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ABSTRACT
This dissertation explores the mental models applied when computers

are used by tertiary sector 'clerical' employees from diff~rent
,

backgrounds and with different levels of experience with,)' and

/mowledge of, computers.

The st"f!!!dywas conducted in three stages. In STAGE 1, interviews

wer« conducted to categorise the level of knowledge and experience
of the users, and to .establish their socio-cultural backgrounds.

STAGE .'1 established their 'mental models' 0/ the inside 0/ a
computer by means 0/ sketches. STAGE 3 assesud ~ketches 0/
subjects' mensai models of the dynamic operations 0/ the computer
saving a file. Cluster analysis was conduded to establish groupings

of subjects with similar Zlslf!rshipbackgroun~ and ~ketches. Further

4nalysis was conducted on the r~.~ulting cluster solutions.

It was found that user knowledge and experience with computers was

,ndo "ina"tly impacted on by exposure to computers, received

durir.g employme~t in an organisatilm, and by race group.

(

Silt~lJlrlhf;.;sll¥l.a differences in metaphors were identijied.ln STAGE

2, whick considers 'what a computer is', cluster members used
human; abstract technical; detail~d techno-mechanical; lightMbased

and alphabet.based metllphors. In STAGE j, which neCefn!t~ed IE

'what a computer does' perspective, mental modtels Were expressed in
terms of rer.ord-playerlfiling cabinet; save key-based; techno-

mechanical and menu-based metaphors. As speculatzd by Denham

(1993), subjects generally found tlleir abstract views of what a

computer 'is', to be inadequate wlten describing what it 'does', and

changed their models .mbstancially from those used in ST.4GE 2 to
those adnpted in STAGE 3.

u



In both stages, subjects who made use of few (usuaUy one)
applifation systems used exp:'iJ}~,detailed metaphors in their models.
In contrast, those using several systems aiJIJptedbroad, non-el.Phi:it
models combining features derived/rom tIu! "tuious application and
operating systems. The impact of the aill:Jptedsystems on mental
models l\..·asfurther ikmonstrated in STAGE 3, where subjects
,;ukhed whm they encountered in their interaction 'With the

computer. In accordance with past research, it was shown that as
expertise increased, the accuracy and applicability of models
increased.

.1

C01n~ny training was found ..to impact signijicantly on compkx
tasks,\ r.mdis thus pertinent for error reduction. Fortunately, socio..
cultural backgrounu, "'hich cannot be manipulated, only impacts on
simpler, less criticul tasks which need not be changed.

Cluster themlZs and similarities and differences in. theiT members'
mental models were easily identifiable. This demonstrates the

usefulness oj annotated sketches, with an accompanying descriptive
paragraph, as an i1l.vestigafivetool in research on mental models.
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LIST OF ABBREVIATIOli£
APPLIC . The number of application systems which the subjects has ever usee.

CABINET

This included labelling of any components of the. sketch as brain or heart.
or mentioni!Jg a loin or heart in the descIiptive paragrapb. It implied the use
ofa human analogy.

Any sketches which 11'i.~ll~dedseveral compartments in the f~ of a iiH~lg
cabinet or a concertina me. with each compartnJ!'..1jl alpba~ was lMJltif1ed
as a cabinet.

BRAIN

COL This inc!uded labelling of any wires/mechanisms in the sketch as havieg
colours, or mentioning coloured wires or mechanlsms in ~ :)..J'r;Ctiptiv~
paragraph.

COMMUNlC Auy foon rfcommun'canon between jte components oflhe computer.W«ds
which were used in thir:; category included 'commWlicating'. 'sending', feeding
information' and 'telling'.

CONFID
. .

The level Of confidence about using any computers. The rating~ were chosen
according to a scale of 1 to 10, in wbich 1 implied the highest level of
confidence, and 10, the lowest,

CPU central ~ing unit.

croSE? Any acknow~edgement (in the annotatien of the sketch or in the descdptive
paragraph) of a processing unit (generally labelled the CPU) as a separate unit,
and not referred to as the brain or memOl'Y.

DISKS This included labelling of any components of the sketch as discs, or \
mentioning a floppy disc in the descriptive paragraph, \ ,

D!SKSAVE Any mention of the information being saved to a disc.

PRWICLUS Name of Cluster Solution containing Clusters according to the sketches of the
inside of all inactive computer.

EDUC
degree).

EXTERNAL

Current Education Level of the subject (eg. STD. 8, matric, matrlc and

External features of a computer, such as the SCI'e*'.Jl, keyboard and cords which
connect the computer to a plug. EX1F..RNAL thus. included labellfng or
drawing of any of these components in the sketch, CI." mentioning any of them
in the descriptive paragraph.

Number of people livmg in the same house I flat I apartmeat I cottttgt..\as ilie
subjecL

FILECLUS Name of Cluster Solution containing Clusters according to the ste~hesof the
inside of a computer which. is saving a file.

F1LECOP FIT..ECOPrefers to implications in the skesches of the computer making a
copy of the fIle before. or when saving it.
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FNALJFNCTNAL

GENDER

RCI

LANG

LIGHTS
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LOCKIN

MAGNET

MARITAL

MEMORY

NATtON

ORG

1
I,
Ji
I

os
PGM

RACE

This reters to the belief that there is a sep&ra1esection in which the file is
stored.

The sketches were reted as functional if they incluCieQ.any ~tanatioI~ of bow
the components interac4 the functioos of various components. or ste1;.by $le!)
descriptiQtlS of what happens inside the computer. Functiooatity (F!'ITALand
FNCJ;'NAl.) thus implies a perspective shown in ~ sketches. based ()!lwhat
the c:. ·.1purer'does', rather ~.~relY what it 'is',

The freq~y with whidl the _ used tOO comJ!l.1~ in the time period .
rnentione<7in YEARSBXP. expressed in terms of days fr week.

?_,i

The genit¢r of the subjer.t (Female 0"Male).

Hrunan:.:oomputer interactioo.

HCl.lleLanguage of the ~b~t (English, AfTOOlans. Poougueoo. ZUlu, Sotho
~tt:.)

The exist.ence")f ~S in the mental mQdels was defined ss tl~X
inclusion of letten. anywhere in the sketch or ~tive paragraph" other;
Ui4&1 CQ tM ke)'t>oord's·keys. Mote ~ifica1ly, it generally referred to d'~
use of letters. mechanisms l"1;)elled as !ettens, or reference to the. alphabet,
existing either behind the screen. or in the box. ' ,

,j

Drawings of bulbs and labels or descriptions of light'll in the
annotation or descriptive ps.."8gtapb were included here.

Reference to an analogy tMt the file I information is 'locked ih· to the'
computer,

Any reference to tl, magn<',uc force which moves (geoorally pulling) the
informatioo wiihiu the computer.

Marital Status (Married, Single, Divorced. Widowed, Separated).

This included laOOUmg of any components of the sketch as
memory, (l' mentioning memory in the descriptive paragraph.

This included. any reieronce to, labelling of or illUlllttation of a menu, or
options on the screen, from wbich to choose.

Subject's Nationality.

The organisation in whicb the subject was employed when the study was
conducted,

The number of operating sys~ms which the subject has used.

Wbel~!e? the subject has ~ver written any programmes on the computer. for
example, programming in BASiC.

: Race Group of Subject (White. Black. Indian, Colow:ed).
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RECPLAY

SAVEKEY

RECPLAY refers to the 1].86 of a record player an,al,ogy. Thes, subjects
gP.oom11yused !he· term 'information reader' or 'l1eedle' that 'reads'
information off the <disc' or 'record'. The records are geneta11y depic:ed as
having separate sections on which the file infonnalion is encoded.

SAVEKE¥ refers to mental models inwhich it is stated that a single save key
must be pressed to save the fdf). This key is thus 'preprograrrlmedf.Jo save
theme. . .

SECTION Any sketch whr.r,h indicated that the computet bad separate sections, each
having a different purpose was included into this category.

l~ sketch in the third stage was considered SIMILAR to that of the sa.-ne
SUbject in.tbe second stage if the features included in the ~h. annotatioo
and diseusslon were similar. For exampk. sketches were not similar if that
of the second smge inclUde<.la memory. a CPU and wires' .vlule that of the
third depicted a ming cabinet.

SIMILAR

STORCOM Tb~ included labelling of any 'storage components' of tbc computer wiflUn
the sketch. Or mentioning such components in the descriptive paragraph.

TECHNIC Bentley (1981) notes that a new language luw developed alongside tl'iC aCrvent
and growth of computers. Acronyms ar.~ comp~jet-j;t.rgnn of~~ dazzl~ novice
users, for example 'byte' and 'CPU'. Kn<JIviiedge of these wOOls implies
familiarity with literature dealing with CIJmPUters, ()f people woo have
technical knowledge 'Jf computers, Technical wordt which were inc!~::Wdhere
were ~ROM', 'RAM', 'bytes', 'directory', 'path' and 'gates'. If two lYmore
of these words were used, the sketch was classified as.TECHNIC.

TIMESPAN The approximate amount of time, {in hours} that. the subject ~.t-endsin each
session on the computer,

The amount 1.)( training (formal or informru) received inComputer Sc~tt:e -
including trait4~g regarding woddng on all application or operatin&~ysjcm.

,j

USERCLUS Name of Cluster Solution which includes the Clusters based on the Usership
Data - regarding knowledge and Experience of Users.

WIRES Thi s included labelling of any components of the sket!:h as wires :1' cables,
or me, ioning wires or cables in the descriptive paragraph.

WIREFEED Any references to the wire 'feedlng' the infcrmation through. or moving it
around.

YEARSE~ The time period, stated in years, over which the sabject has used computers.
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PART :!ik-PAST RESEARCH

c'H~F:R 1: INTRODUCTION

\

1'dcCormick ~,lldSanders (1982) purport that systemati(~patterns of design arose in the
I

past century. OrandJe~ (1982) explains that these patterns emphasise the man and
\ .

machine fo~"g tw<b separate parts nf a system, am! having a reciprocal relationshfp,
The resulting ~i:fstemfwhich marries the operata! ami the device is commonly referred

to as the 'Mw\ Machine System' (MMS). The MMSl is defined as "An operating

combination onone or more perc. .J with one or more equipment components; they

interact to bring. about some desired output from given inputs. II (Huchingson, 1982,

p17). Ya\~s (19:~:9) stresses that in the rapidly developing technological age this

perspective is tfli~ key to success in meeting increasingly complex needs that are

arising. At a time when the world's infOlmation base doubles every three years, the
use of computers is increasing rapidly in all spheres of life. As such, the importance

of designing the human-computer interface to optimally accomodate both th~ user and
i)

the accomplishment of the task is essential. Individual factors which distinguish one

user from another have practical implications for the human-computer interaction

(HeI) and thus for the interface design. Some of these factors are expanded on in

TABLE 1 and APPENDIX 1. This study will consider personal knowledge as the

primary determinant of the HeI, while considering the impact 'of socio-cultural
background factors on 'knowledge'.
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TABLE..L..
STABltIff OF INDIVIDUAL DIFFERENCES WHICH
EFFECT HUMAN-DSER INTE1!-4C110NS. ~lSTJJ,D FROM
'lHE MOST TO THE LEAST STABLEu

PERSONALITY FACfORS Intelligence, ~
Extroversion/Introversion i

J
COGNITIVE STYLES Field (Injdependence, IImpulsive/Reflective,

J
LEARNING STYLES Heuristic/Systematic.

-~IPERSO~AL ~OWLEDGE KNOWLEDGE and=
EXPERIENCE,

(Adaptation of table from Waem, 1989, p113).

Personal knowledge, experience and 'mental models' of the dynamic operations of the

computer are responsible for differences in individual performance, For many adults,

the use of prior knowledge is an intentional strategy. Prior knowledge may also be
used unintentionally. In any particular situation only a selected part of all prior

knowledge will be evoked. and will influence behaviour (Waern, 1989). Knowledge

and experience are thus the most useful factors for making recommendations about

the design of the computer and training systems so as to optimise the ease of use of

computers. Literature covered in this section will explain the method oif, and need for
the categorisation of users according to knowledge and experience. It will also clarify

what is meant by the term 'mental model'; distinguish between three such models;

and explain how and why background variables (such as age, organisational

membership, gender, nationality, home language and education level) could impact on
these models.

r
1
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CHAPTER 2 : KNOWLEDGE AND EXPERIENCE

When referring to HeI, the term 'user' is generally understood as a person who uses

, the computer. This label can be divided into several categories. In this dissertation,

the division will be based on the four categories which are suggested by Fisher (1991)

as they refer to prior experience and knowledge regarding the task and the system.

These categories are 'novice', 'naive', 'experienced' and 'expert', They can be

represented in a two-dimensional conceptual space (FIGURE 1).

A distinction must be made between the 'novice' and 'naive' user. " A novice in the

broadest sense denotes a person who is new or inexperienced in a certain task or

situation ...with continued exposure to the task, and tools, the novice gains experience"

(Fisher, 1991, p438). A naive user, however, Ilmay 00 regarded as lacking developed

powers of analysis, reasoning or critical capability in a particular situation ...someone

who needs to use computers in a meaningful way for particular tasks. but who does

not need (or want) to develop knowledge of the operating system or application being

used." (Ibid., p439). [An operating system is the system which schedules programmes

for execution, controls the use of input and output devices and provides utility

functions for all of the programmes run on the computer (ego DOS). The application

system is the 'package' which is used (eg, Wordperfect)].

J,.

A second distinction which is necessary to make is between the terms 'experienced'

and 'expert'. According to Fisher (1991, p439) an experienced user: in contrast to a

novice user, "has developed skills or knowledge from extensive exposure to

participation .•.says nothing about the quality of experience. II The expert, in contrast

to the naive user. "gains and intentionally uses skills and knowledge about the

dynamic substrates of the operating system. II (ibid., p439).
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EXPERT

NOVICE

I -

EXPERIENCED

NAIVE

(Fisher, 1991, p440).

FIGURE 1.
TVVO ..DIMENSIONAL CONCEPTUAL SPACE
DIAGRA..MMATICALLY REPRESENTING THE POSSIBLE
RELATIONSHIPS BETWEEN THE NAIVE-EXPERT A~lD
NOVICE-EXPERIENCED USER CATEGORIES.
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Yates (1989) explains that an individual can be experienced in some ways and novice

, in others but as the population of users expands, the majority are likely to be naive

and novice .. The computer has thus had to become more efficient, easy to use,

consistent, logical lind natural (Moran, 1981). Barnard et al, (1981) advocate that fer

a computer to be truly 'usable' it l;r'Jst be compatible with the characteristics of

human perception and action as well as with their cognitive communication, skills,

understanding, memory and problem solving, Pertaining to compatibility, Nickerson

(1986) emphasises that the information in man and machine is organised very
differently, and effective interaction requires that infonnation flows both from the

person 1;0 the computer and vice versa. The challenge lies in finding more effective

ways of organising and presenting information for human comprehension, assimilation

and retention since after-all, the human-computer-interface is the major determinant

of information exchange, and thus, of the success or failure of computer systems

(Nickerson, 1986). Sime and Coombs (1983) pose the question "Why can't computers

be more like me?", Young (1981) maintains that computers can be more compatible

with the users, and he suggests that for an interface device to be satisfactory its

intended users should be able to formulate a 'mental model' of the devices which

could guide their actions and help them to interpret its behaviours.
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CHAPTER 3 : MENTAL MODELS

Modelling mental functioning relies on cognitive systems which often defy the

iguidelines' for human-computer interface design.Accordingly, researchers in the field

of cognitive systems have placed an increasing emphasis on cognitive mapping

processes to determine users' mental models, metaphors and images of key system

dynamics and components (Fisher & Newcombe, 1990; Woods & Hollnagel, 1987).
Downs and Stea (1973) define cognitive mapping as a process composed of a series

of psychological transformations by which an individual acquires, codes, stores, and

decodes information about the relative locations and attributes of phenomena ill his
or her everyday environment Human behaviour is dependent on cognitive maps or

mental models. Such a map is not necessarily a 'map' in the true sense of the word

as it does not necessarily display the physical properties of such a pictorial graphic

model. Instead, a cognitive map tends to be complex. abstract and selective while

comprising generalised representations of the real world (Downs and Stea, 1973).

Rutherford and Wilson (1991) note that the term 'mental model' has different

connotations. Despite the lack of explicit definitions of mental models in the literature,

researchers seem to accept and understand the concept intuitively (Hanisch et al.,

1991) .
. /

r
!
I

Chapanis (1961) describes mental models as "analogies ... representations, Of

likenesses, of certain aspects or complex events, structures or systems, made by using

symbols or objects that in some way resemble the thing being modelled!' (cited in
Waern, 1989, p96). Waern (1989) justifies the importance of mental models by stating

that without representation, all we would be able to do is to act We could never plan,

decide, predict, or usc prior knowledge. As such, particular model requirements are

necessary, and the form of the model is important. Three types of models which

Fischer (1991) and Johnson (1992) discuss are the:
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(a) User's model (models the users have of the system and the tasks).
,

(b) Designer's model of the user (the models that designers have of users,

tasks, and technologies relevant to the design of a system).

(c) System's model of the user. f:cbe model the system has of the users and

the tasks)

(
i

The term 'Users' models.9.f..systems' has been referred to by many researchers

(for example Ziegler and, .ringer, 1991; Craik, 1943; Wickens, 1992; Johnson,

1992; Fischer, 1~~91;Finan, 1962; Johnsson-Laird, 1980; Brown & Booth, 1989;

Rutherford & Wilson, 1991j Hanisch er al., 1991; Callicott 1986; and Finlayson et
;1 • ,;

al., 1989) when discussing the user's conception of the system, which is often referkd
to as their 'image' or 'cognitive representations' of a system (Hanisch er iil;; 1991).
These researchers explain models as being based on experience, self-exploration,

training, manuals, observation a~daccidental enccunters, and therefore as differing

from one individual to another. Piaget et al, (1960) explain that all our comings and

goings provide, through time, the mental frame of reference for the many images

(cognitive maps) formed of objects and situations. Finlayson et al. (1989) add that we

develop generalised concepts for categories of events and objects so that new

experiences can be readily placed into a meaningful frame of reference. Based on

these frames of reference, the physical plan > can construct the necessary features

and their relationships in a meaningful way. Craik (1943) affirms that mental models

simplify reality by omitting irrelevant details, chunking concepts and procedures and

reducing the working memory load.

il

II
II
II
iii
II
IIr
11

ii

Moran (1981) depicts the 'user's model' as an integral part of the user interface. They

"allow the user ... to bring experience and expectations from the real world to bear

when attempting to perform a task involving the computer." (Blumenthal, 1990, p659).

Fischer (1991, p3) adds that since "reality is not user-friendly .. Models playa crucial

role ... and help to increase ." comprehensibility!' Young (l981) explains that an
appropriate model zan be helpful, even necessary, for effectively dealing with system

intricacies - an inadequate model can represent both misconception and error (cited
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in Fisher & Newcombe, 1990). Thus system features should be integrated in users

cognitive representations (Hanisch et al., 1991; Johnson-Laird, 1980; Ziegler &

Bullinger, 1991). Van Laethem (1990) U1L1PPc;.ts this view and adds that novices

perform better, with lesser errors in these cases, compared to when they learn with

manuals. Accordingly, Pisher and Kaplan (1990) suggest that the command language

also be matched to the conceptual model of the user.

Norman (1983) distinguishes between a mental model and a conceptual model in

order to explain the disparities between user representation and system properties. He

describes a mental model as the unobservable set of representations in the users mind.

A conceptual model, however, is an observable manifestation of system components

offered to the user by the designer as an explanation of the system - sometimes

deliberately us a basis for the user to develop relevant mental models. When this

conceptual model is not provided, a user will still build a mental model, however, it

will probably be based on a combination of clues and interpretations during the HCI.

This often results in idiosyncratic and incorrect mental models (Fisher & Newcombe,
1990). Fisher (1991, p7) proposed a model (FIGURE 2) which is pertinent to the

under tanding of user interaction with the computer, as it incorpor-ates many of the

above mentioned concepts, including mental and conceptual models, while comparing

them ,0 the actual system.

V'Iaem (1989) purports that a computer system's reality can differ. between people

because of the way a computer is actually used. She distinguishes between 'outer

tasks' (for example wordprocessing) which do not touch on the system itself, and

'inner tasks' which are concerned with handling Ul"'; actual computer system. Waern

(1989) notes that to a user who is engaged in an outer task, the computer reality is

contained in the conce us and procedure used to perform the particular task. Thus, a

user of a wordprocessing system will essentially 00 concerned with the reality of

concepts such as words, paragraphs and pages, and the corresponding activities such
as typing, inserting and deleting. As such. these users hardly distinguish between the

'system' and the 'task'. In accordance 'with this vic. ... .Iorman (1983, pISS) states
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"you use computers when you use many modern automobiles, mbroViave ovens ¥ ••

\\
and calculators. You don't notice the compue: because you think of yourself as dOing
.the task, not as using the computer." He-adds that in the same sense, you do nor go
to the kitchen to use an electric motor; you go to use the blender. The motor is part
of the task, although the blender is essentially a pure motor and the specialized

~:~~hments !f-!!!,chit drives. Waern (1989) maintains that the difference between the

system and the task is more likely to be '~mowl:dged bi a computer programmer

who is more familiar with the operating syswm(s), and can choose which reality to

present to the user. The essence of this argument is that the way in which one
int",racts with the computer will determine the mental model which is formulated. The

revet. , relationship also impacts on the users performance - the mental model which

is formed impacts on the way in which the computer is used,

I

l.
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FIGURE 2!o
FI~~CHER'$ (1991, p7) MODEL ILLUSTRATING USER
INLl}RACTION.1Y1Ill. THE COMPUTE1L.

D1 'l'he subset of concept.s that users know
and U5e without any problems.

D3

The subset of concepts that users use
only occasionally.
The User' s Mode~ o~ the system.

The actual system.04

.J

j
'j
I.

~

\',
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Barber (1988) believes that 'mental models' are based on EXPECTATIONS of the

action-effect relationship, It relates to the schema-based approach of program

understanding, which assumes that the activation of knowledge structures (schema)

stored inmemory create expectations about Information in the program. Waem (1989)
stipulates that the nature of the linkage between the device and the outcomes need not

be understood., but expectations are still formulated, For example, drivers may have

a clear understanding of the consequence of turning a steering wheel of a car, without
having or needing any information regarding how this is physically achieved. These

expectations can succeed, or fail. If something occurs, for which the user has no ex-

pectations, or even contradicting expectations, the user is likely to experience conflict

between the model (s)he employs to understand the system and the system's output.

This results in people reassessing and improving their model to account for the

factor(s) - thus the difference between novice and experienced US(ll'S (Detienne, 1991).

Barbel' (1988) exemplifies such 'model adaptation' by stating that when steering a

boat with a tiller, difficulties may arise because the tiller has to be held in the

opposite direction to that in which the boat is to travel. He adds: that it usuarly docs

not take long for the beginner to correct the inappropriate tendency (based on the

inappropriate mental model) to turn the tiller the wrong way. However, he warns that

use of the incorrect model is prone to return when the person is in a panic situation.

Waern (1989) believes that two essential factors to include in the definition of a user's

model are the idea that a model represents reality and is symbolic, and that the model

has a structure similar to that of reality, They can even be partly false and still be

useful. Fischer (1991) explains that it is not always a correct model which is

desirable, but rather one which is understood by everyone, and which supports rather

than paralyses action. Hanisch et al, (1991) refer to this concept as the 'validity' of

mental models, and emphasise the correspondence between a mental model and the

system's output. Similarly, both Barber (1988) and Sime (1981) emphasise that

compatibility of the design with mental models of the user population is essential. The

displays, actions and outcomes must be matched as closely as possible to the users'

models since people find it easier to follow logical rules if the relevant material is
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meaningful in content. Examples (FIGURE 3) were offered by Whitaker and Sommer

(1986) of signs bearing directional information which could disrupt people's responses

to the stimuli (in Barber, 1988, p94).

The importance of stereotypes is illuminated in FIGURE 3' s examples. Stereotypes

come about because of 'reinforcement' - the pattern of rewards and punishment
associated with a particular action shapes ones expectations and thus mental models.

It has been suggested by some theorists that tasks with a sufficiendy high degree of

stimulus-respcnse compatibility demand so few central-processing resources and

monitoring during execution that they may be considered 'automatic' (Barber, 1988).

Craik (1943) purports that a model is also a means of communicating ideas about the

reality to others. Definitions, concepts and rules used in the models must be

formalised to ensure standardised understanding. Computers need formalisation to a

greater extent than people do. This poses problems to the 'naive' person since they

are not accustomed to the formalisation. Metaphors are widely implicated as part of

an individual process of goal directed, learner-initiated learning, particularly where

learning occurs in complex domains of high abstraction. This is typical when building

models or learning computer dynamics (email & Thomas, 1982; Brown & Booth,

1989; Wickens, 1992). It is thus often suggested that a computer should be introduced

to novice users by drav ing an analogy between the computer and a situation which

is familiar to the user (nisher & Kaplan, 1990). In accordance with the perception of

'expectation-based' mental models, Hanisch et aI. (1991) show in their research of
novice and expert users of a. phone system that novice users had a deficient mental

model of the system. They recommend the use of experts' models in designing

training courses to aid novices in acquiring an accurate presentation of the system.

Brown and Booth (1989) state that it is commonly accepted that we learn by building

on existing knowledge, and thus we can use metaphors as the basis on which to build.

If the metaphor is limited, so will be the development of the user's model. As Carey
notes "if you change a person's representation of the task, you change the

way the person does the task." (in Mendes, 1984, p39).

~'6,~
c:-;

i

~
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(b)

(d)

(a) airport - conflicting; (b) skier - concordant; (c) Amtrak - orthogonal; (d) Metro
- conflkting. (From Whitaker and Sommer 1986)

(Barbel', 1988, p94).

FIGURE 3.
EXAMPLES OF D_llll?,£flONAL, Sl('iNJ.lBEARING.IRRELI$VANT
DIREl;1'IONAL INFOR1l'lATION.

o
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Waem (1989) and Halasz &Moran (1983) agree that it is often necessary to combine

several models to explain the computer to the novice user as users seldom have a

model of the system as a whole. Each user selects his own part of the task in the

system reality for modelling, and at each level of abstraction, there must be a mental

model representation (Rutherford & WilSO!l, 1991). Halasz and Moran (1982),

however, suggest that while an analogy is where a whole unknown system is thought

to behave at some level of abstraction in the same way as a known system, a

metaphor only refers to part of an unknown system. Based on this view, they argue

that an analogy can result in a limited view of the system - and thus faulty incomplete

reasoning. The novice may not know which aspects of the models are applicable to

other situations, and which are not. It is preferable to use metaphors. An example

offered by Waem. (1989) is that a filing cabinet analogy may be used for rues in a

computer, whereas a guard analogy would be used to explain th~-u~'J of a password.

When leamlng, prior know ledge which resembles the situation is evoked and

"transferred" to facilitate learning, providing the actions to be performed and the goal

resemble those of the prior situation. It delays learning when goals and conditions are

similar, but the required actions are different.

!!
1)'1

Since transfer of knowledge from past experience to the task at hand depends on

similarities between the present and the past situations, we should consider how

similarities can be specified. Similarity is a subjective term, and subjects can differ

greatly in their perception of similarities between computerized and non-computerized

tasks. Waern (1989) describes a study by Waem and Raebenius (1985) which aimed

to discover which metaphor was the more 'useful for learning a wordprocessing system

- a typewriter metaphor, or a building block metaphor. She exemplifies the typewriter

analogy with the statement (pl04) "A word-processing system is like a typewriter,

You can type a text by tapping the keys. If you want to correct something, you can

delete and type over at a single stroke." (FIGURE 4(a». To elucidate the building
block metaphor, she offers the following statement (P105) : "You can insert new text
by putting in new blocks with new letters, and you can delete text by taking blocks

away. Changing letters is equivalent to exchanging one block for another. II (FIGURE
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4(b)). Two groups of subjects were each presented with one of these metaphors and

with different tasks (keyboard use and spacial rearrangement tasks). She. advocates

that this research showed that when teaching a wordprocessor, a typewriter analo&y
is useful for learning some (keyboard use), and building blocks for other (spacial
rearrangement) functions. The results showed no difference in performance times

between the groups, however, it did impact on the manual reading times. The

typewriter metaphor resulted in shorter manual reading times for tasks requiring text

changes with no particular spacial components. The post-experimental comments of

the subjects indicated that some of the suhjects began to form models of their own in

which the proposed metaphor was supplemented with further low-le-vel details. Some
months later, several subjects reported using the building blocks metaphor when they

began to write their own reports. This shows that the metaphor must be both valid and

perceived by the. user as being appropriate to the task at hand. An important finding

in this research was that, especially for 'naive' users, a model may be consciously

explicit in its functional dimension without being conselonsly explicit regardil:lg

processes or structures. I
According to Schmalhofer and Kuhn (1991), in previous research (Norman, 1983)9 it
has been argued that the user's mental model (how-it-works knowledge) is very

important for unde; ;;~.mdingtheir interactions with a system. Various experimental

studies have shown that these bow-it-works instructions can be more effective than

how-to-do-it instructions (Schmalhof~~rf 1987; Kieras and Bovair, 1984), which may
be explained by the fact that the former are more general (in Schmalhofer and Kuhn

1991).

~..' . '! ..:-.. A'~ , 1 ~. '" . ~, .
.,.. I 1" ~- •

i

_"'lI~J._ ""',' ~~~f.:~~J~,':\:~·}':~.~,:~,_.',
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(4a) A Typewriter Metaphor of a Wordprocessing System.

~').. _. .

~~~~~~l!!.~.Ll!I.!:..l~~
)

l \.~\( ~

Vr tlJ
. . GJ

(4b) A Building-Block Metaphor of a Wordprocessing System,

(Waern, 1989, ppl04-5)

FICiURE 4.
TWQ~METAPHORS OF A WOR.llfEOCB.SSING SYSTEM.
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Besides designing a system which is compatible with the user's mental model, several

other factors must also be considered for 'good design'. These include attractiveness,

visibility, constraints, functionality, affordances, natural ll1appings, feedback and

durability. Problems occur when designers make one dominate the others. Norman

(1988) purports that designers go astray for three reasons. Firstly, the reward structure
of the design community puts aesthetics first. Second1y~ designers must please their

clients who are seldom typical users, Thirdly, designers are also not typical users.

c

The first two reasons offered by Norman (1988) are related in that the emphasis is

moved from functionality to 'sellability', The third reason is perhaps the most

important Wll-~ regard to computer design - "designers ... often forget that what

matters most is the efficiency and performance of the total man-computer system, of
I

which their computer is only a part." (Shackel, 1981, p14). Norman (1988) explains

that problems arise due to 'naive psychology', Naive psychology refers to the fact that

people project their own thoughts and beliefs into the actions and beliefs they perceive

other people to have. In their work, designers often become 'expert' with the device,

and design in accordance with their mental models, which become far more complex

than that of the user. This is because the designer is constantly developing his/her

model, which reflects the reality of the computer system closely. In other words,

"users of different levels of involvement and experience tend to represent dynamic

computer processes at different levels of metaphor." (Fisher & Kaplan, 1990, p38'7).
Designers become so proficient with the product that they can no longer predict the

areas that will cause difficulties. If the designer cannot anticipate errors, the design

cannot minimize their occurrence or their consequences (Norman, 1988). The second

type of model (the user?s being the first) which impacts on the usability of the system

iis thus the !designer's m~del of the.sIs~_lp":.As early as 1962 Gagne (P37)

had realized that "The best system development is that which includes consideration

~:>fsystem operation. It To which Shackel adds "Unless these human factors problems

IlU'eforeseen in the design stage then a sub-optimum system is the inevitable result. II

(1981, p1S).

I
1
,11 (J
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Hollnagel and Woods (1983) hypothesise that designers build into their systems a

model, either implicitly or explicitly stated, of the user's characteristics. This

'system's image of the user' is called the 'system's .model'. It must (1) possess

an image of both the physical characteristics and cognitive processes of the user; (2)

assume an image of how the 'cognitive systems' of the machine and the user interact;

(3) be dynamic, since both the users and their task may change oyer time (Fj!l~er and

Newcombe, 1990); (4) customize explanations so they cover exactly wh.at' ,i users
need to know; (5) provide differential descriptions of new concepts in relation to

known concepts of the user's model; and (6) present information through user specific

filters, focusing on the parts which seem most relevant to the user, and keeping active
r • systems quiet most of the time (Fischer, 1991),

3.1. Problems with Compatibility Between the
User's, the Designer's and the System'«
Models

Marguiles (1981, p256) responds to Karl Marx's words "Even facilitating work

becomes a means of torment since the machine does not liberate the worker from his

task but rather strips work of its content" by stating "our goal ...must not be to liberate

man from work, but to liberate man from inhuman [cruel, merciless] working

conditions." To achieve this, it is essential in designing the system to obtain a

compatibility between both the designer's model and the user's model, and between

the system's model and the user's model. The emphasis is thus on the user« model
which "could be used to design interfaces suited to particular individuals ...by giving

clearer iusight into the mental structures and functions underlying human error,"
(Grant. 1990. p1017).L

l Users should not have to adapt their models to an inconvenient interface; instead, the

interface should be tailored to suit the user's mental model (Mendes, 1984).
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Damodoran (1981) ~::l'i~esthat the minimal user support required to sustain HCI,

ensures i} users meet the system input requirements and

ii) system outpuCis received and understood in the way

intended. Hu~an-computer interface design

compatibility generally involves a matching of the input

and output modality (Barber, 1988).

IiComputers are often seen as infallible and, as Norman (1988) notes, users often resort

to self-blame if they err, rather than attributing blame to the designer who should have

minimised possibility of such errors occurring. Regarding the design problems inHCI,

he opines that the computer designers give little or no feedback regarding what

operations are expected, People are often faced with a blank screen and arbitracy, if

any, instructions are given to direct them. He adds that regarding user errors,

computers offer no clear explanation as to where or what the problem is, or what can

be done to remedy it. Palme (1981) exemplifies this by stating that if the user enters

"45" as a name. the computer should reply "I do not understand numerical nat'_~s"
rather than "Illegal memory reference" or.·"array bounds error", Also, many operations

are 'dangerous' as they do not ensure that work cannot be deleted by pressing the

incorrect button or forgetting to save. Warnings regarding such events are often

referred to in a manual which is looked at once and then stored for safe keeping

(Norman, 1988). Palme (1981) adds that such messages? as w~ll as the HELP facility

should be based on a program that has been tested on many people, and the questions

asked by these people have been collected and processed.

Fisher and Newcombe (1990) warn that what cannot be assumed is that for any user

group there will be a shared set of mental models, no matter what extent of

uniformity of training and other factors may be evident. Other background factors may

llnp ..et on mental models. These factors thus deserve fl' "\her attention.



3.2. The Impact of Socio-Cultural

Background on Mental Models

Prior to discussing value laden terms such as culture, the term 'soclo-cultural' as

used in this research needs clarification, Brown (1972) notes that the terms culture and

society are often used interchangeably although they ruff!}r. While a society is a

permanent, relatively large and stable group of people who live and work together -

their culture is the way they behave. White (1972) illustrates some of the views of

culture as 'intangible' (Linton. 1945); 'character traits' (Boas, 1938) and troutine' (in

Brown. 19'12). Thornton (1988, p22) and White (1972) quote Edward Tylo('i~
,

definitlo» of culture, which is still regarded as a definitive definition of the c(}nc("~r~,

:"Culture or civilization is that complex whole which includes knowledge, belief, aie,
morals, law, custom, and any other capabilities and habits acquired by man as a

we mber of society." From this definition it can be deduced that culture is not inherent,

but is something one gains through normal social interaction and experiences (Macher,

1989). Culture is an adaptive mechanism - a body of ready made solutions to the

problems encountered by the group. It is thus dynamic (Brown, 1972).

Because people intertwine brain and body, it is difficult to categorise cultural

activities separately from other human activities. Goodnow (1969) states that studies

must hl!~',,(ifythe skills common to people from many backgrounds, the skills that

differentiate them; the features of milieu that may account for these similarities and

differences; and whether the same answer means the same tiling in different cultures

(Pick, 1980). Starr and Wilson (19~O) and Burger (1973) support Rohner's (1975)

view that universalistic research must be comparative in nature. Dorgan (1991)
cautions that emphasising the differences betwe=, -mltures increase'] differentiation

between groups, and creates antagonism and stereotypes. Accordingly, Starr and

Wilson add that the similarities between the cultures must be emphasised and used to

generate theories, computer programmes, training and teaching techniques of greatest

possible generality. Similarly, Frijda and Jahoda (H69) opine iliat the ultimate goal

is the elaboration of general behaviour laws. ••A cultural mosaic consist."! both of
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I

discrete elements and the lines which form their boundaries and join them together."

(Brembeok and Hill, 1973, p21). One must encourage the cultural essence of each

group to flourish, while simultaneously providing the cement which holds the total

r . ~tc together (Brembeck and Hill, 1973).

Hudson (1969) notes that pictorial material and teaching methods may be relevant to

one cultural group, but not to another. This is important to note for edacation,

marketing and snfety (in warning signs). Berry (1986) emphasises the need tn 'pitch'
the material in the appropriate way for people from different socio-cultural groups.

Similarly, Duke (1990) and Ramirez III (1988) argue that programmes that are not
based on the unique learning styles of the people are unfair as they reject their

cultural background, and create conflicts by forcing them to question the values and

learning experiences which they have acquired at horne. The results c ~this practice

are reflected in school drop-out rates and in the low level 1)f educational attainment

of members of minority groupo. It is the teaching, rather than the learning style that

prevents the child from learning (Hilliard III, 1992). Shinn (1972) adds that what is

of concern in teaching is not the particular set of values to whleh one adheres, but

rather the ability to relate to all students irrespective of their culture or background.

(J

Socio-cultural variables are difficult to study as they are not easily controllable, end

they are often valu, laden. These variables include race, home language and

education. Dorgan (1991) questions whether the use of race as a determinant of
culture is logically and morally feasible. Some argue that race stands apart from

culture in that it is innate and nbysical, not learned after birth (Brown, 1972). In

contrast, researchers such as Bullivant (1986) and Brembeck and Hill (1973) include

race and ethnic origins as cultural characteristics. For example, Machet (1989) notes
that in South Africa, the Afrikaaners, English speaking Whites, and Blacks form

different ethnic groups, each of which has their own culture. This is indicated by the
fact that members of each group generally choose to attend different churches and

schools ~ two of the main institutions for imparting values to children in the

socialization process.

I,:
I
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Kaplan (1988) demonstrates that culture impacts on our point of reference in terms

of language used. He notes that in Western cultures, one might say '1 see him'

showing that we interpret actions as brought on by our own will. The Eskimos in

Greenland, however, state 'he appears to me' as they perceive events as happening

to them. Thus. any attempt to eliminate our human perspective from our picture of the

world would lead to absurdity. Markers of essays written in foreign languages have

received criticisms such as 'lacks organisation'. Kaplan (198B) attributes this to the

student's use of a :;hetoric that violates the reader's expectations.

Stueber (1973) stated that education is generally defined within a single cultural

context It has. for example, been defined as a function of a particular SOCif~tyat a

particular time, rooted in some actual culture and expressing the philosophy and

recognised needs of that culture. According to Neff (19713),education and culture are

inseparable as culture entails learned modes of behaviour that are socially transmitted

from one generation to another and from society to society. These processes that are

learned in tum Owe their continued exi .~ to culture.

The relation between the above mentioned variables is continually demonstrated in the

literature and the definitions of the variables. For example, Machet's (1989) definition

of ethnicity embodies concepts such as a common culture and language; an

awareness of group solidarity and a common historical background; a common race-

semantic norm image; and a group identity and feeling of a common destiny by all

group members. Due to the difficulty in clarifying the distinction between these

concepts, for the purpose! of this dissertation, the term 'socio-cultural background' will

encompass ethnic, educational and language differences as the aspects are difficult to

separate.

(1
The past literature has generally adopted an approach which imposes cultural

groupings as independent variables, assuming that one aspect - culture, education or
intelligence, for example - impacts on behaviour in a certain way, disregarding their

interaction. Further, the extent of acculturation is often not considered as a variable.
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Berry (1986) explains that acculturation occurs when people migrate. and 'westemiz-

ation' influences behaviour of individuals. Burger (1973)identifies three goal systems

of cultural assimilation : (1) Anglo conformity - the complete renunciation of one's

ancestral culture for the values of the Anglo-Saxon core group; (2) melting pot -

combination of the cultures to form a new culture; and (3) cultural pluralism - various

cultures co-existing. Dorgan (1991) sees South Africa as having a 'melting pot'

society. For example, if. is not unusual to see a White teenager wearing traditional

Bantu beads. In contrast, Burger (1973) purports that cultural separatism is

intensifying rather than diminishing. The question is thus raised whether different
techniques must 00 implemented for developing training and computer systems for

people from different cultures. Various arguments for and against this suggestion

exist, possibly due to inconsistency in methodology and operational definitions {)f
culture. In order to overcome such limitations, the present research argues for an

exploratory study which makes no presuppositions regarding whic.h variables will, or

will not, influence men»; models of subjects. More specifically, several 'background

variables:' which relate to one another (such as education, home language and ethnic

group) should all be considered, and only included as independent variables if their

impact on the subjects' mental models is clearly identifiable.

c

"Our culture ... exercises a profound influence over us. It organises the way we learn

to see the world .... we see how important our culture is in providing us with·

explanations of the world we live in, and how it directs our attitudes and feelings as

well as our ideas. Of course, we t:Hadd a unique element to that understanding; but

we are still very much at the mercy of what our culture teaches us about life,"

(Bantock, 1968, pp2-3). "Different cultures appear to cultivate different abilities"

interests, and perceptions." (Du Preez, 1986, p83). Vie cannot assume that people of

different cultures attach the same meanirrgs to visual symbols Qr ability to transform

visual imagery (Du Preez, 1986). Shinn (1972) states that one's social background is

influential in the way one perceives the social universe.

I

~ G
\~I

Deregowski (1984) maintains that human perceptual mechanisms are essentially the
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same throughout the species. Cultural influences shape the mechanisms by accentuat-

ing certain characteristics so that different perceptual skills result, During this shaping,

features which are encouraged in one culture may be thwarted in another. Culture, like

a gardener training a tree, trains the mechanism to suit its own purpose. As the shape-

of the nee reflects the actions of the gardener, so the perceptions of an individual

reflect his cultural experience, yet the tree remains a tree (Deregowsld, 1984), Macher

(1989) adds that culture determines the stimuli that a person perceives and the way

that they are interpreted and understood. More specifically, one selects stimuli which

are meaningful in terms of one's culture and omits those that are confusing or strange.

Goodnow (1969) found that culture had a greater impact on performance than did

intelligence or education level. Hudson (1969) adds that informal instruction in the

home and habitual exposure to pictures played a much larger role in influencing

perceptions than did formal education. Ramirez ill (1988) discusses Lesser's finding

that members of different ethnic groups display different patterns of intellectual

ability. each group performing better in some areas than in others. The studies show

intellectual ability as a manifestation of culturally unique learning styles, as each

culture emphasises the importance of achievement in certain areas. Similarly, Cole and

Bruner (1974) state that intellectual equality exis'ts between all people according to

the 'doctrine of psychic unity') and that experience (which includes background)

impacts on the performance of individuals. What is perceived depends on the ob-

server's frame of reference which is in turn determined by one's cultural socialisation.

Piotrowski (1935) concludes that vision in true perspective is not a natural

phenomenon, but depends largely on education, environment, maturity, intelligence,

the nature of the task and 'conscious attitude' (in Deregowski, 1980). It has been

argued that European cultures 'cause I their members to excel on visual cues, while

traditlonal African cultures foster excellence on auditory and lQnaesthetic cues (Lonner

and Triandis, 1980). Du Preez (1986) discusses literature which shows that Western

chilcren are better able to express abstract concepts than traditional children. While

illiterate Blacks and both Black and 'White workers with primary school education
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perceived pictures they were shown, two-dimensionally, White school children became

increasingly three dimensional in their perception of the pictures as their level of

education increased. Black samples of high educational level did not show a corres-
ponding increase in 3~Dperception. Du Preez (1986) adds that many replications of

this study's findings (eg. Mundy-Castle, 1966) exist. In accordance with this, in South
Africa many Blacks have difficulty in perceiving and mterpreting a 3-D picture that

involves depth perception because their culture has not taught them how to 'read' this

type of picture, In another study, hunting peoples possessed good visual discrimination

-and spacial skill. These skills diminished as hunting skills diminished. Also, the re-

lationships between ecological and psychological variables appeared to covary system-

atically. These studies support the 'carpentered world' hypothesis which states that the
human visual system is usually junctional across species, but specific conditions ~t

how the visual system is utilized within different ecologies (Lonner & Triandis, 1980).

Much of the past research has focused on personality and culture. It has only been

more recently that interest has shifted to the relationship between culture and

cognitive style (Frijda and Jahoda, 1969). Pick (1980) notes that most of the research

in this area considers perception and how people's knowledge of objects and concepts

is organised. One's mental model is based on perception, which may be influenced

by socio-cultural background, however, the research dealing with perception generally

refers to perception of 'concrete objects which the subject can see', rather than

perception of abstract concepts in the subject's mind. Thus, as seen above, in past

research, the researcher has generally presented the subjects 'with a 'concrete', specific

illustration, and established how they perceive the picture. More pertinent to the

present study is t!le ability to materialise a perception - the complement of the former,
More specifically, to produce drawings based on perceptions of an abstract concept.

Goodnow (1969) stresses the importance of tapping the 'images in the head' or mental

models of subjects in order to determine the differences between the images of
different cultures and their performance. Barber (1988) mentions the culturally

determined diffe, \;\\(":'S in stereotypes. In traffic lights in 'Western cultures, red is used
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to warn of dangers and to tell the driver to stop, while green implies one can move

past the light. He adds that if one wants to switch on a room light, one does not have

to think twice about whether to push the switch up, or down. Ones expectations are

so strong and are shared by so many people from ones national community that it can
be described as a 'population stereotype', yet the population stereotypes differ

according to the population. If one is from the United States, one will expect the

movement to be 'up' for on, yet it will be 'down I for on if one is British. He emphas-

ises that the. existence of such opposite conventions show us that there is nothing

'natural' about this particular stereotype. Smith (1981) showed that 'norms' which

strongly contradict 'natural' tendencies may prevent stereotype formation, In a paper-

an-pencil test, he found that the two most common designs for a cooker-hob control

arrangement in the US (the left pair of controls operate two front burners) were not
among the four most popular patterns chosen by the US subjects. (in Barber, 1988).

I
i

"Performance is strongly affected by cultural factors. It (OU Preez, 1986, p80) and

"Overwhelming data also exist to show that cultural groups vary with respect to

behavioural style." (Hilliard Ill, 1992, p371). One of the sharpest differences among

cultural groups may lie in tasks where the child has to carry out some spacial

shuffling or transformiuj: in his head (using mental models), without the benefit of

actually physically moving the material around. Past actions may serve as an 'action

model' or a reference point on which to base future perceptions of relationships. Thus,

Du Preez (198~\_,~gue:sthat in order to move from a physical to a mental shuffling,
\

we may need td practice with actually moving the objects. He adds that cultures differ

in the practice ~:Ieyprovide in mental as against physical shuffling. For example, there

is a great diffevence between the middle class British children who play with toys

('shapies' and jigsaw puzzles) and the child who has no toys. Familiarity with the

material seemed to be a Significant factor in the abstraction. Mental shuffling of

images may be necessary to adapt mental models images as tasks change, or as one

thinks a problem through sequentially. The impact of culture here is thus important,
I

'ji (J

'li! ....~ .
Many tasks used to assess people's spacial skills require them to build a model, copy
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a form, or make some kind of a production (Deregowski, 1980). In sum. different

cultural groups use different, complex spacial reference systems. Hudson (1969) found

that Blacks used a 'twisted perspective' in which a combination of profile and frontal

view was used in drawings. For example, although an antelope was drawn inprofile,

two ears and four legs were clearly visible. Motor cars drawn in side view showed
two headlights and the front grill. While the unacculturated Black man draws what he

knows, to identify an object, the White man draws what he sees. Further, the unaccul-

turated Black sample represented objects without any consideration of size. In Western

pictures, size indicates distance. Pick (1980) states that when judgements are required

about features of real objects. uneducated adults who are familiar with the objects are

at least as accurate and sometimes more accurate than are those who had formal edu-

cation. When the judgement required is artificial, educated people are more accurate.

Familiarity with the relevant objects and with the type of task to be performed, and

formal education are associated with apparent cultural differences in how people

represent and classify objects. For example, Lloyd (1971) found that Nigerian children

from 'elite homes' in w'dch mothers were educated and the children attended schools,

and from 'traditional homes' in which mothers were uneducated and most children

were not in school - the children from 'elite homes' outperformed those from

'traditional homes' (Pick, 1980). When people know something about the objects they

are doing something with, and when formal education is equivalent, cultural

differences in how people represent objects are minimal or absent (Pick, 1980).

Research dealing with socio-cultural factors has thus generally identified marked

differences between the performance of people from different backgrounds. This

research has, however, imposed cultural groupings as independent variables, rather

than being exploratory in nature. When considering socio-cultural impact nn the

perception and modelling of the components of a computer in terms of mental models,

the possibility cannot be excluded that a techno-culture has developed, merging their
similarities and differences. The literature intimates that this theory has 110t been

investigated as yet.
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3.3. Investigating Computer Users' Menta; Models

Extensive research, using a wide range of research techniques, deals with computer

users' mental models. It revolves around imaginative assumptions about the HeI, and
explores the rational explanations of manifest operations. The relevant literature
consists of an accumulation of different ways of embroidering the problem. Both

support for aad criticisms of previous research methods used in this area exist.

Visser and Morais (1991) focused on knowledge used by programmers whom they

interviewed. The interviews used open ended questions concerning the main aspects

of the user's activities. By means of content analysis, they found that different types

of knowledge have different mental representations. In defence of their use of

interviews. they state that interviews may not give precise data, but are useful to

collect general information about user menta! models, and to identify objects to be

developed by other methods that n· ia be used. Similarly, van der Veer (1985) used

qualitative descriptions by users of an accounting system to establish then- mental

models. They were asked to describe the system to some other people. Models were

generally described according to one of three levels - task level (in terms of the task

performed), syntax level (according to the commands) and interaction level (according

to the input made and feedbacks obtained from the system) (in Waern, 1989),

Denham (1993) also considered mental models, however, she used drawings by

subjects as a method of data collection in order to determine the components, conduits

and causal effects of the mental models of computer dynamics used by children aged

nine to fourteen. Her motivation to use drawings as opposed to the more popular

verbal descriptions stemmed from the fact that subjects often discuss the study, and

this could bias the findings as diffusion threatens internal validity of research.

Denham (1993) also justifies this technique by stating that it reduces the intimidation

associated with face-to-face questioning and it overcomes the fear of saying something

silly, or being unable to express what one means. Further, in protocols, she contends,

o

:~
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a great deal of prompting is necessary to find out exactly what the subject means as

'hidden processes' remain untackled, People interpret rather than know, what happens

inside the computer, and the interview does not allow the promotion of thinking

through a non-linear problem.

A possible threat to the generalisability of Denham's (1993) findings beyond the

United Kingdom (UK), where the research was conducted, is apparent in the emphasis

in various sketches on trains and railway lines, which are vastly used in the UK but
not in South Africa. Also, unlike in South Africa, computers are dominant in the UK

education system, and the UK is more technologically advanced. It could thus be

hypothesised that people from the UK have a more sophisticated level of knowledge

of the 'components of a computer' than those of South Africa.

Other researchers who utilised sketches in their research were Finlayson et al, (1989).

They found drawings to have considerable promise as an investigative and

communicative tool in their research which considered mental models that children

have of their houses. Finlayson et al. (1980) noted a high degree of accuracy

regarding detail, despite a lack of drawing skill. They found no significant difference

in the way that children from different ethnic group" drew their houses. Deregowski

(1980) advocates that drawings depict a subjects' internal representation of an object,

and little cross-cultural variation is likely to be found on tasks involving abstraction

of essential features of simple three dimensional stimuli.

I

I
I
I
I
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CHAPTER 4 : SUMMARY Oft' PART I

The importance of correct human-computer interface design to optimise usability of

computer environments is lucid from the vast amount of research which has

previously been conducted in this area. The views expressed thus far are consistent

since they share a common theoretical basis. While several references have been made

to individual differences such as personality and cognitive and learning styles, the,one
issue which dominates HeI research is that of knowledge. Although different terms

have been used by different researchers, knowledge is invariably discussed in terms
of mental models, and the two (lIill!1ensionalconceptual space (novice-experienced and

naive-expert). Compatible arrangements of displays, controls and feedback relative to

mental models are essential. They are what people expect. The compatible arrange-

ment will generally produce the best performance in terms of speed, accuracy and

qualitative aspects. Compatibility can be considered in terms of infOl'll'lation..
processing ideas - as a matter of the receding operations intervening between

registration of the stimulus and the production of the ap' .ropriate response. It follows

that population stereotypes are those which necessitate the least amount of receding,
and what people are reflecting in their choice of a preferred response is one requiring

the least recoding effort (Barber, 1988).

Researchers have generally assumed that the mental models that have been established

reflect those of the entire population, and ignore that socio-cultural background may

impact on the mental models and population stereotypes of people from different
backgrounds - thus making the external validity of their research questionable.

Subsequently, knowledge and the closely related socio-cultural background, were

chosen as the independent variables in the present research, to establish the extent

to which mental models of computer dynamics are impacted on by these factors, and

whether universal similarities and/or differences 1••these mental models can be identif~
ied \0 form the basis for human-computer interface design, and training in computers.

The methodology of the present study draws on the above mentioned research.
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PART 2: THF-LPRESENT RESEARCII
(METHODOLOGY,. AN~LYSIS,RESULTS
AND DISCUSSION)

CHAPTER 5 : AlillS AND RESEARCH QUESTIONS

The term 'mental models' refers to the subjective cognitive conceptions or 'images

in the head' of dynamic operations of 'systems', formed by experience, self-

exploration. training and observation (Fischer, 1991; Rutherford & Wilson, 1991).

Much of the past research on human-computer interfaces was based on the

investigation of memx~;models, regarding specific computer dynamics and operations.
from specific samples of computer users. Generalisability of the mental models found

ill such studies is usually ignored. yet these models are the basis of the

recommendations offered.

Past HeI research has often acknowledged the I.3portance of considering similarities

and differences in mental models of computer users with different levels of expertise

and experience, They have, however, failed to establish the extent to which socio-

cultural background variables are associated with them. These variables include

organisational membership, age, nationality, race, home Ian: }age, gender, marital

status and education. The present research aims to achieve both of these objectives.

Previous research generally assumed that one aspect ...education or intelligence, for
example ...impacts on behaviour in a certain way. It disregards the interaetion of these

factors, and the impact of acculturation on 'socio-cultural background characteristics'

of subjects. This study does not impose cultural groupings as independent variables,

as was generally done before. Instead, this is an exploratory study which makes no

pre-suppositions regarding which variables will, or will not, influence mental models

":?"

~
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of subjects. The variables which have been listed in the previous paragraph as 'user

socio-cultural background' are considered in terms of their relevance to groupings of
. \., II

subjects which are imposed by CLUSTER ANALYSIS. They are only discussed in

the results section if their impact on the subject" mental models are clearly
identifiable.

I

(/

Mental models are often subjected to different task C~I!.".__ )ts in different studies.

To assess the generalisability of findings in this regaxd, this research also aims to

establish the extent to which task constraints (for exam~?le, is the computer active, or
inactive. If it is active • what operation is it ~rfom:ting) influence mental m~l,

application and modification.

As ~uch, in this 'quddtative' study, the research question is : 'Are there

distinguishable differences between the mental models of tertiary sector eemputer

users from different backgrounds?'. This incorporates three questions. Firstly, ' TfI~.
what extent do these users rely on different metaphors and analogies to explain un-

encountered computational dynamics?'. Secondly, 'What is the ~sociation between

user background and observable differences and similarities in their mental models?'.

Thirdly, 'To what extent does the type of op~l'ation (inactive vs. active) used in the
.' II

I ~

research, impact on the metaphors adopted:.bY 8ubjects?~. \
',) ,Ii

The use of sketches as opposed to interviews in order to obtain infonnation regarding

mental models is a relatively new concept which warrants further attenti~~,n.Thus a

further exploratory feature of this research is to establish the feasibility of using

sketches as a measuring instrument in research on mental models, using adults as
subjects.
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CHAPTER 6 : ft1 IIODOLOGY AND MEASURING

INSTRUMENTS

6.1. Research Design

Th..isresearch design is an EX POST FACI'O, FIELD RESEARCH CASE STUDY

which uses WITHIN SUBJECfS and 'Th.fPOSED' BETWh"EN SUBJECt'S

comparisons,

Christensen (1988) explains that in an ex post facto study, the groups differ according

to variables (in this dissertation -knowledge, experience and background) and their

behaviour is recorded to determine if they respond differently in a common situation

(expression of the mental models). Inability to control the group of subjects or the

'lfariable(s) of interest are also typical in ex post facto studies (Christensen, 1988), In

this dissertation, there was no control over the group from whom subjects were

selected, as the subjects were already employed in the posidons in the participating

companies. There was also no control over the variables of interest, since the effects

had taken place in the past (past knowledge and experience), hence the name 'ex post

facto' which means 'after the fact' 0..1ason and Bramble, 1978). This design is

generally used in non-exporimental research such as field research (Kerlinger, 1986).

Kerlinger (1986) states that "a..T1Y scientific studies ,.. that are non-experimental, and

that are done in life situations lik~ ... institutions ... are considered field studies,"
(1986, p372). Katz divides field studies into exploratory and hypothesis testing

studies. This research was exploratory which "seeks what is", rather than predicting

relations to be found (cited in Kerlinger, 1986). Christensen (1988) adds that a field

study is a method of descriptive research. The invesugator actively interacts with the
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subjecta in thr. collection of data. unlike in ,\1 naturalistic study. Limitations of this

method are those associated with all non-experimental research - decreased

generalisation of findings to the broader population, and possibility of extraneous

effects which cannot be controlled. Despite this, it is useful since it allows the

investigator to research problems that could not otherwise be studied (Mason and

Bram~le, 1978).

The data was collected from three companies, and as such, this is a case study.
r:'hristensen (1988). Mason and Bramble (19"t"8)and Kazdin (1980) describe a case
v~dyas giving an in depth description based on observation of the case under

investigation. The experiences are described in great detail so that the description

captures as much of the unique characteristics of the situation as possible (Kamin,

1980). Yin (1981) adds that a case study is useful for exploratory research in which
one seeks to explain the behaviour of individuals. Since case studies are conducted

in the absence of experimental control, it is difficult to interpret many of the observed

behaviours. "Thepurpose of a descriptive case study is thus to call attention tc the

existence of various behaviours on which experimental research can later be

conducted (Kazdin, 1980).

A case study tends to magnify details about behaviour - especially when conducted

as ~,case report ~ which may otherwise be lost (Kazdin, 1980). A case report may

include several cases that are used as the basis for drawing conclusions about

behaviour. Although each case is studied individually. the information is aggregated

so as to reveal relationships that extend beyond more than one individual. The

traditional case study can be criticised because of the ambiguous information it

provides, since the information can be interpreted in 80 many ways. The advantage
of a case report is that observations based on several individuals rule out the

possibility of idiosyncratic findings characteristic of one person. A group of subjects

can be treated as a single unit rather than as several individual cases (Kazdin, 1980).

This approach has been adopted for the present research.
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In this repeated measures, within-subject design, the same subjects' were repeatedly
assessed after participating in all experimental treatment conditions. The effects of an
independent variable are reflected by differences fpbserved within subjects (Keppel et
3I.t 1992). "Considerations pertaining to the variables that are to be studied may
dictate whether a within-subject design is likely to be appropriate." (Kazdin, 1980,

p167). In this study, this design has the practical advantages of needing a small g,Y:mp

of subjects, and being cost effective. Also, since subjects are perfectly matched, the
design is very '~ensitive (Kazdin, 1980). As there is no treatment being administered,

no control group is necessary. The within-subject design was therefore appropriate
(Kerlinger, 1986) in this study.

Cluster analysis results in imposed groupings of subjects. Once the most favourable
cluster solutions are chosen, comparisons can be made between the resulting imposed
groups. As such, this research used a between-subjects design to consider the
relationship between imposed groups resulting from cluster analysis, in the form of
a contrasted eroups design. Here assignment of subjects to groups is predetermined
(by Cluster Analysis in this case), and one compares the existing groups to each other

(Gottsdanker, 1978; Bless and Achola, 1988).

,
l
I
I

I
J

I

I
1

'The independent variables were 'knowledge' and 'experience' with respect to the use
of computers; and 'socio-cultural background' (age, organisational membership,
gender, nationality) home language, education and so on). Altho,lgll these variables
cannot be manipulated, they may account for most of the differences in mental models
of computer dynamics. Extraneous variables were controlled for t? an extent bv,
random selection.

I
I
i

I
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6.2. Subjects

"No matter how brilliant the technical concept and execution of a system, it is

doomed to failure if the users for whom it is intended will not use it. Thus the needs

and abilities of the user must be understood. and must be allowed to influence the

design, however much this may compromise an elegant technical solution or incur

short-term financial penalties." (Yates, 1989, p246). The critical concern when

selecting the sample is. that the information obtained from the sample can be

extrapolated to the entire user population (McCormick and Sanders, 1982). Crellin
(1990) emphasises Norman's (1988, pISS) view that "There is no substitute for the

interaction with and study of actual users. II

o

Eighty subjects (Approximately 80% of original sample of convenience) were

randomly selected from the volunteers in two manufacturing companies (32 and 37

subjects in each company) and a broadcasting compeny (10 subjects). This was

achieved by placing pieces of paper - each containing the name of a volunteer - in a

hat, and randomly selecting them. These volunteers were tertiary sector 'clerical'

employees who use computers as an integral part of their daily work, and who all

perform similar operations (such as dat.llcapturing) on the computer. All subjects were
assured of anonymity, and it was explained to each subject that there could be no

personal gain or penalisation for participation, or lack thereof, in the study. Further.

subjects were informed that they could withdraw at any stage of the research, as

participation was voluntary.

c
In order to describe the sample in terms of socio-cultural background, Frequency

PlOCOOUl'CS (discussed in CHAPTER 7) were implemented on the data obtained from
the first section of the interviews discussed below. Use of frequency contingency
tables (combinations of categories of variables) enables the reader to examine the

interrelations between the sections, and compare them to one another, qualitauvely
(APPENDIX 2). The total number of subjects in each level of the factors which are

considered are listed in SYNOPSIS 1.
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SYN..QPSIS 1
Total numper of subjects in the sample, in e,ach level of the factors. " ',
which were included • the ex,Uloration of socio ..economicIn
background variables on mental models.

l
"

I
ORGANISATION MARITAL STATUS

1ORG! ::: 38 MARRIED = 42
OROn :: 32 SINGLE ::: 26 I
ORG III = 10 DIVORCED = 7 IWIDOW = 3

SEPARATED :::: 2 i
c. I

I

GENDER FAMNUM i
1
I

FEMALE 71 1 = 7 f
,I

MALE = 9 2 .- 17
3 == 14
4 ,_ 25
5 ::: 8

!,Ii< 6 == 6
NATIONALITY 7 =. 2

SOUTH AFRICAN = 71 11 ::; 1 '~

BRITISH == 3 ~
PORTUGUESE = 2 I

1SWAZI :::: 2
•ITALIAN == 2 EDUCATION ISTD8 == 14

RACE STD9 == 17
WHITE == 52 MATRIC :: 33 I

!BLACK 22 srn 8+D1PLOMA == 6 '~

::::

INDIAN = 5 MATRIC+DIPLOMA = 9 l

COLOURED = 1 MATRIC+DEGREB == 11
(::::'

LANGUAGE
I C ENGLISH :::: 28

AF<RIKAANS == 26
BILINGUAL (E/A) == 1
ZULl] == 6

\, ~ SOTHO = 6
"

1:
BTI...D."lGUAL (EIP) == 3

:1: c TSWANA = 6

l XHOSA ::: 1
VENDA == 1
PEDI == 1
SWAZI - 1
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It is generally accepted that nationality, race and language groups are all closely

related to each other, and to c·hlture. In this sample, seventy one of the subjects were

South African, The other nine were British, Portuguese, Swazi and Italian. Members

of the different nationality ",~oups were found in all three organisations (TABLE 2).

1\
/!
(?

TABLE 2..
DISTRIBUTIQ11,~ WITHIN T,HE, QRGANISATIONS, OF
SUBl.ECTS OF 121FFERENT NATIONALITIES.___ ;.___ --..

NATIONALITY ! O~.? I cao n ORGm I
- ". .'

South African ,32 31 8
-:

British 2 0 1

Portuguese :2 0 \\ 0
Swazi 2 0 0~ ,..._",.'~

Italian C:::..:- 0 1 1 I

-:1' ......

D

\\
\\

Of the fifty-two White subJ~d~" forty-two were South African, three were British,
\'

, ~\two, Portuguese, and two, ltalial~\ The twenty-two Black subjects comprised twei....

South African and two Swazi sUb1\:ts. All of the Black subjects in this sample were

employed in Organisations I (77% ~~ the Black members of the sample) and II. The

White members of the sample were\~stributed/ through the thn -; zompanies, with
'\

nineteen, twenty-six and seven subjects \i~,Orgar~b;ation~ I, nand Ill, respectively. All

three organisations had either one or tw~Indian subjects, and the only Coloured

person in the sample was employed in Orgaaisation m (TABLE 3). While the South

African subjects were aged 19 to 58 years old (23 of these subjects were uneJ.er26

years old), the ages of the foreigners ranged from 27 to 56 years.

;) I)

I
1
1

1

I

t
'\
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TABLE 3.
FREQUENCIES OF SUBJECTS IN EACH RACE GROUP IN
THE THREE ORGANISATIONS"...

[ IORGl _ r.[ORGTI I O~~~ ~ _j
WHITE 19 26 ; ..,

I....
BLACK 17 5 0

INDIAN 2 1 2

COLOl.TRED 0 0 1 ,,,.,,
~
j
1
i
i

I
1
I

I
I

!
I
I

Within each race group, there may be a further cultural distinction b~F"'Aon language

group. Dorgan (1991) maintains that in South Africa, language groups are increasingly

difficult to identify, As the society is evolving, it is generating shared systems of

meanings that transcend the strict classification of language-groups. This is evident

in this sample, as two categories (Bnglish-Afrikaans (J3IA) and English-Portuguese

(EIP) speaking) were necessary for subjects who regarded themselves as bilingual. A

complicating factor in this categorisation is that while two subjects have equal ability

in two languages, one may consider himself as bilingual, and the other may not.

. The English and Afrikaans speaking subjects were approximately equally represented
in the sample, wit; twenty- eight and twenty-six subjects, respectively. Six subjects felll

into each Zulu, Sotho and Tswana speaking group. One subject fell into each of the

other language groups (FIGURE 5). The largest group (fourteen subjects) inOrganis-

ation I spoke English. In contrast, most (twenty-one) of Organisation TI's members

spoke Afrikaans. In Organisation m, nine of the ten subjects were English speaking.

Kaplan (1988) explains that language impacts on our point of reference. For example,

essays written in foreign languages have received criticisms such as 'the material is

all there, but it seems out of focus' as the author's and the \leader's points of reference

differ. The previous (section 3.2) example of different points of reference between

Western cultures who say 'I see him', showing that we interpret actions as brought

on by our own will, and Eskimos who state' 'he appears to me', as they perceive

events as happening to th( m, exemplifies this point As such, it is conceivable that a

relationship may exist between home language and mental model formation,

I
J
i
'j, (J

l.
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TABLE 4..
NUMBER OF FEMALES AND MALES IN THE SAMPl&.

FROM EACII ORGANISATION.

ORO 1 OROn ORGm

FEMALE 34 27 9

MALE 3 5 1

As seen in TABLE 4, the proportions of males to females were roughly equal in
organisations I and n. Of the seventy-one female subjects, sixty-two were South

African. All nine male subjects were also South African. Forty-nine of the female

subjects were White, eighteen were Black, three, Indian, and one, Coloured. The male

subject group comprised of three White, four Black and two Indian subjects. Except

for two male subjects who were 43 and 52 years old, the males were all between 21

and 33 years of age.

,~•1
I

,(:::,
1! c

During the Apartheid era in South Africa, closely related to race and language, were

imposed socio-economic classes. Schlemmer (1973) explains that race has, to an

extent, determined socio-economic class in that Black people, because they are Black,

have been pushed into low-status positions. The apartheid system entrenched existing

social class boundaries between the different race groups (Davies, 1986). Some of the

consequences were reflected in the sample. For example, Blacks generally believe that

they should have several children who can look after them in their old age as they had

no insurance policies or saving schemes. Possibly due to such cultural differences, in

this sample, the largest households of 7 (two subjects) and 11 (one subject) people all

fell into the Black group who were employed in Organisation I. In contrast, forty-

eight of the White subjects had between 2 and 4 people living in their homes. Despite

these extremes, most of the subjects (fifty six) ill the three companies had 2 to 4

people living in their homes. As with this socio-economic variable, the other variables

which tap social class differences indicated that the tertiary sector clerical level

workers generally came from similar socio-economic backgrounds, with slight

variations (APPENDIX 3),
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Sewell and Martin (1976) assert that an individual's position in the social structure

often determines educational and economic opportunities which imPact on

occupational choice. Howell and Frese (1979) contend that differences in career
aspirations are more closely connected with soclc-eccnomic status than with race.
Kohn (1970) found that members of different social classes have different experiences
and develop different occupational aspirations. Working class families tended to

entrench in their children values of conformity to external authority, These values

impact on the individual's vocational choice. Thus, members from lower socio-

economic classes tend to enter occupations. requiring conformity (Kohn, 1970) such

as tertiary sector clerical level jobs. It is therefore not surprising that in this sample,
the socio-economic class of the subjects did not differ significantly between the

subjects. The levels of the socio-economic variables were generally broadly distributed

within a range of values applicable to a working-class (as opposed to middle or upper-

class) sample.

G

The education levels and home languages were widely distributed through the

sample's age groups. Thirty-three subjects had obtained a matric level education.

Twenty-eight of those were South Africans. All three British subjects fell into this

education level. Nine subjects had marne and a diploma, and eleven had maroc and

a degree. The education levels (Std 8, Std 9. marne; Std 8 and diploma; manic and

diploma and matric and degree) of the subjects was widely distributed among the

White and Black subjects. In the White group of subjects, twenty had matric. There
were between four and eight subjects in each of the other education levels. Similarly,

in the Black group, the majority (nine) of the su~jects had a rnatric level of education.

Six Black subjects had achieved the highest level of education in the sample, namely

matrie and a degree. Four of the Indian subjects had a matric level education, and the

fifth Indian had standard 8 and a diploma. The Coloured subject had a standard 8

education. (FIGURE 6).
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A more detailed analysis of the distribution of subjects within these race groups

according to language is obtainable from TABLE 5.

TABLE 5.
EDUCATION LEVELS OF SUBJECTS FROld TIlE VARIOflS
L.4NGUAGE GROUPS.

~'
-...--.

'_ - ISTD8 81'09 MATRIC STD 8\+ MATRIC MATRIC
DIPLONI + +
A DIPLOM DEGRE

L A E
._...:.,'

ENGLISH 3 3 13 2 3

AFRIKAANS 6 4 10 2 2 2

BILINGUAL (ElA) 1 0 0 0 0 C

ZULU 0 0 4 0 2 0

SOTHO 0 0 3 1 1 1.
Bll..lNGUAL (EIP) 2 0 1 0 0 0

TSWM:\ 1 0 1 0 0 3

Xlt.IOSA 0 0 0 1 0 0
~,

VENDA 0 0 0 ·0 0 1
1--- -it.PEDI o 0 0 0 1

SWAZI 1 0 0 L?_~. 0 0

~
1~
1•

1
I

Exploratory research was conducted on this sample inorder to ascertain whether these

background variables influenced the development of mental models.

6.3. Procedure and Measuring Instruments Used

The study was conducted in three sequential stages, namely an interview and two

sessions in which subjects were asked to sketch their perceptions of computer
dynamics, Measurement was obtained at different urnes, depending on departmental

availability.

(I
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6.3.a. STAGE 1: Interviews

~lterviewswere conducted in order to obtain 'Usership data' to categorise the subjects

according to their level of knowledge and experience, and their socio-cultural

backgrounds. According to Bless and Achola (1988), this method is useful in

exploratory research and case studies, as it enables the interviewer to intervene, Each
subject was interviewed individually, following a briefing.

The first section of the interview (APPE~1)IX 4) was based on a questionnaire which

obtained the personal details of the individuals. Its questions refer to gedder, age;
,

organisational membership; nHI:iI.~laiity; home language; education; marital status and

living conditions (number or people staying together) to establish the socio-cultural

backgrrxmds of subjects. As was shown in CHAPTER 3, many authors (including

Mache •• 1989; X.aplan, 1988; Neff, 1973), demonstrate that these variables are all

clor ,ly rela~, Changes in one of these variables often implies changes in others. For

example, in South Africa, due to the past Apartheid system, Black South Africans

generally have lower levels of education, and more people living together in one

residence, than do White South Africans. Thus. nationality, home language and race

are closely related both to each other, and to education. Organisational membership

was included in these variables to assess whether organisational inflnenee (in terms

of choice of application systems and training methods), as compared to sock.....cultural

factors, impacts on mental model formation,

o The second section of these interviews (AP":I;iillIX 4) covered 'Usership data' which

establish levels of experience and k, ','\VtpQge1,.'hich the. user has. Questiots, in this

section were basel on the criteria in F:/; ...ls (1991) list:

* Duration of use (Overall time using similar tools - expressed :hI YEARS).

Frequency of use in a specified time period.(eg. DAll~Y)
Time per session (in HOURS).

Breadth of experience (determined by number and type of application

system and operating system used).

Relative training in computer ncience,

*
*

".
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Confidence with computers was also assessed. Subjects were i to rate their

confidence level on a ~~npoint rating scale, where 1 ::: complet«1'lcolllnGlem;C and 10

:::;"no confidence.

(f

,
I

I
The typ.~of interview used here was a scheduled, structured inte~ which is based

on an established questio~ (Bless and Achola, 1988). The q+IiO~s were factual,

rather than abstract, which made them easy to answer as thfr subJe~~~~~ew the
answers, and were familiar with the possible response categories,IIThe~ w.. ""b value

I 1 /'

laden questions such as 'how "happy" are you?' (Bailey. 1.981:1.Advantages of this

type of interview are that the competence and influence of !lib interviewer ~ 119t)1 I,

very important as the answers to the questions are generally s.l~gbt forward, but if
I

'necessary, the interviewee ami interviewer can clarify aspects Iof the questions and

responses. Also, interviews can be administered to responder' who cannot read or
, ; i

write and the interviewer can ensure that the respondent h31 not .omi~ Jifficult

of an interviewer may be perceived as threatening anonymitj i of respondents (Bless

and Achola ~988; Bailey, 1981). The advantages of clo$e-m;,iIoo questions inwhich

rhe respondent Call only choose from ilia categories provided bt.~ researcherare t1!at
1) data is standardised thus making coding both easy end ot 'ective; 2) they are not

1·· o
very tiv,:o consuming and seldom engender a high refusal ran\; and 3) t!ley generally

. ') not result in worthless and irrelevant information. Derpite these advantages,
, I

disadvantages t~ such questions exist in that 1) they cannot i.~' used when posSib:e
answer categories are not known; 2) they do not allow the n;. ondent tQ answer 10

, i

as much d(;;w.~las s/he wants, and to clarify responses; and!13) thev do not allow

opportunity for creativity and self-expression (Bailey, 1987). I
(,

11\

This data was combined and used for the categorisation of tle users into the two

dimensional conceptual space (novice-experienced and expert-n\ ~ve). Cluster analysis

(discussed in CHAPTER 1) was then performed on the 'users~\P data'.

\ \
I
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)
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6.3.h. STAGES 2 and 3 t>. Sketches

According to Bailey (1987), the advantages of usmg sketches, which in themselves

are a form of open ended questions, are that (1) they can L~ used when possible

answer categoiies are not known; (2) they allow the respondent to answer in as much

detail as s/he wants, and to clarify responses; and (3) they allow opportunity for

creati .ity and self-expression. Despite these advantages, disadvantages of this method

exist in that 1) data is not standardised thus making coding both difficult and

s'lbjecrive; 2) they are very time consuming and often engender a higher refusal rate;
au:! 3) they may result in worthless and irrelevant information.

Denham (1993) tapped mental models through sketches in order to determine the

components, conduits and causal effects of the mental models used by children aged

nine to fourteen. Her motivation to use drawings as opposed. to the more popular

verbal descriptions stemmed. from the fact that subjects often discuss and spread

information, and this could bias the findings as diffusion threatens internal validity of

research, Denham (1993) also j'lstifi~~this technique by stating that it reduces the

intimidation associated with face-to-face questioning and it overcomes the fear of

saying something silly, or being unable to express what one means, Further, in

protocols, she contends, a great deal of prompting is necessary to find out exactly

what the subject means as 'hidden processes' remain untackled, People interpret,

rather than know, what happens inside the computer, and the interview does not allow

the promotion of thinking through a non-linear problem.

Other researchers who used sketches in their research were Finlayson et at. (1989).
They found drawings to have considerable promise as an investigative and

communicative tool in their research which cons.' Iered mental models that chi1dJi:~n

have of their houses. They found no significant diffe ...ence in the way that children

from different ethnic groups drew their houses. The methodology of the present study

drew on the above research.
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STAGE 2
This stage aimed to obtain qualitative data in the form of annotated sketches of the

'insilk oj a compute" (Finlayson et al., 1989) (APPENDIX ~j). Sketches were
analyzed to determine the users' mental models. In accordance with Denham's (1993)
study, in each company, all subjects were simultaneously asked to sketch what they

believe 'exists under the lid' of the computer ~ so as to prevent diffusion ..Also, it was
stressed that there is no 'right' or 'wrong' answer. A model must, according to Waem

(1989), explain three factors to the person. These are (1) 'what' is performed - the

computer functions, for which only the output of the computer is modelled. (2) 'how'

it is performed - the processes by which the functions ate ~rfOl1Ded, and 0) 'why'

it is performed. which concerns the implementation of the system. The model has to

mirror reality to serve this purpose. In accordance with research by Denham (1993),

it was expected dIat the sketches would be based 011 two perspectives, namely what

the computer 'is' and what it 'does'. The sketches were thus used to elicit the

respondent' s unique views of the computer's "dynamic processes".

I' STAGE 3
Following research by Denham (1993), STAGE 3 extended on the se '<),ndstage in that

subjects were r.~ke1;i.io recall their earlier work, and sketch the 'inside of a computer'
whi(~;" is per/f'rm.ipg a simple operation, annotating their drawingr where possible

(APPEND1i{ 6). The operation that was chosen according to the job descriptions and

tasks performed at work by the subjects W:JJ 's:evEng a file'. The objective was to

assess whether mental models are modified when they are subjected to task

constraints. This is in accordance with Halasz & Moran's (1983) recognition that users

seldom have a model of the system as a whole, Each user selects hiS/her own part of

the task in the system reality for modelling, and at each level of abstraction, there is
a mental model representation. Whether the subject used the perspective of what a

computer 'is' or of what it <does' in the previous stage was predicted to impact on the

extent to which the models change in this stage. Waem (1989, p99) notes that it is

"possible that people who can represent the structure of reality in a model, are
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nevertheless unaware of the consequences in terms of processes and functions. It

In STAGE 2 and STAGE 3, besides having to annotate the sketches, subjects were

also asked to give a paragraph explaining what th.ey sketched 8(; as to minimize

incorrect subjective interpretation of the sketches by the raters. The researcher's role

was to prompt the respondents whenever their answers were vague or ambiguous.

These stages each lasted approximately 15 minutes.

6.4. ~alidityand Reliability

c

All m\'n.sures of validity are concerned v1ith the extent to which different variables

actually measure whst was intended (Sanders and Mccormick, 1987). Face validisy
ret''':rs to the extent to which a measure looks as though it measures what it intended

to measure. It can play an important role in influencing the motivation of the subjects
participating in the research (Sanders and Mccormick, 1987). Construct validity refers

to the extent to which the measure is actually tapping the underlying construct of

interest (Sanders and Mccormick, 1987). Reliability refers to the consistency ~f the

measures over time, or across the sample. Technically, it is the extent to which the

measuring instrument is free from error (Sanders and Mccormick, 1987). Reliability

and face and construct validity of the interview questions are clear, since the questions

were based on theory. For example, the first interviews were based on criteria in
Fisher's (1991) list noted above (p45) - used for placing individl,nals within the two-

dimensional conceptual space. Stages two and three are closely modelled on

Denham's (1993) work. The reliability and validity of the sketches as measuring

instruments used to investigate mental models, were considered in this study as one
of its exploratory features,

:;':"

I
I

On completion of "he three stages of data collection in each organisation, data analysis

was used to assess similarities and differences between subjects' mental models, and

to identify any associations between these characteristics and subject background

variables.
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CHAPTER 7 : DATA ANALYSIS

\
\

\
Qualitative data gathered through observation are almost always categorical, and thus

discrete. All qualitative measurement is nominal. Nominal measurement is essentially

a classification system which uses exhaustive, mutually exclusive categories.

Quantitative data can be either continuous or discrete (Bailey, 1987). The present

research used both qualitative (f~~rexample, the theme categories on which the
underpinned mental model sketches) and Quantitative (for example age and years of

experience with computers) data. The datu obtained using the above mentioned

measuring instruments, were categorised according to frequency of occurrence of

themes by means of content analysis perforc 1 on the sketches and descriptive

paragraphs. Cluster analysis was then performed on the two sets of data in order 'Co

obtain cluster solutions for each stage. The statistical analysis which was performed

on the resulting cluster solutions and background data included frequency ~ables,

means and standard deviations.

7.1. Content Analysis

According to Berelson (1952, pI8). content analysis is "a research technique for the
objective, systematic, and quantitative description of the manifest content of

communication." (in HoIsti, 1969). It is a research methodology which utilizes a set

of procedures to make valid inferences from text. Despite the diversity of definitions

of content analysis, a broad agreement exists on the requirements of objectivity (each

step of the process must be carried out according to rules); systematicness (in- or

exclusion of variables is decided according to rules); and generality (findings must
have theoretical gsneralizability) (Holsti, 1969).

Compared with other data generating and analysing techniques, content analysis bas
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several advantages according to Weber (1985). Those relevant to this research are :

1) COllent analytic procedures operate directly on text or transcripts of
human communication which is a central aspect of social interaction.

~) The procedures combine what are thought to be antithecal modes of

analysis (qualitative and quantitative operations).

3) Compared with techniques such as interviews, content analysis yields

unobtrusive measures in which the communication is not influenced, thus

decreasing subject reactivity.

A central idea in content analysis is that many words of text or other form of

communication - sketched features in this research - are classified into much fewer
categories. Units of sketches classified into the same categories are presumed to have
similar meanings. Weber (1985) lists tae following several basic steps which are

included in content analysis, whether conducted by human or machine. Content

Analysis entails defining the universe of variables that a.) ~ to be observed, considering
the units of analysis by observing and measuring variables and then quantifying and

tabulating the data by either placing people into categories, or f~ing categories

according to people (Kerlinger, 1986). The following steps are thus implemented:

Step 1 : Define the recording units. There are sill.common options - word,
word sense, sentence, theme, paragraph and whole text. This
research has used the 'theme' as the unit of analysis for the
usership and performance data. It considers (1) the perceiver, (2)
the perceived or agent of action, (3) the action and (4)1the target
of action.
Define the categories. This includes decisions regarding whether
the categories must be mutually exclusive and the breadth of the

Step 2 :

Step 3 :
.Step 4 :
,Step 5 :

,StelL§. :
Stelt1 :

\)

categories.
Test coding on sample 'text'.
Assess accuracy and reliability,
Revise ceding rules if necessary, and return to step 3 until
reliability and validity are achieved.
Code the 'text',

Assess reliability and validity.
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There is no simple 'right way' to do content analysts. Each investigator must judge

which methods are best for the particular research. The classification system must be

both reliable and valid. Problems with reliability and validity usually grow out of the

ambiguity of word meanings in the text. and of category definitions or other coding

rules (Weber, 1995).

l6t4eli~1>ilitJ'
Three types of reliability are pertinent to content analysis :

'stability" (the extent to which results of content analysis are stable over time) ;

'reproducibility' (inte; ..rater reliability referring to the extent to which content

analysis by different rat{1tsproduces the same results) and 'accuracy' (how well the

text classification corresponds to the norm). Krippendorff (1980) purports that

researchers often fail to assess the reliability of their coding (in Weber, 1985). In this

study, the three raters agreed on the interpretations of ten randomly selected sketches,

and then rated ten other sketches. Their interpretations coincided to a vast extent,

resulting in an inter-rater reliability of 0.74. It was found that the raters all identified

the same themes, and any dlfferences in judgement tended to be of omission, rather

than of disagreement. "And art itself may be defined as a single-minded ant upt to

render the highest kind of injustice to the visible world. .." (Conrad in ) Deregowski,

1984) yet if one considers how one can recognise a picture of an elephant, whether

in the form of an accurate photograph or a cartoon character, i~is clear that symbolic

elements enable one to view an artists intention ~ the pictures have certain 'typical

orientations' (Deregowski, 1980). Dorgan (1991) adds that a continued adherence at

a very deep psychological level to the relations of meaning exists.

!
l.
j~0
l\

~-

In past research, the researcher has generally presented the subjects with a 'concrete',

specific illustration, and established how they perceive the picture. The ;mpact of

culture on perception, as researched in these studies, is important in the present

research only in so far as the raters' culture may influence their perception of the

themes depicted in the sketches. This was overcome by using raters iyom different

backgrounds to establish mutually acceptable definitions of thematic categories.
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Validity

Content analysis must have internal and external validity. Further, construct
(convergent and divergent validity). face and semantic validity are all necessary

', '

(Weber, 1985).

One major difficulty with content analysis is that there is tOQ much information ili
, ,

texts and their detail precludes analysis without SOIOO fonn ~f data reduction. By

~tili~lilg too specific a definition of variables. although high ~1iability will be
achieeed, part of the essential core of the variables may be missed (\\reber. 1985).

This is refetM to by Kerlinger (1986, p490) as "the molar-molecular problem. II The

molar approach takes large behavioural wholes as units of observation. The molecular

approach, by contrast, takes segments of behaviour as units of analysis. The former

relies on subjective inferences to a.much greater degree than the latter. Inthe social

sciences, especially with content analysis. it is impol:sihle to make fitit generalisations

without inferences. The level of inference necessary is important, and a medium

degree should be aimed at. Too specific categories may be rigid and inflexible. thus

making analysis difficult, and sometimes even trivial (Kerlinger, 1986).

Due to this subjectivity, experimenter expectancies can be seen as a threat to internal

validity. This refers to the influence of the experimenter's expectations regarding the

outcome of the research. It results in bias of interpretations, and the use of facinl and

verbal c~ft.)Sduring the investigation. 111euse of a descriptive paragraph, coupled with

ihe sketcaes, aimed to decrease the threat of incorrect subjective interpretation of the

sketches, Experimenter attributes may also influence subjects by influencing subject

reactivity. Demand characteristics, Hawthorn. effect, 'good subject effect' and response

sets may all influence findings, and they should be kept in mind when doing content

analysis (Christensen, 1988).
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7.2. Statistical Ana~ysisTechniques

Thc.re are many statistical tests that can be used to analyze the data obtained from

research. Elementary statistical procedures which are often applied in data analysis,

and have been used. in the present research are:

Cluster Analysis) which separates data into constituent groups,

Measures of central tendency - egomean, mode.
* Dispersion of scores - ego variance, range.

* Frequencies of scores.

* Various tests which consider whether the findings are statistically
significant, in other words, whether the results could have occurred by

chance.

1.1

Analysis of the data was conducted both qualitatively and quantitatively. Qualitative

analysis included content analysis of the data, identification 01 common themes

emerging from the cluster solutions and considering the dispersion of the scores.

Quantitative analysis improves accuracy of the analysis. The Fisher's exact test was

therefore conducted on the 'background variables, where possible.

?2.a. Cluster Analysis

Cluster analysis is the generic term for a wide variety of techniques which separate

data into constituent groups (Everitt, 1974). These techniques empirically form classes,

types, groups, categories, or clusters of highly similar entities by creating a

classification scheme for unclassified data (Aldenderfer & Blashfield, 1984), More
specifically, cluster analysis is a "multivariate l)tatistical procedure that st!U1Swith a

data set containing information about a sample of entities and attempts to reorganise

these into relatively homogenous groups." (Aldenderfer & Blashfield, 1984, p7). The
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groups are not defined a priori, but are' .t:''''rmee.as suggested by the data, such that

objects if} a given cluster tend to be sim . ~each other in somesenses, and orjects

in different clusters tend to be dissimilar (SAS Institute, 1990).

Types of clusters listed in the SAS Institute (1990) include :
(1) Disjoint clusters. Placing each entity into mutually exclusive categories.

(2) Hierarchical clusters. The only kind of overlap allowed between clusters

is when one cluster is contained within another cluster.
(3) Overlapping clusters where clusters are not mutually exclusive, and

(4) Fuzzy clusters defined by probability of 'each member in a duster.

Hie :at:';hical techniques are either agglomerative OT divisiv: In the agglomerate

techniques, each observation begins in a cluster by itself. The two closest clusters are

merged to form a n~w cluster that replaces the two old clusters. This merging is
repeated until only one cluster is left. The various clustering methods differ in how

the distance between the two clusters is computed. Divisive techniques operate, in the

opposite direction (Lorr, 1983). Hierarchical clustering is practical for small sample
sizes and data sets (~AS Institute, 1990) such as those in this dissertation.

=I
10

Tree diagrams are often closely associated wit~lhierarchical QJusrering techniques. The

tree procedure draws dendograms (also called phenograms) using the output from the

hierarchical clustering procedure (SAS Institute, 1990). Trees are two dimensional

diagrams illustrating the fusions or divisions which have been made at each successive

stage (Everitt, 1980) Agglomerate trees thus form from the branches to the root, and

divi+ve, from the root to the branches. Agglomerate methods are the most popular of

the clustering techniques (Lorr, 1983), and were used in this dissertation.

i
I.
'1.0
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Aldenderfer and Blashfield ~1984) summarise the principle applications of cluster
analysis as being for:" the development of typologie~ or classifications; investigating
conceptual schemes for grouping entities; hypothesis generation through data

exploration; and hypothesis testing. The former accounts fur the most frequent use of
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this method, In the context of the present research, cluster analysis was US~ to reduce

the data by summarising the information available: on the relationship betwzen entities.

to explore the (~ta, and ascertain whether the predictions made regarding the \;~oups

of subjects W{;Te realized. As such, cluster analysis was considered to be an

appropriate statistical technique. Despite the apparent justification Jor the use of

cluster analysis, several limitations of this method must be noted.

1) Applying/different clustering techniques to the same data set cart yield
\1 -.. .. ; ~

different results since the techniques have been developed across diffcxent
disciplines. Hence, Jill inappropriate technique will yield inappropriate '

clustering (Aldenderfer & Blashfield, 1984).

2) Although the strategy of cluster analysis is cluster seeking, its operation

is structure-imposing since "clustering methods are used to discover

structure in data that is not readily apparent by visual inspection or by

appeal to other authority:' (Aldenderfer & Blashfield, 1984, p116). In this

way, clustering differs from other discriminant analysis procedures which
seek to assign objects to already exix.ing groups.

It is thus important to know which of the groups that have emerged are

real, natural and meaningful, and which have merely been imposed on the

data by the clustering method. The majority of clustering .niethods begin

by calculating distances (similarities) between endues, 1~e methods of
determining similarity between entities is complex.

3) No universal agreement exists on what constitutes a cluster because there

1J tIO single definition that is sufficient - thus general'sations about cluster
I_\

analysis are vague (Everitt, 1980).

\~
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7.2..a.i. WARD'S Cluster A1talysis

~.. Ward's method is designed to optimise the minimum variance wi:thin clusters (Waro.
1963). This objective function is more commonly known as the ~7ithin-gnC'lpsum of

squares or the error sum of squares (ESS).

2 2
ESS:= :EXt· lfn( zx, ). (Everitt, 1980)

In Ward's minimum variance method. the distance between two clusters is the
ANDV A sum of squares between the two clusters added up ever all the variables. At

each generation, the within cluster sum of squares is minimised over all subdivisions

obtainable by merging the two clusters from the previous generation (SAS Institute,

1990).

.:
"
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In the first step of ,lle clustering process, each entity is its own mutually exclusive

cluster and the error sum of squares is zero. The method functions by those 'clusters'

that result in the minimum increase in the ESS (Aldenderfer & Blashfield, 1984).

Each cluster previously formed is treated. as one unit. When the complete hieran;rJcal

solution nas been el. ained, the ESS value can be compared to determine the relative

homogeneity of the groups formed. At each step of the analysis, \}.'ficm of every

possible pair of clusters is considered and the two clusters T~hose fusion .esults in the

minimum increase in the ESS are combined (Everitt, 1980). A sharp increase in the

ESS indicates that much of the accuracy has been lost by reducing the number of

grQUPS (Lorr, 1983).

Wani's method joins clusters to maximise the likelihood at each level of the hierarchy

under the following three assumptions :
1] multivariate normal mixtures.

21 equal spherical covariance matrices.
3] equal sampling probabilities.

However, Ward's method tends to join clusters with a small number of observations
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and is 'strongly biased towards producing clusters with approximately equal numbers

of observations (SAS Institute, 1990). Also. the clusters found can be ordered in terms
of their overall elevation (Aldenderfer & Blashfield, J984). Another problem with

Ward's Cluster Analysis is that once assigned to a group, the subdivisions are fixed

permanently, a.rnd cannot be changed if a preferable subdivision combination is found

(Lorr, 1983).

Despite these problems, many simulation studies comparing various cluster analysis

methods have found the two methods with the best overall performance to be average
linkage and Ward's methods. Howevei,; C:e results of such studies are Qf-en

inconsistent and often confusing (SAS Institute, 1990), Inevitably, any cluster analysis

requires computational resources (Lof\~ {983). For the present research, the SAS

statistical package (SAS Institute. 19~,.y •.~ chosen, and Ward's cluster procedure

was chosen from the eleven available clustering procedures.

This procedure prints a history of the clustering process, and provides statistics useful
for estimating the number of clusters in the population from which the data was

sampled (SAS Institute, 1990). AU of tbe clustering methods fire based on the

agglomerative hierarchical procedure. In Ward's method, the distance is computed

according to the formula :

r·0 lr d(x,y) = IX-V; 12, then the combinatorial formula is:

The choice of Ward's method for this research is justified by its optimisation of

minimum variance within clusters and a small data set was used and clusters with
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equal numbers were not requited, thus undue bias was eliminated. The data was

standardised to a mean = 0, and a standard deviation « 1 since the different variables

had different units and scale sizes which may have distorted the findings and made

data incomparable.

Grice cluster analysis was performed, analysis of the number of clusters yielded in the

data set was furtheraided by the nested tree structure of a dendogram from which one
'.'

)
,f .. Q

can establish where to "cut" the tree so that the optimal number of groups is found

(Aldenderfer & Blashfield, 1984>. This fundamental step is amongst the two as yet

unsolved problems of cluster aealysis (Everitt, 1979). Firstly, the lack of an
appropriate null hypothesis (Wh.m ($ ..\. no clusters exist?), anc, secondly, the complex

nature of multivariate sampling distributions of unknown .strscture (Aldenderfer &

Blashfield, 1984).

In response to these two constraints, social scientists have used two basic approaches

to determine the number of clusters available ill the data set. These are heuristic

procedures and formal tests. Since t;"w formal tests have been well understood or

widely accepted, the former me the most commonly used (Aldenderfer & :Jlashfield,

19~4). One heuristic procedure is to graph the number of clusters suggested by the

dendegram against the fusion or amalgamation coefficient (Numerical value at which

the cases merge to form clusters shown along the y-axis of the dendogram). Where

the graph begins to .flatten', it can be assumed that new i.nfonnation is depicted by

the following mergers of clusters (Aldenderfer & Blashfield, 1984).

Another procedure is to examine the values of the fusion coefficients to discover a

significant 'jump' in their values. A 'jump' implies that two relatively dissimilar

values have merged, and that the number of clusters prior to the merger is the most

probable solution (Aldenderfer & Blashfield, 1984). A problem is that many small

jumps in the coefficient -:::~£:make identifying the 'correct' jump difficult. There are

no satisfactory methods for determining the number of clusters (Everitt, 1919).
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1/ Milligan and Cooper (1985) and Cooper and Milligan (1984) compared tl:>ty methods

for estimating the number of population clusters using four hierarchical clustering

methods. Two criteria which performed best in these studies were the Pseudo F
statistic and the Pseudo f statistic (In SAS Institute, 1990). The Pseudo F statistic
developed by Calinski and Harabasz (1974) is also referred to as J.(2)fJ.(1) by Duda
and Hart (1973). It can be transformed into the Pseudo t2 statistic. It is advised that

one looks for consensus amongst these two statistics, that is, local peaks of the Pseudo
F statistic combined with a small value of the Pseudo f statistic, and a larger Pseudo

r for the next cluster fusion. These criteria are only appropriate for compact or

slightly elongated clusters that are roughly multivariate or normal (SAS Institute,
1990).

According to the SAS Institute: Statistics Manual (1985), the Pseudo F statistic for
a given level is

Pseudo }I' = «TcPG)/(G-l» I (PG/(n-G»

and the Pseudo f statistic for joining CK and G. is

(-
10

I
!
I

!
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l

It must be noted that although. the Pseudo F and f sL.::(~stiGSmay be useful indicators

of the most suitable cluster solution, they are not distributed as F and f random

variables. If data is independently, randomly sampled from a multivariate 11 -rmal

distribution with a scalar covariance matrix, and if the clustering method allocated

observations randomly to clusters (which no clustering method does), then the Pseudo

F would be distributed as an F random variable with v and v{NK+NLM2) degrees of

freedom (SAS Institute, 1985). The Pseudo f statistic differs from. the Hotelling's ~
in that the latter uses a general symmetric covariance matrix instead of a scalar

covariance matrix (SAS Institute, 1985),
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7.2.h. Frequency Distributions

"Distributions have probably been too little used in the behavioral sciences and

education ... Some research problems ... can be better solved using distribution

analysis." (Kerlinger, 1986, p131). Spiegel (1972) justifies the importance of

frequency tables. He states that when summar.sing large masses of raw data. it is
often useful to distribute the data into classes or categories and to determine the

number of individuals who belong to each class. This number is referred to as the

class frequency. A tabular arrangement of data by categories/classes together with the

corresponding class frequencies is termed a frequency distribution/frequency table.

Thus, as MC«,:lll (1990, p28) explains, "A frequency distribution indicates the number
of cases observed at each score value or within each interval of score values in a
group of scores". f .equency tables show the distribution of variebles, For example,

if variable A has 6 possible values, a frequency table for A shows how many
observations in the data set have the first value of A, the second value of A, and so

on (SAS Institute, 1990).

Data which is summarised in a frequency table is often referred to as grouped data.

An important advantage of this technique (which occurs at the expense of loss of
much of the original detail of the data) is the clear 'overall picture' which is obtained,

and in vital relationships, thereby made evident (Spiegel, 1972). Options which can

be included iu frequency tables are frequencies, cumulative frequencies, percentages

of the total frequencies, and cumulative percentages for each cell or level of the

variable (SAS Institute, 1990).

Frequency tables can be implemented on data to produce one-way to n-way frequency

and crosstabulation tables (SAS Institute, 1985). Frequency tables serve two purposes.

Firstly, it is a descriptive procedure in the sense that it produces frequency counts and
cross-tabulation tables which enable one to describe ones data in a concise, clear way

based on qualitative analysis, For example, they can be used to see if data is

distributed in it normal form. Secondly, they can be used as a statistical procedure
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from which one can establish relationships among variables (SAS Institute, 1990;

Kerlinger, 1986). Various tests of measures of association draw on freq:c .Rlcy tables.

In choosing measures of association, one must consider the study design, the

measurement scales of the variables (nominal, ordinal, ratio or interval), the type of

association that each measure is designed to detect and any assumptions required for

valid. interpretation of a measure. The tests must thus be appropriate for the daw. set.

One such technique is the Pearson Cui-Square. It is appropriate for all kinds of

variables and can detect any kind of association (SAS Institute, 1990}.lt is "a statistic
based on categorical data in which the observed frequencies with which different

classes of responses OCCur are compared with expected frequencies derived from

theoretical or empirical considerations." (Keppel et al., 1992, p598). MGCall (1990)

explains that the Pearson Chi-Square Test is used when one wants to compare them

in terms of the similarity with which those observations are distributed among several

discrete and mutually exclusive categories. The statistical question which can he

answered wit; chi-square is whether the groups differ in the relative distribution of

observations among the different categories. The null hypothesis il~thus : In the

population, the two groups do not differ in their relative frequency distribution of

people among the categories (McCall, 1990). Chi-square is a m=asure of the

discrepancy which exists between observed and expected frequencies of observations
(Spiegel, 1972). This is a non-parametric technique which considers nominal data

which is distribution free (McCall, 1990).

According to McCall (1990), the assumptions of the Chi-Square test are :

(I) the samples are independent of each other. This implies that unrelated and

different sets of subjects have been selected.

(~) The subjects within each group must be randomly and independently
sampled •..

(3) Each observation must qualify for one and only one category in the

classification schemes.
(4) The sample size must be relatively large.
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The probabilities (p values) yielded by the Chi-Square are approximations/estimates

yielded by the distribution, They are not exact possibilities. A limitation of the Chi

squa.e IS that the distribution of differences 'between the expected and the observed
values only approximates the chi-square distribution if the cell frequencies (expected
values) are large enough (having values of at least 5). If the values are less than 5,

one cannot assume the distribution to be chi-square, and using the chi-square as an

assessment technique may result in spurious findings (Bailey, 1987).

In such cases, the probability that the relationship is statistically significant can he

computed exactly using the Fisher's exact test which also draws on frequency tables

(Bailey. 1987).

7.2.h.i. Fisher's Exact Test

The Fisher's exact test yields the probability of observing a table that gives at least

as much evidence of association as the one actually observed, given that the null

hypothesis is true (SA!" Institute, 1990), It assumes that the row and column rna/gins

are fixed, Despite the weaknesses of this method which include the laboriousness of

the computations, this is the only method to use when many cell frequencies are less

than 5 (Bailey, 1987; SAS Institute, 1990). The hypergeometric probability (P) of

every possible table is computed. The p-value is defined as

p
PROB:: 1:

A

l}or a two-tailed test, A is the set of tables in which p is less than or equal to the
probability of the observed table (SAS Institute, 1990).
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Fisher's exact test was performed on the data due to the frequent occurrence of small

cell sizes. The computatioaal algorithm that was used was the network algorithm
given by Mehta and Patel (1983). Although this algorithm is faster than previous
algorithms by orders of magnitude, it has the disadvantage of computational time
which may be prohibitive, depending on the table and sample sizes (SAS Institute,

1990). More specifically, this test is generally not practical. in terms of CPU time and

memory that is necessary, when

_....:n::.., > 5
(r-l)(c-l)

whe,re n is the sample size of the table and r and c are the number of rows and
columns, respectively. This practicality increases as the sample size, per degree of

freedom, decreases towards zero tf:)AS Institute, 1990).

7.2.h.ii. Graphs of Frequency

Distributions

o

Various graphs can be used to describe a frequency distribution. One such graph is

the frequency histogram. This is a set of rectangles plotted in terms of two axes

(Spiegel, 1972). The horizontal axis (called the abscissa) indicates the midpoints of

the intervals, or J1e category. TIle vertical dimension (ordinate) corresponds to the

frequency with which scores are found in the categories on the abscissa (McCall,

1990). Another graph is the frequency polygon which is it line graph of class

frequency plotted against class mark/score. It can be obtained by connecting mid ..

points of the tops of rectangles in tl'-e frequency histograms (Spiegel, 1972),

Frequencies differ in four important ways, namely with respect to (1) central
tendency, (2) variability, (3) skewness, and (4) kurtosis (McCall, 1990). "The central

tendency of a distribution is a point on the scale corresponding to a typical, central,

representative score .... Variability is the extent to which scores in a distribution
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deviate from their central tendency .... Skewness refers to an asymmetrical distribution

in which the scores are bunched on one side of the central tendency and trail out on

the other .... The kurtosis of a distribution is the 'curvedness', or 'peakedness' of the

graph." (McCall~ 1990, pp42 ~ 45). "There is little doubt that measures of central

tendency and variability are the most important tools of behavioural data analysis."

(Kerlinger, 1986, p133).

7.2.c. Measures of central tendency

Sets of measures are too complex to understand readily. They are 'represented,' by

measures of central tendency (Kerlinger, 1986). Measures of central tendency are the

easiest and most direct descriptive statistical procedures (SAS Institute, 1985).The

three main measures of central tendency - the mean, mode and median - are epitomes

of the sets of measures from WI" they are calculated (Kerlinger, 1986). The most

common measure of central tenu~rlCy of a group of scores is the arithmetic mean,
or average. The term "mean" used here, refers to the sample mean. It is "a value

which is typical or representative of eoset of data." (Spiegel, 1972, p4S). The mean

is symbolized byX (read X bar), and is computed by adding all of the scores, and

dividing the sum by the number of scores in the distribution (McCall, 1990). Means

cannot be calculated for nominal data. but can be calculated for all numerical data

(SAS Institute, 1985).

c,0 Two properties of the mean have been outlined by~fuCall (1991'))and Spiegel (1972).

TllP, first is that the algebraic sum of the deviations about the mean is zero. In other

words, if one subtracts the mean from each score in the distribution, the sum of the

differences is zero. The second is that the sum of squared deviations about their mean

is less than the sum of the squared deviations of the same score about any other value.

The median is the point which divides the distribution into two parts, such that equal

numbers of scores fall above and below that point. The mode is the most frequently

occurring ssore (McCall, 1990). Spiegel (1972) maintains that one must consider the
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intended purpose of the measure of central tendency, the type of data and meil
advantages and disadvantages when choosing which one to use. For example, extreme

scores may distort the mean, but the mode may be more useful for a realistic

description of the data set. In a data set of scores of 1,44, 44, 44~ 1118, the mode
(44) is a more realistic: representation than the mean (250.2), The mean, mode and

median will all be the same score if the data is normally distributed.

:,,1

7.2ed. IIIeasures of Variability

Variability is defined by McCall (1990, p60) as "the extent to which the scores in a

distribution differ from their central tendency," The range, variance and standard

deviation are all measures of variability. The range may be determined by subtraCti"'lg

the largest score in the distribution from the smallest score. It is not sensitive to the

variability of all scores, only to the differences between the two most extreme scores,
Two numerical indices which O'j,",~comethis limitation are the variance and its square
root - the standard deviation. In calculating the variance, one calculates the value of

each score, minus the mean and squares this value. This is done for each score and
the sum of the values is then divided by the number of scores in the distribution, to

give the variance. To obtain the standard deviation, the variance is square rooted. This

is generally done to obtain a measure of varlability in the original units of

measurement, rather than squared units which are obtained in variance calculations
(Mccall, 1990),

o
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CHAPTER 8 : RESULTS AND DISCUSSION

The results of the. data analysis were considered both in terms of similarities and

differences between the mental models of cluster members, and of the association

between the background variables and these clusters. A summary of the distribution
of the background variables for the members of the clusters is presented in

APPENDlX F. For each cluster solution, the characteristics of the clusters which we; ,

qualitatively identified are reported, followed by the quantitative outcomes of Fisher's

exact tests which substantiate the former,

8.1. Results of CLUSTER ANALYSIS

\\t. 8.I.a. Clustering of Usership Data

o

Cluster analysis performed on the usership data regarding computer-related knowledge

and experience, obtained from the eighty subjects, was analyzed in order to identify

the most comprehensive cluster solution. With its 'peale' in the Pseudo P,

accompanied by the 'trough' in the Pseudo f, and the discernability of distinguishing

characteristics of the clusters in the tree diagram (FIGURE 7), the seven cluster

solution (referred to as USERCLUS) was identified as the most favourable solution.

As shown in TABLE 6, ibis solution's Pseudo F increased from 23.7 to 24.3, and then

remained reasonably stable. The Pseudo r dropped substancially from 13.2 to 5.9, and

then increased to 9.8.
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TABLE 6.
.PSEUDOF AND PSEUDO f VALUES FOR CLUSTER
SOLUTIONS WITH 6. 7 AND 8 CLUSTERS. DERJYED_
BY THE CLUSTER ANALYSIS PROCEDU1JJ1.
IMPLEMENTED ON THE USERSHIP DATA.

I
NUMBER OF 1 PSEUDOF PSEUDOf
CLUSTERS

8 23.7 13.2

7 24.3 5.9
6 24.5 9.8

7 These seven clusters accounted for almost 97% of the variance. For the purpose of

this study, to facilitate discussion, 'the members of this cluster solution (USERCLUS)

were referred to as Cluster A, Cluster B ..• Cluster O. Analysis of this cluster solution

was based on a combination of PROC MEANS and PROC FREQ procedures chosen

from the SAS statistical package (SAS Institute, 1990). These give means and

frequency tables as their outputs. The two procedures have been used in combination

as although the means are necessary to obtain an overall view, extreme values

(maximum and minimum values) may distort the means and mask the true

characterlstics of the cluster, The frequency tables overcome this problem by

providing a framework which facilitates direct comparisons between the frequencies

of theme occurrences within each cluster. APPENDIX E, TABLE 7 and FiGURE 8

offer a broad overview of the main distinguishing features of this cluster solution.
They are discussed in more detail below.
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CLUSTER A B C D E F 0

YEARSEXP ,
N 15 11 'I 3 5 27 12
Mean 3.533 4.636 19.428 3.333 4.400 4.111 4.416
Std Dev 1.457 2.013 5.711 2.516 3.209 2.531 1.928
Minimum 1 2 13 1 2 1 1
Maximum 6 9 29 6 10 12 8

TIMESPAN
N 15 11 7 3 5 27 12
Mean 5 5.909 6.571 3 3.200 4.259 6.333
Std Dev 1.732 1.578 1.511 3.464 2.049 1.852 1.497
Minimum 2 3 4 1 1 1 2
Maximum 7 7 8 7 5 7 7

CONFlD
N 15 11 7 3 5 27 12
Mean 2.266 5.545 2.428 3.666 3.600 2.851 6.083
StdDev 0.961 1.128 0.975 1.527 1.673 0.718 1.083
Minimum 1 4 1 2 1 1 5
Maximum 4 8 4 5 5 4 8

OS
N 15 11 7 3 5 27 12
Mean 1.933 2 2 1.666 1.800 1 1
StdDev 0258 0 0.577 0.577 0.447 0 0
Minimum 1 2 1 1 1 1 1
Maximum 2 2 3 2 2 1 1

APPLIC
N 15 11 7 3 5 27 12
Mean 3.800 3.272 3.142 2.333 3.200 1.222 1.116
Std Dev 1.567 1.190 1.1.67 1.527 2.774 0.506 0.389
Minimum 2 2 2 1 1 1 1
Maximum 6 5 6 4 8 3 2

TRAIN
(level) 15 11 7 3 5 27 12
N 2.800 2.181 2.142 4 2 1.333 1.333
Mean 1.082 0.404 0.690 0 1.224 0.679 0.778
Std Dev 1 2 1 4 1 1 1
Minimum 4 3 3 4 4 4 3
Maximum

THE MEANS AND STANDARD DEVIATIONS OF
SEVERAL OF THE VARIABLES US.ED TO ASSESS
POSITIONS OF. CLUSTERS ON THE TWO-
DIMENSIONAL CONCEPTUAL SPACE
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8.5) Number of Application Systems by Cluster
Means & Std deviations
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FIGURE 8 (M}nt.).
DIAGRAMMATICAL REPRESENTATJ/")"T OF THE MEANS AND.
STANDARD DEVIATIONS OF SEVEiL_kI OF THE VARIABLES
USED TO ~iS§ESS POSITIONS OF CLUSTERS ON THE nv-o..
lllMENSIONA.L CONCEPTUAL SPACE.
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CLUSTER A

Cluster A comprised of fifteen subjects. This category was characterised by high

confidence levels, with a mean of 2.266 ~ the lowest mean confidence score in this
cluster ~~on, implying that this was the most confident group of subjects ('th*;

confidence rating scale used was a 10point scale with '1 == complete confidence \ and

'10 = no confidence'). More specifically, confidence ratings ill this cluster ranged

from levels 1 to 41 with two thirds of the members selecting ratings of 1 or 2 from

"'he ten point scale. This confidence may be partly attributed to the relatively high

level of training received by subjects in this cluster - six subjects had completed a

college level computet' course. All members of this cluster had between 1 and 6 years

of experience with computers (mean == 5 years), during which they had each used 2

to 6 application systems, with a meuu of 3.8 - the highest of the application system

means in the USERCLUS group, Also, except for one subject, they had all used 2
operating systems (TABLE 8). The members of this cluster therefore demonstrate a

:-elatively high level of experience in comparison to the other clusters' members.

It must be noted that based on interviews, it was established that clerical level
f:

workers only use a limited variety of simpler operations available in the application

systemts), and that their level of experience within each application system increases

rapidly until reaching a low ceiling level due to the limited job requirements. As such,
to consider levels of experience, in this sample, below the limited ceiling level within

one application system would be arbitrary. For the purpose of this study, the meaning

of the term 'experience' has been extended to include the experience with computers
(number of application systems in which low levels of experience arc obtained) rather
than within each application system. This extension seems more feasible in
distinguishing between the experience of the subjects.

'r"-:~~. /'
i

t

10
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TABLE.~
TABULATION OF THE NUMBER OF OPERATING
SYSTEMS AND APPLICA710N SYSTEMS USEDWITHIN
VARIOUS CLUSTERS.~

~USTERSJ[A. [B Ie ~ IF __~ G ]
OS
1 1 0 1 27 1l
2 14 11 5 0 0
3 0 0 1 0 0

APPLIC
1 '0 0 0 22 10
2 I: 4 4 4 2
3 I; 1 1 0
4 1 0 0 0

J5 3

- Ig
1 0 0

6 3 1 0 0
8 0 0 0 0

- =:

c

Thirteen of these subjects were South African, one was Italian, and one was Swazi.

Twelve were White. and the remaining three were Black. Two males were included

in this cluster. There were five English, seven Afrikaans, one Zulu, one Sotho and one
Tswana speaking subject, with a wide range of educational levels. These subjects

came from all three organisations" The ages of the members of this cluster were

widely distributed ecross the age range of the sample (19 • 58 years); In keeping with

the sample's demographic characteristics, none of these subjects had more than five

people living in their homes. From these frequencies, it is clear that no one

background variable can be isolated as impacting directly on determining who would

be classified as members of Cluster A.

CLUSTER B

Eleven subjects fell into this cluster. In contrast to Cluster A, the confidence ratings

ranged from 4 to 8, with the highest mean confidence rating (5.545) in Ihe

USERCLUS clusters (mode = 5), implying the lowest mean level of confidence within

tMs cluster solution (TABLE 9),
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TABLE 9.
CONFIDEliC,E LEVELS REPOR'f6D BY THE SUBJper§..
IN VARIOUS USERSHIP CLUSTERS~ _,.:.

CLUSTERS I A B C F G

CONFID
1 3 0 1 1 0
'" 7 0 3 6 0i"

3' 3 .9. 2 16 0
4 L_ 1 !_ 4 Q_
<;' 0 6 0 0 4..I

6 0 2 0 0 5
t 0 1 0 0 1
8 0 1 0 0 2 ____l:::::

The members of Cluster B had used computers for between 2 and 9 years. Seven of

the subjects used the computer for approximately 7 hcurs per day. and four used it

for 3 to 5 hour sessions. All of the subjects were only shown how to operate the

application packages in the work environment. Two subjects had completed an
additional one week computer course. The subjects had used 2 to 5 application
systems on 2 operating systems (TABLE 8). Although their experience mirrors that

of Cluster A, their expertise seems slightly lower.

All of the members of Cluster B were South African. Six were married, and five,

single. Nine of these subjects were White (three Bnglish speaking and six Afrikaans),

and the remaining two subjects were Black (Sotho and Tswana speaking). These

subjects all came from Organisations I (two subjects) and n (niue subjects). The

subjects in this group were generally younger than those in other groups (between 20

and 28 years old and two subjects were 36 years old). Again the members of this
cluster did not come from homogenous backgrounds, and no distinguishing

background variables could be identified for this cluster, except that they were all
South African, and none were employed in organisation m. This may be coincidental
as the entire sample is predominantly South African. and employed in organisations
I and If.
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CLUSTER C

Cluster C consisted of seven subjects who all had over 13 years of experience
(TABLE 10) with computers in which they worked for 4 to 8 hours a day.

TABLE 10.
FREQUENCIES OF YEARS E~rpERIENCE WITH
COMPUTERS FOR MEMBERS OF CLUSTERS A TO G.

CLUSTERS .A IB Ie ID I J:;=. IF I~=l
YEARSEXP l~1 2 0 1 CI 2 1
2 1 0 0 1 7 1
3 4 ~ 0 1 2. 4 2oJ

. . . . . . .

. . . . . . .
13 0 0 1 0 0 0 0
15 0 0 1 0 CI 0 0
17 0 0 2 0 CI 0 0
20 0 0 1 0 0 0 0
25 0 0 1 0 0 0 0
29 0 0 1 0 0 0 0

o

They had generally only been shown how to use the relevant applications in the

company setting. Each subject had used 2 to 6 application systems (See TABLE 8).
Due to the length of time and number of application systems in this cluster, the

members of this cluster were probably the most experienced in the sample. They had

the highest mean m~res for YEARSEXP (19.428 years) and TIMESPAN (6.571

hours). As could be expected, these subjects fell towards the upper extreme of the age

range in the sample - generally being between 31 and .58 years of age, and their

confidence ratings ranged from 2 to 4 (TABLE 9), showing a high confidence level.

Five of the subjects in this cluster were South African, the other two were British and
Italian. There were six White and one Indian female subjects in this group. Their
home languages, education levels and organisational membership varied across the

levels within each category. The only distinguishing feature here was the lack of
Black members in this cluster.
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CLUSTERD

Only three subjects (22; 55 and 69) were grouped into this cluster, Their confidence

levels were 4, 2 and 5, respectively. Their experience ranged from 1 to 6 years (mean

= 3.33 years). This cluster contained the subjects who worked the fewest hours per

day, as indicated by the lowest mean score of 3 hours for this variable. The features

which distinguished these subjects from the others were their ability to write simple

computer programmes (rABLE 11), and their completion of college level computer

courses, As such, Cluster D appears to hold the most expert subjects in the sample.

TABLE 11.
FREQ1J§NCIES OF.£_ROGRAMME WRITING SKILLS. IN
CLUSTER A TO G.

CLUSTERS A IE IC D E F GrPGM ITno 15 0 5 27 12
yes 0 3 0 0 0

..Although distinguishing features such as the subjects' completion of degrees or

diplomas after school can be identified for this cluster, because it is small,

extrapolation from this data is questionable.

CLUSTERE

.f..··.·"'~
I (o Five subjects belonged to Cluster E (subjects 26; 50; 56; 62 and 70). This category

was discemable from the other clusters in that its members did not work with

computers daily (TABLE 12). In contrast to Cluster C~they had only used computers
for between 1 to 5 hours per day (mean » 3.200 hours) (TABLE 13). Further, subject

56 had 10 years experience, while the others had 2 to 4 years experience with

computers. Surprisingly, most of this cluster's members used 2 or more application
systems (mean = 3.200) within the comparatively short time period.
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TABLE 12.
TABULATION OF FREQUENCIES WITH WHJrCl{
CLUSTER MEMBERS 'SCORED' FOR l'HE VARIABLE
FREQUENCY OF USE OF A COMPUTER.

CLUSTERS jl! B C In IE IF 10 :J
FREQUSE Ii I~ I~ 1~2lDaily 15 11 7
Other 0 0 0

TABLE 13!.
TABULATION OF FREQUENCIES WITH WHICH
CLUSTER CAlvD E MEMBERS USED THE COMPUTER
DAILY.

. il
'I. ,II

I CLUSTERS l C E

I TIMES PAN
II

(hrs)
1 0 2
2 0 0
3 0 0
4 1 1
5 1 2

LJ0 0
3 0
2 0I

The distribution of socio-cultural variables in this group mirrored that of Cluster B ~s

members. They differed in that their education level attained was slightly higher than

that of Cluster B's members. As was noted in Cluster H, the members of this cluster

did not come from homogenous backgrounds, and no distinguishing background

variables could be identified, except that they were all South African, but this may be

coincidental as the entire sample was predominantly South African. It appears that
background did not impact on usership level to a great. degree as, if this were the

case, the members of Clusters B and E could be expected to have been grouped

together. Instead, two clusters have fallen between them, implying a large distance,

and therefore IIi marked.distinction, between Clusters B and B.
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CLUSTERF

Twenty-seven subjects were clustered together in Cluster F. All of these subjects had
used only 1 operating system, and twenty-two. had used only 1 application system.
Four subjects had used 2 application systems (TABLE 8). Further, twenty-six of these

subjects had only been shown how to use the application(s) at work. Most of the

members of this cluster had 2 to 6 years of experience (mean = 4.111 years).

Surprisingly, despite this lack of experience, the confidence levels in this group were

high w they ranged from level 1 to 4. Six of the subjects had rated confidence at level

2, and sixteen at level 3 (the mode).

Two of the British subjects were members of this category, as were twenty-three

South African, one Portuguese and one Swazi subject. The marital status, gender,

home language and ages of these subjects were widely distributed. Most (59%) of the

Black subjects in the sample belonged to this cluster. More specifically, there were

ten White, thirteen Black, three Indian and one Coloured subject in this cluster. Over

half (sixteen subjects) of the members of this cluster had a matric level education.

Five subjects had studied post-school courses, and six had achieved levels of
education below matric, Ten of the subjects (over one third of this clusters

merrJ../---- 1:'J lived with three other people. Twenty of the subjects were employed at

""'6anisation I, three at Organisation II, and four at Organisation m.Again, no single
background variable could be identified as pertinent to this cluster except for its large
group of Black subjects.

o CLUSTER G

The twelve remaining subjects who comprised Cluster G, were distinguishable from
Cluster F by their low confidence ratings which ranged from level 5 to level 8, with
a rating mean of 6.083 (TABLE 9). All of these subjects bad used 1 operating system,
and ten had used only 1 application system. Two had used 2 application systems.

They had all used computers daily for between 1 and 8 years (mean := 4.416 years).
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While subjects 20 and 21 had attended a one week training course in one application,

the other ten subjects had only been shown once how to use the application(s) in the

company settings.

All of these subjects were female, eleven of whom were White. Nine of the twelve
subjects were Afrikaans speaking. The remaining three spoke English, Zulu and Sotho

at home. Another distinct feature of this cluster is that none of these subjects
continued their education after leaving schoo1. The members of this cluster were all
employed in Organisations I (four subjects) and n (eight subjects), This appears to be

the most demarcated cluster in the USERCLUS solution in terms of background

attributes. This grouping car. thus be identified as a sub-culture in the sample.

As the overall significance of background variables in influencing' USERCLUS cluster

membership could not easily be recognised from the crude qualitative analysis

conducted thus far, Fisher's exact test was necessary to establish a more refined

assessment of the impact of socio-cultural background on USERCLUS groupings.

EISHER'S EXACT RESUI,TS.

Owing to the size of this cluster solution. the Fisher's exact test could not be

implemented on several of the variables (eg, LANGUAGE andFAMNUM) as this test

is impractical in ten-as of CPU time and memory that is necessary, when
n > 5

(r~l)(c-l)
;:::.,::
Ii,
10 Thus when n=80 (sample) and c=7 (clusters/columns), and :r=rows being the number

of rows taken by the levels of the other variable, the formula becomes

80 > 5.
(r-l)(6)

With these limitations in mind, Fisher's exact test was performed only where possible.
to yield the results displayed in TABLE 14. As an alpha of 5% was chosen, these

figures indicate that the only socio-cultural background variables which impacted



82
significantly on subjects' experience and knowledge with computers were race and

organisational membership, As such, there was a significant relationship between ones

cluster membership in the USERCLUS solution, and ones race group and

organisational membership. In accordance with Kohn's (1970) finding that members

of different social classes have different experiences and develop different

occupational aspirations. it is not surprising that socio-economic variables have not
been associated with different clusters. as they are generally uniform throughout the

sample.

.
'VARIABLES I PROBABILITY SIGNIFICANCE

[USERCLUS • RACE 0.02 SIGNIFICANT

USERCLUS lie MARITAL 0.96 Not Significant

USERCLUS * NAnON 0.80 Not Significant

USERCLUS lie GENDER 0.06 INot Significant
,= jUSERCLUS • ORG 0.00023

~~ SIGNIFIC~

TABLE 14.
FISHER'S EXACT PROBABILITIES FO:.:V.
ASSOCIATIONS BETWEEN USERCLUS CL{1STERSAND
VARIOUS SOCIO-CULTURAL BACKGROUND
VARIABLES

.(:::::?

!o

As was discussed in the qualitative assessment of the data, Cluster F's members were

predominantly Black. Thirteen out of the twenty-two Black subjects in the sample
belonged to this cluster which consisted of subjects who generally had a lower

experience level as they had generally used only 1 application and 1 operating system.

The majority (twenty) of Organisation I's thirty-eight employees belonged to Cluster

F. In contrast, Cluster C did not have any Black members. Clusters A, B and G had

predominantly White members employed in Organisation n. An index which is

closely related to race group is language. If the USERCLUS * LA.N"GUAGE and

USERCLUS * BOUe relationships were also significant, it would support the

argument that South Africa's past Apartheid era impacted on opportunities in terms

of knowledge and experience with computers. Unfortunately, the Fisher's exact test
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does not have the ability to cope with tables of these sizes, and these relationships

could not be quantitatively established.

o

The finding that both organisation and race were significantly distinguishable between

the clusters may be attributable to the race group memberships within each

organisation. More specifically, approximately 70% of the Black subjects in this

sample belonged to Organisation I, and 50% of the White sample came from

Organisation II and Organisation ill had no Black subjects (TABLE 1 - i~is thus

not surprising that a significant difference between organisations would have a

corresponding significant difference in race group. The probability that one is not
rejecting a true null hypothesis incorrectly is much greater for the slgnificanr

difference ;etween organisation and cluster membership than for race group and

cluster membership. It can therefore be speculated that membership in an organisation,

which is Influenced by the application and operating systems which are used, is the

feature whicft impacts on usership, and that membership in the race groups is a
coincidental byproduct of the organisation's respective selection criteria. Alternatively,
the differences could be attributed to the past Apartheid era which may have limited

opportunities for training and experience with computers for different race groups. For

example, most of the Black subjects were members of Cluster F, who had used only

one application system, and had little experience with computers. It cannot, however,

be ignored that there were also many White subjects who belonged to the less

experienced clusters (Clusters F and G).

o
TABLE 15.
FREQUENCIES OF SUBJECT MEMBERSHIP IN EACH
RACE GROUP IN THE THREE ORGANISATIONS .

[ IO~?I ~=IORG~ lo~7n -,
WHITE 19 26 7-BLACK 17 5 0
INDIAN 2 1 2[C?~URED 0 0 1
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The distinct r~,;\~~lresassociated with each cluster in the USERCLUS solution can

be summarised as rouowS. Cluster A members had high confidence levels possibly
attributable to tbeir bi~J (for the sample) level of training and their experience

in at least two application systems. Cluster B members had !~"":'confidence levels

although tbey had used two or more operating and application syste.~ for

approximately the same time period as Cluster A. This is possibly because nin~

of the SUbjects had only been shown how to use the application system(s) in the

company setting, Cluster C members had the most experience with computers

(over 13 years, working 5 to 8 hours a day on 2 to 5 application systems) and

were very confident althougb they had not received any college level training

relating to computers. In contrast, members of ClusterD had the highest level of

expertise as they cowd write programmes, and aU had received a college level

training in computers. Cluster E members bad a broad range of experience in

different occupational settings but its members did not work daily on the

computer. The primary feature which distinguisb~d Clusters F and G was the
confidence levels, being high in the former, and low in the latter. "lthough

C~uster A and B seem to mirror Clusters F and G respectively, Cluster A and B

members were experienced in more applieations than those of Clusters F and G

'Whoused very few (usually one) application systems, and bad very little, if any,

training. The onlY background variable which could be identified as being

significantly assoclated with the clustering were organisational and race group

memberships.

o Roughly speaking, the following diagram (FIGURE 9) summarises the positions of

the USERCLUS clusters on Fisher's (1991, p440) two-dimensional conceptual space

so that comparisons can be more clearly contemplated. This is merely a diagrammatic
representation - not based on any statistical calculations, The clusters reveal that the

subjects all fell into a segment in which novi 'fe and naive characteristics are

predominant.
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Exf~RT

G E B C

NOVICE D

o

F A

NAIVE

FIGURE 9"
APPROXIMATE POSITIONS OF TI-lE CLUSTERS ON THE TWO-
DIMENSIONAL CONCEPTUAL SPACE.
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8.1..h. Clustering based on STAGE 2

Sketches of

'WHAT IS INS1DE 7'HE COMPUTER?'
Reporting of results from the analysis of the datil from STAGB 2 (skew,h of 'what is

inside th~ computer - moor the lid') will follow the same format as that of the

lpreviC'lusstage. Qualittv'vely identified distinguishing characteristics of bach cluster

are reported, followed by quantitative outcomes of Fisher's exact test of association

between the clusters and the background variables,

Based on analysis of the tree diagram (FiGURE to) and Pseudo F and f values, a
five cluster solution (referred to as DRW'lCLUS) was identified c': baving clearly
delineating attributes for its cluster groupings. There was a dramatic drop and then
rise ill tile Pseudo f from 25.6 down to 7.2, and then up t) 11.8 (TABLE 16).

Although the Pseudo ~ did not peak at this cluster solution, it did no! fluctuate

. 'greatly. "file combination of the PSP'ldO F and r values were the most favourable of

the possible solutions. This cluster solution explafncd 68% of the variance. The groups

in the DRWICLUS cluster solution have been named Cluster H, Cluster I .•• Cluster

L in order to facilitate discussion of the results.

TABLE 16.
PSEUDO ,F_A.l1DPSEUDO_j VAUIES FOR CLUSTER
SOLUTIONS 'lITH 4t 5 A1f.D6 t;LUSTERS,~ERIVEl)
BY THE ,Ck_USTER ANALYSIS PROCEDURE.,.
IMPLEM.ENl1llLQN THE DAT}L OBTAIN}?,D FR(Mf_
THE FIRST ,sKETCHES.- ~~-
(~ -

~tt
BER o~ IPSEUDOF

"
l~SEUDOfJSTERS

=:n.:::=:=,_

12.9 25.6~ .._ ....
12.8 7.2

'---="'~l....=_j
12.0 11.8
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CLUSTER II

l'ABI"E 1Z.
!:Jll.MJJEROF OCCURRENCES OF HUMAN ~1VALQGIES
AND EXTERNAL FEATURES OF A COMPUTER IN
SKBTCIIES OF SUB.lECTS IN CLUSTERS H TO L.

Cluster H consisted of eleven subjects (1; 2; 8; 9; 15; 18; 24; 26; 37; 48 and 52).

Nine of these subjects used nltuman analogy in their mental models. Closely related
to perceiving the computet." as having human qualities, rather than as an electronic

device, was another discerning attribute in this cluster • only subject number 1

sketched the external features of a computer (TABLE 17). The term 'external features'
included illustration of, or reference to, features such as the screen, keyboard and
cords which connect tb.e computer to a plug.

r··

.::.~~
/ .,
I

10
I:
"/'
1
i

i

jlo
t~....,...,

Surprisingly, two subjects in Cluster H showed a knowledge of technical terminology
(Acronyms and 'Computer jargon' which includes words such as 'ROM\ 'RAM',

'bytes', 'directory', 'path' and 'gates', If two or more of these words were used, the
sketch was classified as having technical terminology), and most cluster members

demonstrated a functional view of the computer which was seldom apparent in

sketches of members of other clusters. as if; demonstrated in ':fABLE 18. The sketches

were. classified as functional if they included any explanation of how me! computer

components interact, the functions of various components. or step by step descriptions
of what happens inside the computer. As such, consideration of what tbe computer
'd·oos', rather than merely what it 'is', was evident in this group.

\' i



TABLE 19.
.fREQU~lY.CIES OF WIRE" SECTION AND
COMMUNICATION REFERENCESJlL_CLUS.'l.ER H
MEMBERS.

~TER JI~= :J
C~~ yes
WIRES 15=' =6_===11
SECTION 6 5
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TABLE 18.
NUMBER OF OCCURRENCES OF mCHNICAL
TERMINOLOGY AND FUNCTIONAL PERSPECTIVES IN
CLUSTERS H TO L.

I 0

i

I_CLUSTERUI H
:::=

l!_ 1 J ==~=-rK IL = I
f :==~~.]~es I~o yes I no U;! yes .1no yes Ir:t~]~::.j_~~ -9 -

17 11 4 0 5 0

2 15 13 2 2 4 1

I

l
~

A subgroup within this cluster which differed from the other subjects, consisted of
subjects 2, 9~ l8, 24, 37 and 52. In contrast to the other members of Cluster H, the

members of this subgroup all referred to wires, and did not imply an!" form of
communication (except for subject 37 in terms of the computer 'speaking') or the
existence of separate sections (TABLE 19). When subjects did imply sections, they
were not in 'computer' section terms, but rather in terms of a human analogy, for
example, 'brain', 'heart' and so on.

coMMli:rrc I~ 7--
An of the subjects in this cluster were South African. Ten were White (five of whom

were English, and 5 Afrikaans speaking), and two, Black (both Tswana speaking),

Two of the cluster members were male. Cluster H's subjects all came from
Organisations I and II, and had up to four people fiving with them. The education
levels and ages in this duster varied widely. Sketches thus did not appear to differ
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significantly because of background factors in this clust~;r, except that subjects were

predominantly White employees, none of whom were employed in organisation m.

CLUSTER I

The thirty-one subjects in Cluster I all used wires in their sketches. This included

labelling of any components of the sketch as wires or cables, or mentioning wires or
cables in the descriptive p:l1Ugraph. Although the sketches were more mechanically

oriented than those of the p:rev5ous cluster and there was no reference to a human

analogy, they were very abstrb:C1. Only four of the subjects recognised the existence

of separate sections within the computer.

Six subjects labelled the wires as having ciifft:rent colours, implying a knowledge of

what the inside of technical appliances look like. Despite this, the lack of knowledge

beyond past observations was apparent from the omlssion of technical terms in the

sketches (TABLE ~O). The illustrations could have depicted the inside of any

technical device M implying that the subjects had seen the 'electrical board' inside an

electronic device, but were not well

informed as to the details of how

it functions, or the positioning
and connections which were used.

This cluster's members did not

depict any functional features,

except for subjects 17 and 76

who mentioned that functions

do exist; but gave no indication
of how they operate, or what the

functions are.

,--~--.- . -~ .),\\\t'·~
~ \~l\ .j~ (\,I.,>f

~~- . ________:j
SKEtcH 1.
SKETCH BY SUBJECT
NUMBBR 39 WHO niUSl'RATF.D
AN' ABSTRACT MENTAL MODEL,
yn-UCH HMPH}.SISBI) THB E.XISTENCi! OF
COLOURED WlRJ§.:. -- -
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Nine subjects drew external

features of the computer.

These subjects appear to have

SltEl'CH2.
Aif~ SKETCHu:
SUBJECT 17 ACKNOWLEDGING ~~JJn~e.
!!,YNCI'IONAL FEA'l1JRES. BUT
GIVING NO INDICATION OF
HOW nIBY OPERATE.

TABLE 20"
FRE.QUQNCY OF OCCURRENCE OF COLOURED
WIRES AND TECIINICAL TER.VS IN CLUSTERS H TO
L.-

~~S~RSJ~ I I -~::~E=~:~~IK ~ ]L J
[ ]~~ yes I no yes I no yes I no yes Ino_~fL 19 2 -:I: 6 I~~ 0 I: t 5 0

~2 .~= <

11 5 0~?ooc !:
Only two subjects
mentioned memory at

all and no subjects

alluded to any form of

communication. However,

five subjects sketched

discs, and a hard drive was

included by four subjects.

(~~.'I -v-,

\0

viewed the computer from an external orientation, with wires whlch exist behind the'
screen, oommunlcatlng almost instantaneously with the keyboard. For example, in the
sketches of subjects 36, 40, 53, 60 and 79, computing was depicted as occurring

behind the screen. As in the previous cluster, this cluster's members' views seemed

simplistic, based on 'drawing what one sees?~ what the computer 'is'.
i
I
1,
I! (;1

L
All of the non-South African subjects (except for the British group), belonged to
Cluster I.This cluster cannot, however, be seen as representing non-South Africans

as twenty-five of the thirty-one subjects in this cluster were South African. Twenty-
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three of these subjects were White, four were Black, three, Indian, and one, Coloured.

~ but one were female. There were ten English. fourteen Afrikaans, one Zulu, two

Sotho, three bilingual (EIP) and one Swazi speaking subjects in this cluster. Although
the majority of these subjects (sixteen) had a matric level education, the education
levels of the other members of this cluster were evenly distributed along the scale on
either side of this level. The number of people living in their homes and marital status

of the subjects also varied across the group. Fourteen, eleven and six subjects in this
cluster were employed in organisations I, II and III, respectively. The ages of Cluster

I's members ranged widely from 19 to 58 years. From this dispersion of scores, it can

be seen that this is a large cluster with no distinct background variables.

Twenty-eight subjects constituted Cluster r. In this cluster, the move from an abstract
to a.more detailed technological metaphor is clear. All of the members of this cluster

(except for subject 33; sketched wires and electronic components and some
mechanical words such as 'mother board' were apparent. Eleven subjects used

technical terminology in the annotation of their sketches. Five of the subjects drew

discs and three labelled an area the CPU. Twelve of the subjects included a

storage/memory function in their

sketches. Although the computer

CLUSTER J

was still generally viewed in

terms of exrernal features

by fourteen subjects, with

subjects 78 and 80 insinuating

computing occurring behind the

screen" -I'ourteen subjects made
no reference to external features.
Thirteen subjects predominantly

o.srfl,,)\ --r;c, ~ ~"" ~R I

00 @~ I
I ,

-_---_. -.-'_ w •• - •••. -.-~ ••• I

1

viewed the computer from a

functional perspective - considering what the computer 'does', rather than solely what

it 'is'.

SKErCH3.
FUNcrrONAL PERSPBClTVE SHOWING
STAGB TI!ROUGH WHICH INFORMA'fION
PASSES ACCORDING TO 'mE MENTAL
MODEL OF SUBJECT 38.

j:

~
~- -,,--- -~--.-.-~.--.- ...•-
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Ten subjects noted different sections in a computer, and communication between

these sections was acknowledged by fourteen subjects (TABLE 21). With its
members' recognition of factors such as memory, wires, sections. communication and
functional aspects, this cluster presented. the most 'technically' advanced mental
models of the five cluster solution.

TABLE 21..
flREQUENCIES OF COMMUNICATION ILLUSTRgION
AND/OR RECOGNITION IN THE Sl(ETCHES IN THE
DRW1CLUS SOLUTION •.

[ CLU~~RS ]1 H II II K L ~--
I J[no I no I no -

yes yes yes no yes no yes

COMMUNIC 114 7 131 0 114 14. 3 1 5 0

r:

All three British subjects were members of Cluster J. The UK emphasises computers

ill the education system to a greater degree than South Africa does. and this could be

offered as an explanation fot this grouping. It can be argued that there were also

twenty-five South Africa.'1s in this cluster. Eighteen. nine and one of the cluster

members, were White, Black and Indian, respectively. Four of these subjects were

male. The home languages in this cluster varied, with subjects being categorised into

almost all of the language groups, and the ages of these subjects spanned the range
of ages in the sample. As in the previous cluster, most of these subjects (mode « 11)

had achieved a manic level education, but the remaining subjects were evenly

distributed on either side of this level. Ten of these subjects had three people living
with them, while the other subjects had up to five people living with them. Again.

subjects came from all three companies, As w~ seen above, no one pertinent feature
clnl1.d be identified here .

.

Ill (.ll
()

i
I,
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CLUSTERK

Subjects 59; 61; 73 and 75 formed Cluster K. The discriminating feature of sketches
in this cluster was the reference to lightslbulb..L.fnsiile the computer which were

illustrated, described or labelled in the sketches. Further, all of these subjects
explained that wires are necessary for the lights to function. They depicted a 'holistic

!i!~ of a screen with a light behind it which functioned to Slight up' the relevant
information by means of wires (TABLE 22). None mentioned memory or different

sections in the computer.

TABLE 22.
,TABLE PORTRA1 ..'NG THAT THE ONLY SUBJECT,._S
WHO INCLUDED LIGHTS, OPERATED THROUGH
WIRES1 IN THEIR MENTAL MODELS WERE THE
FOUR MEMBERS OF CLUSTER K.

[~~mRS I~_,_ I I I J ~:~=IK IL IC :][; yes I no yes I no yes ] no yes :I no yes I
l::~:J~ :~I ~1~ 31 I~26 I~~lI3 J0 0 0

The members of this cluster were all South African and were all married. Their ages

ranged from 30 to 44 years old. The distribution of the categorisation of these subjects

on the other variables varied considerably, and no other distinguishing attributes could

be identified.o;;

CLUSTERL

The five subjects (33; 44; 46; 51 and 54) in Cluster L made no :reference to a

memory/brain or communication of any sort (TABLE 21). Only one subject identified

functional features. All except subject 33, saw the computing as occurring behind the

screen, included external features in the sketch, and referred ttl wires of some sort.
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Further, unlike any of the subjects

ir.: other clusters, all of West;

subjects delineated the use of

letters inside the computer. In

a similar conception as that of

members of the previous cluster,
these subjects generally saw wires

as determining what happened with the

letters (TABLE 23). Again. as before,

-l.-.7 i::_e:."'j"/ 3oql(b

kW'_"-

SIQ.'TCH 4-
MENTAl. MODEL BASED ON
LB'O'ERS WHICH ARB 'MAN-
]?ULATBD' BY WIRES.

no explanation was given regarding 'how' the functioning of the computer occurs.

TABLE 23.
TAJJLE PORTRAYING THAT THE (,!NLY SUBJECTS
WHO INCLUDED LEITERS IN 1'lIEIR MENTAL
MODELS WERE THE 5; MEMBERS OF CLUSTER L.

CLUSTERS
I,

~ : =. I I :=r!-- [K IL = I
1F'=====9iL..:======i'====' ==== '===~!:=:====II

I no yes r no yesJ;o .=;=y=es===:;I~n=o====y=es=~I=n="~==y=e=s=J~I
i~O[=31=O===;:::::='12~) _~G: 0] 0 5 J

i
~

~

r
I
j.

I

A feature distinct to this cluster was that all subjects were Black, female South

Africans. Two spoke Zulu, one Sotho, one Tswana and one Venda. These subjects

were relatively young (25 to 36 years old). All except for one had a matric level

education and three people living with them. Also, these subjects were all from

company I.As such, the members of this cluster have several characteristics which

were lucid, and it can be classified as a distinct sub-culture. There arc. two primary
factors which may account for this distinction - both are related to personnel
functions. Firstly, selection procedures in Organisation I may be oriented towards

selecting Black, relatively young women. Secondly, the training used in this

organisation may encourage the development of a particular type of mental model.

However, although most of the Black members of the sample (77%) came from this
organisation, this organisation's participants were predominantly White (nineteen

subjects) (TABLE 15), and as such, the selection procedures and training alone do 110t



fully explain the disparity between this group and the other DRWICLUS clusters.

Race was thus probably a cultural variable which does impact on mental model

formation. Fisher's exact test was used to establish quantitatively whether a significant

association existed between the dusters and any of the background variables.

FISHER'S EXACT RESULTS.

Fisher's exact tests were conducted, where the CPU time and memory permitted, to

establish whether a significant relationship existed between the DRWICLUS clusters

and the background variables. The results appear in TABLE 24.

TABLE 24.
FISHER'S EXACT PROBABILITIES FOR
ASSOCIATIONS BETWEEN (JRWICLUS CLUSTERS
A.NV VARIOUS SOCIO·CULTURAL BACKGROUND
VARIABLES

~
i

t,
"I
l

- .
IvAWLE.~, I PROBABILITY I SIGNIFICANCE ~ I
DR\VICLUS * EDUC 0.490 Not Significant

"

DRWICLUS * RACE 2.29E-03 SIGNIFICANT

I DRWICLUS * MARlTAL.J~~.?__ Not Significant •
-

DRWICLUS * NATION 0.579 Not Significant'_ -
DRWI CLUS * GENDER 0.063 Not Significant. -
DRWICLUS * ORG 0.024 SIGNIFICANT-

From TABLE 24, it can be seen that again, as in the cluster solution for USERCLUS,

those ofDRWlCLUS had distinct racial groups domina :ng the various clusters. For
example, Cluster L's members were all Black, while the membership of Clusters H.
I and J was predominantly White. Most of the Indian subjects were categorised into

Cluster I. In contrast to the previous stage, in the analysis of the DRWICLUS data,

the probability of the null hypothesis for DRW1CLUS !Ie RACE being rejected

incorrectly is much lower than for the null hypothesis of DRWICLUS * ORG.

It appears from these statistics that when considering what the inactive computer looks

like, subjects use two sources from whi,."l1ey develop mental models - their

~, "

I,~
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background (race) and the organisation. More specifically. most people are aware of

the existence of computers before they actually interact with them in any way. At this

stage, the mental models which are formed would probably have their foundations in

what people have been told. attitudes to computerization, and so on, which 8!':

encountered during the socialization process. When they actually interact with the
computer, they would probably build on the 'environmentally (race} based'

..onceptnalisation of what a computer is, and expand it to include what they have been

'taught' in the organisational context.

II
"

In summation, Cluster H members used a functional view of a computer w!":~l:

communicates, based on a human analogy. Clu$ter 1members submitted abstract
sketches. Most of these subjects did not refer t@ memory, communtcatton or

functional features, but instead abstractly depicted the 'electronic board' found
jnside most electronic devices, while showing no knowledge regarding the detaIls
of its make up or its functions. Cluster J was characterised by the most realistic

and functional mental models which included features such as discs, CPU,

memory and communication means. Eleven subjects in this category int~,J.ded

technical terms, Only Clusters H .and J members in DRWICLUS adopted a

functional mental model of what a computer 'docs'. Thus less than half of the

sample assumed this perspective, revealing that the general perspective Which is
adopted for an inactive computer il'; ba.l<!o.don what it 'is', rather than wIllat it

'd\')eS'. In Cluster K, subjects gener ,jIly used an holistic view of a screen with a
Iigll1tbehind it which 'Ii~hts up' the relevant information by means of wires. No
sections, memory or technical terms appeared in tllis cluster. Similarly, in Cluster

L, the subjeets generally saw w:res as determining what happens with letters
which were depicted as existing behind the screen. These distinguishing features
~ n be identified in TABLE 25. Race and organisational membership again

differed significantly between the clusters. Dlagrammatlcally, the distinguishing

features of these clusters were summarised in FIGURE 11 by a representative
sketch fram each cluster. It must, however, be noted that these sketches are
shown without the descriptive paragraphs which accompanied them. As such, the
most expUcit sketches were selected to indicate the pertinent features of the
cluster members' mental models.

I
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TABLE 25,. if
Tt,JJULAR SUMMARf OF THE FREQUENCiES WITH
WHICU S'{!1]ECTS IN EAe1l..~CLUSTEB IN THE..
DRWIC'_;C1;' t, SOLUTION REFERRED TO TIlE
DOMIN? ',THEMES IDENTIFIED IN ·IHE·
S(ETCl1ES'" .... .-~._'

I CLUSTER 111 I J K L

no yes no yes no yes no yes no yes
-..,LEITER 11 0 31 0 28 0 4 0" O· S \'

WIRES 5 6 0 31 2 26 0 4 2 3-COL 9 2 25 6 28 0 2 2 5 0- "1--'.

BRAIN 2 9 31 0 127 1 4 0 5 0-
TECHNIC 9 2 31 0 17 11 4 0 5 0

SECTION 6 5 27 4 18 10 4 o 3 2-
COMMUNIC 4 7 31 0 14 14 3 1 5 ....'0-EXTERNAL 10 1 25 6 15 is 2 2 1 4 1------- -
MEMORY 9 2 29 2 15 13 4 0 5 o-
FNCfNAL 2 9 29 2 15 13 2 2 4 1

LIGHTS 11 0 31 0 28 0 0 4 5 0
u::=:: :: ..; _:::::I

A
]"

r-,G~
I

.. I
J
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KETCH 7.. -_ _ __ .', .., _. __.]
_- ------,- ••.. ,,~- - - .~'i2~

I .ISQ~U
wfll~

!
,,_;~;;;;,::=!-:'''''\N!.iCCI.."t).J

<",f(\~\j)

SKETCHm;., AND 7. -'--,""~~' . ,,-._._.
PRAwn-fOS, FRqM CLUS'l'BR HLSHOWING MENTAL M .
A HUMAN ANALOGY. BOTH ACCOMPANlIID BY ODELS BASED ON
DESCRIPTIVE PARAGRAPH OF 'HOW' Tflr;COMP"- ~!,ERXPFl.ANATION A TIlE_.. u. u u~ UNCT!01'i§:.-

CLUSTER I

SI\ETfJI :8~

. -{,!:"":J-D -1,
/1 II R: .",~-, ~r ..~

~~-~!;;r_wl
1't.,UG.) L'''~ 1;' i1lMI~U$

..£l'ErCH 9.
1

1

(j

FlfJUREJ.!..:.
o V EJl. V IlLY"._QF _p 1S T {N GJ!.J S lJJ.1l GeL US..LU
CHARACTERISTICS RECAPITULATED BY A REPRESENTATIVE__,.,____ . __ '.,, __ ,. • _._..... .... __ ,'Ol'IA

SA.MPLE OF SKETCHES FROM EACH CLflS1"ER lWITHIN THE
_, - . ,., __ .. - .-,.,..._,..~,_~~ _r ,r _MOO, .• "

Dl~W1CLUS SOLUTION._....~_,,_-. . . --
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SIG."TCJ!LU:.,-
SKETCHFS 11 AND 12•
.MmLAL MODELS WITH EMPHASIS ON OOMMl1NICA.nON
AND FUNCTIQNAU1Y IN THE MCST 'TECIINICm~
A.Q.YQ"CED' SKY'rg ..mS APPA~El\rtlN CLUSTER r-

------' ~-.----...-."
FIGURE 11 (CJ?llite,1_
,,;::;,O~l-::'E;;:.,;;R;::,;;.......V.:;:.,l;;,E~__W .,..;;O-...::l,~.l..S..1' 1 N G U 1 S HI N G C.L US TE R
Cl.liJRACTERISTICS RECAP1TrJIATED BY A REPRESENTA'(JJ'Jl.
£AMPIJE OF SKET(;_11ES FlJ..QJf...!.JLWHCLllST.1I8_ WITH!N_fIIE
MJf.lCLflS_SOLUTlON.
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CLUSTER K

CLUSTER L

I·

§,KETCH 14

1~:
I'

1

SKETCHES 14 AND 15.
fHARAC1'ERISTIC vmw OF A c()MPU'I'ER AS A SCRH:m Wfrn LBTI'I!RS
BEHIND IT, WHICH ARB 'MANIPULA'rnD' BY wiREi'"', -
J'ROM CLUSTIJR L. - iI-<'

EJ..GJl.BB._11 (~£1
o V E R V JEW 0 F DIS us.G U 1SH 1N...;:;:G:......-C;:...L=-.::.:;..ll.:::::,.S.::::.,.;TE~R
CHARACTERISTICS RECAPITULAtTED BY ..4 REPRESENTATIVE-=.. ~

SAMPLE OF S/iETQJIES FROM BACB' CLlJSTI~;RWITHINJHE
DRW1CLUS SOLUTION.
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8el~C.Clustering based Oil STAGE 3

Sketches of
'MOVING A FILE'

The sketches from STAGE 3, which considered mental models used when saving a

me on a computer, were also qualitatively and quantitatively analyzed to establish

whether similarities and/or differences existed between the mental models of subjects,
and. if so, whether they were associated with any background variables.

The Pseudo F which remained stable for a four cluster solution with a flucmati,on of

orily 0.1 and r value which dipped to 2.8 from 4.7, and then rose to 4.0 indicated the
existence of raur primary clusters (TABLE 26). Further, when considered ill terms of

the cluster tree (FIGURE, 12), this solution (termed FILECLUS) produced the most

conceptually distinct clusters,

tssu: 26.
PSEUDO F AND PSEUDO f VALUES FOR Cl,USTER
---. _'''''_p-=. --

Sl,JLUTIONS WITH 3, 4 ANllS Cl.U~RSJ 1>ERIVED
BY THE CLUSTER ANALYSIS PROCEDURE- ...~
IlvlPLEMENTED ON THE DATA OBTAINEP FROM
THE SECOND SKETCHES.

o

-....

NUMBER OF Ip~E~F
~ =rCLUSTERS

5 4.8 4.7- ~-
4 4.8 2.8'--~f-'

-~3 4.9 4.0- ., .._"r-

(~""I '
,

l'Ms cluster solution has been chosen although it only accounts for 41% of the:

variance as, although the ten and seven cluster solutions were also distinct and valid,

use of these solutions would have resulted in only one or two members in up to six

clusters, Using such small groups could threaten the internal and external validity of

the study. The four clusters are referred to as Clusters M, N, 0 and P.
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TABLE 27.
TABULATION OF USE OF CABINET AND RECo.RD
PLAYER ANALOGIES IN MENTAL MODELS OF
£fl_BlECTS FROM CLUSTERS M. Ni 0 AND P

Eleven subjects were clustered together in Cluster M. The common feature in the
mental models of subjects 4, 5, 6 and 26 was the. use of awrecord p'layer metap_h6~>.

Subjects 17; 25; 27; 29; 30 and 32 all used &.f111ngcqbinet metaphor depicting
separate storing compartments. They included several compartments in the form o(

a filing cabinet or a concertina file, with each compartment alphabetised. TABLE 27

illustrates that this cluster included all subjects who used these two metaphors.

--- •

CLUSTER
.~. -- =~'rN ~:~ I? =- -- l~ ~~

no yes I no_.. !.~~ I no yes no yes
i= - -

15 ::~ -0CABINET 5 6 33 0 3 0- ~. ~"

RECPLAY 7 4 _is \ 33/;::;.<:: 0 3 0 i :

-- ,:.,

c

Further, only two oftl~is cluster's subjects' sketches resembled-their sketches from the

previous stage possibly because their previous metaphors were not substantial enough

to cope with the images necessary fQf depIcting the saving of a file. Few t if any s of
these members referred to wires, memory or external features. The relationship
between Cluster M and the other clusters is depicted regarding reference to wires and
external features in TABLE. 28.
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JfABLE 28.
TABULATION' OF NUMBER OFREFERENCES TO WIRES
AND EXTERNAL FEllTURES OJ!'THE C01VPUTER IN
SKETCHES OF SUBJECTS FROM CLUSTERS M, N, Q
ANDP.

Only two subjects referred to different sectio. . within the computer and used

technical words. It is surprising that the only use of technical words fell into this

category which used the most removed mt.;1 rs from a computer analogy. The other
features of the sketches, however, imply that although they are aware of the tenus,
they are not fsmlliar with the, 'Context in which they would be used. No

communication Waf> noted. Thus, the subjects in this cluster related to the computer

in terms of everyday, 'non-technical' objects. The analogies used revealed that there
was not a high level of awareness of techn': 1" spects as their mental models were
simplistic, and based on 'non-computerlser" .ogies,

Except for one subject who was Italian, all of the other members of this cluster wen
South African. Three were married, and e:~ght,divorced. The subjects in this cluster

were aged 19 to 33 years old. 'These subjects were White (six), Black (four) and

Indian (one). Both males and females were included in this grouping. The White
subjects were predominantly English speaking. The education level and number of

people living together for each subject varied across the sample. Most (ten) of these

subjects belonged to Organisation Il,

CLUSTER N

Five subjects (numbers 10; 20; 39; 46 and 77) constituted the members of Cluster N.
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Two of this cluster's subjects (10 and 20) were the only subjects in the sample who
discussed ft !!UIg_netic .force which 'moves' the information (TABJ..E 29).

TABLE 29.
TABLE SHOWING THE ONLY REFERENCES TO
MAGNETIC FORCES FALLING INTO CLUSTER M.- Ip -~CLUSTER M N 0-

no yes no yes no yes I no -~
LM'~GNET 1[11

..

13 2 .= 133 ] 3:=-=0 0 0

Three subjects emphasised external features and wires, while these subjects, together
with two others, included discs in their sketches. It is thus clear that this cluster's

members were moving toward a more mechanical/technical view of the computer in

terms of what the computer does, and 'how' it achieves this, rather than merely what

1.t 'is '. Another feature which differentiates this cluster from the others is the analogy

of a (save key' whic~/!Iwhen pressed, 'locks' the file inside the computer. Subject 46

calred this the CAPS lock key.

(=:.;~
1 \

!o

I
.I
!
1

All members of Cluster N were South African females. Four were White (three

English speaking, one Afrikaans speaking), and one, Black (Sotho speaking). These

subjects were between 24 and 45 years of age. Four of the subjects lived with three
other people. The other subject lived with 5 people. There was no education level or

organisation membership which could be identified as representative of this group of
subjects.

CLUSTER 0

o
)i
P

\;J

Cluster 0 comprised of thirty-three subjects. Four members of Cluster 0 depicted the

computer in a functional manner. Twenty-two subje<..'Uincluded wires in their

sketches. Eight subjects drew discs. A communication means was included by sixteen

subjects in their sketches. Reference was made to memory by eleven subjects. None
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of the members of this cluster used technical words, nor did they use non-technical

objects as metaphors. Most of their sketches resembled their previous sketches

(TABLE 30).

TABLE 30.
REPRESENTATION OF SKETCHES WITHIN THE
CLUSTERS WHICH RESEMBLED PREVIOUS SKETCHES,
FROM THE SAME SUBJECTS.

CLUSTER M =~ IN 10 Ip
no yes I no yes I no yes I n~:~, yes

ISIM1LAR
.

13 110 23 = 11 ~. ~]l9 2 2 2

Twelve subjects compartmentalised
the computer and explained that

the information travels through

the wires. Three subjects viewed
the computer as saving the file

to a disc. Four subjects gave

no information regarding how

the computer saved the file ~------~~--~~----·--~~I,
they merely drew the external SKETCH 5.

SKBTCH SHOWING
components of the computer. ,¥BCHANlCAL{BI,.Eqm,Qm£~~~OFACOMP~~

"r~I \,
I
I e)
I

Nine other subjects also included the

external features in their sketches. The degree of detail given in the sketches varied,

but in all of the sketches in this cluster, the emphasis was 011 mechanical.'elecl!1llJ.i£

featur~s of a c01np,uter.

Of the thirty-three 'Subjectsin Cluster 0, there were twenty-eight South Africans. three
British subjects, one Portuguese and one Italian subject. Of these, twenty-one were
White, eight Black, three Indian and one Coloured. Although most (eighteen) hOO

achieved a matrie level education, this cluster's distribution on education, number of

people living together and organisational membership was widespread. Eighteen of
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CLUSTER P

these subjects spoke English at home, six Afrikaans, two fell into each category of

Zulu, Sotho and Tswana speaking people, and one was identified in each of the

Xhosa, Venda and English and Portuguese (bilingual) categories. The ages of these

subjects ranged from 20 to 58 years of age. As shown here. no distinguishing

background variables were identified as commanding this cluster.

Cluster P consisted of three subjects (36; 42 and 49). All of these subjects included

wires in their sketches. The distinguishing feature in this group was their reference
to menus (any reference to, labelling of. or illustration of a menu, or options on the

screen, from which to choose) which have a 'save key!" option (TABLE 31).

TABLE 31.
SUBJECTS INCLUDED WIRES AND MENUS
IN THEIR SKETCHES IN CLUSTER P•..

CLUSTER M N 0 P
... .

no yes no yes no yes no yes

3 -r-

WIRES 11 0 3 2 11 22 0 3--
MENU 11 0 5 0 33 0 0 :3

I!::: !
!
I
I

I

The subjects in this cluster were all South African, English speaking females who hat!

a maroc level education, and came from Organisation 1.Again, these subjects may be

emerging as a cluster due to a distinct training style adopted in this organisation. They

range from 24 to 29 years of age. Two of these women were White, and one was

Indian. Two of these subjects lived with one other person, and the third subject lived

with two people.

FISHER'S EXACT R~.ULTS.
As before, due to limitations of CPU 'time and memory, only selected Fisher's exact

tests (results shown in TABLE 32) could be implemented to establish the significance

of associations between the FILECLUS clusters snd background variables.
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TABLE 32.
FISHER'S EXACT PROBABILlTIES FQft ASSOCIATIONS
BETWEEN FILECLUS CLUSTERS AND VARlOUS SOClfl=.
CULTURAL BACKGROUND VARIABLES ..

((

! VARIABLES ~ I PROBA~ILITY : I SIGNIFICANCE ~ J
FTI..ECLUS * FAMNUM 0.25 Not Significant

FILECLUS '" EDUC 0.70 Not Significant
f-.

FILEC!L.US * '"..ANG 0.17 Not Significant

FILECl.lUS * RACE 0.85 Not Significant

FILECLUS * MARITAL 0.38 Not Significant
""' -

FILF.t.LUS * NAnON 0.83 Not Significant

Fll..ECLUS * ORG 0.000037 SIGNIFICANT I.a:::::::;m; ..

I

I
r
f

I

Of these, trte only relationship which was significant was that of the Fll..ECLUS *
ORGANISATION (TABLE 32). T '.is means that there was a significant difference
between the sketches produced by the employees in the three different companies. For

example, as was noted. in d:e qualitative analysis discussed above, most (ten of

eleven) of the members of Cluster M were employed in Organisation ITand all of the

members of Cluster P were employed in Organisation I.

o

The most feasible explanation for this significant difference itt sketches between

organisations can be found in the literature which states that models are strongly

impacted on by training (in this case differing for different organisations), observation

and accidental encounters (also differing due to slight differences in some of the tasks

performed and the application packages used), and therefore differ according to
exposure (Ziegler and Bullinger, 1991),

People in different cultures have been found to classify objects in different ways ie.

according to different attributes. Familiarity with the relevant objects is also related

to how people from different cultures classify things. When people are familiar with

the objects they are asked to manipulate, they have knowledge about many ~teatures
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of those objects, alia this knowledge may expedite classifying the objects in varied
and complicated ways (Pick, 19RO).

These findings also enable one to answer the question which was zaised ill the

literature (CHAPTER 3) of whether different techniques must be implemented for

developing training and computer systems for people from different cultures. The

same techniques appear to impact similarly on people, irrespective of their

background, as subjects from different buckgrounds were similarly influenced by the

company training.

It also supports Carroll & Thomas's (1982) explanation that when building mental

models, metaphors are widely implicated as part of ar' individual process of ~I.)al

directed, learner-initiated learning, particularly where learning occurs in complex
domains of high abstraction. Similarly: it shows. as Waem (1989) noted, that a

computer system's reality can ilil1~rbetween people because of the way a computer
is actually used and ta'yrht This fin, <J .tg a, mtuates the need to establish optimal
metaphors for teaching purposes in companies as noted by several authors (eg, Fisher

& Kaplan, 1990; Hanisch et at, 1991).

(.,::.:~.,1 1,

,0

The lack of significant differences between race groups in FILECLUS. after the highly

signifirant differences inDRWI CLUS, at first appears difficult to explain. It must be

noted that the sample has changed slightly due to the attrition of the sample who

participated in the final stage of the research. Despite this, nine of the twenty-two

Black subjects, and nineteen of the fifty-one White subjects did not }.~articipatein the
second stage, thus the proportions of subjects in each race category resembled that of

the previous stage, making the sample equally representative of the race groups. As

such, a more feasible explanation for race not impacting sigfu.lr :\y C.i1 ilie mental

models of subjects, while organisational membership ill significant, lies in the nature

of the task. 111e level of sophistication of ones mental model increases when one
considers 'how' a computer performs a function. Saving a file is an operation which

one has to be taught to implement. As such, when thinking about the operation, one

will generally draw on what one has been taught in the organisation.

("\
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In·sllmmary, Cluster M subjects made use of record player and filing cabinet
analogies, and their sket,;:hes bore no resemblance to their previous Sketl'l}es,.

Members of Cluster N em~basised the save key locking the information Into !~f:

computer, and th~ ~'xternal features of the computer, thus combining computer-
and non-computer-based metapaors in their models. Cluster 0 members adopted
a more mechanical view of the computer. Technicallmechanical analogies to the
inside of a machine were used, and the sketches generally resembled those of the
previous stage. In Cluster P, wires, internal features of the computer 211dmenus
were emphasised. Thus a progression from external, non-technical to fnternal,

technical metaphotS could be seen in these four clusters. TABLE 33 provides a
gl<wal view .of the themes which emerged in these sketches, and their frequencies.
:Denham's (1993) asser;'~)!1 that people adapt their mental models according to

the operation which is being considered is clearly indicated in the sketchfi!$from
this stage. While tinly twenty-nlne of the subjects used similar metaphors ~ this
stage to the metaphors which they used in stage 2, twenty-three of the subjects

had to use unrelated metaphers, as their original m~taph()t's .tould riot be
extended to explain ~e m:Gg op. "1tion. This finding has b.'lp!ications f(lll"

researchers of mental models, as the .models mast be researched in the eentext'

of the task bei~~gconsidered, and findings cannot be generalised across tasks, The
organisation to which the subJ~ts belonged ampaC+..2don this cluster soLution,
showing that differer' -. .metaphors are deveiope!1 because of wfferent

organisation's choices in application packages and trainitr:,3 thnt is used.

Diagrammatically, the distlnguishlng features of these clusters were summarised

in FIGURE 13 ilY ....representative ~fl~&2~~bfrom each cluster.r:
r
J

·U··,··I,-, fJ..' .....
II .
'( .i
'. -<

-I

'.1

I.~ (I

I
I
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TABLE 33.
TABU1...AR SUMMARY o.F THE FREQUE..NCllj:SWITH
WH1CH_ SllBJECTS IN EACH FlLECLUS CLUSTER
SOLUTION RrtFERRED TO THE DOMINANT THE¥E8.
IDENTIFIED IN THE SKETCHES.

'I(/

CLUSTER M ~To I p :]1
no yes I no no yes no yes

yes

SThm..AR 9 2 3 2 10 23 1 2
"

MAGNET 11 0 3 2 33 0 3 0
-,'

CABINET 5 6 5 0 33 0 3 0 -
STORCOM 2 9 :5 {) 24 9 2 1

WIRES 11 0 3 2 11 22 0 3-
?vITJMORY 10 1 4 1 19 14 2 1

BRAlN 10 1 5 0 31 2 3 0,_
RECPLAY 7 4 5 V 33 (\ 3 0

10-- --
TECHNIC 9 2 5 0 3~ 0 3 0

otIj,,_ .. - -,
SECTION 6 5 5 0 20 13 2 1

COMMJOOC 10 1 4 1 17 16 3 0-EXTERNAL 10 1 0 5 Us 15 3 0

FNAL 11 0 4 1 25 8 3 0-
DISCS 7 4 1 4 20 13 2 1

WIREFEED 10 1 5 0 20 13 2 1

DISKSAVE 11 0 4 1 33 0 3 0

FILECOP 11 0 5 0 32 1 3 0,
FILESEC 11 0 5 0 33 0 2 1-_-CPUSEP 10 1 5 0 31 2 3 0--I-. ',~

LOCKIN 11 0 3 2 33 0 . 3 0. "-SAVEKEY 11 0 3 2 28 5 1 2- 3Jll~ENU _j 11 0 5 0 33 0 0
-- .

\,
l
10
'I
;I.

I: '
U
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CLUSTERM
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SKEI'CH 16.
SKETCH FROM CLUSTER M SHOWTIlTG
THE USE OF A FILING CABINET ANALOGY. Sl<ET£H 11:,

SKET~H FROM CLUSTER. M SHOWINGmUSE OF A RECOlm£I.A YER ANALOGY.

CLUSTERN

t--'"----'----r----l

I~

,--- ---~---.. '. . . . . ... oJ
e • • • • • •••• ° \(~'1~~ •

.. _ -!,....;..-..-.._ .•. _ _- __ ~~. __ .. ,.,.. ''O-,, __ ~ __ ~ .

SKETCHl9.
SKlITCH FROM CLUSTERlt INCLUD1NG
ANNOTATIONS REGARD1NG A F.LE-
!LOCKING AWAY' KEY METAPHOI!:.

1-- 1,__----:=3+-. ___.

Doc./~J IlrJn~ f'Jrr
~18.
}L_LUS1RATION FROM CLUS11lR N OF .
Ok' A MAmm:rrc RJRg WHXCH~OVES' INFORMATION, ---:.

FIGURE 13.
VERVIEW OF .DIS1'lNGUISHING CLUSTER

th.ARACTERIS11CS RECAPJTULATED BY A REPRESENT ATNE
SAMeLE OF 8_KETCIIESFROAIEben CLUST~B WITHIN THF;.
FlLE'C_LUSSOLllTION.
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CLUSTER 0

___ '?.......:.~ V'e>o... =c.A.CI::.\.:I

\("",\'IlOf"t=:> ... PCW101.\L

ill
'DCLL__....._...._ • \-\"'...,.,. .::s:::::>tu,n:.

~\,..o<?l;>,\ :p n.... :o::.

?"''\ r\\...E. I~ -r"_"'>':>s'''\''''~ ""1;-, ...."'.." ... '" "T\\C p",",,~,e':l::> o:.,'U:.~\""

I?:>of'l~ C..,.,."" -""''11:, I.\~ ':X:JIUUE 0.... Q~ ,....,. -:o,~v... i-\o.:>:S:>

SKETCH2?
MECHANICAlLY ORIENTED MENTAL MODB~
INCLUDING EXTERNAL FHATURES.

~- •• .fi ..

::':~ ..~'-,,:s: .',.~_..T"II," l>11J11 ~IiO"'S THt:. PICTU(e. OIJ T"[':
~. ~GIlt!,,"1{

....L..--:-::~-~71~IS 15 ColJl./j;;t.Tl:V
"ro il\~ K Ii:'Ij 'SoRl\1)
l" -:; 10 SITVt:. 'HllHl IT
\ ~ (;0 'Jill'" C u.j) 1"0 "~Ii!
'gAiI,ff iloY WHICH ..~\Ve.$.

,\' I I

\ ,

•
SKETCH 21.
MECHANICAL VIEW OF TIm COMPU'l1l.R.t
wrI'H REFERENCE TO A FUNCTIONAL SAVB
KEY (F~wrrn COl'1MUN!CATION IMPUED
IN TER1 S OF CONNECTIONS.

FIGURE 13 (CONT.).
OVERVIEW OF DISTINGUISHING CLUSTER
CHARACTERISTICS RECAPITULATED BY A REPRESENTATIVE
SAMPLE OF SKETC.HES FROM EACH CLUSTER WITHIN THE
FILECLUS SOLUTION.

-~-'---------------~---'~---~~-""'-.'''__----------.~,,-----.,....--.,....,.--.---.--.~-~.............,,....-,-..-
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CLUSTER P

Se.eho:',

+0 ~c:,

~ve d f?('1 r Pr.P
.t, "J"\....L!:e "..J ...,

!1J:;( e:.e·····
SlCETCH22.
MENTAL MODEL INCLUDING ~.MHNU,
SHOWING THE IMPACT OF EXPOSURE
TO A PARTICULAR APPUCATION SYS'fBM
lNCONCBPTUAUSATlONOF A WHAT ~
g>MPT.ITBR LOOKS LlKB INSIDE. WHEN FlLlNG A DOCUMENT~

o
FIGURE 13 (CONT.).
QX_ERVIEW, OF DISTINGUISHING CLUSTER
CHARACTERISTICS RECAPITULATED BY A REPRESENTATIVE
SAMPLE OF SKETCHES FROM EACH CLUSTER WITHIN THE
FILECLUS SOLUTION.
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8.2..Relationship Between the Three Cluster

Solutions

>r

The simultaneous membership of sw",jects in!~reecluster solutions (USBRr!LUS for
usership data; DRWICLUS for tile first ske~~es; and Fll..ECLUS. for t~',;(,: second

sketches) have been qualitatively and,quandtatiyely analyzed to determine whether
I!

any pmticulm- experience or knowledge influerl'ce mental mod~ls in a distinctlve
manner. For ease of discussion, subject membership in the three dual cluster solution«
categories, USERCLUS '" Dg,WICLUS (FIGURE 14); USERCLUS * FILE(1US

(FIGURE 15); and DRWICLUS * FILECLUS (FIGURE 16)" were considered,

As no Significant differences were appai ent for the majority of the socio-cultural
/'

background variables (except for race and organisaticnal membership) ~tween the

clusters within each cluster solution, consideration nf these variables in dual

membership categories ofUSERcLUS '"DRWICLUS and U8ERCLUS *~CLUS
would be superfluous. Further, because of the heterogeneity of the sample, the
combination of characteristics makes direct comparisons between the subjects intricate

and complicated. Also, although the Black Subjects were generally found in the l~ss
OJ

experienced clusters, there were also many Whites in these clusters, and race could

not be parallelled with levels of experience or expertise. For example, the two least

experienced c1 siers were Clusters F and G, where Cluster F had 59% of the Black

subjects in the sample, and Cluster G had only one Black subject, and eleven White

subjects. The-discussion of results regarding dual membership in the clusters did thus
not deal with background variables. Instead, the relationship between cluster's
usership positions on the two-dimensional conceptual space and the sketched mental

models associated with these positions, were considered.
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TABlJi=--=..34..;...:;...,--.-
'[HE FREQUENCIES WITH WHICH SUBJECTS IN..I.!J1£
STUDY FELL INTO EACH DUAL MEAfBERSHIP
CATEGORY IN THE USERCLUS AND DRWICLUS
CLUSTER SOLUTIONS.

A ~Ic In I: I: I~ IH 4 4 1

I 7 2 3 1 2 9 7

J 3 4 ,- 2 2 9 5.J

K 1 3

L ,5
,_

C D E
Clusters (Userclus)

_H ~I 001 r IK ~~L

F G

FJG,URE 14e
DIAGRAMMATICAL PRESENTATION OF THE FREQUENC;i..._'T
WITH WHICH SUBJECTS IN THIS STUDY FELL INTO EA~H
DUAL klEMBERSHIP CATEGORf~ IN THE USERCLUS A,ND
DRWICLUS CLUSTER SOLUTIONS.-
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8.2.a. USERCLUS *DRWICLUS

Table 34 shows the number of subjects falling into each cluster combination from the
USERt.. )S and DRW1CLUS cluster solutions, Interestingly, the largest cluster dual-

membership overi.l{ls for me-nbers of Cluster H (who used the human metaphor in

their mental models) were with Clusters A and B. These subjects were situated on the

second most experienced position on the two-dimensional conceptual space, yet their
sketches were the least 'computer-related'.

Members of Cluster A, who had received a high level of training and had a

reasonably substantial amount of experience, predominantly used abstract sketches
which implied that they had been exposed to the inside of a technical device, but had

no functional or ordered mental moeel of what a computer 'does' at this stage. Cluster
B, whose members wet" slightly less expert than those of Cluster A, had most of its

members in Clusters Hand J. rather than I ~ showing a knowledge of detail and
functionality, explained either in technical or human analogies. The majority of

Cluster A's members, and all of Cluster B, C and E's members fell into Clusters H,

I and J.

In contrast, the least experienced users who belonged to Clusters F and G had the

highest frequencies of overlap with Clusters I and J whlch were characterised by
abstract and detailed computer-based mental models. Similarly, Cluster D and G's

subjects, who were not very experienced with computers, all fell into Clusters I and

J. Eight members of Cluster F' constituted the majority of the subjects in Cluster K
and L. They used distinct 'light' and 'letter' metaphors.

Past research (eg. Detienne, 1991) shows that the more expert the subjects, the more,
realistic the model is. This was apparent in the 'most expert' cluster in the sample ..

Cluster D. This cluster's members, who wrote computer programmes, were generally
also members of Cluster J - signifying the most advanced sketches. The two other

Clusters which were situated at the second highest level of expertise in this cluster

10

11 ..... '~_J
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were Clusters A and F, In contrast to the expected technicality and aceuracy of the

models, there were still several of these subjects who, as discussed previously, were

members of Clusters H, K and L. on~possible explanation is that the subjects falling
into these clusters were the few who did not receive the additional training which the

other members of Clusters A and F received, or, that the training unsettled the

existing mental models of subjects, and they had moved away from computer

analogies to redress the 'confusion'. It must be noted, however, that these subjects

were only slightly more export than th2 remaining clusters in the USERCLUS

solution, and Ouster D was far more advanced on the naive-expert scale. As such, the

deviation from the expected behaviour by the few subjects may not be significant

II

These findings intimate that in this sample, the users who used few application

systems had developed very distinct, clear metaphors of wh~t the inside of a computer

looks like, while the users who used more application systems had mental models
which were either abstract, Of were 'non-mechanical". This may be explained in tenus

of Halasz and Moron's (1982) d'ncussion regarding metaphors. They suggest that a

metaphor only refers to part of an unknown system, and {f ihe metaphol'S differ vastly

for different applications, the novice may not know which aspects of the models are

applicable to other situations, and may thus resort to a very broad moeel,
Unfortunately, no quantitative analysis of the relationship between these cluster

solutions was available to substantiate this qualitative assessment due to the limited

memory and CPU time necessary for the Fisher's exact test

B.2.b. USERCLUS * FlLECLUS

I
J. G
~l'i
.\ I

\ ....J

Analysis of dual memoership in clusters fru_mthe USERCLlJi.. and FILEQ ..US cluster

solutions were also considered. 'The frequency of subjects falling into each category

is presented ir.4 TABLE 35 and diagrammatically in FIGURE 15.
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.=.JlJLE 35.
THE FREQUENCIES WITH WHICH SUBJECTS IN THIS
STUDY FELL INTO EACH DUAL MEMBERSHIP
CATEGORY IN THE USERCLUS AND FILECLUS
CLUSTER SOLUTIONS.

A B C D E F G

M 4 2 1 1 1 1 1

1o
" 2 1 2

0 7 2 2 1 3 13 5

P 3-. "..-

15~---------~--~------------------------------

FIGURE 15._
DIAGRAMMATICAL PRESENTATION OF THE FREQUENCIES
WITH WHICH SUBJECTS IN THIS STUDY FELL INTO EACH.
DUAL MEMBERSHIP CATEGORY IN THE USERCLUS AND
FlLECLUS CLUSTER SOLUTIONS!.

o ~I
o

1

U

A BCD E
Clusters (Userc1us)

aM ~N 000 L-]p

F G



121
It can be seen in TABLE 3.5 that most of the subjects feU into Clusters M and 0 for

the second stage of sketches. More specifically, all members of Clusters A, B, D and

E were clustered into the M (record player and filing cabinet analogies in sketches

which bore no resemblance to these subjects' previous sketches) and 0
(Technical/mechanical analogies which resembled sketches of these subjects in the
previous stage) Clusters, with more subjects falling into Cluster O.

All of the subjects who belonged (0 Cluster P were members of Cluster F. These

subjects who were confident, although they were relatively naive users with limited

training and experience, referred tv a menu which bas a save key option.

In accordance with the results in the USERCLUS * DRW1CLUS section, again the
sketches of Clusters A and B who were situated on the most experienced position on

the two-dimensional eonceptual space, constituted the ma}:>rityof the least 'computer-

related' sketches. drawing on record-player and cabinet metaphors. Large frequencies

were also apparent in the dual-memberships between Cluster 0 and Clusters F and G
",;./r:r:; were thr- least experienced users, iY'.lt used the- -ncst mechanical-and advanced- .

metaphors. The me' ;;bers of Clusters F and G also used very specific metaphors as

occurred before, as they only used one application system, and the operation of these

application systems were apparent in their mental models (flil' example, a save key

and menus were mentioned).

Fisher'S exact test for USERCLUS '" l-""'JLECLUS solutions showed that there were no
significant differences (prob =0.243) between these dual-membership categories. This

shows that the clustering solutions for the usership data and the second sketch cluster
solutions did not cluster the people with similar usership background into the same
clusters. based on their sketches. This may be attributed to the different ways inwhich

rues were saved - for example on a personal computer (PC), as compan \d to the main-

frame - as subjects generally referred to the application and operating systems with

which they were most familiar. Subjects were not homogenous in this respect, and this

contributed to the study by showing the effect of type of experience of subjects.
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sa« DRWICLUS * FILECLUS

Analysis of dual-memberships in clusters from the DRWICLUS and FJLECLUS

solutions revealed interesting cognitive behavioural changes in response to the tasks.

The discussion which follows deals with the dual-memberships as illustrated in

TABLE 36 and FIGURE 16.

In the first sketches by lite eighty subjects, only twenty-two (27% of the sample)

included communication, and twenty-seven displayed functional mental models. Inthe

second. sketches, 34% of the sample included communication. In the previous stage,

twenty-five of the eighty subjects included the. ~"temal features in their sketches. In

this stage, twenty-one of the fifty-two subjects referred to external features. This may

be attributed to coincidence as the same subjects who referred to external features

may all have participated in the second sketches, but this seems an unlikely

explanation as 42% of the sketches now differed from the original ones. A more likely

explanation was that the idea (if 'what goes on inside the computer when a file is

•• -mo'r.~? difficslt tc cQ~..!a1ise. "J1d 2.5.Sl~!i:~.ey,drew what tb~tnphasised

in their interaction with the computer while thinking about it They took a 'when I do

X, the computer must do 'C perspective - resulting in the need for the inclusion of

the keys which were used. in the mteraction process. This explanation was

substantiated by comments made by the subjects.

In the second stage of the research, during which subjects were asked. to sketch the

inside of a computer, seventy of the eighty subjects included wires in their sketches

and only half of the subjects included wires in the third stage - sketches of a computer

saving a file. The apparent decrease in reference to wire, ly have been escalated if

the subjects who did not participate in this stage were those who had used wires in

the previous stage. This is possibly due to a change in emphasis of the drawings from

a 'what a computer is t to a 'what a computer does ~perspective, as twenty-three of the

subjects changed their sketches completely from the previous stage. This indicates the

importance of questions asked in determining mental models that are produced. As

the point of reference changes, so do models as different functions are considered.
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TABLE 36.
THE FREQUENCIES WITH WHiCH SUBJECTS IN THIS
STUDY FELL INTO EACH DUAL MEMBERSHIP
CA.TEGORY IN THE DRWICLUS AND FILECLUS
CLUSTER SOLUTIONS .

r~[H I I II IK IL I
! M 1 6 4
IN 2 2 1I ,_". -i!l~-- 4 12 12 2 3

2 1
Pb L_ -

I'
14 ,-------~ ---.-----~--. ---

I J K
Clusters (Drwlclus)

_M ~N 000 uP

L

FIGURE 16.
DIAGRAMMATICAL PRESENTATION OF_THE FREOUENCIES
WITH WHICH SUBJECTS IN 'lHJS STUDY FELL INTO EACH
DUAL MEMBERSHIP CATEGORY IN THE DRWICLUS AND
FlLECLUS CLUSTER SOLUTl_ONS.
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This transition is explicit if one considers the dual membership in the DRWl t'1..US

and FII..ECLUS clusters shown in TABLE 36. More specifically, the functional

perspectives in the DRWICLUS solution were all members ofClusters H aud J. The
majority of the members from these clusters fell into Cluster 0 (the most
mechanical/technical solution) in the FILECLUS solution. The subjects who

previously sketched abstract diagrams of what the computer looks like iDside
(rnembers of Cluster 1) appear to have had deficient metaphors that could not be
extended to the function of saving a file. The majority fell into Cluster O, showing

"'h,:lt they did possess knowledge of more detail and technical aspects of the computer

ttaJ).n they used in the first ;(etciles. The second largest group of Cluster I's members

chose new, unrelated metaphors (filing cabinet and record-player metaphors).

Similarly, members of Clusters K and L who had used very specific, limited

Il!letttJ,hors in the previous stage (lights and letters) also had to change their metaphors,

and they tended to adopt the more mechanical technical view, thus having dual-

membership in their usership cluster and Cluster O. These findings affirmed Denham's
(1993) assertion that the perspective of what a computer 'is' compared to what it
'does' in the'r::~'~ious stage would impect on the extenff8"wlui.!h the modelschange;"

Fisher's exact test for DRWI CLUS * FILECLUS showed that there was no significant

differences (prob = 0.981) between the categories. This shows that the clustering
solutions for the two stages were not significantly associated. A$ organlsational

membership significantly influenced the cluster solutions in both of these stages. a
likely explanation is that the metaphors used differed due to filing applications. For

example, the option of a menu may have been used in one department within the

company and a functional key in another,

As could be seen from the above discussion, the task at hand ~ the selected operating
and application system(s) and the training used - impacted strongly on the mental
models adopted to explain the dynamic computer processes. This is supported by the

fact that the only variable which was significantly different between the clusters in

both Cluster solutions, was organisational membership. The significance of any other
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background variables in the dual categories ofDRWlCLUS and FILE\::LUS were not

considered here as they were not notably siBnificant within each cluster solution.

Consideration of these variables may have confounded the discussion of the issue

which was more pertinent, namely, the change of metaphor application when the task

at hand changed.

Due to the common themes which emerged - irrespective of drawing level ~ in both

the second and third stages' sketches, sketching can be seen as a valuable method of

establishing mental models. Also, the lack of relation between the themes and the
socio-cultural background variables implies that socio-cultural factors do not impact

on mental models to the extent that knowledge, in terms of experience and expertise

with the computer, do.

_.
Although the extent of acculturation of the subjects in the sample could be used in

defense of the past research, which advocates that culture impacts heavily on the way
people model ideas and concepts, it is more likely that the more current researchers'
'"{eg. ·Deregowski, 191i4)~ews are correct. They maintain that human perceptual'"

mechanisms are essentially the same throughout the species, Cultural influences shape

the mechanisms by accentuating certain characteristics so that different skills result,
but the overall message is still relayed effectively, despite the slight idiosyncrasies

common to the group (none of which could be identified in this study), It is also

interesting that where idiosyncrasies associated with background variables did exist,

they impacted on tne simpler tasks. such as describing the inside of the computer, The
more complex task (describing how a file is saved) was impacted on by training,

rather than background. A~ such, when ~ ;luetion of errors in complex tasks is

considered, the training rather than background factors, is me variable which Is

pertinent. The positive practical implication of this finding is substantial. It shows that

the variable which has a more profound impact (training) can be controlled, although

culture, which impacts on less critical tasks which do not bear the risk of the
possibility of incurring many grave errors, cannot (and probably need not) he

managed.
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CHAPTER 9 : CONCLUSIONS, LIMITATIONS AND

IMPLICATIONS OF THE PRESENT

RESEARCH

This study es.ablished similarities and differences between mental models, and their
association with socio-cultural background variables. Sketches were used as the

measuring instrument to ascertain their feasibility as a technique for assessing mental
models. Due to the exploratory nature of this research, and its non-specificity (as there

is no single variable or hypothesis which is under study)! the quantity of relevant

emerging information may at first appear to be perplexing, Despite this, various

interesting conclusions emerged. They are summarised below.

Usership, in terms of knowledge and experience with computers, was strongly

associated with organisational membership. This can be attributed to clerical level

employees having certain levels of training pertinent to the use of the operating and
applicati;; ;ystems chose~the organisation, :K;~;'i~ge and' experience .are

therefore influenced by the tasks at hand and the preference of the subjects'

supcrior(s). Race also impacted on the usership categories. This may be due to the

past Apartheid era which influenced employment and educational opportunities for

different race groups.

The sample in this study was not homogenous as subjects differed from each other
in terms of the combination of socio-cultural background variables. Cultural
background variables (nationality, race ~roup and home language) were more distinct

between groups of subjects than were social class variables (education level, marital

status and number of people living in the subject's residence). This could, however,

be anticipated as socio-economic class is generally associated with vocational choice
(Kohn, 1970). Despite this, the subjects were from easily differentiable backgrounds

within the 'range' of levels of variables applicable to this vocational choice. 'The

exploration of the impact of these factors on mental models was, therefore, possible.
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This research had the advantage of analysing the mental models of the individual

respondents, rather than those of pre-determined groups of subjects. This was achieved

by not having any preconceived ideas of which independent variables should be used
to assess the similarities and differences between the individual drawings. The
clustering enabled an assessment of each sketch on a non-a-priori basis. By adopting

this approach> similarities and differences rnmetaphors and analogies used to explain
unencountered computational dynamics were identified in two tasks. Firstly, in terms
of $wbat a computer is' .members of the different clusters used human; abstract

technical; detailed techno-mechanical; illuminating light; and alphabet-based

metaphors to explain what exists inside the computer, 'under the lid'. Secondly,
when illustrating how a file is saved, necessitating a 'what a computer does'
perspective? mental models were expressed in terms of recordplayer/filing cabinet;

'save key' -based; techno-mechanical and menu-based metaphors.

.....

In both stages which entailed sketching, it was found that subjects who used few

(usually one) application and operating system(s) used explicit, detailed .netaphors in
• • their mental' models. In contrast, those who used many 2i>PUt:aliansystemS' 'adopted

broadly applicable, non-explicit me "els, showing a combination of fearures derlvec'
from the various systems. Halasz and Moran (1982) note that a metaphor only refers

to part of an unknown system. They explain that if the metaphors differ vastly for

different applications. the novice may not know which aspects of the mod- Is are
applicable to other situations, and may thus resort to the use of a very broad. model.

The impact of the adopted operating and application systems on mental models was
further confirmed in the third stage. Here subjects sketched whet they encountered in

their interaction with the computer while thinking about it w taking a 'when I do X,

the computer must do Y' perspective. This evoked the need for the inclusion of keys

or menus (which were used in the interaction process) in their mental models. The

results regarding expertise concur with those of past researchers -as subjects' expertise
increased, so did the accurac-: and applicability of their models.

There was a significant shift of approximately half of the subjects to the use of new
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metaphors when conceptualisation of the inside of an inactive computer had to be

extended to include the simple operations of saving a file. The two sets of metaphors

differed substancially from each other. This implies that. as speculated by Denham
(1993)~ subjects generally found their abstract views of what a computer 'is', to be

inadequate when describing what it 'does'.

...

It is of interest to note that where idiosyncrasies associated with background variables
did exist, they impacted on the simpler tasks such as describing the inside of the
computer. It appears that for the development of mental models applicable to this task,
the subjects used two sources. The first - culture (race) - seems t.o have been used to

form the basis of the models. The second source, namely training received in the

organisation, appears to have modified their existing mental models, thus impacting

on them, but to a lesser degree than race did. In contrast, the more complex task

(describing how a file is saved) was impacted on predominantly by training rather

than background. As such, training, rather than background factors, is pertinent when

considering areas of concern for error reduction in complex tasks. This use of
trairiing-engeftaerea metaphors fiM.ictttes d'ia'f'm!ihdu·:fu1al'psyelTo~f."br trainer can -a: ~ . .'

influence usability of systems by optimising training offered, Fortunately, socio-

cultural background, which cannot be changed by organisations, does not impact on
critical tasks,

When analysing cluster solutions, the threat always exists of clustering occurring as

an artifact. of the scoring methods used, rather. than of the actual artributes being

measured. In the present research, themes and overall trends were easily identifiable.

Also. similarities and differenc-s between the clusters in each cluster solution were

clearly distinguishable in terms of mental model metaphors. This impiies that the

former did not distort the findings. The ease with which these themes c"jlilld b",

identified by the three raters implies the usefulness of sketches as a measuring
instrument for the investigation of mental models. It is, however, suggested that a
descriptive paragraph be included in me instrument, as in the present research,

because these descriptions played a vital role in clarifying issues and elaborating on
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the reasoning behind the inclusion of the annotated features of the sketches.

The results of this study do concur with those of past research and emerging .,
associations between background and mental models can be easily explained.
However, as in all research, several LIMITATIONS exist ill this study.

This study is limited in that its findings are only generalis able to South African,
urban, clerical level workers. Also, as social class appears to impact on an individual's
vocational choice (Kok~!) 1970), the levels of the socio-economic variables were
broadly distributed within a limited range of values applicable to a working-class (as
opposed to middle or upper-class) sample. Further research is necessary to establish
whether socio-economic variables beyond this limited range are asseciared with
mental model formation.

A more critical limitation is the exploratory nature of this research which prevents the
investigation of specific hypotheses. This is due to the vast number of variable levels
which were considered. As such, more accurate data analysis was not possible ..more

tplflo·.·_..·· "'1'lt!rI: ~ ,. ..• _ ,.a,., ~11't;f~.tIo.-.~~ __ ~ '''', ~~~{C'._"._ ..• "",.. ~,__ ~..,.... _,QJ< ,,_~-~""t:-~"t,(I"'t.~~~

specifically, the Fisher's exact teet - the most appropriate statistical analysis technique
for the present research - could not be condocted on several background variables due
to the limited CPU time and memory available. Although the chi-square test over-
COln{'S these problems, it could not be implemented due to the heterogeneity of the

sample (which decreased the frequency of subjects per cell), A further limitation of
this study, which also prevented the use of chi-square jrocedures, was the use of
volunteers who did not participate in the final stage (STAGE 3) of the research. Their
reasons for not participating in this stage included absenteeism, leave, turnover and
organisational deadlines. The positive IMPLICATIONS of this study attest to the
need for further research aimed at establishing the extent to which these limitations
may have distorted its findings.

Kerlinger (1986) notes three broader implications of most field studies that apply to
this research. These are to discover significant variables in the field situation and
relations among them and. to lay the groundwork: for later. -nore systematic testing of
the hypotheses which em, be determined from this study.
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One possible hypothesis which emerged from this study is 'word usage and under-
standing impact on mental model formation and application'. As culture, race and
language are closely related, the impact of race ~ mental models implies that
language may also impaet on the models. Limitations of this research, such as
omission to establish 'extent of multi-lingualism' of subjects (a factor not pertinent
in the present research), coupled with the inability of Fisherfs exact test to establish
the significance of the relationship between home language and mental model
application, intimate that research in this area is viable. Another hjpothesis which
deserves further attention is one explored here) within a limited range, namely 'social
class impacts on mental model formation',
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to mental mOdel$'Ol" compu~a!' dynaD.iic~for·complex taskS':"Despite this, 'it diGpUier"'="" •.. ~-~!r
the pas! view of generalisability of findings regarding mental models of simple tasks
(for example, describing the inside of a computer) as background variables such as
race do impact on these models, Further, it reveals that generalis ability of mental
models cannot be assumed across tasks, as metaphors which are adopted are specific
to the task to which they are applied. This study also has important implications for
further research conducted an mental models, using sketches lIS the measuring
instrument. It substantiates the Validity and reliability of this technique.

The findings of this research should benefit computer-users and writers of compater
training packages in their understanding of the users' needs regarding programmes.
The finding that training impacts on mental models regarding complex computational

namics, which are conducive to users erring, has important implications,

The present study has served to advocate the generalisability of past findings relating

These conclusions should broaden the spectrum of ideas which researchers,
ergonomists and computer system and software designers can use. Due to the
qualitative, EXPLORATORY nature of this research, emerging themes should be
further investigated, while attempting to overcome the limitations of the present
research. "The secret of success," said Disraeli, "is constancy to purpose." Similarly,
Rogers humorously remarked "Even if you're on the right track, you'll get run over
if you just sit there." (in Brown, 1988, p157).
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APPENDIX 1
INDIVIDUAL DIFFERENCES WHICH AFFECT HUMAN.COMPUTER,
INTERACTIONS.
StaTile Pmonall!y Characuristics :
Another factor is introvemion-extroversion, which can further be divided into sociability and stress tolerance. Extroverted
people have a higher stress tolerance, and are more able to accept a computer system with threatening error messages than
an introvert is. Also related is the fear of failure, which can cause individuals to underachieve. In the classroom, competition
amongst peers increases this problem. (W8I!-m, 1989)

Cognitive and Leami!lR StIles :
Barber (1988) notes that novices at computer systems perceive their own working memory capacity IIIvery small. They have
to process each new item 5ep3l'atcly. At first, even the lc~on procedure may exceed their worldng memory capacity. Experts
diffet from novices in tetms of their declara1ive knowledge (knowledge of facts in the world) and their procedural knowledge
(what they can do in the world). Declarative knowledge can be transformed into procedural knowledge through learning.
(Barber, 1988)

The difference between procedural tlJ!d declarative knowledge IIhould be considered ir.. the design of the computer and its
lastructions, Declarative knowledge is necessary for learning new concepts, but it is slow to use when BCti'Jnis required.
Procedural knowledge can be applied quickly since the user need not attend to each single automated procedure, Systernl;
should therefore facilitate the acquisition of procedural knowledge !IS far as pure system handling is concemed, Some
declarative knowledge is im,tl(;rtant to allow the user to compare difYerent methods for different situations. and to approac.i.
new tasks.{Bllrber, lY88)

Field (ir:1!!Y1.~!lE! refers to people's susceptibility to contextual clues. Field rlependent people are generally affected by
context, another area is 'visualizers' (preference for direct manipulation of icons) and 'verbalizers' (peeference for verbal
commands). The filial difference which Waem (1989) discusses is a tendency towards reflective or impulsive behaviour. A

'lI> ._,,~,,~,.s-re'tlitC'h?pt;ffoitl\v1~IIJ.or\ll.te~'" ::x-oblemmore than an impulsive person. The former therefore may mllke fewer errors, but
will take longer to solve simple problems. It is, however, preferable for complex tasks in which several alternatives must be
considered before action can be taken.

S,kctlv. GJt,ntlo" cx:curs when OM attends to the immediate problem. but forgets the other relevant factors.(Nonnan, 1988)
Barber (1988) explains that the user has two subtasks with which to contend. One is the task to be performed, and the second
uhandling the computer system. If both these tasks require attention, perfonnmce on one is likely to ~llffer - particularly if
the person is stresud, unmotivated or anxior'). In such a case, the computer may help the user with reminders or checks of
details that may be easily forgotten. Norman (1988, p180) states that "the best computer ~'Jrogranunes are the ones in which
the computer itself 'disappears', in which you work directly on the problem without having to be aware of the com: :~." If
people user help lines, the slight interruption may result in "cognitive disappearance" of the figure the user is working on. A
good system .hould allow for a quick refreahing of ti'le screen without help lines. or the USet willloae track of»Js construction,
Alternatively, the help lines could be displayed. on one section or the screen, with the figure in another,

People learn by doing by meens of either '~stl.."1ll11ic' or 'heuristic' problem·solving stYles. Systematic people use abstract
logical models, wlw.eas heuristic learners use past intuition. It is, however. important to note that tasks may differ : well-
structured tasks are best handled by a systematic approach, whereas decision .rowg tasks in an uncertain, ill-structured
environment are best handled with a heuristic approach. She states that "people of a more intuitive or heuristic bent mey be
at a mswvlIJltage in handling computer systems." (Wsem, 1989, p1l6) Barber (1988) states that the first Impeession a novice
has of the computer will determine boll. the goal he sets for himself and the efforts he will expend on his first attempt, This
is related to 'metacognition' - the way One perceives ones cognitive capacity. It is not always effective since the feedback
obtained from a situation is often inadequate. People who believe themselves to be good at problem solving will )?IlroIe a
single approach to a problem, and will tackle the problem more systematically than people with lower estimations of their
cognitive capacities,
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APPENDIX 2

TABLES SHOWING THE COMPOSmON OF THE SAMPLE IN 1ERMS OF TIm
LEVELS W1THIN VARIOUS SOCIO-CUL'TIJRAL BACK;GROUND VARIABLES.

[;RGA~!n~N
NATIONALITY

]
SOUTH AFRICAN 32 31 s
BRITISH 2 0 1- --
PORTUGUESB 2 0 0

SWA71 2 0 0-
LITALlAN 0 1 - 1

HOME LANGUAGE
-

ENOUSH 14 5 9

AFRIKAANS 4 21 1

Bn.JNOUAL EtA 1 0 0 ._
ZULU 6 0 0
1---'
sorao 4 2 0 .-
BlUNOUAL E/P :2 1 0

TSWANA 3 3 0

XHOSA 1 0 0

VENDA 1 o 0

PEDI 1 0 0

SWAZI. 1 = : 10 =~ I 0 : = II
GENDER

/-~) [;: :: ~< ]:' I: ~
-=Jr \ 3 ~

"""
\0 EDUCATION

o

STD8 F' 6 2 I
I

STD9 4 0

MATRW~
18 10 5

8 +DIl?iDMA 3 3 0

10 + DlPLOMA 5 2 2

10 + DEGREE 3 7_, 1 -~



133

APPENDIX 2 (Colli.) : ]
MARiTAL

MARR1ED 25 11 6-
SINGLE 6 18 2

DIVORCED 3 2 2
I-
WIDOWED 7- 1 0

SEPARATED 2 0 0~

1 2 4 1

2 'j 6 4

3 I 5 8 1

4
~

10 2

5

l =~-I;~ 1 -
6 1--
7 0

11 0

NATION SOUTH BRn'ISH PORTUGlJl?.8E SWAZI ITAUA.N
AFRICAN

..'

=iWHITE 4S 3 2 0 2_._------ 1--
BLACK 20 0 0 2 o-

~

INDIAN 5 0 0 0 0~ --
COLOURED 1 0 0 0 0-,

LANGUAGE'!/'(-~,' . '\~

\i
, ;

,0;

!
I
i

.
ENOUSH 24 3 0 o 1-
AFRIKAANS 26 0 0 0 0

BILINGUAL 1 0 0 o (I.
ZULU 1 0 0 1 0

sorao 6 0 0 0 0

BILINGUAL (E/P) 0 0 2 0 1

TSWANA 6 0 0 0 0

XHOSA 1 0 0 0 0

VENDA 1 0 0 0 0

PED! 1 o 0 0 0
C:WA'7I' 0 0 0 1 0. . -
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APPENDIX 1(Colli.)

;;::;t!NtE

NATION SOUTH BlUTISH PuQ.'l·O(;;UF.S~ SWAZI ITALIAN
AFRICAN

EDUCATION
STD8 11 0 1 1 1-
STD9 7 0 0 0 0

MATRIC 28 3 1 1 0

8+DIPLOMA 6 0 0 0 0

~~=dA 9 0 0 0 0-
O+D£GREE 10 0 0 0 J

FAMNUM - --.'~";' ..':" ~ =1· I0 I1 6 1 0

2 14 1 1 0 1

2._ 13 0 ; 0 0

4 22 1 0 1 1

5 8 0 0 0 0

6 6 0 0 0 0

7 1 0 0 1 0.
11 1 0 0 0 0-

:1WHITE 1 nLA~ I INDIAN I COLOURbD ]

LANGUAGE

r·'.'~··.·~/· ,

\
"i

0)
\
I
I
I
I

ENGUSH 22 1 5 ! 0

~

AFRlKAANS 25 0 0 1

BILINGUAL E/A 1 0 0 0

ZULU 0 6 0 0 --
SOTHO 0 6 0 0

BlLlNGUAL EIP 3 0 0 0

TSWANA 0 6 0 0

XHOSA 0 1 0 0

VENDA 0 1 0 0-
PEOI 0 1 0 0

SWAZI 0 1 0 ~-~=
GENDER

:.

f :9 I :8 I :
...._...>-1",

toMALE

~~E 11_
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APPENDIX:I (eMIt.)IRACE ::: I IND~ •• : I COWUKFJ) ::]IBUCK:
EDUCATION

STD8 11 2 0 1

srns 6 1 0 0

MATRIC 20 9 4 0

S+DlPLOMA 4 1 1 01-->.

~O+DIPLOMA 6 3 0 0

10 + DEGREE S 6 0 0

MARITAL STATUS

MARRIED 26 12 4 :~SINGLE 16 8 1

DIVORCED 6 1 0 0

WIDOW 3 0 0 0

SEPARATED 1 1 0 0

FAMNUM

1 S 2 0 0

2 12 3 2 0

3 11 1 I 1 1

4 III 7 '0 0

S 4 2 2 0

6 2 " 0 0

7 0 2 0 0

11 0 1 0 0

-
EDUCATION STD3 STD9 MATRIC 8+ lO + 10+

DIPLOMA DIPU)MA DEGREl!!

LANGUAGE

BNGUSH 3 :3 13 2 4 3

AFRIKAANS 6 4 10 2 2 2 .
BILINGUAL FJA 1 0 0 0 (l 0 ..-
ZULU 0 0 -4 0 2 0

SOTHO 0 0 3 1 1 1

BILINGUAL Ell' 2 0 1 0 0 0

TSWANA 1 0 1 0 0 :3--XHOSA 0 0 0 1 0 0

VENDA 0 0 0 (J 0 1

~EDI
0 0 0 0 0 1

SWAZI 1 0 0 0 0 0

..-.-----.-----~-.-------.---~.-~----~--------.--~-----



APPENDIX Z (Cont.)

[ EffiXATION: I~ 8riLMATR1C 8+ 10+ 10 +
DIPLOMA DUt-OMA DEGREE

FAMNUM
-

.'~ lO1 1 2 2 1

2 2 7 0 0 35 .-
3 3 0 7 1 1 2

!",
4 3 5 11 1 4 1-
5 I) o 4 J 1 2

6 1 0 2 0 1 2

7 1 0 0 1 0 0

11 0 0 1 () 0 0

FAMNUM 1 2 3 4 5 , 7 lu I
LANGUAGE )

ENGUSH 3 10 4 7 :; 1 0 0

>. AFRIKAANS 2 4 7 9 3 1 0 e~.,
BiLINGUAL EtA 0 0 0 1 ,0 0 0 C

ZULU 1 0 0 4 1 0 0 0

SOTHO 0 0 1 2 0 1 1 1

BILINGUAL E/P 0 1 1 1 0 0 0 0

TSWANA 1 1 0 1 1 1 0 . " 0
XHOSA 0 0 1 0 0 0 0 0

VENDA 0 1 0 0 0 0 0

~

PEDI 0 1,0 0 0 0 1 0

~.IDYm 0 0 0 0 0 0 1-

~,

I
I

1
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APPENDIX J
Ib.BLE SHQWING FREQUENCY OFTHl~ DIFFERENT SOCIO:CULTURAL

BACKGROUND VARIABLE LEVELS OCt"URRING IN EAc:e' ,:LUSTER..-3:. '- :"-'~
,.-

I I I I I IF
-

I
cr..uSTER A B C D E G H I r K L M N 0

.!,

NATION
JI :~3 l28SA ! 13 11 5 3 5 11 12 25 2S 4 5 10 5 ,.

j

BRITISH 0 0 1 o 0 'I 0 0 0 I 3 0 0 0 n I 3 ,0.I,

PORroGt1ES:~f.c' ~') 0 0 I~' 0 1 1 0 2 0 0 0 _Q I0 1 0

lSWAZI 1 0 0 0 1 0 0 2 e 0 0 (\ I0 0 0
lTtdJAN 1 0 1 0 0' 0 0 0 2 0 (} 0 i 10 1 0

l~~ ,

I 10 l~.... .a\RR1ED 5 6 5 I~ 3 14 7 7 17 4 3 3 17 2
I-SINGLE 7 5 1 2 7 3 3 10 12 0 8 1 8 !

DIVORCED 2 0 1 ' 0., 0 2 2 C 3 4 o \) 0 1 S 0I (WIDOW 1 0 0 0 0 2 0 2 1 0 0 0 0 0 1 0
iSEPARA1ED 0 0 0 0 0 2 0 0 0 2 0 0 0 0 2 0

~ ,I
RACE
WHITE 12 9 6 1 3 10 11 I 10 23 18 1 0 6 4 21 2 I
BLACK 3 2 0 1 2 13 1 2 4 9 I~ s 4 1 8 0
INDIA..""I 0 'I ~ 1 1 0 3

t ~
0 I3 I 1 0 1 0 3 1

COLOURED 0 0 0 0 1 0 .,. 1 0 0 0 0 0 1 0

GENDER
.FEMALE 13 9 7 1 4 25 12 10 30 24 2 5 8 S 31 3
MALE 2 2 0 2 1 2 (1 2 1 4 2 0 3 0 2 C

LANGUAGE
ENGLISH 5 3 4 2 3 10 1 5 10 11 2 0 1 1 . 18 3
AFDJKMNS 7 6 1 0 0 3 9 S 14 7 0 0 S 3 6 0
BIilNOUAJ,. J 0 1 0 0 0 0 0 4.) 1 ,0 0 0 0 0 0

I(ElA) 1 0 0 0 0 S 0 0 1 2 1 2 0 0 2 0
ZULU 1 1 0 0 1 2 1 0 2 3 0 1 1 1 2 0 ~
SOTHO 0 0 1 0 0 1 1 0 3 0 0 () 1 0 1 0
Bn..INGUAL (EIP) 1 1 0 0 1 3 0 2 0 2 1 1 0 2 0
TSWANA 0 0 0 o 0 1 0 0 0 1 0 0 0 0 1 0

~A

0 0 0 0 0 1 0 Q 0 0 0 1 0 ."\ 1 0
VENDA 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0
I 0 0 I 0 0 0 1 0 0 1 0 0 0 0 0 0 0
xa i J I

- b l= I Id
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APPENDIX 3 (Cont.)

IE~~:= IA I~ C ~~G'lll I~F IK I~fj=~JollEDUCATION
sm. 8 1 1 I 3 0 054 3 3 2 o 2 ,\ 1 3 0
STD. 9 ? 1 0 0 0 1 3 :2 2 3 0 0 0 1 3 0
StD. 10 5 3 3 0 1 16 5 1 16 11 1 4 3 2 16 3
STD 8 + DIPLOMA 0 3 0 1 1 1 0 1 2 3 0 0 1 0 3 0
MATRIC + DIPLOMA 4 0 1 0 1 3 0 2 3 3 1 0 1 1 ~4 0
MATRtC + DEGREE 3 3 0 2 2 1 0 3 :2 5 0 1 4 0 4 0

FAMNUM il

1 1 "I 0 0 1 :3 0 3 1 3 0 0 1 !] 3 0••
2 4 :~ 3 0 0 5 3 3 5 7 1 1 1 0 8 :2
3 4 Z 0 0 1 4 3 :2 9 3 0 0 5 0 4 1
4 5 :2 3 1 1 10 3 3 8 10 0 4 3 4 8 0
S 1 1 0 1 1 2 .2 1 3 :2 :2 0 0 0 6 0
6 0 2 1 1 0 2 0 0 2 3 1 J 1 1 :2 0 I

7 0 0 0 0 1 1 0 0 2 0 0 f) 0 0 1 0
11 0 0 0 0 0 0 1 0 1 0 0

,
0 0 0 1 0

ORG
I 4 2 2 2 4 20 4 3 14 .0 5 1 2 ?.o 3lti

I

n 8 9 :2 1 1 3 8 9 11 ;2 r~ 0 10 2 4 0
nr 3 0 3 0 0 4 0 0 6 0 0 1 9 0

c:- o .-- - -~,--,.~

o

o



lo,t

139

APPENDIX 4

!,}UESTltJNlS.,AlRE .TO DE'fERMINE BACKGROUND AND POSITION OF THE
,SLlBJECT ON THE TWO DIMENSIONAL C:.lli.Q?_PTJAL SPACr~Jnovice..expgrienced,
"aive-expert}:

DEMOGRAPHIC DATA.
SubjectNamc_,_-- Race __
Sui>jec~':,Jumbcr _ Gender. _._
Age _..__ Nationality _
Home Languagc...__ _
Education..__ ._ .~,_
NfurltUSmrus. ___

Living Conditions (number of peoPrle::..::st:ay~in~g~to~ge~th~e:r~)1--------

USERSHIP DATA:

1] Over what time period (please specify if stated in years or months) have you used
a computer '1

2] How frequently did you use the computer in the above mendoned time period?
3] Roughly how much time do you spend in each session of computer use?
4] Do you feel confident about using computers (1 == most conf 10 == least)?
5] How many application systems and operating systems have you used ?

What type were they?
6] How flexible are the task goals in the tasks you experienced? (JVere they fixed,

routine tasks, or did they allow for flexible, creative input?)
7] Have you received any prior training in Computer Science? If yes, please state what

the training was, and whether it was formal or informal.
8] Have you written any programmes on tli..; computer 7 If yes, in what language?
9] What computer training did you receive in thiR company and When?

-------------,-----------------
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(NOTE : the Question...aires Shown in Appendix 5 and 6 were Produced both in English and
in Afrilamns, and subj~ts could Answer in the Language of their Choice.)

APPE,NDIX5
m~TRUCIJON.S. GIVEN ZQ SUBJECTS !Q OI!TAIN ANNOTATED §KE.'T~
ACQJMP~:timp BY A DES!:.RIpTIV'fifJ\RAQRAfH, D:&PICl1N<1 THEIR MENTt\1
MODELS OF 'WHAT IS UNIffi.:tl THE LtD OF A CQMPUTER' (STAGE 2):"

]
1] Do NOT discuss what you are sketching with anybody.

2] .§KETCH : Draw the 'inside of a computer' (the part which is responsible for
'communicating' between the keyboard and the screen} in a way that 'a stranger would
recognise it'~Them is no 'right' or 'wrong' answer. Sketch what yot. believe 'exists under
the lid' of the computet.

3] ANNOTATE : Label your sketches where possible .

4] !lKe~AIN: At the back of this sheet of paper there is a block, with lines. In this space,
please write a paragraph explaining what you have sketched.

SKETCH AND ANNOTAT~ {label)

WRITE. A PARAGRAPH EXPLAINING YO{JR~~Wl;:!<i~H:
Say what the different things that you have drawn do.

........._._..,-.-- .._;i,..__- _

---------------------------,----------------,------------------------------------------_ ....__.---------------------------------------~----------------,------~----------------,---------------------------------------------------------
.----------------------------------,--------------------

--------------,-----------~~~---------,--------------------
-----__,_--_----- _--J

I
~
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APPENDIX 6
INSTRUCTIONS GIVEN TQ_~J.1BJEcrS TO OBTAIN .6,.NNOTA'f£n SKETCHES_,
ACCOMPANIED BY A DESCR1PTIVE PARAGF..APH,DEPICTING THEIR M!;NT.t\L
MODELS OF 'WHAT HAPPENS INSIDE THE COl'.1PUTERWHEN A FiLE IS SA.VED'
(STAGE 31t

][
1] Do NOT discuss what you are sketching with anybody.

2] SKETCH : 'Think back to your previous sketch of the 'inside of a computer' (the part
which is responsible for 'communicating' between the keyboard and the screen). Based
on that sketch, sketch what you think the inside of the computer would look if
it W~ saving a file called XXX. Remember, there is no 'right' or 'wrong'

3] ANNOTATE: Label your sketch.

4] EXPLA1N : At the back of this sheet of paper there is i~ block with lines. In this space,
please write a paragraph explaining what you have sketched.

SKETCH AN~ A~Q.'tATE (Jabf'll

------------------------------------------------------------
,lYRITE A PARAGRAPH EXPLAINING YOUR SKETCH:
~laywhat the different things that you have drawn do.

----_ .._-----..------------ .....--...._----------- .....---_.....---------- .....---

--,'_,--------------------------------------------~------------------------

-------
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