmivive level. Altering any task
which hes to be performed, sither guantitatively or qualitatively, will
result in a cha.uée in that cognitive system respomsible for determining
system's performance (Hollnagal & Woods, 1983). This iwplies that any

change in the nature of a task will alter the workload imposed by that
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task. The machine should be able tc sadapt to, and mateh or compensate
for any variations in operator perfor.szca brought about by such changas.
Thir extremely broad statement implies t: "+ & m c.ine should be able o
identify the cognitive processes and rzasoning v the operator, and fur-
ther still he able to respond to any changes in wven the smalliest compo-
nents of such processes, This therefore requires a complete understanding
of the nature of an operator's cognitive strategies and styles {see sec-

tion 2.5.)

The idea of this ~lose interaction between man and machine has long been
the province o. ergon:mists ({borne, 1985). The role of the psychologist
at work is to take into comslderation all aspects of the man-machine
interface (Mur:ell, 1969). The ongoing flow of information between man
and machire has been described as the 'man-machine' lpep (Nickarsonm,
196%), or the 'control loop concept' {Mayal and Shackel, 19561}, and is
represcnted schematically below (Figure 11) The machine provides in-
formation on its cprrent status to the operator who then manipulates

controls to affect the machines functioning.

The rapid development and expansion of the computer industry presents new
challenges for the ergonomist (Nickersom, 1969). The growth eof informe-
tion technology has led to subtle changes in the nature of the man-machine
leop, a concepi whichk now seems tooc simple te deal with such issues &s
knowledge-pased systems., Ergonomics therefure seems to reguire a shift
to more complex thinking if it is to deal with new workplaces and the new

machines within them effectively (Fishe‘r, 1986).
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4.6, Chapter Summary

The above chapter dealt with the Impact of techrological changa upon the
individual, organisation and society In genersl. The implications of such
advancements for clerical staff inm parviculer was discussed, The need
for a match between user requirements and +the system was mentioned, and
it wes cleimed that such & match should move beyond task related re-
quirenents, with the idsal interaction being flexible and 3llowing for

individual differences in cognitive styles in usars.
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CHAPTER 5 - The prasent study

5.1. Ratiomale of the experiment

The aim of the present study was to assess the impact of an imposed per-
formance strategy upon subjective expariences of workload., Beyond this
however, it attempted to investigate the interaction between the indi-
videal (his or her specific abilities, skills and ecognitive styles) the
system {across varylcg levels of flexibility or structure) and the task

{which was clerical in 1 sture).

In line with the discussion of section 2.3., the study attempted to adopt
a human-centred approach, working from the premise that "if the perscn
" feels loaded and sffortful, he is loaded and effortful" (Johennsen et al.,
1975, p. 105). The method of subjective workload sssessment therefore
seemed appropriate to the; study, Fur.hermore, es Welford {1978) states,
the oppertunity for spontaneous comment by the subject could provide in-
sight into tas: demands, operator's capacities and cognitive strategies
employed {section 2.3,). The study was particularly concerned with the
identification of methods aid strategles adopted by subjects within each

copdition in order te perfarm the task at hand.

Since Moray (1982) and Shkipper et al. (1986) support the view that sub-
jeetive workload assessment should be extended to new fi=zlds of study,
ard there was & severe lack of workload assessment in routine clerical
envircnments, it was felt that the two fields of study could be combined.
As discussed in section 4.2, the impacts of computing upon clerical

workers have been varied and widespread.
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Since the task for the study war an “solated event oecirring at a specific
period of time, for individual subjects, Thibaut and Reily's (1959) de-
finition of task was adopted. The task was a clerical assigmment which
required individual! subjects to use both overt and covert operations
(section 3.1.) te complete it successfully. These covert operations in-
cluded the processing of the informativn presented and the strategies and

decision-making processes involved in the performance output.

This definition of task therefore aligns itself with Stermberg's (1979)
level of the composite task i.s. the complete task as viewed by the sub-
ject reguired <o perform it {see secticn 3.1.,). The composite task in-
volved the completion of a memthly stocktake, with.su.bjects transferring
information from separate documents to a spreadsheet (see Appendix I3,
Subtasks could be identified as the entry of sach singniar piece of in-
formation about & specific preduct into the spreadsheet, These first two
of Stexnberg's (1579) four levels are specifically concerned with the task
as the unit of analysis. Levels thrse and four however emphasise the
individual's contributien to task compistion. The informatiop-processing
components involved in tark compietion were assumed to include searching
and scanning activities, ordering, checking and rehearsal. This assump-
tilon was tested once subjects were given the opportunity to describe their
particviar spproach to performance. Metacomponents {Stermberg, 1979} are
the determinants of what component processes, representations and strat-
egies should be applied to & given problem situation. It is therefore
these metecompor .5 which would be responsible for changes or rafine-
ments of performence strategies, end also for decisions sbout trade-offs

between performance accuracy end Epeed (see below).




The task in guestion can be classified in terms of both the behavicur
description and requirements appreaches, Tharoughout task performance,
the subjact was carefully observed, resulting in a deseription of the
overt behavionrs involved in parformance (behaviour description - saction |
3.1.). These observed hbehavicurs could then be compared with the
behaviours that we.e assumed to be necessarr for successful task com-
pletion (beheviour requirements - section 3.1.), The amphasis of this
procedure was therefore upon overt, observed behaviours, which included
organising behaviours, clecking, scanning and searching, and so ocn. The
criticism of these two appro“ches {section 3.1.} hinges upcon their concern
with the observable, end zelevant lack of insight Into covert cognitive
funetioning. In this study however, subjects were E;uestionad thoroughly
gbout methods they had employed duriag task performance, and the obser-
vation of ovart behaviour often led the obsarver to ask pertinent
questions about methods employed. . Furthermore, the subjective question-
naire used In the study rspresented an attempt to understand levels of
difficelty invelved or the amount of concentration subjects found neces-
sary for sueccessinl task completion. Ever observed behaviours differ
considerably between individual swbjects ani so mneither of these ap-
prosches shonld be viewed es undersstimating the importance of individual
differences, not only across perxformance criteria such as speed and ac-
curacy, but also in the methods and stretegies utilised in task com-

pletion

A further issua raised in the in-depth discvssion of tasks (Chapter 3)
is that of task selection (secgtiom 3.2.). Sternberg (157%} states that
researchers often use task: that have previously been used by other re-
searchers, or altermatively select tvasks that correlate highly with pre-

viously used tasks i.e. are similar. In the present study however, this



represented & problem areg since research in the field of clerical work-

load is scant. MNeither of.these metheds could tharefore be smployed.

Certain of Siernberg and Tulving's (1977) four criteria elseo require a
pretest examiration of the task (see sectinn 3.2.}. Quantifiabilicy of
*ha task Is quite eagsily addressed., The stocktaking task in guestion was
assessed in terms of both reaction times and error rates, resulting in

ratioc data which was easily analysed,

Relisbility as a measure of the internal comsistewsy of the task and the
testing instrument {Anastasi, 196B8), wus difficult o assess. The tra-
ditional reliability tests were not approprlate In the present study,
Both the test-yetest and alternate-form techniques are subject to prac-.
tice effects (1968). Practice could impact upon the prrformance iandices
for example a drop in reacstion time and error rate), the workload meas-
uras {Gopher an’ . raune, 1984), and upon the cognitive strategies adopted
{(familiarity with the task may lead to the adoption of 8 pxoven efficiem:.
performance methed, xather than fhe occurrence of strategy changes during
task completion). Split-haif reliability posed the difficult gquestion
of how to divide the task into two comparable halves. The subjective
rating scales adopted (the NASA-Bipolar and the SWAT technigues) had both
baer researched, applied and found relisble in a variety of }aboratory
and simuletion tasks (Eggemeiar, Crabtree, Zingg, Reld and Shingledecker,
19's2; Hart, Battiste end lLester, 198%; Reid, Eggemeier and Nygren, 1382,
Raid, Shingledecker end Zggemeier, 1981; Reid, Shingledecker, Nygrem and
Eggemeier, 18981; Vidulich and Tsang, 1986}, Ia an stf;empt. te improve the
religbility of both task and scale, testing conditions were held as uni-~

form as possible {Anastasi, 1968} (see below)}.
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The guestion of velidizy of both task and scale is the guestien of what
they measure and kow well (Anastasi, 19568). The task was not specifically
designed or selected tc assess & chosen theory., It was chosen as & typ-
ical example of work frum a routine office job., It scems safe to issume
that the task must impose a particular level of workload (be that level
kigh or low}, and it is hypothesised that this workioad will vary as the
structure af the task varies. The rating scale has however bean specif-
ically designed to assess this worklead. In so far as the sxistence of
the warkload construct is sccepted. &nd the scale measures this construct,
the scale has construct validicy (Anastasi, 1968). Subjective techniques
in general, and the two specifically used for this study, have demon-
strated good construct validity (usually examined by the abiiity of the
workload rating;s to detect different levels of task difficulty that wers
sat a prieri) (see Cesali and Wilezwille, 1884); Derxxick, 1988; Vidulick
znd Tsang, 1986; Wierwille and Comnor, 1983). Furthermors, subjactive
workload scales have gucd face validivy (Yeh and Wickens, 1988), appearing
to measure what they are supposed to. The scales being completed after
performancs were not intrusive énd so did rot contaminate results by af-

fecting task performance {Casall and Wieryille, 1983).

Eason and Damodaran (1581) claim that informetion and structure are the
two important characteristics of tasks (see section 3.1.). Task infor-
pation as presented in the study was both complete and correct and
therefore did not act to prevent a subject from performing optimally i.e.
information did mot place amy limits upon performance (Naven and Gopber,
i978). The methodclogy of the =tudy did however attempt *o manipulate
the level of task structure, The task structure varied between a condi-
tion where 811 aspects of 1._he wask were fixed (timing, sequence, method

and gozls) to one where the task was less structured {onlr ciming and
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goals fixed)., As desmonscreted in Figure 8, the informetion raquirements
of these two tasks therefore varied considerably. However, although in-
formation nesd not have been so circumecribed in the more flexible of the
two sitwations, the presentation of information was standardised across
conditiors. It was feit that the granting of oxtremely complets infor-
mation to subjects in the flexible conditions should result in the
adoption of . ‘umber of different strategiss cr perfurmance methods by
the subjects concerned i.e. the more information available, the more
strategy options were available to vach subject. Information wes there-
fore presented in such a way as to enable the individual to deal with it
in a manner fitting his or her own cognitive stylas (see¢ section 4.3.),
Furthermore it was hoped that as an individuazl became familiar with the
task at hand he o: she wonld begin to adapt or refine & selacted per-
formance strategy in order to optimise performance, thereby demonstrating
the importance of the individual as an adaptive cognitive system requiring
2 machine that can interpret and respond to such cognitive changes ef-

fectively (see sectiom 4.3.).

4 further element of the study was that of time stress. Sanders (1%79)
stated that without the dimension of time stress, a tas’ « 1 not produce
subjective foeslings of wental load fsection 2.2.). By reising the issue.
of a time-limit (which had to be reason'able S0 85 not To overstress sub-
jects and distort results) the study sttempted to Investigate if there
was any trade-off between speed and accurasy in an enviromment which
providad littls feedback and no extrinsic consequences, either positive
or negative. The issue of time demands has been discussed specifically
with regerd to subjective measures. Thormton {1983) found that even short
periode of kigh worklead were likely te incresse the total workload rat-

ing, end this likelihood increases as the pedk period occurs closer to
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the end of performance. This finding was contradicted by Yeh and Wickens
{1385) who found that subjective ratings tend to reflect the sverage
workload. For the purposes of this study however, no peak periods of
workiocad seeme d to axist. The workload demands of the sub-tasks of the
composite task were similar, and so the subjective scales could Le sald

to demonstrate the average workload.
Now that the wore generel elements of the study have been outlined, it
becomes approprigte to consider the method employed in the stu’y in

greater detail.

5.2, The present study

The independent varigbla - The task

As steted above (section 5.1.) the task developed for the study was of a
¢lerical nature, The aim was to simulate a representative and routine
office-work job». The task took the fvrm of a stock comtrel exercise,
requiring the transferral cf informarion from differant documents into &
unitary spreadshast-type document. These different documents included
invoices, sales receipts and delivery orders, all with informatiem con-
cexrning & varlety of different products, product-types and preduct-sizes.
Quantity figures for these products hed to be found on the documents and
entered in‘the correct place on 4 series of spreadsheats represemiing a
nenthiy stocktaking record. S.bjects were alsoc required to compute mew
stock figures mentally, through simple additiar. and subtrectiom. (For a
conpiete exsmple of the task and ;:he standardised instructions given to

suhjects see Appendix I).
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The same task was given to three separate proups of subjects on an Indi-

vidual basis.

conditions:

Condition 1:

Cendition 2:

Coadition 3:

Each individual was randomly assigned te one of three

here both the documents znd the spreadsheet were presented
in a traditional per znd paper format. Rathar than the
spreadsheet being presented om one extremely Jarge piece of
paper however, it wes broken down into & weries of frames,
with each piecs of paper holding a fra;me identical end in
the samz ordar as those whick would face z subject in con-
dition two or three op the computer screen (see below).
Apart from this restriction, subjects were free tec deal with
the information and complete the task in any wanner they
preferred;

here the same task was represent.d uvpon the computer, with
& screen format, thereby invelving an interaction between
subject, keyboard and screen. This being the only differ-
ence to condition 1, subjects wera again entirely free to
selact their own preferred working msthod, moving freely
betwsen the screens;

here ths same computer format was used. Ino this instance
howevar, the method for task completion became more struc-
tured. Subjects were forced to complete a single screen
fully before heing allowed to move on, never belng allowed
to returs to a previous screen even if en eryor was identi-

fied at & later stage.

The presentetion of these different conditions allowed for a2 number of

important comparisons: th compariscm of a paper and pern format and a

computer screen formet {in terms of both performance critveriz amd sub-
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juctive workioad ratings); the comparison of the two computer cenditions
varying only in their level of structure {agzin into both performa.nct;.
criteria and subjective workload ratings); ané the analysis ef variations
and differences in cognitive strategies adopied by subjects acress all

three conditions.

The dependent variables

Subjective mental workload

Bubjective mentzl workicad in the study was assessed through a scale
spacifically d_avaloped and tailored to the tasx., The dimensions covered
by the scale were taken from a cumparison of the Subjective workload as-
segsment technique (SWAT) (Reid, Shingledeczer and Eggemeisr, 1%8l1a;
Reia, Bhingledecker, Nygren and Eggemeier, 1%31b) and the NASA-Bipolar

technigue (Hart, Battiste and Lester, 1984). The SWAT included the three

mental effort load and psychological stress lcad. The NABA-Bipolar as-
seuLes nine dimensions; task diffizulty; tims »ressure;
performance ;mentai or sensory effort; physical effort; frustration;
stress; fatigue and activity type (Vidulich anc Tsang, 1986). It was felt
that certain of these dimensions overlapped, and sc the scale inciuded
the dimensions ni: time load; mental or sensory efforrt; psychelogical
stress and overall task difficulty, thereby acknowledging the muleidi-
mensionel :.mture of workload. One further dimensiom of specific relevarce
to the stady end not included in either of the othear two scales was that

of tesk structure.

Both the SWAT and the NASA-Bipolar methods were specifically devaloped

to zssess worklead involved in aircraft comtrel, and so were unsuitable
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far clerical worklpad assessment, Their nsefuliness did not extend beyond

assistance in the selection of dimensions to be considered.

Four statements aimed at each of these five dimensions were included in
the guestiomnzire and subjects were required to state their agreement or
disagrerasnt with each of these statements on a five-point scale. The

complate rating scale car be found im Appendiz II.

The five points were sco'red from -2 for strongly disagres to 2 for
stroﬁgly agree. Scores for the items on each dimension wers added, giving
sach subjeet a2 score for time load, menrsl or sensory effort, psvchologe
ical stress, overall task diffisulty and task structure. The first of
vhese five dimensions were added together again resulting in a total
worklosd score. The structure dimension, having been included without
evidence of its success as a workload dimension, was exciuled from this
total score. Workload analyses were then conducted on the f:fve individual

dimensions as wall as the total workload score (see Chapter 6).

Comitive Processes

The study was not only interested in the assessment of workload, but alsc
in the cognitive processes invelved in task completion. The aim was t-
identify the copstituent parts of an overall strategy for successful
performance, as well as any changes in strategy which may occur during
task completion (section 2.5.). This was achiaved by not only allowing
for spontaneous comment throughout performance, but &lso by arking in-

depth questions after task complevion {see Welford, 1978, section 2.3.).
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Performance Messures

Heasures of reaction time and errovs were inclumded iIn the study to
strangthen the experimental design and to a2ct as an objective validator
of the subjactive workload findings {see discossion on performance meas-
wres, section 2.2.). It was expected that increased reaction times and

error rates would correspond with increased subjective ratiugs.

Resction times were measured with & stopwatch. Sobjects were told that
they had forty minutes within which to complete the task., This limit
rapresented an attempt to introduce &gn alement of time stress as discussed
earjier (section 2.1.), If subjects took longer than the allotted time
howevex, they ware allowed to continne and compiete the task. LCrror rates
have often been uged as a worklead measure, Rounse ard Rouse (1983} sug-
gest thatr rthey are ot only usad as a measure of successful performance.
'I'h‘e nature and causes of errors can offer imsight into the cognitive
functioning of the individual allowing for the more effect.ve design of
computer Systems and training of computer operators. Error rates wera
assessed after tesk completion by comparing the newly completed

spreadsheet to an original marksheet,

Betting

The experil;:ant was conducted in & simulated offire environment. Incoming
information in the form of receipts, ‘invoices and delivery orders (see
Appendix I), was to be found In an in-tray on the desk., The data was
entered in s spresdsheet document, either paper based or computer based.

The task was & realistic exemple of a stocktaking procedure in a general
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dealer store. The realism of the environment and the presentation of

infocrmation were attempts at ensuring the generalisability of results.

Subjects

Each of the three experimental conditions was presented to 20 subjects
(60 subjects in total). It was essential that each subjeer should be
exposed to only one condition in order to prevent carry-over effects which
may have had important implications for performance. B5ubjects were drawn
at random frem a volunteer population of students, and friends and ac-
quaintances of the researcher. They were then randomly assigned to ona
of the three conditions. Those subjects in conditions 2 and 3 required
an elamentary knowledge of the computer keyboard layout. Baeyond this, a
certain element of control for computer and keyhoard familiarity was in-
troduced through the use of & twe frame example (see Appendix I). Sub-
jects in condition 1 alsa cowpleted the example, meaning that all &0

subjects ¢ -re equally familiarised with the actual task.

Prosedure

Subjects were brovnght into the simulated office environment individually.
The requirements of the task were explainad fully ta cach individual
subject in 8 standardised format (Bee Appendix I). Subjects were given
the cpporl-:unity to examine all of the documeats. In condition 1 the names
of the products on each frame of the spreadshest were mentioned. In
conditions 2 and 3, subjects were shown the entire spreadsheet, and the
methoed for moving .etween frames was explained. The two frame exemple
was then given to gll subjects and thay were free to discuss the task and

to ask any questions of the researcher. Once subjects began the complete
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task, although they may have talked to themselves or the researcher, there
was no discussjon between themselves and the researcher about the task.
The researcher observed each subject for the duration of task perfrrmance
- attempting to identify methods or stracegies employed, and eny changes
in these strategles. On finishing the task, subjects were asked tec com-
plete the subjective workload scale {sea Appendix II)., After this they
were asked to describe the method they bad used during the exercise, and

to answer any questions the researcher may have.

98



CHAPTER 6 - Statlstical analyslis and rasults

6.1. Btaotistical Analysis

As stated above (section 5.2.), the research desipgn allowed for: the
comparisen of a paper and pen format and a computer scresn format (in
terms of both performsnce criteria and subjective workload ratings): the
comparigon of the € computer conditions varying only in their lsvel eof
structure (again in both nerformanee criteria znd subjective worklcad
ratings)i and the analyses of variations and differences in coguitive

strategies adopted by subjects across all three conditionms.

Te analyse the differences in performance criteria and workload raiings
across the three conditions, the anulysis of variance technique {(AROVA)
was ugsed. This procedure 458 nsed to asnalyse the differsnces batween
treatment meens (Myers, 1980), and assesses whether the indepe.ncl.ent var=
iable is responsible for such differences (Elifson, Runyon & Haber, 1982}.
The procedure exsmines components of varietion (Ruryon & Haber, 1280) and

separates "the variance ascribable to one group of causes from the vari-

ance ascribable to other groups" (Fisker, 1935, p. 391).

The ANOVA rests upon three furdamental assumptions: hompogenelcy of vari-
ance; normelity of distribution; and the independence of cbservatioms.
These assnuptions &rs the same as those of the Students t~test (Hopkins

& Glass, 1978).

The assump*ion of homogeneity of variance ensures that existing differ-
ences in scores are 2 rasult of the experimental condition and not due

to inherent differences that may heve existed before analysis (Hyers,
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1980). Tomarken and Serlin (1986) assert that random sampling ol wubjects
serves to meet this requirement adequately, It hes been shown however
that when n's are equal, for both the student's t-test and the ANOVA, it
is pot practically necessary to test for this assumption. When n's are
egual, the increased possibility of a Type I error ceused by heterogeneocus
veriances cen be disregarded {Hopkins & Glass, 1978). Since in the
prusant study nl = n2 = nd = 20, and the salection and allecation of
subjects to groups was randomly performed, the assumption of homogenaity

of variance was adequately met.

The second assumption is that of normality of discribotion. The dis-
tribution of cbservations amongst the sample group must therefors e
normal (Hopking & Glass, 1978), Tomarken and Serlin (1986) assert that
elthough it iz impossible te validate this equetion empirically, such a
normal curve ensures that findings may be generalised to the larger pope
ularioul from which the specific semple was drawn. Hopkins and Glass’
(1978) state that ANOVA is "robust" with respeact to the pormality as-

sumption end so nonnormality has inconsequential results.

The final assumption is that of the independence of chservations across
populations (Hopkins & Glass, 1878).
"If a random sample of persons receives & special treat-
ment and a separate randon sample does not, the two re-
sulting msans, X1 and %2, are said to be indepandent.
But if & sample 1s pretested, then receives the treat-
ment, and then posttested, pretest scores X1's and
posttest scores R2's will be correlated, that is not in-

dependent” (Hopkins & Glazs, 1978, p, 234).
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Nonindapendence cen =seriously affect probability statements concarning
Type I and Type II errors, &nd treatment effeocts way be claimed where none
exist (Hopkins & Glass, 1978). Vhenever tae treatment is individually
administered (85 in the present atudy) independence presents no problem

(Hopkins & Glass, 1978).

The shove discussion serves to demonstrate how the present study meats
the three fundamental assumptions of ANOVA., Elifsen, Runyon and Haber
(1982) stats furthermore that the ANGVA raguixas intarval sealing for the
dependent variable and nominal scaling for the Independent wvaxiable. The
allocation of the numbers 1, 2 anéd 3 to the three treatment conditions
{Independsnt Variables in the present study) represents a nominal scale.
Both sets of performance data are ratio in nature with reaction time re-
presenting & continucens scale and error rate discrete, (Subjective re-

sponses are ordingl and will be dealt with in detail at a later stage),

Performance Measures

An analysis of errors mede by subjects during performance led to the di-
vision of these exrors into & categories: wrong addition {a miscalcuv-
lation}; wrong column (where a fignre was pleced in a wrong columm or row
in the spreadsheet); missing value {(where a figure was ommitted); and
unexplained errors (errors that could aot be explained by means of the

above three reasons}.

The ANOVA tharefore demonstrates when thers is a signifiecant difrerence
in the means of the dependent varisble across the treatment condition,
the independent wvariable, 4 main effect can be Jdescribed as the constant

and direct sffect of an indepsndent varisble upon a dependent veriable,
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irrespective of the presence of other independent variablies or modifying
influences {Buchst, 19B4), In the present study therefors, the inde-
pendent variable (condition} was shown to have a main effect upor ths two

performance dependsnt variables {reaction time and error rate).

Although the ANOVA demonstrated a significant difference between the
treatment groups it did not specify between which of the three conditions
these differences occurred. For this reason the Duncan's New Multiple
Renge Test was used to compare the means across the three conditions.
This rest does not require a significant ¥ ratlo, but it was essential

that the groups should be equal (rl = n2 = n3).

Reaction tiwme mweasurss did differ significantly acress all inree condi-
tions (see Tables 1 and 2} (p<0,0001}. Judging from the means given in
Tahle 3 and the prephic rapresentation of the means in Fignre 12, the
reaction time incressed from condition 1 te 3., The compuszer format
tcondition 2} regquired more time to complete than the pen end paper format
{conditi-n 1); and the imposed working wethod {condition 3) took the

longest of all.

Copditions 1 and 2

It can be argued that through years of experience with pen and paper,
conditicn & wes more familisr to many of the subjects than the computer
formai, therefore requiring less time to completa. Furthermorae, the ease
of maninulating the paper spreadsheecs may also have accounted for this

difference. Hovement between the frames of the spreadsheet in condition
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Table 1; Analysls of ¥aréance of Parfarmance Measures

DEPEND.NT VARIADLE drf 85 F

Reactlon Tima 2 BGBDYTY, B3 14,28 bt
Error Rate {Total) | 2 an, 23 3,78 had

- Wrong Additlan 2 0,n 0,08 #

= Wrang Golumn 2 18,03 2,50 "

~ MIssing vaiua ? . 19, /3 2,99 *

= Unaxplalned frror| 2 T, 41 7,69 HHH
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Tahte ?: Duncan's Hew Mulilple Range Tes. for
Parformonce Maasures

REPENDENT VARIABLE CONDITION 1 CONDITION 2 LONDITION 3
Roasckion Tlmea * * *
Ermr Rato {total) H +# -
-~ Wrong Addltion - - -
- Wrang Column * - "
« RIsslng Value - # ®
=~ Unexplalned Error L - #

# tndienates o signiTicant difference between these conditlons,
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DEFENDENT VAR1ABLE CONRITION 1 CONDITIOR 7 CONDITION 3 TOTAL
1 ad X2 sd %3 sd X sd

Reactlion Time 2u72,% 510,85 2644,8 | 877,4%| 2996,5 | 599,27 2571.,27} 636,09
Error Rote [(Toral) 6,15 h,68 3,25 2,36 4,8 2,404 4,73 3,u9
= Wrang Addltion 1,65 1,81 1,05 1,57 1,5% 1,43 1,559 1,59
= HWrong Column 2,1 2,05 1,2% 1,37 1,04 1,10 1,07 1,60
- Missling Vrius 1,15 2,13 0,45 G,460 1,8 2,02 1,23 1,B7
= Unoxpleined Erroy 0,95 1,05 i, 1 9,4 o.h 0,5 o, LR o7
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was limited by the time required for the computer to process the commands.

Conditions 2 and 3

Conditions 2 and 3 were exactly slike except for the methed of task com-
pletion. It is therefore safe to say that changes in reaction time across
these twe conditions must have been due te this difference in performance
strategy, namely self-selscted strategy versus imposed. {An indepth

discussion of performance strategies can be found below in seetion 6.2.}.

drror rates (Total) also differed across condition (Table 1, p<0,05), but
the Din~z:'= New Multiple Range Test (Table 2) demonstrated that the
greatest difference existed betwean conditicns 1 and 2. The graphie plot
of the means (Figure 13) demonstrates this drop in error rate (total)
ciearly. In condition 3, errox rate increases egain, but not to the level

af condition 1.

Conditions 1 &nd 2

The comparatively high error rats in cc dition 1 is found together with
the lewest reaction time {see above), This necessitates the in-depth
examination of both the frequency and the neture of the errocrs which oc-
curred., Figures 14, 15, 16 and 17 demonstrute the occurrence of the
various types of errors graphically. Although none of the four specific
error types dispiay considersble differences across conditions {(see Table
2), Figures 14 to 17 all illustrate lower specific error rates in condi-

tion 2 than in comdition 1. It therefore seems that there i5 no one
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strongly contributing error type, but when totalled, the difference in

errors across the first two.conditions becomes both clear and sigrnificant.

The speed of task completion in conditien 1 suggests that errors may have
been more likely to occur due to carelessness, As discussed ghove fa-
miliarity with the pen and paper format may have led to & degree of com-
placeney in subjects. In conditien 2, the lack of familiarity with the
computer may bave encouraged subjects to take more care with t.e task,
resulting in less chence of making mistakes, an¢, furthermeore, more time

to identify and correct errors.

Londitiong 2 and 3

Although not demonstrated to be significant, the mean error totals in-
cressed from condition 2 to condition 3 (see Téble 3). The only specific
error trpe which did not echo his incresse was wrong columr exror. The
drop in wrong column srrors was very small (Table 3). This would seem to
suggest that subjects in both computer conditions took equal care in
ensuring that the cursor was positioned in the co.rract square before en-

tering the figure.

Table 2 demonstraetes that a layge variation existed between conditions 2
and 3 for missing velue errors (see Table 3 fors means), As stated sbove,
the only difference besween these two conditions was that in condition 2
strategy selection was 2 matter of choice whilst in conditlon 3 it was
.imposed. Perhaps one ¢f the most important elements of the imposed
strateg. was that each frame of the spreadshest had to be completed before

subjects could move on to the next frame. Once they moved on howevar,
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Bubjects could not move back to an earlier screen. If am item was missed
therefore, a subject In condition 3, even if he oy she identified the
error, could pot go back te £ill in the missing value. In condicion 2,
since there was no such restriction, a subject could £ill in a missed
entry at any staga. It seems that this practical point is likely to be
responsible for the differance in missing value arrors across thesae two

conditions.

Subjective Workload HMaasuraes

As stated above, subjective ratings of mental worklcad represent an
ordinal =cale, and do not therefors meet Elifson, Runyon and Heber's
{1982} requirements for the ANOVA, A nan-parametric technigque was
therefore spplied, namely the Krusksl-Wallis test (see Table 4). As with
many of the non-piramerric tests, the Kruskal-Wallis replaces observed
scores with ranks {MNeddis, 1980), This serves to simplify the distrib-
ution theory, and mskes the tast applicable in cases where ranks are
gvailable but it may be difficult to give numerical values to ohservations

(Kruskal, 1952).

Workload Total

4s a sum of the worklead ratings across the five dimensions of the sub-
jective workload questionnaire, this score demonstrated differences at
the p<@,1 level. Inclnded in this total however are the two dimensions
of psychologicel stress and structure, neither of which displayed any
convincing changes across conditions, It would therefore seem move fit-
ting to digeuss the individual dimemsions as well as the total score.

The data for vach of the dimensicons ie summarised in Table 5, and the
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means are demonstrated graphicslly in Figures 18, 19, 20, 21, 22 anpd 23,
The diagrams highlight the fact that on every workload dimension subjects
in condition 3 scored their workloed mora highly then those in condition
2, ¥ith the exceptien of the time dimension, condition I was also scored

more highly than condition 2.

The total workload score was at its highest in condition 3 (X3 = -1,35),
middle in condition 1 (X1 = ~3,20) and lowest in condition 2 (X2 = -8,45)
(see Takle 33. The hypothesis of the study supported such en increase
in workload experienced across condition 2 and 3, because it was supposed
that & self-salec;ed performance strategy would prove easier for subjects
than an imposed one, The relatively high workload of condition 1 is found
together with a high error rate. Possible explansations for this finding

ara given below.

When the workload teotal scores are viewsd together with the convincing
reaction time scores and the interesting error rate restlts, it seems
clear that they provide support for the hypothesis that changes in the
structura and working wethod of & teerk will impact upon the subjective

experiences of mental workioad (section 5.1.}.

Overall Difficulty, Mental or Sensory Effort and Time Load.

The dimensious of overall difficuliy, mental or sensory effert and time
load all scorad highly (p<0,05), As discnssed in Ghapter 2, difficuilty
hes previously been shown to correlate positively and significantly with
the 'stress of time' copstruct {Philipp at al., 1971). Those findings
were not however repested in this study (ses Table 6). If the tomstruct

of difficulty can be thonght of as something requiring effort, thea these
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Data Summary

NEFENDFNT VARIABLE GONDITIUN CONRITION 2 CONM TRON 3
13
Xi Mad sl x2 Hed sd X3 M sl
Warkioad Totnl ~3,70 =1,%0 A,06 | =8,h% ~1,50 9,38 -1,3% n, 5l in, 04
- Overall OIFFiculty -2,30 | =2,00 3,20 | =i, 65 | 4,50 1,93 | -p,00 | ~2,50 o,
= Mental / Seasovy EFfort 1,05 2,00 3,10 =1,3% | -1,0n 3,21 n,2% 1,48 n,02
. - Time lLoad 1,20 ~it, 50 3,h0 =0,1%5 =-1,i0 3,58 1,30 A 2,60
- Paychalogical Stross -1,15 -1,00 2,60 p =p,0% | -2, 00 3,27 n,ni 1.4 1,61
~ SLructursa .85 1,1l 3,50 =0, it 1,0 i nL 1N i, 1n 0, 3,97

Medians are reporthd For fusther clarity, stnee with pon-parametreic dogn
thirre [5 no assumption of normality, and the mean heing sensltive 10 ox-

treme seares, may bo swaynd Frem the epntral area of fhe disteiliation,
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two dimensions are theoretically iinked. The Paarson's cerrelation co-
efficients in Table 6 suggest such a relationship., Although researchers

(Philipp et al., 1971; Senders, 1979) have supggested that & positive re~

- . lationship should exist between these three factors {see section 2.3.),

the present study did not clearly support such suggestions (ses Tabla 6}.

Although they did not correlate highly (Tabie 6), tine load and reaction
time scores demonstrated a similar pattern (campsre Figures 12 and 21),
Across the three conditions therefore, subjects not only took lenger, bot

aiso experienced the pressurc of time more kasnly.

The relatiomship batween these three factors therefore seems to be more

complex than was suggested ir the research discussed above (sectien 2.3.).

Psychaological Strass and Structure

Neither tha dimension of psychological stress nor that of structure
produced any convincing results. Of the five dimensions included in the
woxkload rating scale, these two proved to be the most difficult to define
and operaticnalise. Unciear or ill~defined statements in the rating scale

way have been responsible for these paor resclts.

Despite insignificant results, the means of the two dimensions demon-
strated a similar trend ro the dimensiens of overall diffiealty, mentazl
or sensory effort and worklead total (see Figures 18, 1%, 21, 22 and 23).
In all of these cesas, subjects in condition ? seemed to axperience lass

lead than those in agnditiors 1 and 3.
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Conditions 1 and 2

Considering the means of the varlous dimensions thersfore [excluding time
load), the workload rated by subjects was always at its lowest in condi-
tien 2. Thils demonstrates a similar trend to the error rates discussed
abova. The error rates thersfore serve to validate the findings of the

subjective rating scale as was hopued (section 3.2.1.).

4 few possible interpretations of these results exist, A factor com-
tributing to the findings mey be the stereotyped image of the traditional
"paper-pushing” stockteking task., GConmotations of monotony and boredom
may have led to a bias in those subjects performing the task in the tra-
ditional wamner {condition 1), For those subjects meking use of the’
computer (an instrument still viewed as challenging end novel) the oppo-
site bias may have come into play. Eince subjects for conditioms 2 and
3 were familier with computers, it seems that they may have experienced
the positive a2nd aven job enhancing impacts of computers in th.eir‘
workplaces or homes (see sections &.1. and 4.2.), This favourable bias
may have resulted in them reporting lower workload scores than condition

1.

It eonld also Ee argued that through years of experience, individuals tend
to work with pen and paper In stereotypad waye. With compuvers however,
such stereotypes have not vet always developed. Particularly in condition
2 therefore, & condition which allewed for & great deal of flexibility,
by seasrching for effoctive and comforteble ways of performing the task,

subjects reduced their own workload.
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Whether such biasas'and stereotypes sxisted or pot, the findings of the
study have extremely important implications for the introduction of new
technology in the office. The introduction of the computer format mot
only sarved to increase accuracy, but also reduced the worklead of those
individuals who used the computer to perform the task. Gomﬁuterisatinn
of such tasks in the office enviropment would therefore have positive

implicatjiotis for both the organisation and its individual emplovess.

Conditions 2 and 3

In the total workload score and all five individual workload dimensions,
condition 3 was scored more highly by subjects. This serves as support
ror the idea that the freedom to choose ope's own working method should
be less lpad-inducing than performing a task by means of an enforced

method or strategy.

6.2, Cognitive strategiss snd sub-strategies

Althongh any discussion of cognitive strategies must focus upen individ-
ual differences, group trends were gpparent betwean and within the threa
conditions. For reasons of comprehensiveness, hoth group trends ané in-

dividuzl differences in these trends will he discussed.

To simplify data, strategies were grouped into three broad cetegories;
Category 1: "RDER PAGE DETERMINED.
Subjects falling into this category worked through the
spreadsheet according to the order of tha invoicas, receipts
and delivery orders, They would therefore shuffle through

tha sereens or frames of the spreadshest, searchipg for each
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Category 2:

product on (for example) &n invoice in turn. They dealt with
each item on the invoice from toy to bottom. This shuffling
was extremely time consuming, particularly in the computer
format, since it took the computer time to process each page
up or pdge down command. Cartein subjects learnt the order
in which frames were presented very quickly, whilst others
tonk a great deal longer. or indeed never seemed to remember
the frame order at all, Category i was however only availahle
to subjects in conditions 1 and 2, since comdition 3 forced
the use of & cavegory 2 strategy (see Table 7 for fraguencies

of stratagy usage).

ORDER SCREEN DETERMINED.

Here subjacts worked through the inveices, receipts and order
forms, according to vhe order in which che frames or screens
of the spreadsheet appeared. Unlike category 1 therafore it
was the spreadshesr itself and not the individual forms that
determined the manner of task completion. Table 7 shows the
frequency of category 2 adoptisn. In order to simplify this
methed of task parformence, many of the subjects shoffled
inveiczes, receipts and oxder forms so as to coincide with the
order of the screans as far as was possible (=ee below for a
further discussion of this sub-stretegy). Some subjects
would order the pages at the very begiuning af the task se
that they needn't stop during performance, Others shuffled
the pages as they reached cach new screen, searching for the
products that appeared before them on the screen., Faor the
subjects of conditien 3, this strategy caetegory wss the only

way to deal with the infermarion at hand effectively. The
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fact that other anbjects did adopt this strategy however {ses
Table 7} suggests that the structure enforced in conditien %
was not a completely uanatura} ope, which would have falsely
inflated workload scores. It was not perhaps therefore the
method of task completion in condition 3 in . .gelf which
prodnced these high worklosd ratings but rather the fact that

it was enforced.

" Dategory 3: For ease of analysis and discussion, subjects who did not seem
to follow eitha.r & page order or a scraén order, were placed
in category 3. This group was however very small (see Table
7%. Once agein there were no condition 3 subjects in category
3., Mozt of the subjects in this ceategory ordered the peges
inte receipts, inveices and delivery orders before beginning
the task {see balow for an in-depth discussion of this or-
dering), but they did not work through *he itsms on these
pages from top to bottom. It was noted that these subjects
read or dealt with the itewns selectively, seemingly searching
for or noticing some specific characteristic on each page.
For exampie, two of the category 2 subjects worked through a
page sedrching for the items for the screen they were faced
with., Only once they had entered all of chese items would
they move on to the next screen, Once they had enterad all
of the items on & page, they would move on to the next pag..
This method can therefore be seen as 2 varistir.. of the 'order
page determined category’ with the difference bedng that
items were not deslt with from top te bottom. The other three
of the sategory 3 subjects used a very different method. They

all filled¢ in the items on each frame of the spreadshest from
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laft to right, therefore dealing with one product (and even
one gize of that product at a time), This method required a
great deal of paper shuffling, snd each page was scanned for

a specific item.

Within each of these three strategy categories howover, a& variety of

sub-strategies were noted. Each of these i discussed in detail belew.

Drdering

The teachnique of ordering has been mentioned in passing above, Oxdering
proved te be the mest popular of sub-strategies adopted across all three
conditions (see Table 7). Ordering occurred when prior ta, or during
performance, subjects divided the pages from the in-tray into three groups
- inveices, receipts ana delivery orders. This meant that they could desl
with sach row of the spreadsheet (intake, saler and on order) independ-
ently, For subjects in condition 1 end 2, this mesant that they would work
through the entire spreadsheet at least three times. For subjects iIn
conditlen 3, ordering helped them to place their own order upon the task,
even within the limits impored by the enforced working methed. For all
subjects who mede use of ordering, the technigue made it easier for them
to £411 in entries in the correct row (helping to reduce wreng column
errors)., Those subjects who did not order the matsrisl sometimes expe-

rienced difficulty with entering information in the correct space,

Page Shufflips

A smaller proportiw., of subjects made use of the technique of page shuf-

fling (see Tabla 7). After having ovdered the pages into the three
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Table 7: Eroquennies of, coonbtlve strateqies and

suh-strateqies
STRATEGY GONDITION 1 COKDITION 2 GONGITION 3

category 1 15 1

Gategory 2 2 20
{ategory 3

ardering 16 17 Ll
Page shuftling 7 7 7
Tiching off & 15
voea | i sk fon 3 15
totals, ordera [ 10 5
Ordere, totals 1% 10 &
Notg taking ] 5 1
strategy changes 3 ] f
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Table 7: Frequenolaes of coanltive strategles apd
gilb~stratayies

STRATEGY GONDITION 1 CONDIFION 2 | CONDTION 3

Coyegory 1 th 11

Category 2 2 20
Categary 3 3 2

ordering 1M 17 1
Page 5 urritng 7 7 7
Ticking aff 6 a 15
Yoeal Fsatlon 3 g 15
Tatnis, ordors [ n -]
Orders, toiLals 11 10 B
Hoce taklng 5 5 1
SLralegy changes 3 Yy 5]




groupings discussed above, these subjects attempted to order the pages
within each group in a similar order to the presentation of f:roducts in
sach frame of the spreadsheet. By shuffling paper, these subjects, as
well as thase who made use of the crdering, cut down the amount of move-
men*.- they would have to make betweem the pages of the spreadsheet later

on.

Ticking off

In oxder to eimplify the task even further, certaln subjects ticked,
marked or crossed out each Jltem as it was entered on the spreadsheet.
Thizs helped to reduce the load on memory, and te remove the need for
continue] cross-checking. This was used by « much larger praportion of
subjects in condition 3 then in conditions 1 and 2 (see Table 7)., It ssems
that because subjects could not deal with the information in any order
they wished, the technigue may have helped them to structure -i‘r.. in other
words, they were again attempting to deal with the information in 2 mamnsr
which was more comforteble to them within the restraints of the enforced
methed). Furrthermore, since subjects in condition 3 could not raturn to
a previous screen to correct or enter an incor.ect or missed entry,
ticking off helped them to ensure that sll of the information for a given

screen had been entered.
Yocglisation

Certaln subjects spoke to themselves whilst they were performing the task.
This speach often took the form of the rehsarsal of an entry whilst
searching for the correct space im which to pur it. For some subjects

. therefore, speech served as .a method of keeping information in the stort
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term memory {see cection 2.4.). Other subjects chastised themsalves vo-
ciferously when they identified an error - particulariy svbjects in con-
ditfon 3 since they could not return to corract an sarlier mistake. Such
remariks indicated to the cbserver the degree of stress the subject was
axpariencing, and this became clearer as subjects realised that they were
running out of time. See Table 7 for the frequencies of vocalisations

across conditions.

Order of Completion

Two different orders for completion of a screen or frame were identified
amongst those individuals who adopted an ordering technique (see above).
Whilst most subjects worked down the screen, completing intake and szles
in that order (see Appendix I), the oxder for the completion of the order
and totals rowe wvaried, Sowe subjects preferred to complete the totals
I-:efure the orders - working each screen from top to bottom, and breaking
the routine of the screen completion with the simple mathematics required
for the totals row. Other subjects preferred to complete the intake,
sales and orders before tackling the tetals rew. It sesmed esrier for
these individvnals to malntain the pattern of thought raguired for the
paper shuffling espact of the tesk, before switching to a different mental
process for the arithmetie. The remainder of the subjects filled in these
two rows without adopting any particular pattern, varying between the two

metheds (ses Table 7 for freguenzies).

Strategy Changes

Once again a few of the subjects in eack group {see Table 7) damonstrated

noticeabie changes in the stratcgy and sub-strategies used for task com-
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pletion. Such refinements in strategy usually appeared once subjects were
fully aware of what the task.raquired, and how it would be best complieted.
These changes varied fror s simpl. ordering of the pages half way through

the task to a change from a crreg.ry 1 t. a categery 3 strategy.

A discussion, like that above, of both individual differences in strate-
gies adopted and group trends in performence methods, ensures the com-
prehansive examinavion of the varlous strategies and sch-strategies
utilised by subjects ir the study., Such an analysis would ke  sential

in the det"elapment of an interactive human-computer environment.



CHAPTER 7 - CONCL.USIONS

Beaction time results incressed consistently £rom condition 1 to 3.
Subjects im the paper-based task seemed able to manipulate the pages more
readily than subjests in condition 2 who were dependent unon the computer
response time. The rise in reaction time from condition 2 ta 3 would
suggast that gn imposed performance strategy heampersd subjects in their
corplation of the task, 4 self-sslected strategy, baing more comfortahle

for the subject resulted in faster task completion.

Error rate results were supported by the workload findings. The drop in
both errors and workload found across condition 1 and 2 bodes well for
the intrpduction of new technology in the office, However, whilst the
chenges in accuracy and workload demonstrated batween conditions 1 and 2
were decidedly pesitive, changes frowm condition 2 to 3 were not. Used
correctly therefore, technological advances way bemefit both orgenisation
and individual. Incorrectly epplied, there are negative repercussions
for the organisation (in terms of a drop in accuracy and productivity)

and employees (with the increase in experiences of workload),

Irpdavidual differences in cegnitive strategies and styles discessed in
section 6.2, highlight the need for an adaptive computer systam, which
respends to variations in an individual's' working methods, presanting
information im & suiteble manner. The number of combinatlions of strate-
gles eand sub-strategies foumu, highlights the oftem extramely subtle
differences batween individuals. Developing a system sufficiently flex-
ible tr adepe to such subtleties is not a simple task. Resulis do however
suggest that as far as is possible, designers should allow for the indi-

viduael ¢to adopt his or her own working methkod, designing as much flexi-
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bility as possible into the system, rather then allowing the system to

impose a performance routine.

The study has highlighted the need for a global approach te the field of
uman-computey interaction. The individual, hkis or her expsriencas of
the task, end the cognitive styles and strategies he or she brings to task
perfrrmanca, are as important as the task, and the machine used to perform
it. The ztudy has stressed the importance of workload and cogaitive
functioning to the design of computer systems. Only once heman factors
considerations are seriously applied te the dusign of systems will
orgenisations, users end designers all benefit. Further reserch into
wopnitive approaches te task performance is reguired before a truly
flexible end adaptive computer svstem can be developed. Copnitive eagi~
neering, as the study of the vopnitive aspeets of human-machine inter-
action (Mormam, 19%7) reguires a4 preact deal of attention from

human-factors research.
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{nstructions for Condition 1
Before you you will find an intray filled with receipts, invoices and
order forms. You are required to complete a stocktaking spreadsheat for

a varisty of products,

The spreadsheet has a variety of columns which require completion., The
Existing Btock row has already been filled with stock figures from the
previous month. The row laballed Stock Intake should be filled with

figures found on the Delivery Notice-Invoice forms in tne intray. Like-

wise the Sales figures can be found on the Receipts. From these figures
ney carrent stock figures must be caleulated by adding axisting stock with
stock intake, and subtrocting the seles figures. 'The answer must be
placed in the Totel row. Finally Deijvary Order forms provide the figures

for the row labelled Stock on Order.

You wiil never have to £111 in twn answers in one sguare, or gat 2 negative
total amount. Should either of these two occur, you have made a mistake.

It is your cholce whether or not you wish to correct a mistake.

You may fill in these forms in the way you find easiest or mest conven-
ient. You will be timed and there is a time limit of 40 minutes. First
try this short exampla. If you make a wistake, simply cross ont your
answer a:m-l.writa a new one in its place. Do not srase incorrect EREWers.
Remember to raad the title of each form extremely carefully. If you do

not nmnderstand what is required of you please agk now.
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Instructions for Condition 2
Before you you will find an intray filled with receipts, invoices and
order forms. You are required te complete a stocktaking spreadsheet for

& variety of products.

Ine spreadshest has & variety of columns which require completion. The
Existing Stock row has alresdy been filled with stock figures from the
previons month, The row labellad Stock Intake should be f£illed with
figures found anl the Delivery Notice-Invoice forms in the intray. Like-
wise the Bales figures can he found on the Receipts. From these figures
nex current stock figures must be caleulated by adding existing stock with
stock intake, and subtracting the sales figures. The answer mnst be
placed in the Total rew. Iinzlly Delivery Ordex forms p.rovicle the figueres

for the row lzbelled Stock on Oxder.

You will never have to fill in two answers in ore square, or get a negative
- totgl amount. BShould either of these two occur, you have made a mistake,

It is your choice whether or not you wish to corrsct & mistake.

You mey move between the differxent screens of the spreadsheet at will,
simply by moving the page up/page down keys. MHovewent within the screens
is by mezns of the cursor ke, Eech answer requires that the snter Rey
be pressed before it will appear in the spreadsheet. You will ba timed
and there Is a time limit of 40 minutes, First try this short example.
You may correct mistakes simply by typing your new answer over the ori-
ginal. Remember to read the titls of each form sxtremsly carefully. If

vou do not understand what is required of you, please ask now.
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Instructions far Condltion 3

Before you you will find an intray £illed with receipts, invoitces and
order forms. You are reguired to complete a stocktaking spreadshest for

a variety of products.

The spreadshest has a variety of columns which require complet:inn. The
Existing Sto:k row has glready been filled with stock figures from the
previous month. The row labelled Steock Intaks shonld be filled with

figures found on the Dalivery Notice-Invoice forms in the intray. Like-

wise the Sales figures can be found on the Receipts. From these figures
new current stock figures must be celeulated by adding existing stock with
stock intaks, and subtracting the sales figures. The answer must be
placed in the Total row. Finally Delivery Grder forw.s provide the figuras

ror the row labelied Stock on Order.

You will never have to £ill in two answers in one sguare, or get a negative
total amount. Should elther of these two occcur, you have made a mistake.

It is your choice whetner or not you wish toc correct a mistake,

You are required to complete esech screen of the spreadsheet fully before
moving to the next screen. Once you meve ferwards to another sereen you

will not be able to move backwards to an earlier screem. TYou may move

on to tha next screen by pressing the page down key, Within each screen
movement is determined by means of the cursos keys. Each answer reguires
that the enter key be pressed before it wiil zppear In the spreadsheet.
You will be timed apd there wili be a time limit of 40 minutes. First
try this short exampie, You may cerrect miztakes by typing vour new an-

swer over the original, Remember to read the title of each form extremely

. 18



carefully. If you do not understand what Is required of you please ask

naw. '
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EXAMPLE

Receipts, Orders and Invoices In Intray
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KECEIPT

Date: I'?!lﬂ.!aq

Quantity Item vonl
i2 52 bokkles Olive ol Rioz-co0
22 1285 bores Grourd Fepper Q3520
42 l'ﬁ bags White Flaur Rivo 40
29 22 botles Sunflower Oil Rls3 70 |
19 So00q boas lodised Salt Ra23-1%

Sub-~tatal _?_,5_7‘5‘ A48
3.8.T. 14 6%

Total _g_:“’q'q“’_

91




291

DELIVERY ORDER
Item

58 Olive oil

s00g  bags lodised Salb

lkﬂ Luss White Flour
2L Suniflower Ol

1289 boxes Ground Pepper

Date _'_5.1‘_3{_“& —

Sipned ___‘%& .




DELIVERY NOTIGE - INVOIGE

Quantity Ttem Dasl
25 22  Sunfloweoe Ol 2 a2.80
15 58  Olive 0Ol Riog.o0c
1% !253 boxes (yround Re.ppu Ri4-10
20 S009  bags lodised Balt RIBr00O
30 lkg bags White Flour Rid1-00
30 ‘fkg  bogs Qeif-vaising  Flour R 1683 00
25 kg bags Wholewheat Flour Ri47- 00
Total _Re16: 60

Liate recelved 3’!_‘_3/_?."__

Signed

£9T




EXAMPLE
Spreadsheets

las



FLOUR

Yhole-
wheat,

™2

—

frse o e s e

o i i ]

—. -

White

0 2

TR

L ]

e S

Self-

raiging

A

OIL

Olive

Sunflower

STOCK

Existing
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Totals

On order
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TASK

Receipts, Orders and Irvaites in Intray
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REGRIPT

Datn: ISZ 2 t b

Quantity iten oL
1z 22 bottles Sunflawer Ol ! nae. 4o
s 750 mE botbdes Olive Ol R 20 00
& S5 bottles Olive ol 210920
e 2.5 lta buas bikite Flour 127280
2¢ &oog baas Self- quair:g Flour R5l.00
ai 2.5 kg boags Wholewheat Flour 216204
15 200g boves Teabags REI . BO

Sub-total R 54974
G.5.T. _R:41

Tokal Rzl 2l

991




Quankity

DELIVERY NOTICE - INVOICE

Item

5009 bnss SaIF-an‘sﬁ-a Flour

Bf bottles of Olve Ol
22 botkes of Sunflower

oll

i.ﬁkﬂ baaa Whetlewheat Flowr

I¥g bags lodiced Gait

2503 bhowes  Liround Peppex

Total

Date receivad a/

Signed

L

Cosit,
R 2k 40
RIS3.00
Ri1% .80
Raz 1o
Rz28-70

Kaa 40

LB.286to

12/8%___




Quantity
58

RECELPT

fate: Mefizfea

Ltem

750 me bottles SunFlower Oil
kg bags White Flour

5¢ bottles Surklgwer Oil
Soog bexes lodised Solb
Bovg boxes Plon Salb

128g boxes Whole Peppercomns
500g boxes Troleoves

Cout
P 2a%. 48
R2i.00
Q 4. 00
Q32 .¢e
Rat-44
Raz 2%
Ré3 o0

Sub-total R 2€-02

G.5.T.

Total

QLT

Res-84

_Raoz . ate




DELIVERY NOTICE - INVGICE

Quentity Item ' Cosk

o 750 mL  Sunflower Ol gi11.00
e 750ml  Olive Oil Ri4-80
14 52 Sunklower Ol AT
5 Ikg bags Whike Flour - Ri1-80
(o 800g bags lodised Salb Ri4 40
L0 5003 kags Whole (offee Beans R 166 00
14 2503 boes Whole (offee Becns Rag.ao

Total 2323- 70

Date received T7/)2/89

Higned )ﬁ\ —

TLT




24T

RECEIFT

Dato: _ISZIQ. Z 29

Quantlty Item tlosl
25 kg bogs lodiced Salk RIS 25
g 2509 boxes Ground Repper R2a.20
\g 250g boes R‘-PP'”‘W"S Ré2.10
I5 250g bags Whele Coffee Beans R43.00
18 Bovg bags Whole Coffee Beans RiSo:4%
6 250g ns lnskant  Coffee R44.28

Sub-total __R 4¢2.28
6.5.7. _ Reoron

Tatal

€532.87



RECELPT

Date: =/12/99

Quantity Tiem Lol
22 £ botkles Ceolo CLolddrink Q2692
] 2L loktles Ovarge Colddvini 23315
39 250 mL consg Lamen Colddrink R31.8%
43 256ml cons Oronge  Colddrink R41.7)
4 800g cans Instant (offee k6068
12 2809 bo@ﬁ Gerournd (oFfechenns pg52.3¢2
9 E00g bores TTeabogs Rio8 - 26

Sub-total R 550-67

G.5.T. R 480

Total _R8ab. 48




L 7AS

Quantity

o

560g
1259
250g
S00y
2p0g
500q

DELIVERY NOTICE - INVOICE

Item

Lag Ploin Saft

boxes Pepprrcorns
pockets Grround Coffee
kin  Instonk Coffee
boxes of Tmlmss
baxes o Teobags

Total

Cosi.

R 0o
Rid.00
RE1+-50
R34 .00

RE6-00

Rioe- 40

22879

Date received 8/12/84

Sigriad




QLI

Quantity

20
20
15

24

49
16

DELIVERY NOTICE - INVOICE

Item

Bones of S500me Fudl Crearm Mitk
Tubs of 250mf Nokurol Yoghurt
12 bottes of Cola Colddrink
280 ml cons Oronge Colddrink
250mE cans Lemon Colddrink
22 baoktles Oronge Colddrink

Total

Lot

RI1Z. @0
Eq.40

RiB- 00
Rap-40
Rao.v0

Pa4.50




9Lt

RECE1PT

Date: _11/12 /84

Quantity
o
g
12
8
iz

i€
Z8

1tem
12 bubs Fruit Yoghur
250 W tubs Nabural "(askm-*'-
300 mf kubs Whipping Cream
300 mb tubs “Thick Crecm
150 mP tubs Saur (ream
28 bottles Skim Milk
12 catons low Fol Milk

Sab-total
G.8.T.

Total

Dosl

Ral.20
Ru-ib
R22.68
RiS-q2
R 32
Ra44 4o
Raz2.50

K4.24

B8y




LLT

Quantity

[1¢)

24
2o
24

o

DELIVERY NOTICE - INVOICE

Iten

250 me babs Frufk Yashurt.

12 Lubs Neburol Yoghurt

1€ carkans Skim  Milk

(£ corkans Low Faob Wil

" 12 tartons Eull Creom
150 mE& cartons Saur

Wik
Cream

Total

Cont

R5:-&4
Rib 00
Q28820
R 23-0a
Rat 4o

Ru-8e

Ruyre3q4

Date recelvad & uz(sq

Signed

_ A




DELJVERY NOTICE - INVOICE

Quariity ) Item Cost
24 'S0 ml tubs Whpping Cream Q2L 40
24 3o00mt bubks thpptrs Creom R3g .40
12 300 mf tubs Thick Cream Rzo:40
20 2L botkles Sk MK R44:00
15 2e bobtl;s Full Cream Milk R3l. 80
lo L tubs Pt Yoghurt : 2i1e- 00
Total _Bi7e- 0

Date received Wfi2 !‘ &9
Signed ot

g1




BLT

Quantity
5

18

20
20

DELIVERY NOTICE - INVOIGE

Item 29__5_5
Rottles Conditioner- 0:]:1 Herir £54.25
Botbles Conditioner- Dy Moir Rsa.2g
Dothles 5hampoo - Novmal Hlaiv R44.40

Pkts. Dauble Pb Toilt Rolls x b's R38.00

1kg boves Aubamokiec Noshlﬁs
Fowder gs2.00

Total ~ _R2§2.90

Date recaived ?ﬁlz{ﬂ'q _
Signed A<




REGEIPT

Date: |2 ([2 tgq

Quantity Item GosL
23 [kis. Double Ply Teilet Rolls xb's R49.9i
g Pkes. Sigle Ply Toflet Rolls  b's Rz bt
14 Pottles (onditioher - O{b Holr R58. 24
lb Boktles (ondittorer - D@ Rair Rl Sb
2o Botkles Shampao- Nermgl  Mair R11-80

Sub-total _ R 27717
G.8.T. R 3t.83

Totat R 318-20

i




181

atat \9b2¢83

Quantily

18

14

19

REGEIFT
Iten

150 mb tulbs Nhippm;'\s Creakn

2%5 bees  Aukomabic hkﬁh;slrkw

2kg boves Word Naahi'g Ranclas
1L bathles Egguiar Fabne, Sof berer

1L botbles (oncentvoled Fabre
sofkener

Sub-total
6.5.7.

Total

Gost

Rz3.22

g15.60

R42-%0
R15- %I

R4D 2w
R2L0 381 _

_ 2 3.4




E4:34

Quant ity
20
G

20

20

DELIVERY NOTICE - INVOICE

Item | Lost
12 botbles Regulor Fabric Sofberer |  R7S:00
2L bobtles (onwentroted Tobrie
Sofberer Ri133. 00
2kq boxes Automalic  Washing
. Pawder R15.00
2% boes Hond Washig Powder Raa.co
Pkes. Swigle Py Toilet Rolls x b's R24 .00
Total Raol-o0

Bate received ﬁ’! ( 2!81_
Signnd . /ﬂ\




€97

RECEIPT

Date: IQ_flz_,"aq

Quantity

13
15
22
it
"
19

1# carbons Full

Item -

2 tubs Nabura! ‘foahurt'
250 m tubs  Fit Y?ghuﬂ-.

Cream  Mite

2f bottles Full Gram Milk
‘2 bottles lemon  folddrink

124 boltlks Llamon  Coddrink
Sub-total _RIkE. Bl

G.8.T,

Totgl

Lost

R26 38
g4q.30
R21.506
k3q.-a5

14 Al
K48-45

_fz1.82

Rigres




281

Quantity

DELIVERY ORDER
Iten
25 kg bgs Wholewheat  Flowr
2,5 kg bags White Flour
§00g bags Self- Ralsng Flour
1289 hoxes  Whole Reppercoms
250g boxes Whole Feppercons
S2 boitles SunMlewer Oil

Date tf1zf/8q

Data required _29/13/9q

Signed o




3:18

Quantity
19
lo
20
10
lg

o

DELIVERY ORDER

Ikem

500q bags ledised salt
Sogg  bags Plain Salk
lkg bags lodised Salk
2¢  bottles Sunllower oil
750 m&  bottles  Sunflower 01l
52 botkles Olve oil
Date _I5fa/89

Date required 2l/___l_glﬂq

Signed _____w;ff_—_%_ﬁ,




981

Quantity

10
lo

DELIVERY QRDER

Item

500g boxes Tealeaves
£00g  boxes “Teobags
500g rtans hstant
280y ba gs  Gvound
760 mb  bobiles Olive
280q  boxes Ground

(offce
(offecbeans
oil
Pepper
Date _\WA2/3

Date required 1 ﬂ_glg‘_ﬁ
Signed H_Jﬂ_:"""':_'_ e




£81

Quantity

L
22
12
Zotg
509
5005
2503

DELIVERY DRDER
Item

bottles Ovonge  (olddrink
botkles  Lemon  Colddeik
botkles  (ola  Colddrimk

boxes Teobags

bags Whale Coflerbeans

bogs Whole Ceffabeans

@ns astant  Coffes

Date

a2 /8a

Date required g_o_,ﬁ_g_ [ F

Gigned

s

e v o




g8t

Quantity

24
24
24
&b

24

DELIVERY ORDER

Item

28 boteles Skim Milk

12 hoktlea Full Cream WMHIK
22 betkles  Full  Creamm Miig

12 hottles Law Fat
2580 wl wns Omonge.
580 mb wans  Lemon

Mtk
Coldad rivrile
Colohdr i

12 bhotkles Lemon Colddrirk

Nate

Yefrzfeq

Date required _.?:.‘_’,[‘_2'4(.3_‘_'!_

5.gned




687

(Quantity

1o
i5
\o
22
12

1o

DELIVERY ORDER

Ltem

250 me  Ltubs Fruib "{ashurt
260 ml bubs  Netural Maghurt
L2 bubs Fruit Moghurt
180 mll bubs Whippng Creom
180 mf tubs  Sour Creom
360 mb bkubs  Thick Ceam
nate Aafr2 29

Date required __'3_9/{_1_:31_@_3_

Signad . ko




g6t

Quantity

20
10
\5

io

iq

DELIVERY ORDER

Item

Botkies Shampeo~ Normal Hewr

Bottles  tondidiorer - Diy  Hewt

2kg bexes Automabi Wasking Fowder
2kg boxes Hardwoshwy Powder

12 4ubs Naburt "fnakw-t.

Date \gfiz/Ea

Date required 2 '-'A-?'/Eﬁ_-

Signed —




1&1

Quankiky

%0
20

DELIVERY ORDER

Pits, Single Piﬂ Toilek. Rolts * &'s

Tkem

v

Pris. Double Ply Torlet Rolls x b3

} £ botkles
18 bottles

Qeeular Fobric  Saltemer
Concantraled Fabre Softerer

Rottles Comeitioner - Oily Hoir

Date _iefiafeq

Date requirned ___gll_l_g |??_

Signed _)ﬂ\
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Totals

On order
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COFFEE

Ground
beans

g
/

o)
3

1
I
i
!
i
!
|
1

Whole

beans

8
o

H
]

Instant

1
t
I

g

TEA

Bags

24
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1
I
|
!
¥
|
!
i
]

Leaves

B
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2001 soo| 200! soo| 250! Boo| 250] s00| z50] 500
7

)

STOCK
Existing

Intake

Sales

Totals

On order




COLDDRINES

Leman

N

-

N E

Orange

Cola

24

STOCK

Existing

Intake

Sales

Totals

On order
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MILK

Full eream

e e e, e

1~

g

Low fat

& =

o

-

e

Sicim

o =

i o

——

YOGHURT

HNatural

1o

Fruit

/0

?

STOCK

Existing

Intaks

Sales

Totals

On order
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APPENDIX 11
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Kindly read the statements on the following pages and state your opinmion

by ticking the appropriste square mext to each statement.

201



Strongly
agree

Agrea

Unsnre

Disagree
Strongly
disagree

1 The time allowed for tesk completion was too short,

2 The completion of the task required & great desl of

concentration.

3 I found the task difficult to complete

‘guccassfully.

4 I found the task to be mentally tiring.

5 I had to think very herd to complete the task

correctly.

6 The time restriction in the task made me feel

pressurised.

7 I Found the task to be frustrating.

!
.8 The time limit wade tha task seem to be more
{difficulc.

i9 I felt that the task was complicated,

i
i
I
i

}10 The way in which the task was structured was

. Erustrating.
I

3
[



Screngly
agree

Agree

Unsure

Disagree

|

Stromgly
disagrea

11 The way information was presente¢ made the task

more complicated.

12 The task was not simple to perform.

13 The task zeguired a great deal of thought teo be

conpleted successfully.

14 Performing the task made me feal stressed.

15 The format of the task added to its difficnity,

16 I was alwaya aware that I would have ta hurry in

order to finish irn tima.

17 I found that the task called for a concentrated

mental effort.

18 I felt tired after I had completed thu task.

i
1

.

‘19 The task could have been presented and/or

‘performed in an easier way.

|
i
[
(20 Overall I found the task to be difffcult.
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