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ABSTRACT

This dissertation explores the mental models applie& when m@ufefs
are used by tertlary sector ‘clerical employees from different
backgrounds and with different levels of experience with, and
kmowledge of, computers, : '

 The stwdy was conducted in three singes. In STAGE 1, interviews

were conducted fo categorise the level of knowledge and experience
of the users, and fto éstablish their soclo-cultural backgrounds.
STAGE 2 established their ‘mental models’ of the inside of &

- compuier by means of sketches. STAGE 3 assessed sketches of

subjects’ mental models of the dynamic operations of the computer
saving a file. Cluster analysis was condusted to establish groupings

 of subjects with similar usership background, and sketches. Further
" énalysis was conducted on the resulting cluster solutions,

It was found that user knowledge and experience with computers was
prede vinantly impacted on by exposure to compulers, received
durir.g employment in an organisation, and by race group.

Sip luritieg and differences in metaphors were identified. In STAGE
2, which considers *what a computer is’, cluster members used
fuuman; abstract technical; detailed techno-meckanical; lght-based
ard alphabet-bused metaphors. In STAGE 3, which necessitated a
‘what a computer does’ perspective, mental models were expressed in
terms of record-playerifiling cabinet; save kejr-based; techno-
mechanical and menu-based metaphors, As speculatzd by Denham
(1993), subjects generally found their abstract views of what a
computer “is’, to be inadequate when describing what it “does’, and
changed their models substancially from those used in STAGE 2 (o
those adapted in STAGE 3.

i




In both stages, subjects who made use of | few (usually one)
 application systems used expSes, delailed metaphors in their models.
In contrasi, ihose using several systems adopted broad, non-explicit___ﬂ

models combining featerres derived from the various application and

operaling systems. The Impact of the adopted' systems on mental R
* models was further demonstrated tn STAGE 3, where suljjects
sketched whai they encountered in their interaction with the

computer. In accordance with past research, i was shown that as
expertise increased, the accurscy and applicability of models
increased. |

Company training was found to impact significantly on complex
ml_:s,\&nd is thus pertinent for errov reduction, Fortunaiely, socio-

eultural backgrauﬂu, “wich cannot be manipulated, only impects on |

simpler, less critical tasks which need not be changed.

Cluster themes and similaritles and differences in their members®
mental models were easily identifiable. This demonstrates the

usefulness of anuotated skeiches, with an mampanyiug descriptive

paragraph, as an investigative tool in research on mental models.
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stored,

: ‘This refers 10 the belief that there is 4 separate section In which the file is

: Thesketches were reted as functional & they fcluded any explanasior of bow

.

the: componeits intersct, the fanctions of various components, or sten by step

" gescriptions of what happens insido the compater, Functionality (FNAL and

mcmmﬂnmmpﬁesapmpwﬂwmmq;emhe&Mnawhat

- the ¢! quter‘daes rat&u'thmmerdywhstit
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-mmmmwmmcmmmememd
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#e.)
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inclusion of letters anywhere'in the skeich a-descnptmmgmph,m ;
ummmmmshy&mmedﬁmﬂy.itgmﬂym&mdmm

exisﬁngeiﬁ:erbehindﬂumumtlwbox I

. Drawings of bulbs and labels or descriptions of lights in “the

annotation or descriptive paragraph were included hexe,

+ Reforonce to an aalogy tha the flp / nformaton s * ocked o' 10 o

* compaler.

3 Anytefmmemamagnmcmwhichmom (gmmuypuﬂing)ﬂw
_mt‘mnaannmmmthewmm _

Mm-hal Status (Married, Single, Divorced, Widowed, Separaied),

'I‘ﬁis includad lxbellmg of cumpumts of the sketch a3
memory, ammﬁouingmmyﬁnhedewﬁpﬁwmgmp&

Thlsiucludedanymmem,labeﬁmgofwﬂlmofnmm,

options on the screen, from which to chooze,
Subject’s Nationality.

: "The organisation in which the subjoot was employed when the study was

condpeted,

“The nember of ogerating sysiams which the scbject has used.

Whéthsrﬂwsubjecthaswmiﬂmmypmgmnmmthemmuﬁ,fu :
exgmple, programming in BASIC., '
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YEARBEX™

: Namofcmsmsﬁiuumwhwhmcludesﬁecmsmbasedmmwﬁp.
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H RECPLAYrefmtomeuseofammdplayamngy Thesz subjects
generally used the term ‘information reader’ or ‘néedle’ that ‘reads’

information off the “disc’ or “record’, The recorids are generally depicied as
haﬂngsmammmmsmwhmhﬂmfﬂewmmmemoded

SAVEKE¥rcfmmnwnmlmoéelsmwh:chimstawdﬂ@tasinglesavekey
mmbemswdmsave&eﬁ!e.'i‘hmkeynmua ‘prapmgrammed*wme
the file,.

+ Any skeich which indicated that the compuisr had seperaic sections, each
having a different purpose was included inio this catsgory. e

7hsketchmﬁwﬂmdﬂasemeonﬁdmdsmmthatnfﬂsm

" - gabjoct in.the secand atags if the features included in the skeich, annotation

and discussion were similar, For example, sketches wene not similar if that
of the sacond siage included a memory, aCPUmdmms:vluhﬂmtefﬂw
third depicted a filing cabinet. :

Th:smcludedlabellmgofw ‘starage componenis’ ofqaempumrvm‘\m
thcskctch mmmmmchmmmmmﬂwmmuvopmgmph

Bmﬂcy(l%l)nugesthatanewhxwm developedabngaldett\cm |

and growth of compaters, Acroiyms and £ r-jrrgon oftea-Jazdles novice
users, for example ‘bye’ and ‘CPU", Knowiedge of these wokis implies
famitiarity with literature dealing with computers, or people who have
technical knowledge of computors. Technical words which were includod here

were ‘ROM’, ‘RAM’, ‘bytes*, “directocy’, ‘path’ and ‘gates’, Jf two ve move.

ofﬁesewadswmused.ﬂwsbc&hwaschsmﬁedasmc.

Tbeappmmawammtofum(mhom}ﬂmﬂwsubwctwdsinmh
session on the computer,

memwmg(MmM)mmmcm@msc@m-
incl-.tding tmini'ng régarding working cn an application uroperaﬁng,,ﬁstam
Deta - rcgardmgknowledgeandlixpmenmofvsm

m:mludedlalmﬂmgofanywmpmmtsofﬂmﬂm;hast -1 cables,

" or me, Yoning wires or cebles in the descriptive paragraph.

Any references o the wirs ‘feeding’ the information through, or moving it

'The time psriod, stated in years, over which the subject has used compuers.
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McCormick x{m Sanders (1982) purport that sysmmatie- patteros of design arose in the

past century. Grandlean (1982) q.-xplams that them patwms emphasise the man and

* machine formmg twe saparate parts of a system, ami having a reciprocal relationship. -

mmsulungém which marries the opezator and the device is commonly referred

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

| p17). Yaies (19%%:9) stresses that in the rapidly developing technological age tiis

perspective is the key to success in meeting increasingly complex needs that are
arising. At a time when the warld’s information base doubles every three years, the

~ use of computers is increasing rapidly in all spheres of life. As such, the importance

of deszgmug the human-computer interface to optimally accomodaw both the vser and

user from another have practical implications for the human-computer interaction
(HCI) and thus for the interface design. Some of these factors are expanded on in
TABLE 1 and APPENDIX 1. This study. will consider personal mowledge as the

primary detemninmt of the HCIL, while considering the impact of somo—mﬂma’l'

backgmrmd factors on ‘knowledgs’.

‘10 as the *Mar Machine System® (MMS). The MMS is defined as "An operating
mbmat:on of \Ipne or more per.....; with one or more equipment cnmpgnents, tasy

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



TABLE 1.
STABILITY OF INDIVIDUAL DIFFERENCES WHICH

EFFECT HUMAN-USER INTERACTIONS, LISTED FROM
THE MOST TO THE LEAST STABLE.

[}

| PERSONALITY FACTORS  Intcligence, o
_ Exu'oversionﬂnmvers_ion

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

Personal knowledge, experience and *mental models’ of the dynamic operations of the

computer are responsible for differences in individusl performance. For many aduts,

the use of prior knowledge is an intentional strategy. Prior knowledge may also be -
used unintentionally. In any particula: 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 faciors for making recommendations about

the design of the computer and training systems so as to optimise the tase of use of
cotputers. Literature covered in this section will explain the method of, 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.



CHAPTER 2 : KNOWLEDGE AND EXPERIENCE

When referring to HCT, the term “‘user’ is generally understood as a person who uses
, the computer, This label can be divided into several catsgories. In this dissertation,

the division will be basad on the four categories which are suggested by Fisher (19591)
as they refor 10 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 concepiual space (FIGURE 1),

A distinction roust 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
sttnation...with continued exposure to the task, and tools, the novice gains experience”

 (Fisher, 1991, p438). A naive user, however, "may be 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 particolar 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 wutility
functions for all of the programmes run on the computer (eg. DOS), The application

system is the ‘package’ which is used (eg. Wordperfect)].

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 &
novice user, "has developed skills or knowledge from exténsive exposure to
participation...says nothing about the quality of experience.” The expert, in contrast
to the naive user, "gains and intentionally uses skills and knowledge about the
dynamic substrates of the operating system.” (ibid., p439).



EXPERT

NOVICE EXPERIENCED

|

NAIVE

(Fisher, 1991, p440).

FIGURE 1

TWC-DIMENSIONAL CONCEPTUAL SPACE
DIAGRAMMATICALLY _REPRESENTING THE POSSIBLE
RELATIONSHIPS BETWEEN THE _NAIVE-EXPERT _AND
NOVICE-EXPERIENCED USER CATEGQORIES.
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Yates (1989) e:{plains 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, casy to usc,
consistent, logical and natural (Moran, 1981), Barnard ot al. (1981) advocate that for
a computer to be truly ‘wsable’ it reust be compasible with the characteristics of

' human perception and action as well as with their coguitive communication skills,

understapding, memory and problem solving. Pertaining to. compatibility, Nickerson -
(1986) emphas:ses that the information in man and machine is orgamsed very
d:ffemntly, and effectlve interaction requnas that information flows both from the
person to the computer and v1cs versa. The challengc lies in finding miore effective
ways of organising and presenting information for human comprehensmn, assimilation
and retention since after-all, the humammmpnter-inﬁerface is the major determinant
of information exchange, and thus, of the success or failure of computer systems
(Nickerson, 1986). Sime and Coorabs (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 be 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 bebaviouss.
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CHAPTER 3 : MENTAL MODELS

Modelling mental functioning relies oa cognitive systems which often defy the
“guidelines’ for human-computer interface design. Accordingly, researchers in the field
of cognitive systems have plsced an increasing emphssis on cognitive mapping
processes 1o 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 in his
or her everyday environment. Humz i behaviour is dependent on cognitive maps or
mci_ital 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).

Chapanis (1961) describes mentai models as “"analogies ... representations, or
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 use prior knowledge. As such, particular mods! 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 (mndels the users have of the system and the tasks).

(b) Designer’s model of the user (the models that d@algners have of users,
‘tasks, and technologies relevant to the design of a system).

(c) System’s model of the user. {The model the system has of the users and
the tasks) - o i “

- The term “Users’ models of systems’ has been referred to by many researchers

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

. 1992; Fischer, 1991; Finan, 1962; Johnsson-Laird, 1980; Bimvn & Booth, 1989;

Rutherford & Wiison, 1991 ‘Hanisch et al., 1961; Colhcott, 1985 and F'nﬂaym et
al,, 1989) when discussing thc user’s conception of the system. which is often reﬁc!ted
to as their ‘image’ or ‘cognitive representations’ of a system (I-Iamsch ot ak; 1991),

- These researchers explain models as being based on experience, self-exploraion,

training, manuals, observation and accidental enceunters, and therefore as differing
from one individual to another, Piaget et al. (1960) explain that all our comirgs 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 2 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, chanking concepts and procedures and
reducing the working memory load.

Moran (1981) depicts the ‘user’s model’ as an integral part of the user interface. They
“atlow the user ... 10 bring experience and expectations from the real world to bear
when attempting to perform & task involving the computer,” (Blumenthaal, 1990, p659).
Fischer (1991, p3) adds that since “reality is not user-friendly ... Models play a crucial
role ... and help to increase ... comprehensibility.” Young (1981) explains that an

aporopriate model can be helpful, even necessary, for effectively dealing with system:

intricacies - an inadequate model can represent both misconception and error (cited

{5
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in Fisher & Newcombe, 1990). Thus system features should be integrased in users
cognitive representations (Hanisch et al., 1991; Johnson-Laird, 1980; Ziegler &
Bullinger, 1991). Van Lacthem (199G) cuppcats this view and adds that novices
perform better, with lesser errors in these cases, compared to when they learn with
manuals, Accordingly, Fisher and Kaplan (1990) suggest that the command language
also be matched to the conceptual model of the user.

Norman (1983) distinguishes between a mentdl modsl and a conceptual model in
order io cxplam the disparities between user representation and systom properties. He
describes a mental model as the unobservable set of representatious in the users mind.
A conoéptua.l madel, however, is an observable manifestation of System components
offered o the user by the designer as an explanation of the system - sometimes
deliberately ts 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 HCL
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
undes tanding of user interaction with the computer, as it incorporates many of the
above mentioned concepts, including mental and conceptual models, whlle companng
them ¢ the actual system.

Waem (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
‘mner tasks' which are concerned with handling the actual computer system. Waem
(1989) notes that 1o a user who is engaged in an outer task, the computer reality is
contained in the concenis and procedure 2sed 1o perform the particular task. Thus, a
user of & wordprocessing system will essentially be 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
‘gystem’ and the ‘task’. In accordance with this viv.., .Jorman (1983, p185) states
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"you use computess when you use many nmdefn automobiles, miq;rovm?e ovens ...
and calculators. You don’t notive the compute;: because you think of yourself as doing.

the task, not a8 using the computer.” He'adds that in the same gense, youdnnur a0
1o 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 8 pure motor and the specialized
‘Euachmenmym it drives. Waem (1989) maintalis that the difference between the
system and the task is more likely t0 be *“Fmowl..dgnd Ly a computer programmer
who is more familiar with the operating system(s), and can choose which reality to
present to the user. The essence of this argument is that the way in which one
int..cacts with the computer will deternine the mental mods] which is formulated, The
rever.'s relationship also impacts on the users performance - the mental model which
is formed impacts'bn the way in which the computer is used,




A

"

Lo

-1

Dl :

D2

Td

D3

The auhseﬁ of concepts that users know
and use without any problems.

: The subset of concephts that users use

only cccasionally.

The User’s Mocdlel: of the system.

1 The actuwal syskem.

FIGU

FISCHER’S (1991, p7) MODEL ILLUSTILATING USER

2.

INTERACTION WITH THE COMPUTER.

et vt vt R o T i W Wi

e

e



)

11

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 in memory create expectations about information in the program. Waern (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 achisved. These
expectaﬁons can succeed, or fail. If something occurs, for which the user has no cx-.
pectations, or sven 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 resuvlts in people reassessing and improving their model to account for the
factor(s) - thus the difference between novice and experienced users (Detienne, 1991).
Barber (1988) exemplifies such ‘model adaptation’ by stating that when steering a
boat with a tiller, difficuities may arise because the tilier har 1o be held in the
opposite direction to that in which the boat is to travel. He adds that it usualy doos
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 sitvation,

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

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

has a structure similer to that of reality. They can even be partly filse and still be
useful. Fischer (1991) explains that it is not always a correct madel which is
desirable, but rather one which is understood by everyone, and which supports rather
than paralyses action. Hanisch ct al. (1991) refer to this concept as the *validity” of
mental models, and emphasise the correspiindence between a mental model and the
system’s output. Similarly, both Barber (1988) and Sime (1981) emphasize 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

e Yt
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meaningful in content. Examples (FIGURE 3) were offered by Whitaker and Sommer
(1986) of signs bearing directional mfmmauon wh:.ch could (hsrupt people’s responses

' to the stirmli (in Barber, 1988, 94,

The importan?.:e 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 sufficiently high degree of
stimulus-response cornpatibility demand so few Central-processing resources and
monitoring during execution that they may be considesed *automatic’ (Barber, 1988).

Craik (1943) purports that 8 model is alse 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 ‘paive’ person since they
are not accustomed to the formalisation. Metaphors are widely implicated as part of
an individual process of goal directed, leamer-initiated learning, particularly where
learning occurs in complex domains of high absn'acti;m. ‘This is typical when building
models or learning computer dynamice (Carroll & Thomas, 1982; Brown & Booth,
1689; 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 familisr to the user (Fisher & Kaplan, 1990). In accordance with the perception of
‘expectation-based’ mental models, Hanisch et al. (1991) show in their research of
novice and expert users of & 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 Carsy
notes “if you change a person’s representation of the task, you change the

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

. P
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(d)

{2} aicport - conflicting; (b) skier - concordant; (c) Amttak ~ orthogonai; {d} Metro
~ contlicting. (From Whitaker and Sommer 1986)

(Barber, 1988, p94).

FIGURE 3.
EXAMPLES OF DIRECTIONAL SIGNS BEARING IRRELEVANT

DIRECTIONAL INFORMATION.
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Waern (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 scldom have a
model of the system as a whole. Each user selects his own part of the task in the

syﬁtemm]ityformodelling.andateach level of abstraction, there must be a mental |

model representation (Rutherford & Wilson, 1991). Halasz and Moran (1982),
however, suggest that while an analogy is where a whols unknown system is thought
to behave at some level of abstraction in the same way as a known system, &
metaphor only refers to part of an unknown system. Based on this view, they argoe
that an analogy can result in a limited view of the system - and thus faulty incomplets
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 Waern (1989) is that a filing cabinet analogy may be used for files in a
computer, whereas a guard analogy would be used to explain tie-usi of a password.

 When learning, prior knowledge 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.

Since transfer of knowledge from past experienice to the task at hand depends On
simiiarities 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 betwesn computerized and non-computerized
tasks. Waem (1989) describes a study by Waem and Racbenius (1985) which atmed

" to discover which mztaphor was the more useful for learning a wordprocessing system

- & typewriter metaphor, or a building block metaphor. She exemplifies the typewriter
analogy with the statement (p104) "A word-processing system is like a typewriter,
You can type a text by tapping the keys. If you want to correct something, you ¢an
delete and type over at a single stroke." (FIGURE 4(a)). To clucidate the building
block metaphor, she offers the following statement (p105) : "You can ingert new text
by putting in new blocks with new letters, and you can delete text by taking blocks
away. Changing Jetters is equivalent to exchanging one block for another." (FIGURE

AR o kiRt i

DA
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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 rescarch showed that when teaching a Wordprocessor, a typowriter analogy
is uscful for learning some (keyboard use), and building blocks for other (spacial

 tearrangement) functions. The resulis showed no difference in performance times

between the groups, however, it did impsct 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 subjects began to form models of their own in
which the proposed metaphor was supplemented with further Jow-level details. Some
- months later, several subjects reported using the vuilding 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 appropriaie 1o the task at hand. An important finding
in this research was that, especially for *naive’ usess, a model may be consciously
explicit in its functional dimension without being consciously explicit regarding
ProCesses oF Structures, ' P

Acconding o Schmaliofer and Kubn (1991, in previous ressarch (Norman, 1983), it
" has been argued that the user’s mental model (how-it-works knowledge) is very

important for unde: anding their interactions with & system. Various experimental
studies have shown that these how-ityworks instructions can be more effective than
how-to-do-it instructions (Schmalliofér, 1987; Kiesas and Bovair, 1984), which may
be explained by the fact that the former are more general (in Schmalhofer and Kuhn
1991). - |

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

(Waern, 1989, pp104-5)

FIGURE 4.
IW0 METAPHORS OF A WORDPROCESSING 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 ‘gond design’. These include attractiveness,

 visibility, constralnts, fuictionality, affordances, natural mappings, feedback and

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

(1988) purports that designers go astray for three reasons. Firstly, the roward structure
of the design community puts acsthetics first. Secondly, designers must please their

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

The first two reasons offered by Norman {1988) are related in that the emphasis is
moved from functionality to ‘sellability’. The third reason iz perhaps the most

important w2 regard to computer design - "designers ... often forget that what
matters most is the efficiency and performance of the total man-computer system, of
which their computer is only 2 part.,” (Shackel, 1981, p14). Norman (1988) explains
that problems arise due to ‘naive psychology’. Naive psychology refers to the fact that
péople 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 ig because the designer is constantly &eveloping h:afhet
model, which reflects the reality of the computer system closely. In other words,
"users of different levels of involvement and experience tend to represent dynemic
computer processes at different levels of metaphor.” (Fisher & Kaplan, 1990, p387).
Designers become so proficient with the product that they can no longer predict the
arcas that will cause difficulties. If the designer cannot anticipate errors, the design
cannot minimize their occurrence or their consequences (Nofman, 1988). The second
type of mode] (the nser's being the first) which impacts on the usability of the system

is thus the ‘designer’s medel of the system’. As early as 1962 Gagne (p37)
had realized that "The best system development is that which includes consideration
of system opération.“ To which Shackel adds "Unless these human factors problems
are foreseen in the design stage then a sub-optimum system is the inevitable result.”
(1981, p15). | | "
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Hollnagel and Woods (1983) hypothesise that designers build into their systems a

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

‘systern’s image of the user” is called the ‘system’s model’. Tt 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 over time (Fisher and
Newcombe, 1990); (4) customize explanations so they cover exactly what . 4 users

nesd to know; (5) provide differential descriptions of new concepts in relation to
kmown concepis of the user’s model; and (6) preseat information through user specific
filters, focusing on the parts which seem most relevant to the user, and keeping active

" systeras quit most of the time (Fischer, 1991).

3.1. Problems with C‘ompatibility Between the
- User’s, the Designer’s and the System’s
- Models o

Marguiles (1981, p256) responds to Xarl Marx’s words "Even facilitating work
becomes 2 means of torment since the machine does not liberate the worker from his
task but raiher strips work of itz content” by stating “ouor goaL..musf not be 1o Liberate
man from work, but to liberate man from inhuman [cruel, merciless] working
conditions," To achieve this, it is essential in designing the systern to obtain a
ccmpatibility 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’s model
which "could be used to design interfaces suited to particulsr individuals...by giving
clearer iisight into the mental structures and functions underlying human error."
(Grant, 1990, p1017).

Users should not have to adapt their models to an inconvenient interface; mstead, the
interface should be tailored to suit the user’s mental model (Mendes, 1984).
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ensures i) users meet the system input requirements and

. 19 N . o
Daniodnran_ (1981) t'sses that the minimal user Support reqhired to sustain HCI
i) system outpus is received and understood i in the way.
intended. Human-computer interface = design
compatibility generally involves a matching of the input
and output modality (Barber, 1988).

¢Compnmrs are often sesn 4s mfalhble and, as Norman (1988) notes, users often resurt

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

mmmimdposs:hhtyofsuchmoccmnng.mgardmgmedmgnpmblmmﬂa
he opines that the computer designers give little or no feedback. mgardmg what

“operations are ¢xpected. People are often facedmmablanksckeenandmblm 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 con
be done to remedy it. Palme (1981) exemplifis this by stating that if the user enters
"45" a3 a name, the compter should reply "I do not understand numerical naris"
rather than "Tliegal memory reference” o array bounds error”, Also, many operaunns

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 ure often
referted to in a manual which is looked at once and then stored for safe keeping
(Morzaan, 1988). Palme (1981) adds that such messages, a5 w=ll as the HELP factlity

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

asked by these people have been coliected and processed.

Fisher and Newcombe (1990) warn that what cannot be assumed is that for any user
group there will be a shared sst of mental modsls, no matier what extent of

uniformity of iraining and other fastors may be evident. Cther background factors may

it on roental models, These factors thus deserve £ *her attention.

At ki i 4 i ol it i A e e, .
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3.2. The Impact of Socio-Cultural
Background on Mental Models

Prior to discussing value Iaden terms such as culture, the term ‘socio-cultural’ as
used in this research needs ciarification. Brown (1972) notes that the terms culture and
society are often uued inteschangeably although they differ. While a society is a
permanent, relatively large and stable group of people who live and werk 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 “routine’ {in -

Brown, 1972). Thomton (1988, p22) and White (1972) quote Edward Tyloﬂ
dnﬁmtxmn of culture, which is still regarded as a definitive definition of the cmm:mJ

"Culture or cmhzauon is that complex whole which includes knowledge, belief, aﬂ;_
‘mworals, law, custom, and any other capabilities and habits acquired by man as a
‘wember of society.” From this definition it can be deduced that culture is not inberent,

but is something one gains through normal social interaction and experiences (Machet,
1989). Culturs is an adaptive mechanism - a body of ready made solutions to the
problems encouniered by the group. It is thus dynamic (Brown, 1972). |

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

activities separately from other human activities. Goodnow (1969) states that studies
must ienify the skills common to peop}é from many backgrounds, the skillg that
differentiate them; tho features of milicu that may account for these similarities and
differences; and whether the same answer means the same thing in different cultures
(Pick, 1980). Starr and Wilson (1930) and Burger (1973) support Rohner’s (1975)
view that universaliptic research must be comparative in nature. Dorgan (1991)
cautions that erophasising the differences betwes -sultures increases differentiation
between gronps, 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
possitle generality. Similarly, Frijda and Jahoda (1969) opine that the nitimate goal
is the elaboration of general behaviour laws. "A cultural mosaic consisis both of

.
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discrete elements and the lines which form their boundaries and join them toget
(Brembeck and Hill, 1973, p21). One must encourage the ¢ultural essence of each
' group to flourish, while sxmultaneously providing the cemmt which holds the total
r nic to,,ether (Brembeck and Hill, 1973).

Hudson (1969) nmms that pictorial material and teaching methods may be mlevant to
-one cultural group, but not to another. This is important to note for education,
marketing and safety (n warning signs). Berry (1986) ensphasises the need to “‘pitch’
the material in the appropriate way for people from different socio-cultural groups.
" Similasly, Duke (1990) and Ramirez TIT (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 ai home. The results c” this practice
are reflected in school drop-out rates and in the low level of educational attainment

" of members of minority groups. Tt is the teaching, rather than the learning style that

P

=

prevents the child from learning (Hilliard IT1, 1992). Shinn (1972) adds that what is
of toncern in teaching is not the particular set of values to which one adheres, but
rather the ability to relate to all students irrespective of their culture pr background.

Socio-cultural variables are difficult to study as they are not easily controllable, znd
they are often va've laden. These variables include race, home language and
education. Dorgan (1991) questions whether the use of race as a determinant of
culture is logically end morally feasible. Some argue that race stands apart from
cuiture in that it is innate and physical, not learned after birth (Brown, 1972). In
contrast, Tesearchers 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.
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Kaplan (1988) demonstraws that culture mpacts on our point of referencs in terms
of language used. Fle notes that in Western cultures, one might say ‘I 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
o them. Thus, any attempt to eliminate our human perspactive from: our picture of the
- world would lead to sbsurdity, Markers of essays written in foreign languages have
 received crificisms such as ‘lacks organisation’, Kaplan (1988) attributes this o the
student’s uss of a ~hetoric that violates the reader’s expectations.

Smber.(IQ’YS) stated that education is generally defined within 2 single cultural
context. It has, for example, been defined as a function of a particular society at a
particular time, Tooted in soms actual culture and expressing the philosophy and
recognised needs of that culture. According to Neff (1973), education and culture are
inseparable as culture entails learned modes of bebaviour that are socially transmitted
from one generation to another and from society to society, These processes that are
leamed in turn owe their continued exi - s to cultare.

The selation between the above mentioned variables is continually demonstrated in the
literature and the definitions of the variables. For gxample, Machet’s (1985) definition
of ethnicity embodies concepts such as a comimon culture and language; an
awareness of g-oup solidarity and a common historical background; a common race-
seinantic norm image; and a group identity and feeling of a common destiny by a1
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
encompnss ethnic, educational and language differsnces as the aspects are difficult to
separate.

The past literature has generally adopted an approach which imposes cultural
groupings as independent variables, assuming that one aspect - culture, education or
intelligence, for exampie ~ impacts on behaviour jn a certain way, disregarding their
interaction, Further, the exient of acculturation is often not considered as a variable,
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Berry (1986) explains that aceulturation cceurs when people migrate, and ‘westerniz-
ation’ influenczs behaviour of individuals. Burger (1973) identifies three goal systems
of cultural essimilation : (1) Anglo conformity - the complets renunciation of ons’s

~ ancestral culture for the walues 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’
soctety. For example, it is not unusual to sce 2 White teenager wearing traditional

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

intensifying rather than diminishing. The question is thus raisad whether differont
techniques must be implemented for developing training and coraputer systems for

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

exist, possibly due to inconsistency in methodology and operational definitions of
culture, T order to overcome such limiations, the present research argues for an
exploratery study which makes no presupposiﬁons regarding which vaﬂables will, or
will not, influence men«+: models of subjects. More specifically, soveral “background

variables” which relate fo one another (such as education, home language and ethnic

gronp) should all be considered, and only included as independent variables if their
impact on the subjects’ mental models is clearly identifiable,

"Our culture ... exercises a profound influence over us. It organises the way we leam |
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 us
well as our ideas. Of course, we 2l add a unique ¢lement to that understanding; but
we are still very rouch at the mercy of what our cultury teaches us about life.”

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

interests, and perceptions.” (Du Preez, 1986, p83). We cannot assume that people of
different cultures attach the same meanings to visual symbois or 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.

Deregowski (1984) maintains that human perceptual mechanisms are essentially the
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same throughout the species. Cultural influences shape the mechanisms by accentust-
ing certain characteristics so that different perceptual skills result. During this shaping,
features which are encouraged in one culture may be thwaried int ancther. Culture, like
a gardener training a tree, traing the mechanism to suit its own purpose. As the shape:
of the tree reflects the actions of the gardener, so the perceptions of an individual
reflect his cultural experience; yet the tree remains 4 tres (Deregowskd, 1984), Machet
(1989) adds that culture determines the stimuli that & 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 onnfusing 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 I (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

- intellegtual ability as a manifestation of culturally unique learning styles, as each

culture emphasises the importonce of achievement in certain areas. Similavly, Cole and
Bruner (1974) state that inteliectual equality exisis 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 tis turn determined by one’s cultural socialization.

Piotrowski (1935) concludes that vision in trne 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 bzen
argued that Buropean cultures “cause’ their members to excel on visual cues, while
traditiont African cultures foster excellence on auditory and kinaesthetic cues (Lonner
and Triandis, 1980). Du Preez (1986) discusses literature which shows that Western
chilcren are betier able to express abstract concepts than traditional children. While
iiliterate Blatks 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-D perception. 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 interpreting 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 hanting 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 functional scross species, but specific conditions affact
how the visual sysiem is utilized within different ecologies (Lonner & Triandis, 1980).

Much of the past research has focused on personality and culture. It has only been
more tecently that intorest has shified to the relationship between culture and
cognitive style (Frijda and Jahoda, 1969). Pick (1980) notes that most of the ressarch
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 picturs, More pertinent to the
present study is the ability to materialise a perception - the complement of the former.
More specifically, to produce drawings based on percépﬁons 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
detenmined diffeievess in stereotypes. In traffic lights in Western cultures, red is used
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to warn of danger, 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 Toom light, one does not have
to think twice about whether to push the switch up, or down. Ones expectations are
30 strong and are shared by so many people from ones national community that it can

- bo described as & *population ster;eotype’,' 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’ for on if one is British, He emphas-
ises that the, cmst.cnce of such opposite conventions show us that there is nothing

‘natural’ about t%'us particular stereotype. Smith (1981) showed that ‘norms’ which
strongly contradict ‘natural’ tendencies may prevent stereotype formation, In 2 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
araong the four most popular pattemns chosen by the US subjects. (in Barber, 1988).

"Performance is strongly affected by cultural factors.” (Du Preez, 1986, p80) and
"Overwhelming datz aiso exist to show that cuitural groups vary with zespect to
behavioural style,” (Hilliard 11T, 1992, p371). One of the sharpest differences among
cultural groups may lie in tasks where the child has to carry out some spacial

shuffl'ihg or transforming; in his head (nsing mental models), without the benefit of

actualiy 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 (1986 argues that in order to move from a physical to 2 mental shuffling,
we may need o practice with actually moving the objects. He adds that cultures differ
in the practice §jey provide in mental as against physical shuffling. For exacple, there
is a great diffesence between the middle class British children who play with toys
{‘shapies’ and jigsaw puzzles) and the child who has no toys. Fﬁuﬁﬁaﬁty with the
material seemed to be a significant factor in the abstraction, Mental shuffling of
images may be nec_essary'to adapt mental models images as tasks change, or as one
thinks a problem through sequentially. The impact of culture here is thus important.

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, Fudson (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 in profile,
two cars 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 sess. 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 reievant 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 wldch 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
arc doing something with, and when formal education is equivalent, cultural
differences in how people represent objects are minimai 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 on the

perception and modelling of the components of a computer in termos 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 not been
investigated as yet. | |
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3.3. Investigating Computér Users’. Mental Models

Exheﬁsive.reseamh, using a wide rangé of research techniques, deals with coﬁlpuwr
users’ mental models. It revolves around imaginative assumptions about the HCT; and
expiores the rational explanations of manifest operations. The relevant literature
consists of an accurulation of different ways of embroidering the problem. Both
support for aad criticisms of previous research methods used in this arca 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 activitics. Ry means of content analysis, they found that different types
of knowledge have different mental representations. Tn defencé 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 v.7:1 be used, Similarly, van der Veer (1985) used
qualitative descriptions by users of an accounting sysiem to establish their mental
models. They were asked to describe the system to some other people. Models were
generally described according to one of three levels - task Ievel {in terms of the task
performed), syniax 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 caysal effects of the mental models of computer dynamics used by children aged
ning to fourteen. Her motivation to use drawings as opposed to the more popular
verbal déécrlpdons sternmed from the fact that subjects often discuss the study, and
this could bias the findings as diffvsion threatens internal validity of research.
Derbam (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 scmething
silly, or being unable to express what one means. Further, in protocols, she contends,
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a great deal of pwmpting is necessary to find out exactly whar 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 promonon of tlunkmg
through a non-linear pmblem. -

N ‘.
P&

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 systém, 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 xi_lodels that children

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

regarding detail, despite a lack of drawing skifl. They found no significant difference
in the way that children from different ethnic groups drew their houses, Deregowski
(1980) adVocates that drawings depict a subjects” internal representation of an object,
and little cros§-cultural variation is likely o be found on tasks involving abstraction
of essential features of simple three dimensional stimuli,
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CHAPTER 4 : SUMMARY OF PART I

The importance of borrect_human-»domputer interface design to optimise usability of
computer environments is lucid from the vast amownt of research which has

previously been conducted in this area. The views expressed thus far are consistent
since they share a common theorstical basis, While several references have beer made

to individual differences such as personality and cognitive and leaming styles, the one
issue which dominates HCT 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 <mensional conceptual space (novice—experienced and
naive-expert). Compatible amangements 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 information-
processing ideas - as a matter of the recoding operations intervening between
registration of the stimulus and the.production of the ap -;i'bpriaw response. It follows
that population stereotypes are those which necessitate the least amount of recoding,
and what people are reflecting in their choice of a preferred response is one requiring
the least recoding effort (Barber, 1988).

Résearchers 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 stereatypes of people frum 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 w. these mental models can be identif-
ied io form the basis for human-computer interface design, and wraining in computers,
The methodology of the present study draws on the above mentioned research,

'
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PART 2: THE PRESENT RESFARCH |
(METHODOLOGY, ANALYSIS, RESULTS
AND DISCUSSION)

CHAPTER 5 : AIMS AND RESEARCH QUESTIONS

The term “mental models® refers to the subjective cognitive conceptions or ‘images
in the head’ of dynmamic operations of ‘systems’, formesd by experience, self-
exploration, training and observation (Fischer, 1991; Rutherford & Wilson, 1991).
Much of the past rescarch on human-computer interfaces was based on the
investigation of men: models, regarding specific computer dynamics and operations,
from specific samples of computer users. Generahsabihty of the mental models found
in such stdies is usually ignored, yet these models are the basis of the
recommendations offered. '

Past HCI research has often acknowledged the f.aportance of considering similarities
and differences in mental modeis of computer users with diffcrent levels of expertise
and experience. They have, however, failed to establish the extent to which socio-
cultural hackgronnd variables are associated with them. These variables include
organisational membership, age, nationality, race, home lan' 1age, 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 certgin way. It disregards the interaziion 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




~ Mental models are often subjected to different task coui..)ts in different studies,

&

&

" 32 o .(.IJ

LS

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

socio-cultural background’ mmnsxde:edmtcrmsoﬁheirmlevmtommgsof
subjects which are impmed by CLUSTER ANALYSIS Thay are only d:smssed in

memmﬂumhmﬁthﬂrmpmmﬂwsubjecm’mwlmﬂchmdﬂdv

ldenufiable.
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To assess the generalisability of findings in this zegand, this reseach also aims to
establish the extent to which task constraints {for example is the computer active, or

 inactive. If it is active - what operation is it perfornting) influence mental model

apphcamn and modification.

e

As Sich, in this ‘quiimtive’ smdy, the rescarch question is : ‘Are there
distinguishable differences between the mental modeis of tertinry sector computer

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

encountered computationsl dynamics?’. Secondly, ‘What is the agsociation between
user background and observable differences and similarities in their mental models?”,

Thirdly, “To what extent does the type of Mﬂm (inactive vs. atmw) used in thrK\
tesea:cn, impact on the mcmphors adopted &y sub;ects?’

e

The useofsketclmsaswposedmmtemewsinmdermobmmformaumrcgmﬂmg
mental models is a relatively new concept which warrants further aﬁenhg\p. Thus 8
further exploratory feature of this research is to estabilish the feasibility of using

sketches as a measuring instrument in mseamh on uwmtal models, using adults as

subjem
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CHAPTER 6 : 4  H0DOLOGY AND MEASURING 5
* INSTRUMENTS

6.1. Research Design R

This research design is an EX POST FACTO, FIELD RESEARCH CASE STUDY
which uses WITHIN SUBJECTS and 'IMPOSED’ BETWEEN SUBIECTS

~ 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 fo determine if they respond differently in a common situation
(expression of the mental models). Inability to control the group of subjects or the .

variable(s) of interest ate 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 poshions in the participating
companies, There was alsg 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’ (iJason and Bramble, 1978). This design is
generally used in non-exprrimental research such as field reseasch (Kerlingez, 1986).

Kerlinger (1986) states that "any scientific studies ... that ire non-experimental, and
that are done in life situations liks ... institutions ... are considered field studies.”
(1986, p372). Katz divides field studic: into exploratory and hypothesis testing
studies. This research was exploratory which "secks what is", rather than predicting
relations 10 be found (cited in Kerlinger, 1986). Christensen (1988) adds that a field
study is a method of descriptive research. The invesigator actively interacts with the
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subjects in the coilection of data, unlike in a natoralistic study. Limitations of this

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

generalisation of findings to the broader population, and possibility of extransous
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
Bramble, 1978),

The data was collected frowa three companies, and as such, this is a case study.
hristensen (1988), Mason and Bramble (4978) and Kazdin (1980} describe a case

ody as 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 (Kazdin,
1980). Yin (1981) adds that a case study is useful for exploratory ressarch 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. The purpose of a descriptive case study is thus to call attention to the

existence of various behaviours on which experimentzl 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 sevetal cases that are used as the basis for drawing conclusions sbout
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 becauss of the arbiguous information it

provides, since the information can be interpreted in so 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 perspn. 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 repeted measures, within-subject design, the same subjects were repeatsdly
 assessed after participating in all experimental treatment conditions, The effects of an

independent vmiable are reflected by differences vpbsetved within subjects (KGPPGI et

‘al., 1992), Conslderauans pcrtammg to the variables that are to be studied may

dictate whether a within-subject des:gn is likely to be appropriate.” (szin, 1980,
p167). In this study, this dsmgn has the pracuca] advantages of needing a small gronp
of subjects, and being cost effective. Also, since sub;ects are perfectly matched, the

design is very ‘sensitive (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.

e EE

Cluster analysis results in imposed groﬁpings of subjci:ts. Once the most favourable

cluster solutions are chosen, comparisons ¢an be made between the resulting irposed
groups. As such, this research used a botween-subjects design to consider the
relationship between imposed groups resulting from cluster analysis, in the form of
a contrasted groups design. Here assignment of subjects to groups is predetermined

. (by Cluster Analysis in this case), end one compares thé existing groups to each other

(Gotisdanker, 1978; Bless and Achola, 1988),

The_-ihdepcndem vaﬁab_les were ‘knowledge’ and ‘experience’ with respect to the use

* of computers; and ‘socio-cultural background® (age, Organisational membership,
gender, nationality, home languags, education and so on), Although these variables
cannot be manipuiated, they may account for most of the differences in mental models
of computer dynamics. “Extraneous var:ables were controlled for to an extent by

random selection,”
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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 sbilites of the user must be understood, and must be allowed to influence the
design, howsver much this may compromise an elegant technical solution oz 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, p155) view that "There is no substitute for the
interaction with and study of acinal users.”

Fighty subjects (Approximately 80% of original sampls 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 - ¢ach con‘aining the name of 4 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 data capturing) on the compnter, All snbjects were
assured of anonymity, and it was expilained to each subject that there could be no
persopal gain or penalisation for participation, or lack thereof, in the study. Rurther,
subjects were informed that they could withdraw at any stage of the resesrch, as
participation was voluntary.

In order to describe the sample in terms of socio-cultural background, Frequcncy
Procedures (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 o examine the
interrelations between the sections, and compare them to one another, qualitatively
(APPENDIX 2). The total number of subjects in each level of the factors which are
congidored are listed in SYNOPSIS 1.
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SYNOPSIS 1

Total number of subjects in the sample, in each level of the factors .
which were included in the exploration of socm-economl
backgg:gund variables on mental models. _

 ORGANISATION

ORG I
ORG H
ORG I

GENDER

FEMALE

NATIONALITY
SOUTH AFRICAN
BRITISH
PORTUGUESE
SWAZI '
ITALIAN

RACE
WHEITE
BLACK
INDIAN
COLOURED

LANGUAGE
ENGLISH
AFRIKAANS
BILINGUAL (B/A)
ZULY
SOTHO
BILINGUAL (E/P)
TSWANA
XHOSA
VENDA

"PEDI
SWAZI

o

i}

B nn

BWowomouon g onon o

37

MARITAL STATUS

38 MARRIED
32 SINGLE
10 DIVORCED
 WIDOW
SEPARATED
.. FAMNUM
71 1
9 2
3
4
.3
6
7
71 11
3
2
2 EDUCATION
STD 8
STD 9
52 MATRIC
22 STD 8+DIPLOMA
5 MATRIC+DIPLOMA
1 MATRIC+DEGREE
28
26
1
5
6
3
6
1
1
1
1
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17
14

14
17
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- It is generally accepted that nationality, race and language groups are all closely

related 1o each other, and 1o chlture. In this sample, soventy one of the subjects were
South Afncan Thc other nine were Briush. Po:tugi.iese Swazi and Ttalian. Members

~of the d:fferent nauonahtygroups were found in all three orgamsanons (TABLE 2. |

[ Sooth Afican |32 . 31 . 8 i
British 2 o 1 1
P i se T 5 : . 0 -

- Swazi ]2 0 0 |
|| Italian = ”0 11 1 _

two, Portuguese, and two, Italiat The twenty-two Black subjects comprised twe..,
South Afncan and two Swazi sub ts. All of the Black subjeets in this sample were
cenployed in Organisetions 1 (77% o the Black members of the sampls) and IL The
White members of the sample were\ mbuted thmugh the thn<, ::ompames, with
nineteen, twenty-six and seven subjects iy Organiaauonﬁ 1, I¥ and I, respectively. All
three organisations had either one or tw}a Indian subjects, and the only Coloored
porson in the sample was employed in Organisation II (TABLE 3). While the South
African subjects were aged 19 to 58 years old _.(23 of these subjects were under 26
years old), the ages of the foreigners ranged from 27 to 56 years. | g

 Of the ﬁfty-two White sub_p:c\\\ orty-two were South Afucan, three were British,
13
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TABLE 3.

FREQUENCIES OF SUBJECTS IN &QH RACE GROUP IN
THE THREE ORGANISATIONS IONSJ_ -

]! "~ |lore1 ORG II |ORG mo |
| weITE 15 26 T
BLACK |17 5 | 0
|INDIAN |2 | 3 2
COLOURED 0 0 - 1

Within each race group, there may be a further cultural distinction baesd on language
group. Dorgan (1991) mainteins that in South Africa, language groups are increasingly
difficult to identify. As the society is evolving, it is generating shared systems of
meaniﬁgs that ﬁﬁnscend the strict classification of language-groups. This is evident
in this sample, as two categories (Bnglish-Afrikaans (E/A) and English-Portuguese
(E/P) speaking) were necessary for subjects who regarded themselves as bilingual A
complicating factor in this categorisation is that winle two subjects have equal ability
in two languages, one may consider himself as bilingusl, and the other may not.

 The English and Afrikaans speaking subjects were approximately equally represenied
. inthe sample, with twenty-eight and twenty-six subjects, respectively, Six subjects feil
inte each Zulu, Sotho and Tswana speaking group. One subject fell into each of the
other Iangvage groups (FIGURE 3). The largest group (fourtcen subjects) in Organis-
ation I spoke English. In contrast, most (twenty-one) of Organisation II's members
spoke Afrikaans, Tn Organisation IlI, nine of the ten subjects wers English speaking.

Kaplan (1988) explains that language impacts on our point of reference. For example,
essays written in-foréign languages have raceived criticisms such as ‘the material is
all there, but it seems out of focus” as the asthor’s and the aeader’s points of reference
differ. The previous (section 3.2} example of different pﬁmts of reference between
Western cultures who say ‘I see him’, showing that we interpret actions as hrought
on by our own will, and Eskimos who state ‘he appears to me’, as they perceive
svonts 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,
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TABLE 4.
UMBER OF FEMALE D MALES IN THE SAMP.

FROM EACH ORGANISATION. B

| ORGI ORG I
FEMALE 4 7
| maLz s 5

As ‘seen in TABLE 4, the proportions of males to females were roughly equal in

organisations I and II. 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, thres, Indian, and one, Coloured. The male
subject group comprised of three White, four Black and two Indian subjects. Bxcept
for two male subjects who were 43 and 52 years old, the males were all between 21
and 33 years of age. |

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 wers 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 L In contrast, forty-
eight of the White subjects had between 2 and 4 people living in their homes. Despite
these extremes, most of the sabjects (fifty six) in the three companies had 2 to0 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 clevical lsvel
workers generally came from similar socio-economic backgrounds, with slight
variations (APPENDIX 3), o
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Sewell and Martin (1976) assert that an individual’s position in the social structure
often determines educational and economic opportunitics which infpact on
occupationsl choice. Howell and Frese (1979) contend that differences in career
aspirations are more closely connected with socig-cconomic status than with race,
Kohn (1970) found that members of different social classes have d:fferent experiences
and develop different occupational aspirations. Working class families tended to
entvench 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 generslly broadly distributed
within a range of values applicable to a working-class (as opposed to middle or apper-
class) sample.

The education levels and home languages were widely distributed through the

- sample’s age groups, Thirty-three subjects had obtained a matvic leve! education.
Twenty-cight of these were South Africans. All three British subjects fell into this
~ education level, Nine subjects had matric and a d:ploma, and cleven had matric and -

a degree. The education levels (Sid 8, Std 9, matric; Std & and diplome; matric and
diploma and matric and degree) of the subjects was widely distributed among the
White and Biack subjects. In the White group of snbjects, twenty kad matric, There
were between four and eight subjects in each of the other education Jevels, Similarly.
in the Black group, the majority (nine) of the sutsjects had a matric level of education.
Six Black subjects had achieved the highest level of education in the sample, namely

matric and 4 degree. Four of the Indian subjects had a matric level education, and the

fifth Indian had standard 8 and & diploma. The Coloured subject had a standard 8
education (FIGURE 6).
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A more defailed analysxs of the distribution of subjects within these race gmups
accordmg to language is obtainable from TABLE 5. '

TABLE 5,
EDUCATION LEVELS OF SUBJECTS FROM THE VARIOUS

LANGUAGE GEOUPS

STD§ | STDS | MATRIC | STD 84 | MATRIC | MATRIC |
DIPLOM | + +
A ' |DIPLOM | DEGRE -
| A E
ENGLISH 3 5 |13 |2 {2 3
1§ AFRIKAANS 6 |4 10 2 2 2
|B]LINGUAL @A) | 1 0 0 0 0 ¢
ZULU 6 o |a 0 2 0
SOTHO 0 0 3 1 1 1
BILINGUAL (EP) || 2 0 1 0 0 0
[ Tswarcs 1 0 1 0 0 3
XHOSA 0 0 0 1 0 0
VENDA 0 0 0 1o 0 1
PEDI 9 0 0 0 0 1 ﬂ
SWAZI 1 0 0 |0 0 o |

Exploratory research was conducted on this sample in otder 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
scssions in which subjects were asked to sketch their perceptions of computer
dynauics, Measurement was obtained at different iimes, depending on departmental
availability,

T
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6.3.a. STAGE 1 : Interviews

i
:’lll:.

. aterviews were conductcd in order to obtain ‘Uéérship data’ to categorise .thqs'ubjact_s
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 (APPEND]X 4} was based ona questmnna:re which

obtained the personal details of the individuals. Its questions refer to gedder' age;
organisational membership; niic aality; home language; education; marital status and
living conditions (number of people staying togsther) to establish the somo-f;ulttn'al
backgrounds of subjects. As was shown in CHAPTER 3, many authors (inéiuding
Mache». 1989; Kaplon, 1988; Neff, 1973), demonstrate that these variables are all

clot Ty relater" Changes in one of these variables often implies chaages in others, For

exan_:ple, in South Affica, 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 Africars. 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 m'gamsanonal influence (in terms
of choice of application systems and fraining methods), as compaf’cd to socio-cultural
factors, impacts on mental model formation,

"The second section of these interviews (APTEIDIX 4) covered ‘Usership data’ which
establish levels of experience and k: wladge wlnch the user has, Questior: in this
section were based on the criteria in Firluus’s (1991) list:

*  Duration of use (Overall time using similar tools - expresséd i'\:?YBARS).

K Frequency of use in & specified time period.(eg. DA’LY)
*  Time per session (in HOURS).
#  Breadth of experience (determined by number and type of application
system and operating system used). |
*  Relative training in computer science.
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| Cmﬁdenc;mmcompuﬁerswasalmassessed. Subjectswerei._ mratetlwn'

=-no confidence.

The wu of interview used here was a schoduled, structored mtexf iew which is based

on an estabhshed questionnaire (Bless and Achola, 1988). The qu stions were factual,

rather than abstract, which made them casy to answer as thl subu::c:.tsr ’mew the
answers, and were familiar with the possible response cammaa Them 1# .m value
laden questions such as *how "happy" are you? (Bailey, 1987 . Advanmges of this
type of interview are that the competence and influence of i interviewer iife ot
very important as the answers to the qﬂesuons ans genm]ly s{ ight forwnd, but if

_mcessary, the interviewee and interviewer can clarify aspecd ot‘the questions and
responses. Also, interviews can be administered to :Jrespondurf who cannot read or.

write and the interviewer can ensute that the resip'éndent ha not omitted Jifficolt

| quesno.n& Thmr disadvantages include cost m time and mone: and that the pressnce:
of an mtemewer may be perceived as tireatening anonymtho: respondents (Bless

and Achiols 1988; Bailey, 1987). The advantages of close-ck questions in which
the respondem; caii only choose from the categories pravlded h the researcher are that
1) data is standard:sed thus making coding both casy end o ::cuvc:, 2) they are not

very tim= consummg and seldom engende:r a h1gh mfusal ratt ; and 3) they generally

opportumty for manvity and self-expression (Baﬂey, 198'7}

This data was combmed and ased for the camgomatxon of ﬁ\n users into the two
dimensional conceptnal spacs (novxce—expemnccd and expert-ny k\:e) Cluster analyms |

(discussed in CHAPTER ‘J‘) was then performed on the ‘usersh
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6.3.b. STAGES 2 and 3 : Sketches

" According to Bailey {1987), the advantages of nsing sketches, which in themselves

ars a form of open'araded questions, are that (1) they can ts used when possible .
ANSWRr catego\i'-ies are rot kriown; (2) they allow the respondent to answer in as much
detail ay s/he wants, and to clarify responses; and (3) they allow opportunity for

‘creatisity and self-expression. Despite these advantages, disadvantages of this method

exist in that 1) data is not standardised thus making coding both difficelt and
subjective; 2) they are very time consoming and often engender a higher refusal rate;
and 3) they may result in worthless and irrelevant information.

Penham (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 moze popular
verbal deseriptions steramed 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 justifies this technique by stating that it reduces the

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

saying something silly, or being unable to express what one means. Fusther, in
protocols, she contends, a great deal of prompting is necessary to find out exactly
what the sabject means as ‘hidden processes’ remain untackled. People interpret,
rather than know, what havpens 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 ul. (1989).
They found drawings to have considerable promise &3 an investigative and
communicative tool in their ressarch which cong’ Jered mental models that childien
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 éwdy
drew on the above research. |
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STAGE 2 |
This stage aimed to obtain qualitative daia in the form of annotated sketches of the

Inside of @ computer’ (Finlayson et al, 1989) (APPENDIX J). Sketches wers
analyzed to determine the users’ mental models, In accordanice with Denhara’s (1993)

study, in edch company, &1l subjects were simultancously asked to sketch what they
believe ‘exists_ﬁnder 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 Waern
(1989), explain three facsors to the person. These are (1) ‘what’ is performed - the
computer functions, for which only the output of the cemputer is modelled. (2) ‘how’
it is performed - the processes by which the functions are performed, and (3) ‘why’
it is performed, which concerns the implementation of the system. The model has to
mirror reality to serv thig purpose. Tn accordance with research by Denham (1993),
it was expected that the sketches wonld be based on 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 compuﬁar’s "dynamic processes”.

STAGE 3
Following research by Denham (1993), STAGE 3 extended on the se.ond stage in that

| subjects wexe & ke io recall their earlier work, and sketch the ‘inside of a computer’

wisieh is pevferiiirg a simple operation, annotating their drawing> where possible
{AFPPENDIX 6). The operation that was chosen according to the job descriptions and
tasks performed at work by the subjects waos ‘sgving 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
seldonz have 2 model of the system as a whole. Bach 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 mode] representation. Whether the subject used the perspective of what a
computer “is’ or of what it ‘does” in the previcus stage was predicted to impact on the

extent to which the models change in this stage. Waern (1989, p99) notes that it is

"possible that people who car represent the structurs of reality in a model, are
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neverthéless unaware of the Gonsequences in terms of processes and functions,"

In STAGE 2 and STAGE 3, besides having to annotate the sketches, subjocts wers
also asked to give & paragraph explaining what they sketched so 2s to minimize -
mcorrect subjective mterprctanon of the sketches by the raters. The researcher’s role
was t0 prompt the respendents whenever thelr answers were vague of ambiguous.
‘These stages each lasted approximately 15 minuies,

6.4. Validity and Reliability

All m ‘asures of validity are concerned with the extent to which different variables
actually measure what was intended (Sandérs and Mccormick, 1987). Face validity
re1s to the extent to which a measure looks as thoﬁgh it measures whai i¢ intended
to measure. It can play an impottant role in influencing the motivation of the subjects
patticipating 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 of the
measures over time, or across the sample. Technically, it is the extent to which the
measuring instrument is free from error (Sanders and Mccermick, 1987). Reliability
and face and construct validity of the interview questions are cloar, since the questions
were based on theory. For example, the first interviews were based on criteria in
Fisher’s (1991) lList noted above (p45) - used for placing individuals 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 invesﬁgate mental models, were considered in this study as one
of its exploratory features,

On completion of the thres 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 nonﬁnal Nominal measurerrsnt is essentially
& classification system which uses exhanstive, mmtually excluswc categories.
Quantitative data can be either cuntinuous or discrets (Baﬂey, 1987) The present
research used both qualitative (for example, the theme categories on which the
underpinned mental model sketches) and quantitative (for example age _and years of
experience with computers) data, The dats obtained using the above mentioned
measuring instraments, were categorised according to frequency of occurrsnce of
themes by means of content analysis perfor: 1 on the sketches and descriptive
paragraphs. Cluster analysis was then performed on the two sets of data in order w
obtain cluster solutions for each stage. The statistical analysis which was performed
on the resulting cluster solutions and background data included frequency tables,
mieans and siandard deviations.

7.1. Content Analysis

According to Berelson (1952, p18), content analysis is "a research technique for the
objective, systematic, and quantitative description of the manifest content of
communication.” (in Holsti, 1969). Tt 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 <n 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 nwies); and generality (findings must
have theoretical gzneralizability) (Holsti, 1969).

Compared with other data generating and analysing technigues, content analysis hag
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geveral advantages according to Weber.(i%S). Those relevant to this research are :

1) Ceetent analytic procedures operate directly on text or transcripts of )
humas communication which is a central aspect of social interaction.

%) 'The procedures cotmbine 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 commuaication is not influenced, thus
decreasing subject reactivity.

A central ides in content snalysis is that mahy words of text or other form of
communication - sketched features in this research - are classified into much fewer
categorics, Units of sketches classified into the same categories are prosumed to have
similar mealﬁhgs. Weber (1985) lists the following several basic steps which are
included in content analysis, whether conducted by human or machine. Content
Analysis entails defining the undverse of variables that axs to be observed, considering -
the units of analysis by observing and measuring variables and then guantifying and
tabulating the data by either placing people into catgories, or forming categories
according to people (Keslinger, 1986). The following steps are thus implemented:

Step 1 :

Step 2:

§teg§:
Step4:
Step 5

Step 6 :
Step 7 :

Define the recording units. There are six 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 pexceiver, (2)
the p-ercmved or agent of acuan. (3) the action and (4]1 the target
of action.

" Define the categories. This includes decisions regarding whether

the categories must be mutually exclusive and the breadth of the
categories.

 Test coding on sample ‘text’.

Assess aecuracy and reliability.

Revise ccding rules if necessary, and return to step 3 unul
reliability and validity are achioved.

Code the ‘text’, |

Assess reliability and validity,
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There is no simple ‘right way’ to do content analysis. Bach investigator must judge
whith methods are best for the pariicular research. The classification sysiem mustbe
both relisble and valid. Problems with relisbility and validity usually grow out of the
ambiguity of word meanings in the text, and of category definitions or other coding
rules (Weber, 1985).

Reliability | -
Three types of reliability are pertinent to content analysis : |
‘stability’ (the extent to which results of content analysis are stable over time) ;
‘reproducibility’ (lute.-rater reliability referring to the extent to which content

~ analysis by diffglmt raigys produces the same results) and ‘accuracy’ (how well the
 text classification cosresponds 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 differences in judgement tended to be of omission, rather
than of disagreement. "And art iiself may be defined as a single-minded atte apt w0
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, it is clear that symbolic
elements enable ohe 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. '

In past research, the researcher has generally presented the subjects with a “concrete’,
specific illustration, and established how they perceive the picture. The impact of
culturs 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 from different
backgrounds to establish mutnally acceptable definitions of thematic categories.
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Validity |
Content analysm must have internal and exte;mal validity, Further, construct

(ponvergent and divergent validity), face and sernantic validity are all neeessm-y
-{Weber, 1985).

K ..-.}

‘One major difficulty with content aralysis is that there is me much mformauor: i
_m and then*detail preciudes analysis without some formofdata reduction, By
mhmg 100 speclﬁc a definition of variables, although high reliability will be

achisiied, part of the essential core of the variables may be missed (Weber, 1985).

Thig is refen.d to by Kerlmger (1_986. p490) as "the molar-molecular problem.” The

 mélar approach takes large behavionral wholes gs units of observation. The molecular
approach, by contrast, takes segments of behaviour as units of analysis. The former

reliss on snbjective w‘mnces o2z much greater degree than the latier. In the social

sciences, especially with content analyms, it is impovsible to make flat generahsauons .

without inferences. The level of inference necessary is important, and a medium
degreo should be aimed at. Too specific categories may be rigid and ipflexible, thus
making analysis difficult, and sometimes even trivial (Kerlinger, 1986), |

Due to this subjectivity, experimenter expectancies can be soen a5 a threat to internal
validity, This refers to the influence of the expetimenter’s expectations regarding the
outcome of the research. It results in bias of interpretations, and the use of facial and
verbal cmwrs during the investigation. The use of a descriptive paragraph, coupled with

-the sketclies, 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 ﬁndmgs, and they should be kept in mind when domg content
analysis (Chnswnsen, 1988),
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7.2. Statistical Analysis Techniques

There are many statistical tests that can be used to analyze the data obtuined 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 - eg. mean, mode. o
Dispersion of scores - eg. variance, range.

*

Freguencies of scores.
Various tests which consider whether the findings are statistically
significant, in other words, whether the resulis could have occured by

 chance.

® * ¥

Analysis of the data was conducted both qualitatively and quantitatively. Qualitative
analysis included content analysis of the data, identification o1 oommcm themes
emerging from the cluster sofations 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, whers possible. |

7.2.a. Cluster Analysis

Cluster analysis is the generic torm for a wide variety of techniques which separate
data into constituent groups (Everist, 1974). These techniques empiricaily form classes,
typee, 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 slatistical procedure that starts with a
data set containing information about 2 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 “~omed as suggested by the data, such that
objects in 2 given cluster tend fo be sime . each other in some senses, and okjects
in different clusters tend to be dissimilar (SAS Instimate, 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 whers clusters are not mutually exclusive, and
(4) Fuzzy clusters defined by probability of each member in & cluster.

Hi¢ ervhical techniques are. either agglomerative or divisiv- - In the agglomerate
techriques, each observation begins in a cluster by itself, The two closest clusters are
merged to form a new cluster that replaces the two old clusters. This merging is
repeated unsil only one cluster is left. The various clustering methods differ in how
the distance between the two clusters is computed. Divisive iechniques operate in the
opposite direction (Lorr, 1983). Hierarchical clusmﬁng is practical for small sample
sizes and data sets (SAS Institute, 1990) such as those in this dissertation.

Tree diagrams are often clusely associatéd wils 'hiemhicalﬁq}usteﬁng techniques. The
tree procedure draws dendograms (also called phenogramé) 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 (Everiit, 1980). Agglomerate trees thus form from the branches 1o the root, and
divi~ive, from the root to the branches, Agglomerate methods are the most popular of
the clustering techniques (Lorr, 1983), and were nsed in this digsersation,

Aldenderfer and Blashfield {1984) summarise the principle 'applications of cluster
analysis a8 being for:~ the development of typologier or classifications; investigating
conceptual schemes for grouping entities; hypothesfs generation through data
exploration; and hypothesis testing. The former accounts for the most frequbnt use of
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this method. In the context of the present research, cluster analysis was usad to reduce
the date hy summansmg the information available on the relanonship betw:en entities,
0 explm the qiata, and ascertain whether the predictions made regardi“.g ﬂ1é“-f0ups '

of subjects were realized. As such, cluster analys:s was considered to be-an
- Wm statistical technique. Despxte the apparent Just:ﬁcatwn for the use of

clustér analysxs, swcral limitations of this method must be noted. -

1) I

)

3)

i
i

Aﬁplmgfdlffermt clustenng techniques to the same data set cau ymld

different results since the techniques have been dsveloped across d:ff&ént

- disciplines, Hencg, an inappropriate technique will yield mappmpnate .

clustering (Aldenderfer & Blashfield, 1984).

Altlyahgh the strategy of _cluster analysis is cluster séeking, its operation

 is structwe-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 exis.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 riethods begin

by calculadng distances (similarities) between eatitics. 'IEhe methods of

determining similarity between entities is complex.

No universal agreement exists on what constitutes a cluster Becausc there
i 1o single definition that is sufficient - thus general ‘ations sbout cluster
analysis are vague (Everitt, 1980).
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7.2.a.i. WARD’S Cluster Analysis

Wand’s method is designed to optimise the minimum variance within clusters (Ward,

1963). This objective function is mote commonly known as the within-grép sum of
squares or the error sum of squares- (ESS). '

2 2
ESS = XX, - In( ZX, ). (Everiit, 1980)

To Werd's minimum variance method, the distance between two clusters is the

ANOVA sum of squares between the two clusiers added vjs over 2l 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).

In the first step of (he clustering process, each entity is its own mutally exclusive
cluster and the error sum of squares is zero, The method functions by those ‘clusters’
that result in the minimum increase in the BSS (Aldenderfer & Blashfield, 1984).
Each cluster previously formed is treated as one unit, When the complete hieran:hical
solution has boen o ained, the ESS velue can be compared to determine the relative
homogeneity of the groups formed. At each step of the analysis. ue"ﬁ{m of every
possible pair of clusters is considered and the two clusters whose fusion -ésults in the
roinimum increase in the ESS are combined (Bveritt, 1980). A sharp increase in the

ESS indicates that much of the accuracy has been lost by reducing the number of

groups (Lorr, 1983).

Ward’s method joins clusters to maximise the likelihood at each level of the hierarchy
under the following three assomptions :

1] multivariate normal mixtures.

2! equal spherical covariance matrices.

3} equal sampling probabilities.

However, Ward’s method tends to join clusters with a small mumber of observations
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and is istronglyﬂbiased towards producing clusters with app:m:imntély equal numbe'rs.
of observations (SAS Institute, 1990). Also, the clusters found can be ordmdin terms

of theis overall elevation (Aldenderfer & Blashfild, 1984). Another problem with

- Ward’s Cluster Analysis is that once assigned to a group, the suhdivisions are fixed

permnnently, and cannot be changed ifa pmfemble subdivision combination is found
(Lorr, 1983) ' ' '

Despites these problems, many simulation studies comparing various cluster analysis |
' methods have found the two methods with the best overall performance 1o be average
linkage and Ward’s methods, Howevet,. the. ir.sults of such studies are of'en
~ inconsistent and often confusmg (SAS Institute, 1990) Inevitably, any cluster analysis

requires computauonal resources (Lo 1983) For the present research, the $AS

stafistical package (SAS Institute, 195@ <8 chosen, and Ward's cluster procedure:

was chosen from thc eleven availadle ciustenng procedures

L

for estimating the number of clusters in the population from which the data was

 sampled (SAS Institute, 1990). All of the clustering methods ere based on the
agglomerative. hierarchical procedure. In Ward’s megtnod, the distance is ;.amputed_

accordmg to the formula :

Dlsl = Bm lxk th I (lmk + 1/N).
. . .
fdixy) = IX_-Y{ /2, then the combinatorial formuls is:
Djﬂ - ((N:]‘FNk)Djk + (er‘NJDn - N.ID!-') i (Nj"‘N‘)n

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 clustem with

i.
et

This procedure prints a history of the clustering process, and provides statistics nseful
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squal numbers were not required, thus undue bias was eliminated. The data was
- standardised to a mean'= 0, and a standard deviation = 1 since the dif-femnt variables
had different units and scale sizes which may have distorted the ﬁndmgs and made

data incomparable.

Once cluster analysis was performed, analysis of the number of clusters yielded in the

data set was further aided by the nested tree structure of & dendogram from which one
can establish where to “cut” the tree 5o that the optimal number of groups is found
(Aldenderfer & Blashfield, 1984}, This fundamental step is amongst the two as yet
unsolved problems of cluster amlysis (Everitt, 1979). Firstly, the lack of an
appropriate null hypothesis (Whza ¢+ o clusters exist?), and: secondly, the complex
natyre of multivariate sampling dxsmbutmns of unknown stiscture (Aldenderfer &
Blashfield, 1984). :

Tn response to these two constraints, social scientists have used two basic approaches
to dstermine the number of clusters available in the data set. These are henristic
procedures and formal tests. Since few formal tests have been wel} understood or

. widely accepied, the former are the most commonly used (Aldenderfer & Blashfield,

1984), One heuristic procedure is to graph the number of clusters saggested by the
dend\‘sgram against the fusion or amalgamation coefficient (Numeszical value at which
the cases merge to form clusters shown along the y-axis of the dendograin). Where
the graph begins to “fiatten’, it can be assumed that new information is depicted by
the followiﬁg mergers of clusters (Aldenderfer & Blashfield, 1984).

Another procedurs is to examing the values of the fusfon coefficients to discover &

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
probiable solution (Aldenderfer & Blashfield, 1984). A problem is that many small
jamps in the coefficient ¢2e: make identifying the ‘correct’ jump difficult. Thére are
10 satisfactory methods for determining the number of clusters (Bvesitt, 1979).
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Milligan and Cooper (1985) and Cooper and Milligan (1984) compared th -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 aﬁd the Pseudo ¢ statistic (In SAS Institute, 1990). The Pseudo F statistic
developed by Calinski and Harabasz (1974) iz also referred to as J,(2)/,(1) by Duda
and Hart (1973). It can be transformed into the Pseudo  statistic. Tt is advised that
one looks for congensns amongst these two statistics, that is, local peaks of the Fsendo
F statistic combined with a small value of the Pseudo * statistic, and a larger Pseudo
¢ 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 Instituts : Statistics Manual (1985), the Pseudo F statistic for

a given level is

Psendo F = (T-P)/(G-1)) / (Pe/(n-G))

and the Pseudo ¢ statistic for joining Gy and C,_ is
Pseudo t: = Bn l ((Wx‘i'wl)l (Nx'f'NL"z))a

It must be noted that almough}thc Psendo F and  stoustics may be useful indicators
of the most suitable cluster solution, they are not distibuted as F and £ random
varigbles. If data is independently, randomly sampled from a multivariate n wmal
distribution with a scalar covariance matrix, and if the clustering method allocated
observations randomly to clusters (which no clustering method does), then the Pseudo
E would be distributed as an F random variable with v and v{N+MN,-2) degrees of
freedom (SAS Institute, 1985). The Pseudo £ statistic differs fmm the Hotelling’s T%
in that the latter uses a general symmettic covarlance matrix instead of a scalar
covariance matrix (SAS Institute, 1985).
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7.2.b. Frequency Distributions

"Distributions have probably been too litlle used in the behavioral sciences and
education ... Some Tesearch problems ... can be better solved using distribusion
analysis.” (Kerlinger, 1986, p131). Spiegel (1972) justifies the importance of
ﬁequeﬁcy tables. He states that when sumumar Jing large masses of raw data, it is
often uscful to distribute the data into classes o 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 togeiher with the
correspending class frequencies is termed a frequency distributionifrequency iable.
Thus, as McC.all (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”, P.-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 summarized in a frequency table is often referred to as grouped daw.
An important advantage of this technique (which occurs at the expense of loss of
much of the 'original detat! of the data) is the clear ‘overall picture’ which is obtained,
and in vital relationships, thereby made evident (Spiegel, 1972). Optidns which can
be included in frequency tables are frequencies, cummlative frequencies, percentages
of the tofal frequencies, and cumulative percentages for ezch 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 crosstabuiation tables (SAS Tostitute, 1985), Frequency tables serve two purposes.
Firstly, it is a descriptive procedure in the senge that it produces frequency counts and
cross-tabulation tables which enable one to describs ones data in a concise, clear way
based on qualitative analys!s, For example, they can be used to see if data is
distributed in « normal form. Secondly, they cza be used 2s 2 statistical procedure
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from which one can establish relationships among varlabies (SAS Institute, 1990;
Kerlinger, 1986). Various tests of measures of association draw on freqe-ncy tables.
i choosing measures of association, one mmst consider the study design, the
misasurement scales of the variables (nominal, ordinal, ratic or interval), the type of
association that each measure is designed to detect and any assumptions reguired for
valid. interpretation of 2 measure. The tests must thus be appropriate for the datn set.
One such technique is the Pesson Chi-Square. Xt is appropriate for all kinds of
variables and can detect any kind of association (SAS Inatitute, 1990). Tt 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). McCall (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 sre distributed among several
discrete and mutvally exclusive categories. The statistical question. which can be
answered with chi-square is whether the groups differ in the relaﬁvq;- distribution of

- observations among the different categories. The null hypothesis i thus : In the

population, the two groups do not differ in their relative frequency distribution of
people among the categories (N_IcCalI, 1990). Chi-square is a m~osure of the
discrepancy which cxists 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 McCail (1990), the assumptions of the Chi~Square test are :

{1) the sanples are independent of each other.This implies that unrclated 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-SJuare are approximations/estimates
yielded by the distribution. They are not exact possibilities, A limitation of the Chi
squasc is that the distribution of differences between the expected and the observed
valnes only approximates the chi-square distribution if the cell frequencies (expected
values) are large enough (having values of at least §). If the values are less than 5,
one cannot assume the distribution to be chi-square, and usmg the ch;-square as an -

' assossment technique may result in spunous findings (Bailey, 1987),

Tn such cases, the probability that the relationship i statistically signiﬁcaut csn he
oompuwd exactly using the Fisher’s exact test whick also draws on frequency tables
(Baiiey, 1987).

7.2.b.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 (SAT Institute, 1990). Tt assumes that the row and column masgins

“are fixed. Despite the weaknesses of this method which include the laborionsness of

the computationis, this is the oniy methed to use when many cell frequencies are less
than 5 (Bailey, 1987; SAS Institute, 1990). The hypergeometric probability (p) of
every possible table j s computed. The p—value is defined as '

' P
PROB = %
F 3

Tor a two-tailed test, A is the set of tables in which p is less than or equal to the
probability of the observed tablz (SAS Instituts, 1990), .
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Fisher's exact test was performed on the data due to the frequent ocomrrence of small
cell sizes. The computational 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, 1t has the disadvantage of compuiational time

- which may be prohibitive, depending on the table and sample sizes (SAS Iastitute,

1990). More specifically, this test iz generally rot practical, in terms of CPU time and
mentory that is necessary, when '

n___ >3
(e-1)(c-1)

whm n is the sample size of the table and r and ¢ are the number of Tows and
¢olumns, respectively. This practicality increases as the sample size, per degree of
" freedom, decreases towards zero ‘SAS Institute, 1990).

7.2.b.ii. Graphs of Frequency
Distributions

Various graphs can be used o 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 the category. The vertical dimension (ordinate) corresponds 1o the
frequency with which scores are found in the categories on the abseissa (McCall,
1990). Another graph iz the frequency polygon which is & line graph of class

. frequency plotted against class mark/score. It can be obtained by connecting mid-

points of the tops of rectangles in the frequency histograms (Spiegel, 1972),

Frequencies differ in four important ways, namely with respect o (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 fo a typical, central,
representative score. ... Variability iv the extent to which scores in a distribution
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* deviate from thefr 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
hendbncy and varinbility are the most mpormnt tools of bohaviourat data analysxs.

(Kerlinger, 1986, p133).

7.2.c. Measures of cenﬁ'al 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 raeasures from wh ’\they are calculated (Kerlinger, 1986). The most
common measure of central tenncacy of a group of scores is the arithmetic mean,
or average. The term "mean” used here, refers 1 the sample mean. It is "a value
which is typical or representative of 2 set of data,” (Spiegel, 1972, p45). The mean
js symbolized by X (read X bar), and is computed by adding all of the scores, snd

dividing the sum by the numbe: of scores in the distribution (McCall, 1990). Means

cannot be caleulated for nominal data, but can be caleulated for all numerical data
(SAS Institute, 1985).

Two properiics of the mean have been outlined by r‘Eh!.z'.:_(}all_(199!’.)) and Spiegel (1972).
The; 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 rosan
is less than the sum of the squared deviations of the same score gbont any other value.

The median is the point which divides the distribution into two parts, such thiat equal
numbers of scores fall above and below that point. The mode is the most frequently
occurring syore (McCall, 1990). Spiegel (1972) mainitains that one must consider the
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" intended purpose of the measure of central tendency, the type of data and their’

advantages and disadvantages when choosing which one to use. For exampls, extreme
Scm'es may distort the mean, but the mode may be more uscful 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). Thc_mean._ mode snd
median will all be the same scoro if the data s normally distributed,

L 724 Méasufés of Variability

i
i

kY
Ny
W

Vanablhty is defined by McCall (1990, p60) as "the extent to which the scores in &
distribution differ from their central tendency.” The range, variance and standard

deviation are all measures of variability. The range may be determined by subtracting
the largest score in the distribution from the smallest score. It is not sensitive to the

variability of ail scores, only to the differences between the two miost extreme scores, 4

Two nuaerical indices which ov.w:come this limitation are the variance and its square
root - the standand deviation. In calculating the variance, one calculates the value of

each score, minus the mean and squares this value. This is done for each scors and
the sum of the values is then divided by the number of scores in the distibution, to

give the variance. To obtain the standard deviation, the variance is square rooted. This
is generally done to obtain & measure of varisbility in the original units of

measurement, rather than squared units which are obtained in variance calculations -
(McCall, 1990).

ir

i
/:‘,—'



g

&

CHAPTER 8 : RESULTS AND DISCUSSION

t‘_‘r:'

The results of the data analysis were considered both in terms of similarities and
differences between the mentsl 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 i presented in
APPENDIX F, For cach cluster solution, the characteristics of the clusters which wet.
qualitatively identified are reported, followed by the quantitative cutcomes of Fisher’s
exact tests which substantiate the former.

8.1. Results of CLUSTER ANALYSIS

8.1.a. Clustering of Usership Data

Cluster analysis perfonmed on the usership data regarding cemputer-rclaied k’nqwladge
and experience, obtained from the eighty subjects, was analyzed in order to identify
the most comprehensive cluster solution. With its ‘peak’ in the Pseudo F,
accompanied by the ‘trough’ in the Pseudo £, and the discernability of distingnishing
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, ihis solution’s Pseudo F increased from 23.7 to 24.3, and then
remained reasonably stable. The Psendo ¢ dropped substancially from 13.2 t0 5.9, and
then increased to 9.8.
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TABLE 6, ! |
PSEUDO F AND PSEUDO ﬁ VALQE§ FQR gLUSTER
BY THE CLUSTER. S PR ED
IMPLEMENTED ON THE E 'IP_D {TA,
OF  [PSEUDOF |PSEUDOE i
! 237 | 132
7 w3 - 1s9
e - us . |98

These seven clusters accounted for almost 97% of the variance. For the purpose-of

 this study, to facilitate discussion, the members of th15 cluster soluiion (JSERCLUS)

were referred to as Cluster A, Cluster B .. » Cluster G. Analysxs 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. Thc two procedures have been used in combination
as althongh the means are necesary 1o obtain an overall visw, extreme values
(maximum and minimom values) may - distort the Raeans and mask the true
characteristics "of the clustcr The frequency tables overcome this pmblem 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.

_ 'I‘hey are discussed i m more detail below.
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TABLE 7. -
THE MEANS AND STANDARD DEVIATIONS OF
SEVE F THE VARIABLES USED TO ASSES.
POSITIONS OF LUSTER ON -
DIMENSIONAL CONCEPI VAL SPACE.
CLUSTER [ A B C D B F G
YEARSEXP _
N 15 i1 7 3 5 27 12
Mean 1 3.533 | 4.636 | 19.428 | 3,333 | 4400 | 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 5909 | 6.571 3 3200 | 4259 § 6.333
Std Dev 1732 | 1.578 | 1511 3464 | 2.049 | 1.852 | 1.497
Minimum 2 3 4 1 1 1 2
Maximum 7 7 8 7 5 7 7
CONFID :
N 15 11 7 3 5 | 27 12
' Mean 2,266 | 5545 | 2.428 3.666 | 3.600 | 2.851 | 6.083
' Std Dev 0961 | 1.128 | 0.975 1.527 | 1.675 § 0.718 | 1.083
Minimum 1 4 i 2 1 1 5
Maximum 4 8 4 5 5 4 8
08
N 15 11 7 3 5 27 12
Mean 1933 2 2 1.666 | 1.800 11 i
Std Dev 0258 | 0 0.577 0577 {0447 | O 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 | 1.167 1.527 { 2.774 | 0.506 | 0.389
! Minimum 2 2 2 1 1 1 1
Maximom 6 5 6 4 8 3 2
TRAIN _
(level) , i5 11 7 3 5
2800 [ 2.181 | 2142 (4 2
Mean 1,082 | 0404 | 0690 ;O 1.224
Std Dev 1 2 11 4 1
Minimum 4 3 3 4 4
Meaximum
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FIGURE 8.

DIAGRAMMATICAL REPRESENTATION OF THE MEANS AND
STANDARD DEVIATIONS OF SEVERAL OF THE VARIABLES
USED TO ASSESS POSITIONS OF CLUSTERS ON THE TWO-

DIMENSIONAL CONCEPTUAL SPACE.
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8.3) Confldence Level by Cluster
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FIGURE 8 (cont.).
DIAGRAMMATICAL REPRESENTATION OF THE MEANS AND
STANDARD DEVIATIONS OF SEVERAL OF THE VARIABLES

USED TO ASSESS POSITIONS OF CLUSTERS OGN THE TWO-
DIMENSIONAL CONCEPTUAL SPACE.
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FIGURE 8 (cont.).

DIAGRAMMATICAL REPRESENTATIO™ OF THE MEANS AND
STANDARD DEVIATIONS OF SEVEsw._.. OF THE VARIABLES
USED TO ASSESS POSITIONS OF CLUSTERS ON THE TWO-
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CLUSTERA

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 selution, implying that this was the most confident group of subjects (the

 confidence rating scale used was a 10 point scale with *1 = complete confidence’, and

“10 = no confidsace’). More specifically, confidence ratings in this cluster ranged

from Jevels 1 to 4, 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
cdllegelevcl compater conrse. All members of this cluster had between 1 and 6 years

of experience with computers (mean = § yoars), during which they had each used 2
to 6 application systems, with a mewi 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 therefors demonstrate ‘a

E‘-."ﬂlatively high level of experience in comparison to the other clusters® members,

A

/.,,

It mu§t be noted that based on mterviews, it was established that clerical level .
workers only use a limited variety of simpler operations available in the apphcation
system(s), 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 experierice, 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 tarm ‘experience’ has been extended to include the experience with computers

(number of application systems in which low levels of expericnce are obtained) rather
than within each application system This extension scems more feasibie in_

distinguishing between the experience of the subjects,
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TABLZE 8.
TABULATION OF THE NUMBER OF QPERATINQ

SYSTEMS AND APPLICATION SYSTE D IN
YARIOUS CLUSTERS. :

| CLUSTERS | A B C F !G !l
08 |
1 1 0o i1 27 12
2 14 11 5 0 0
3 0 0 1 6 0
APPLIC | - _'

I 1 0 0 0 22 10
2 4 4 4 4 2
3 4 2 1 1 jo
4 1 3 0 0 0
5 i3 2 1 0 0 {
6 3 o 1 0 0 3
8 0 0 0 0 0

‘Thirtcen of these subjects were South African, one was Italian, and one was Swazi.
Twelve were White, and the rernaining three were Black, Two males were inclnded
in this cluster. There were five English, seven Afrikaans, one Zulu, one Sotho and one
Tswana speaking subject, with a wide range of educational leveis. These subjects
came from all three organisations. The ages of the members of ihis cluster were
widely distributed across 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 cenfidence ratings
ranged from 4 to 8, with the highest mean confidence rating (5.545) in the
USERCLUS clusters (mode = 5), implying the lowest mean level of confidence within
this cluster solution (TABLE 9),
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TABIE 9.
CONFIDENCE LEVELS REPORTED BY THE SUBJECTS
IN VARIOUS USERSHIP CLUSTERS.

CLUSTERS [ & C
CONFID
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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 ic operate the
applicativn packages in the work environment. Two subjects had compked an
additional one week computer course. The subjects had vsed 2 to 5 application
systems on 2 gperating systemns (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 English speaking and six Afrikaans),
and the remaining two subjects were Black (Sotho and Tswana speaking). These
subjects all came frqm Organisations I (two subjects) and II (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 TI. This may be coincidental
as the entirs sample is predominamly South African, and employed in organisations
Iand IL
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CLUSTER C

Cluster C consisted of seven subjects who all had over 13 years of w:peﬂehce
(TABLE 10) with computers in which they worked for 4 to 8 hours a day.

TABLE 10. | o
FREQUENCIES OF YEARS EXPERIENCE WITH
COMPUTERS FOR MEMBERS OF CLUSTERS A TO G.

| CLUSTERS | A B C p |E F G
YEARSEXP

lz 2 0 0 1 |0 2 1
2 1 1 0 0 |1 7 1
3 4 3 0 1 |2 4 2
13 0 0 1 0 jo 0 0
15 0 0 1 0 |0 0 0
17 0 0 2 o |o 0 0
20 0 0 i 0o (0 |o 0
25 o {o 1 0 {o 0 0
29 0 0 1 o |o 0 0

They had generally only been shown how to use the relevant applicetions in the
company setting. Each subject had used 2 to 6 application systems (Seé 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 £z 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 - gererally 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 subjeets in this cluster were Sonth 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 featurs here was the lack of

Black members in this cluster,
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CLUSTER D

Only thres 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 fowest hours per
day, as indicated by the lowest mean score of 3 hours for this variable, The features
which distinguished these subjecis from the others were their ability to write simple
computer programmes (TABLE 11), and their completion of college Tevel computer
courses, As such, Cluster D appears to hold the most expert subjects in the sample.

TABLE 11,

FREQUENCIES OF,
CLUSTER A TO G.

PGM o
no 15 11 7 0
yes 0 0 0 3

Although distinguishing features such as the subjects’ completion of degrees or
diplomas after school can be identified for this clustw, because it is small,
extrapolation from this data is questionable,

CLUSTER E

Five subjects belonged to Cluster E (subjects 26; 50; 56; 62 and 70). This category
was discernable 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
cornpaters, Surprisingly, most of this cluster’s members used 2 or more application
systemas (mean = 3,200) within the comparatively short time period.
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TABLE 12. _ -
TABULATION OF FREQUENCIES WITH WHICH
CLUSTER MEMBERS ‘SCORED’ FOR THE VARIABLE
FREQUENCY OF USE_OF A COMPUTER. |

B lc |b

1 {7 |2 0 27 12
| L 15 o 19
TA 3

TABULATION OF FREQUENCIES WITH WHICH
CLUSTER C AND E MEMBERS USED THE COMPUTER
DAILY.

CLUSTERS

aoﬂa\m-hmw.-sg
S’
QQOINHQQN ﬂm

NWQHHIODQ

The distribution of socio-cultural variables in this group mirrored that of Cluster B’s
members, They ditfered in that their education level attained was slightly higher than
that of Cluster B’s members, As was noted in Cluster B, 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 thiy may be
coincidental as the entire sample was predominantly South African. It appears that
backgrounddidnotimpactonuscrshiplwelmagreatdeg'aeas,‘ifﬂliswmthe
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 & marked distinction, between Clusters B and B,
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CLUSTER F

‘Twenty-seven subjects were clusiered 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 - they ranged from level 1 fo 4. Six of the subjects had rated confidence at Jevel
2, and sixteen at level 3 (the mode).

Two of the British subjects were members of this catzgory, as were twenty-three
South African, one Portuguese and one Swazi subject. The marital stai:us, gender,
home languags 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

mep*” /’ s lived with theee other people. Twenty of the subjects were employed at

Ea

' vxgﬁi;i;aﬁm L, three at Organisation If, and four at Organisation III. Again, no single

background variable could be identificd as pertinent to this cluster except for its large
group of Black subjects. ' '

CLUSTER G

The twelve remaining subjects whe comprised Cluster G, were distinguishable from
Cluster F by their low confidence ratings which ranged from level 5 tc level 8, with
arating mean of 6.083 (TABLE 9). All of these subjects had used 1 operating system,
and ten had used only 1 application sysm 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 fo use the apphcatien{s) in the
company sethngs

All of these subjects were female, eleven of whom were White. Nire 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 nonc of thess subjects

continued their education after leaving school. The members of this cluster were all
employed in Organisations I (four subjects) and II (eight subjects). This appears to be

the most demarcated closter in the USERCLUS solution in terms of background
atiributes. This grouping car: thus be identified as a sub-cultre in the smple.

As the overall significance of background variables in inflw ncing USERCLUS cluster
membership could not easily be recognised from the crude qualitative analysis
coanducted thus far, Fisher's exact test was necessary to establish a more refined
assessment of the impact of socio-cultural background on USERCLUS groupings.

FISHER'S EXACT RESULTS.
Owing to the size of this cluster solution, the Fisher’s exact test could not be
implemented on sevcral of the variables (eg. LANGUAGE and FAMNUM) as this test
is impractical in terms of CPU time and memory that is necessary, when
n___ > 35
(r-1){c-1)

Thus when n=80 (Snmple) and c=7 (clusters/columng), and r=rows being the number
of rows taken by the levels of the other variable, the formula becomes

80 > 5.
(r-1)(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
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significantly on subjects’ experience and knowledge with computers were tace and

organisational membenhip, As such, there was a sxgniﬁcant relationship between orics

cluster membership in the USERCLUS solution, and omes race grovp and

organisational membership. Tn accordance with Kohn’s (1970) finding that members

of different social classes have different expetiences and develop different

occupational aspizations, it ig not surprising that focio-economic variables have not
been associated with different clusters, as they are generally uniform throughout the

sample,

TABLE 14, |
ISHER’S EXACT PR BABILITIES FORX

ASSOCIATIONS BETWEEN USERCILUS CLYISTERS AND
VARIOUS _SOCIO-CULTURAL BACKGRQUND

VARIABLES PROBABILITY ‘=_J SIGNIFICANCE
g USERCLUS *RACE | 0.02 SIGNIFICANT
| usercLUS * MARITAL | 096 Not Significant
| USERCLUS * NATION | 0.80 Not Significant
ii USERCLUS * GENDER | 0.06 Not Significant
I] USERCLUS * ORG 0.00023 SIGNIFICANT |

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 gengrally had a lower
gxperience level as they had generally used only 1 applicaiion and 1 operating system,
The majority (twenty) of Organisation I's thirty-eight employees belonged to Cluster
F. In contrast, Cluster C di not have any Black members. Clusters A, B and G had
predominantly White members employed in Organisation II An index which is
clogely related to race group is language. If the USERCLUS * LANGUAGE and
USERCLUS * EDUC relationships were also significant, it would support the
argument that South Africa’s past Apartheid era impacted on opportunities in terms
of knowledge anud cxperience with computers. Unfortanately, the Fisher’s exact test
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does 1ot have the ability to cope with tables of these sizes, and these relationships
could not be quantitatively established.

The finding that both organisation and race were significantly distingnishable between
the clusters may be attributable to the race group memberships within cach

organisation. More specifically, approximately 70% of the Black subjects in this

sample belonged to Organisation 1, and 50% of the White sapple came from
Organisation If and Organisstion III had no Black subjects (TABLE , - itis 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 2 true null hypothesis incorrectly is much greater for the significant
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 infiuenced by the application and operating systems which are used, is the
feature which impacts on userskip, 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 Claster ¥, who had used only
one application systern, and had little experience with computers. It cannot, however,
be ignored that there were also many Whi'e subjects who belonged to the less
experienced clusters (Clusters F and G).

TABLE 15.

FREQUENCIES QF SUBJECT MEMBERSHIP IN EACH
RACE GROUP IN THE THREE ORGANISATIONS.

B ORG I ORGI  |ORGMW
WHITE 19 26 7
BLACK 17 5 0
INDIAN 2 1 2
COLOURED | 0 o 1
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The distinet fe;tures associated with each cluster in the USERCLUS solution can
be summarised as follows, Cluster A members had high confidence levels possibly

attributable to their hig" (for the sample) level of training and their experience

in at least twe application systems. Cluster B members had o eonfidence levels
although they had used two or more operating and application systexe for
approximately the same time period as Cluster A. This is possibly because nine
of the subjects had only been shown how to use the application system(s) in the
company setting. Cluster ¢ members had the miost experience with computers
{over 13 years, working 5 to 8 hours s day on 2 to 5 application systems) and
were very confident although they had not received any college level training

relating to comyputers, In contrast, members of Cluster D had the highest level of
expertise as they could write programmes, and all had received a college level.

training in computers. Cluster E members had a broad range of experience in
different occupational settings but its members did not work daily on the
compater. The primary feature which distinguished Clusters F and G was the
confidence levels, being high in the former, and low in the latter. Although
C&uster A and B seem to mirror Clusters F and G respectively, Cluster A and B
members were experienced in more applications than those of Clusters F and G
who used very few (usually one) application systems, and had very little, if any,
training. The only background variable whick could be identified as being
significantly associated with the clustering were organisational and race group
memberships,

Roughly speaking, the following diagram (FIGURE 9) summarises the positions of
the USERCLUS clusters on Fisher’s (1991, p440) two-dimensional conceptual space
50 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 & segment in which novive and naive characteristics are

predominant.

N e

BT S R W ERRA LN



,,,,,,

88

EXEYRT

NOVICE | D EXE i 7CED

NAIVE

FIGURE 9

APPROXIMATE POSITIONS. OF THE CLUSTERS ON THE TWO-
DIMENSIONAL CONCEPTUAL SPACE,
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8.1.b. Clustering based on STAGE 2
Skeiches of

‘WHAT IS INSIDE THE COMPUTER?®

Reporting of results from the analysis of the data from STAGE 2 (sketrh of ‘what is
inside the computer - under the lid") will follow the same format as that of the

- previgus stage. Qualitarively identified distinguishing characteristics of ¢ach cluster

are n-ported, foliowed by quantitative outeomes of Fisher 3 exact test of association
between the clusters and the background vatiables.

Based on analysis of the trec diagram (FIGURE 10) and Pseudo F and ¢ values, a

five cluster solution (referred to as DRWICLUS) was identified 23 having cleady
delineating attributes for its cluster groupings. There was & dramatic drop and then
rise in the Pseudo ¢ from 25.6 down to 7.2, and then up t7 11.8 (TABLE 16).
Although the Pseudo ¥ did not peak at this cluster solution, it did not fluctuate

ogreatly, The comibination of the Pseudo F and t values were the most favourable of

the possible solutions, 'This cluster solution explained 68% of the vaﬂancg. The groups
in the DRW1CLUS cluster solution have been named Cluster H, Cluster I ... Cluster
L, in order to facilitate discussion of the results.

TABLE 16.
PSEUDQ F AND PSEUDQ ¢ VALUES FOR C‘LUQZ ER
SOLUTIONS WITH 4, 5 Aﬂ 6 CLUSTERS, DERI EEQ
BY THE _ BY THE CLUSTER _ANALYSIS _PROCE
IMPLE. MENl ED ON ZL@ DATA QBTAINED EEQM
ZfHE FEST‘JQQET CHES
NUMBER OF PSEUDOF | PSEUDG ¢
I CLUSTERS |
o s |zs
5 | 12.8 72
14 { 120 11.8
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B CLUSTER H .
Cluster H consisted of eleven subjects (1; 2; 8 9 15; 18; 24; 26; 37; 48 and 52).

Nine of these subjects used 2 uuman analogy in their mental models. Closely related
" to perceiving the computer as having human qualities, zather 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 Wlustration of, or reference to, features such as the screen, kcybua:ﬂ and

cords which connect the compuier to a plug,

- TABLE 1

NUMBER OF (] _
D _EXTER, FEAT RE, t) C‘O P ER I

SKETCHE,S QF QQB,IECTS IN QL@TERS H TO L,

D T gt

I K" ) L

2]

l'l
BRAIN 2

gy oo A it v Py B TR e s i

yes | no yes noyes myes no  yes
9

2 0 |2 1 |4 0 |5 o0
2 2 i1 a4

EXTERNAL {80 1 {25 6 J[15 13

Noveisiruwaibeivon®l | SN 3 : |

Surpﬁsiug]y. twg subjects in Ciuster H showed a knowledge of technical terminology
(Acronyras 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 tarminology), and mast cluster members
demorstrated a functional view of the cmnputef which was seldom apparent in
sketches of members of other clusters, as is demonstrated in TABLE 18. The sketches
were classified as functional if they included any explanation of how the computer
components interact, the functions of varlous components, or step by step desaipums
of what happens_ ingide the computer.' Axs such, consideration of what the computer
‘does’, rather than merely what it “is’, was evident in this group.
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- communication (except for subject 37 in terms of the computer *speaking’) or the

89

TABLE 18,
NUMBER _OF _0O ES _OF TECHNICAL
TERMINOLOGY AND FUNCTIONAL PERSPECT]

CLUSTERS HTO L.

A subgroup within this ¢Juster which differed from the other subjects, consisted of
subjects 2, 9, 18, 24, 37 and 52. In contrast to thy other members of Cluster H, the
members of this subgronp all referred to wires, and did not jmply any form of

existence of separate sections (TABLE 19), When subjects did imply sections, they
were not in ‘computer’ section terms, but rather in terms of a buman analogy, for
example, ‘brain’, *heart’ and so on. '

TABLE 19.

FREQUENCIES OF WIRE, SECTION AND
COMMUNICATION REFERENCES BY CLUSTER H

MEMBERS.
[ CLUSTER E
- SIS ES
| no  yes
| WIRES 5 6
SECTION | 6 5 |

| COMMUNIC |4 7 .

A)Lof 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 iiving with them. The education
levels and ages in this cluster varied widely. Sketches thus did not appear to differ
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slgmficantly because of background factors in this cluswr, except that subjects were
predommantly White employees, none of whom were employed in organmatmn 110

-CLUSTER I

The thirty-one subjects in Cluster T 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 pyragraph. Although the sketches were more mechanically

oriented than those of the previous cluster and there was 110 reference to a buman
analogy, they were very absiroct, Only four of the subjects recognised the exisience

of separate sections within the computer.

- Six subjects labelled the wires as having different 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 cmission of technical terms in the
sketches (TABLE 20). The illustrations could have depicted the inside of any

technical device - tmplying 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 operats, or what the
functions are.




TABLE 20.

RE ENCY OF QCCURRENCE_OF COLOURED
TECHNICAL TERMS I TERS H T
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CLUSTERS | H I ] [ B |

ne  yes | no  yes no  yes no  yes no yes

| : . - | R A

COL 9 2 |25 6 28 0 2 |5 o
frecenic J9 2 |31 o0 (v u S EE

ke \eke
j ]

Only fwo subjects J ‘4 }
mentioned memory at vw I
all and no subjects L1 e \N
alluded to any form of A &
communication. However, ey < T
five subjects sketched - !\\E\ ’@ e G\H}%
discs, and a hard drive was : t @ 280 O/ ﬁu.t..f
included by four subjects. M
Nine subjects drew external
These subjects appeer to have HOW THRY OPERATE. _
viewed the computer from an external orientation, with wires which exist behind the
screen, communicating 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 sess’- what the computer “ig’
All of the non-South African subjects (except for the British group), belonged to 1
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- g
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three of these subjects were White, four were Black, three, Indian, and one, Coloured.
All but one were female. There were ten English, fourteen Afrikaans, one Zuly, two
Sotho, three bilingual (E/P) and one Swazi speaking subjects in this cluster, Although
the majority of these subjects {sixteen) had a mairic 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 stats
of the subjects also varied across the group. Fourteen, eleven and six subjects in this
cluster were employed in organisatiozs I, I and II1, 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,

CLUSTER J

'.'i'wanty—éight subjects constituted Cluster J. In this cluster, the move from an abstract
to 2 more detailed technological metaphor is clear. All of the members of this cluster
(except for subject 33; skeiched wires and electronic components and soms
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 threc labelled an area the CPU. Twelve of the subjacts included a
storage/memory function in their

sketches. Although the computer 4 MW%I' :g 3 i

was still generally viewed in ey 1:\:: L T o T P

terms of exwemal features $t\ '? o 1‘--_} T_‘_ljg--—"“-' Tewp ond
by fourteen subjects, with R ——ps

subjects 78 and 80 insinuating

computing occurring behind the \Eﬂ_. D -

screen, Fourteen subjects made T
. SEETCH 3. .
no reference 10 extemal features. FUNCTIONAL PERSPECTIVE SHOWING
) . . B THROUGH N
Thirteen subjects predominantly PASSES ACCORDING TO THE MENTAL
: MODEL OF SUBJECT 38.
viewed the computer from a

functional perspective - considering what the computer ‘does’, rather than solely what

it 95°,
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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, comzmunication and
functional aspects, this cluster presented the most ‘technica]ly ‘advanced mental
models of the five cluster solution.

TABLE 21. |
FRE NCIES OF COMMUNICATION ILLUSTRATION

AND/OR RECOGNITION IN THE SKETCHES IN THE
DRWICLUS QOLUTIOQ‘

CLUSTERS H I
| no yes |fto  yes

joommunic {4 -7 {31 0 | |

All thres British subjects were members of Cluster J. The UK emphasises computers
in the education gystem 1o a. greater degree than South Africa does, and this could be
offered as an explanation for this grouping. It can be argued that there were also
twenty-five South Africans in this cluster. Bighteen, nine and one of the cluster
members, were White, Black and Indian, respectively. Four of these subjecis 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 subjecis spanned the range
of ages in the sarmple. As in the previous cluster, most of these subjects (mode = 11)
bad achieved a matric level education, but the remaining subjects were evenly
distributed on either side of this level. Ten of these sabjects 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 was seen above, no cne perunent feature
cwald be identified here,
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CLUSTER K

Subjects 59; 61; 73 and 75 formed Cluster K. The discriminating feature of sketches
in this clustor was the reference to lights/bulbs ,nside the computer which were
illustrated, described or Isbelled in the sketches. Further, all of these subjects
explained that wires arc necessary for the lights to function. They depicted 2 ‘holistic
wiew’ of a screen with a light behind it which functioned to ‘light up’ the relevant

_ information by means of wires (TABLE 22), None mentioned memory or different

sections in the computer,

WHO IN_CL UDED LIQHTQ, QPERATED
WIRES, IN THEIR MENTAL MODELS WERE_THE
FOUR MEMBERS OF CLUSTER K. |

r_I
s |5 s

LIGHTS | 11

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 thess subjects
on the other variables varied considerably, and no other distinguishing attributes could
be identified.

CLUSTER L

The five subjects (33; 44; 46; 51 and 54) in Cluster I, 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 oceurring behind the
screen, included external features in the sketch, and referred to wires of some sort.
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Further, unlike any of the subjects f |
i other ciusters, all of these
subjects delineated the use of L
letters inside the computer. Tn | _
a similar conception as that of -
members of the previous cluster, ’—1"'77 F;:qm
these subjects generally saw wires _ e
a5 determining what happened with the B
 letters (TABLE 23). Again, as before, A ——

no explanation was given regarding ‘how’ the functioning of the computer occurs.,

TABLE 23.

TABLE POCRTRAYING THAT THE QNLY SUBJECTS

MODELS WERE THE 5 MEMBERS OF CLUSTER L.
I _|x L
no yes [mo yes |no yes

fa¢ o {4 o o

5

A feature distinct to this cluster was thot 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 thig
organisation may encourage the development of & particular type of mental model.
However, although most of the Black maﬁ.’nbers 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 not
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fully explain the disparity between this group and the other DRWICLUS clusters, 3.

Race was thus prebably 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 ulusters 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 whetlier a significant relationship existed between the DRW1CLUS clusters

and the background variables. The resulis appear in TABLE 24,

TABLE 24,
FISHER’ X ILITIES

ASSOCIATIONS BETWEEN DR W'

AND VARIOUS SOCIO-CULTURAL BACKGROUND

VARIABLES. _

[ variasLe: | proBABIITY
DRWICLUS * EDUC | 0.490
DRWICLUS * RACE | 2.29E-03 |
DRWICLUS * MARITAL | 0.320 Not Significant
DRWICLUS * NATION | 0.579 | Not Significant
DRWICLUS * GENDER | 0.063 Not Significant
DRWICLUS * ORG 0024 | SIGNIFICANT

From TABLE 24, it can be seen that again, as in the cluslae;" solution for USERCLUS,
those of DRW1CLUS had distinct racial groups domins. 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 previcus stage, in the analysis of the DRWICLUS data,
the probability of the null hypothesis for DRWICLUS * RACE being rejectsd
incorrettly 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 szources from whi~t *hey develop mental models - their
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backgrbund (race) and the organisation. More specifically, most people are aware of
the existence of computers before they actually interact wiiii them in any v.ay. 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 are
encountered dixing the socialization process. When they actually interact with the
computer, they would probably build on tie ‘anvironmentally {race) based’
_onceptualisation of what a computer is, and expand it to include what they have been
‘taught’ in the organisational context,

In summation, Cluster H members used a functional view of a computer whisk
communicates, based on a human analogy. Cluster | members submitted abstract

sketches, Most of these subjects did not refer to memory, communicativn or -

functional features, but instead abstracfly depiciad the ‘electronic board’ found
inside 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 fenctional menfal models which included features such as discs, CPU,
memory and cormunication means. Eleven subjects in this category inciaded
fechnical terms. Only Clusters H and J members in DRWICLUS adopted a
functional medisl model of what a computer ‘does’. Thus less than half of the
sample assumed this perspective, revealing that the general perspective which is
adopted for an inactive computer is basged on what it %s’, rather than whaf it
‘does’, In Cluster K, subjects genexally used an holistic view of a screen with a
light behind it which 9lights up’ the relevant information by means of wires. No
sections, memory or technical terms appeared in this cluster, Similarly, in Cluster
L, the subjects generally saw wires as determining whai happens with letiers
which were depicted as existing behind the screen. These distinguishing features
~ n be identified in TABLE 25. Race and organisational membership again
differed significanfly between the clusters. Diagrammatically, the distinguishing
features of these clusters were summarised in FIGURE 11 by a representative
skefch from each cluster. It must, however, be noted that these skeiches are
shown without the descriptive paragraphs which accompanied them. As such, the
most explicit sketches were selected to indicate the jmtinent features of the
cluster members’ mental models.
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) 3
SKETCHES § AND 7. ;
DRAWINGS, FROM CLUSTER M, SHOWING MENTAL MODELS BASED ON -
A HUMAN ANALOGY, BOTH ACCOMPANIED BY AN EXPLANATION A THg -
DESCRIPTIVE PARAGRAPY OF 'FIOW" THE COMPUTER FUNCTIONS, — -

CLUSTER I

B mid ,

WRES

SKETCHES 8§, 9 AND 10, | .
ABSTRACT, MECANICAILY BASED ILLUSTRATIONS

OF THE INSFOE OF A COMPUTER, WITH NO
OF CLUSTER 1, |

FIGURE 17, _
OVERVIEY _OF DISTINGUISHING CLUSTER
CHARACTERISTICS RECAPITULATED BY A REPRESENTATIVE

S/ MPLE OF SKETCHES FROM EACH CLUSTER WITHIN THE
DRWICLUS SOLUTION.
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CLUSTER J

~ WY rES

11 AND 12.

SKETCHES 11 AND 12.

AL MODELS \S'S ON mmmummm
AND FUNCTION; IN THE MCST “TBGHNI
ADYAGED' SKRTCHES APFARENT IN CLUSTHR 3,

FIGU 11 (cont.).
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SKEETCH 13.
VIEW OF A COMPUTER AS A
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CHARACTERISTIC VIEW OF A COMPUTER AS A S@Q WITH LETTHRS
LEHIND IT, WHICH ARE 'QANIP(HATBD‘ BY WIRES,
FROM CLUSTHR L.

FIGURE 11 (cont.).

OVERVIEW OF_ DISTINGUISHING CLUSTE
CHARACTERISTICS RECAPITULATED BY A REPRESENTATIVE
SAMPLE OF SKETCHES FROM EACH CLUSTER WITM THE

DRWICLUS SOLUTION.
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8.1.c. Clustering based on STAGE 3
Sketches of |
. ‘MOYING A FILE’

The sketches from STAGE 3, which considered mental models used when saving a

file on a computer, were also qualitatively and quantitatively analyzed 1o establish

whether sinailarities and/or differences existed between the mental models of subjects,
and if so, whether they were associated with any background varisbles.

The Pseudo F which remained stable for a four cluster solution with a fluctuation of
orly 0.1 and € value which dipped to 2.8 from 4.7, and then rose to 4.0 indicated the
existence of four primary clusters (TABLE 26), Further, when considered in terms of
the cluster tree (FIGURE 12), this solution (termed FILECLUS) produced the most
conceptually distinct clusters.

TABLE 26. |

PSEUDO F AND PSEUDO £ VALUES FOR CLUSTER
SOLUTIONS WITH 3, 4 AND 5 CLUSTERS, DERIVED
BY THE CLUSTER ANALYSIS PROCEDURE
IMPLEMENTED ON THE DATA OBTAINED FROM
.THE SECOND SKETCHES.

NUMBER OF PSEUDO F PSEUDO &
CLUSTERS 3

5 las 47

4 48 2.8

3 49 40 |

This cluster solution has been chosen althongh 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
clasters, Using such small groups could threaten the internal and external validity of
the study. The four clusters are referred to as Clusters M, N, O and P,
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CLUSTER M

~ Eleven subjects were ciustered together in Clustcr M. The common feature in_the

mental models of subjects 4, 5, &mdzﬁwastheuseofwmmm'

' Subjects 17; 25; 27; 29; 30 and 32 all used ¢ filing cabinet metaphor depicting _

separate sioring companiments. They included several cormnpartments in the form of
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.

ABLE 2 | |
TABULATION [ 4} E gF INET _AND RE ORD
PLAYER ALOGIE, MODE F

SUBJECTS FROM CLUS ZER,S M N, O MQ

" Further, only two of t}}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 for depicting the saving of a file, Few, if any, of
these members referred to wires, memary or external featm‘es The relationship
batween Cluster M and the other clusters is depicted regarding reference to wires and

external features io TABLE, 28, | "
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TABLE 28.
. TAB LATI N F NUMBER OF REFEREN E TOWIRES

Only two subjects refermd to different sectic: . 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 mi...- * £$ from a computer analogy. The other
features of the sketches, however, imply that although they are aware of the terms,
they are not femiliar with the context in which they would be used. No
communication was 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 ' “spects as theirmuntalmodais were
‘simplistic, and based on non-computeﬁsec‘ ogies. o

Except for one subject who was Ttalian, all of the other members of this cluster wen.
South African. Thiree were married, and e;ght, divarced, The subjects in this cluster
were aged 19 to 38 years cld. These subjects were White (six), Black {four) and
Indian (cne). 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 (?an) of these
subjects belonged o Organisation .

CLUSTER N

Five subjects (numbers 10; 20; 39; 46 and 77) c_cmstiwted the members of Cluster N.

I
o
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Two of this closter’s subjebts (10 and 20) were the only subjects in the sample who |

discussed # magnetic force which *moves’ the information (TABLE 29).

TABLE 29. -
TABLE SHOWING THE ONLY REFERENCES TO
MAGNETIC FORCES FALLING INTQ CLUSTER M.
CLUSTER | M N, 0 | P
| no  yes no  yes no  yes no  yes
Imagwer Ju o 3 2 s o 3 0

. Three subjects emphasised external features and wires, while these subjects, together
* with two others, included discs in their sketches, It is tius clear that this cluster's
| members were moving toward a more mechanical/technical view of the computex in

terms of what the computer does, and *how’ it achieves this, rather than merely what
it “is’. Another feature which differentiates this cluster from the others is the analogy
of a ‘save key’ whicli, when pressed, ‘locks’ the file inside the computer. Subject 46
cal’ed this the CAPS lock key.

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 O

Cluster O comprised of thirty-three subjects. Four members of Cluster O depicted the
computer in a functional manner. Twentywo subjects included wires in their
sketches. Bight 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.

ﬁ CLUSTER M N 0 P
o yes
SIMILAR |9 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

they merely drew the extemal
components of the computer.
Nine other subjects also included the
externat features in their sketches. The degree of detail giver in the sketches varied,
but in all of the skeiches in this cluster, the emphasis was on pechanical’electronic

features of a compuler,

Of the thirty-three subjects in Cluster O, there were twenty-eight South Africans, three
British subjects, one Portuguese and one Ttalian subject. Of these, twenty-one were
White, eight Black, three Indian and one Coloured. Although most (eighteen) had
achieved a matri¢ level education, this cluster’s distribution on edecation, number of
peopls living together and organisational membership was widespread. Eighteen of
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these subjects spoke English at home, six Afriksans, 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 Portugnese (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

Cluster P consisted of three subjects (36; 42 and 49). All of these subjects included
wires in their sketches. The distinguishing featurs in this gronp was their reference
to menug (any reference to, labelling of, or illustration of 8 meny, or options on the
screen, from which to choose) which have a ‘save key’ option (TABLE 31). o

TABLE 31, |
SUBJECTS INCLUDED WIRES AND MENUS
IN THEIR SKETCHES IN CLUSTER P.

| 517 B VP TR el R T R, At g Ly

= 01 o

lcwstm [ wm N o  |p

no yes o yr .:;- yes no T
wrEs  Ju_ o |3 2 |u =z 3
MENU I O 3

The subjects in this cluster were all South African, English speaking females who had
a matric level education, and came from Organisation I. Again, these subjeéts may be
emerging as a c'uster 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 RESULTS,

As before, due 1o 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 and background variables,
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T 32.
ISHE£’§ ,EXAQZ:PRQBABILIZ:IES FQE A&SQQ _ TIQ§

Of these, the only relationship which was significant was that of the FILECLUS *
ORGANISATION (TABLE 32). T'iis means that there was & significant difference
between the sketches produced by the employess in the three different companies. For
example, as was noted in the qualitative analysis discussed above, most (t2n of
eleven) of the members of Cluster M were employed in Organisation IT and all of the
members of Cluster P were empluyed in Organisation L |

The most feasible explanation for this significant difference in sketches between
organisations can be found in the literature which states that models are sirongly
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 penple from different cultures classify things. When people are familiar with
the objects they are asked to manipulate, they have knowledge about many reatures

PROBABEI_TY [siommicance
FILECLUS * FAMNUM | 0.25 ) | Not Significant
{ FILECLUS * EDUC 0.70 | Not Significant
FILECLUS * LANG 0.17 | Not Significant
FILECLUS *RACE | 085 Nox Significant
%m.ﬂcws * MARTTAL | 038 | Not Significant
FILECLUS * NATION | 0.83 | Not Significant
FILECLUS * ORG | 0.000037 | siGNIFICANT

LT oy = oo i
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of those objects, and this knowledge may expedite classifying the objects in varied

. and complicated ways (Pick, 1980).

These findings also epsble one to answer the question which was vaised in the -
serature (CHAPTER 3) of whether different techniques must be implemented for
developing training and computer systems for people from different cuitures. The
same fechniques ’lepear to tmpact similarly on people, irrespective of their
background, as subjects from different buckgrounds were similarly influenced by the
company training. |

It also suppors Carroll & Thomas’s (1982) explanation that when building mental

models, metsphors are widely implicated as part of ar individual process of gr:)al
directed, learner-initiated learning, particyiarly where leamning occurs in complex
domains of high abstraction, Similarly, it shows, as Waem (1989) noted, thet a
computer system’s reality can &/fur between people because of the way a computer
is actoally used and taught. __Tﬁis finlug a. intuates the need to esiablish optimal
metaphors for teaching purpoécs in comPaﬁies as noted by several authors (eg. Fisher
& Kaplan, 1990; Hanisch et al., 1991),

The lack of significant differences between race groups in FILECLUS, after the highly
significant differences in DRWI1CLUS, 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 anbjects did not yarticipate in the
second stage, thus me'proportions of subjects in each race cetegory 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 sign..y -y ¢n e mental
models of subjects, while organisational membership is significaut, lies in the natere
of the task. The 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 oné has been taught in the organisation.
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In summary, Cluster M subjects made use of record player aml ﬁlmg cabinet
analogies, and their sketr,hes bore no resemblance fo their prtmous akatc!:es.

Members of Cluster N emplmsmed the save key locking the information Into (5

computer, and the ixternal features of the computer, fius combining compufer-

“and non-computer-based metapiors in their models, Chuster O members adopted

& more mechanical view of the computer. Technical/mechanical analogies to the
inside of 2 machine were used, ani the sketches generally resembled those of the

previous stage. In Cluster P, wires, internal features of the computer and menus |

were emphasised. Thas 2 progression from external, non-technical to interml,
techmical nmtaphors could be scen in these foor clusters. TABLE 33 provides a
 glolal view of the themes which emerged in these sketches, ond their frequencies.

Denham’s 4{_1993) asser{"pn that people adapt their mental models according to
| “the operation which is being considered is clearly indicated in the sketchw from

this stage. While paly twenty-nine of the subjects used similar metaphm's in this
stage fo the metaphors which they uscd in stage 2, twenty-thz'ee of the subjects
had to use unrelated meiaphnrs, as their origmal metaphors could wot be
extended to explain the fillng op- "ation, This ﬁndmg tias ‘:ﬂphmtzons for

rescarchers ol‘ mental mpdels, as the mudels mast be resezrched in the cnmtext |

of the task belng cousidered, and findings cannot be generalised across tasks. The
organisation to which the subjects belonged impacted on this cluster soiuﬁon,
showing that differe* ;metaphors are deveioped becavse of different
nrgamsahnn's choices in applwation packages and training that is used.
Diagrammatically, the distinguishing features of these clusters were summarised
in FIGURE 13 by « representative shietch from each cluster. :

e e,
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TABLE 33,

TABULAR SUMMARY OF THE FREQUENCIES WITH
WH}C UB. FC‘TS IN EACH FILEC CLUSTER

SOLUTI YFER I¢ IMINANT THEME,
IDENTIFIED gN THE SKEZ@E@

SMILAR 9 2 |3 2|10 23]1 2
MAGNET |11 03 23 03 0
CABINET [5 6|5 o3 03 o]
STORCOM [[2 9 {5 o|24 912 1
| wires 1 o0l3 2in 2|0 3
| Memory 10 14 1|19 {2 1
BRAIN 0 1|5 olm 2[3 o
RECPLAY 15 ofsm nls o
TECHNIC 2 (s ol of3 o
SECTION s51s ol 132 1
COMMINIC [[10 1|4 1|17 16]3 0
EXTERNAL |10 1|0 5|18 15|3 o
| FNAL 1 0|4 1(25 8§13 0
DISCS 7 4|1 4l 132 1
WIREFEED |10 1|5 o020 13]2 1 |
DISKSAVE |11 ©0{4 1|3 o3 o
FIECOP |1 o5 ol: 1|3 o
FOESEC |11 o5 ol o2z 1
CPUSEP 0 1|5 o3 2|3 o
LOCKIN 11 0(3 2[33 03 0
SAVEKEY (11 0 {3 228 5|1 2
{ MeNU ju_ofs ofs oo 3]
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CLUSTER M
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SKETCH FROM CLUSTHR M SHOWING
THE USE OF A AILING CABINET ANALOGY,

b CLUSTER N
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!
o
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1 © - S
SKETCH 19,
SKBTCH FROM CLUSTER N INCLUDING
i ANNOTATIONS REGARDING A FLE
' J LOCKING AWAY' KEY METAPHOR,
g
Ly @
P

VERVIEW OF DISTINGUISHING CLUSTER
CoARACTERISTICS RECAPITULATED BY A REPRESENTATIVE

l
’g \J FIGURE 13,

s SAMPLE OF SKETCHES FROM FACH CLUSTER WITHIN THE
s FILECLUS SOLUTION,
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CLUSTER P
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SICEICH 22,
AL MOBHL, TN A

SHOWING THE IMPACT OF EXPGSURY
0 A PARTICULAR APFLICATION SYSTEM

TN CONCERPTUALISATION OF A WHAT A

COMPUTTR LOOKS LiKE NSIDE, WHEN FILING A DOCUMENT,

FIG 13 (CONT.).
OVERVIEW OF DISTINGUISHING CLUSTER
CHARACTERISTICS RECAPITULATED BY A REPRESENTATIVE
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8.2. Relationship Between the Three Cluster
~ Solutions

 The ER— memnershlp of subjects m"’tbg}m cluster solutions {ﬂsmmus for

usershlp data; DRWICLUS for the first sketl\\@'les, and FILECLUS for faw second -
sketches) have been qualitatively and qumntatively anglyzed to determine whether
any particular experience or knowledge inﬂtmﬂbe mental models in a distinctive
manner. For ease of dmmm subject membership in the three dual gluster solution
categories, USERCLUS * DKWICI..US (FIGURE 145 USERCLUS * FILECLUS
(FIGURE 15); and DRWICLUS * FILECLUS (FIGURE 16),, were considerid.

As no slgmﬁcant dlfferences were appaient for the majority of the sacio-culmral
background variables (except for race and ‘organisativnal membership) bet'men the
clusters within each cluster soluﬂon. consideraticn of these varighles in dual
membership categones of USBRCL'!IS *DRWICLUS and USERCLUS * FILECLUS

‘would be superfluous. Further, because of the heterogeneity of the sample, the

combmauun of characteristics makes direct comparizpns beiweer: the subjects intricate
and comphcawd. Also, although the Black subjects were generally found in the less
experienced clusters, there were also many Whites in these clusters, and race could
not be parallelled with Jevels of experience or expertise, For example, the two least
experienced ¢ \sters were Clusters F and G, where Cluster F had 59% of the Black
subjects in the sample, and Cluster G harl only one Black subject, and eleven White
subjects. The discussion of results regarding dusi membership in the clusters did thus
not deal with background variables. Instead, the relationship between cluster’s
usership positions on the two-dimensional conceptual spzace aud the sketched mental
models associated with these positions, were considered.
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TABLE 34, __
FREQUENCIES WITH WHICH SUBJE T THIS
TUDY FELL INTO EAC. DUAL HIP

CATEGORY IN THE USERCLUS AND DRWICLUS
CLUSTER SOLUTIONS.

A |s |c|p | [rle
H {4 |4 (1 1|1
1 f7 [2 |3 |1 |2 o
7 I3 fa {52 |2 |9
K |1 . 3
1 || s

Clusiers (Userclus)

NS1 OO0 (K NIL

FIGURE 14,
DIAGRAMMATICAL PRESENTATION OF THE FREQUENC.:...
WITH WHICH SUBJECTS IN THIS STUDY FELL INTO EACH

DUAL MEMBERSHIP CATEGORY IN THE USERCLUS AND
DRWICLUS CLUSTER SOLUTIQNS.
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8.2.a. USERCLUS * DRWICLUS

Table 34 shows the number of subjects falling into each clnster combination from the

' USERC. JS and DRW1CLUS cluster solutions. Interestingly, the largest cluster dual-

meubesship overias for members of Cluster H {who used the human metaphor in
their mental models) were with Clusters A and B, These subjects were sitnated on the
second most expericaced position on the two-dimensional conceptual space, yet their
skeiches were the least ‘compater-related’.

Members of Cluster A, who had receivcd a high l¢vel 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 mouel of what & computer ‘does’ at this-stage. Cluster
B, whose members were slighily less expert than those of Cluster A, had most of iis
members in Clusters H and J, rather than 1 - showing a knowledge of detail and
functionsjity, explainer either in technical or human analogics. The majority of
Cluster A’s members, and all of Cluster B, C and B’s membérs 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 which were characterised by
abstract and detailed computer-based mental models. Similacly, 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




119

were Clusters A and F, Inconuastmﬁwexpectedt&hmcamyandaomyufthe
miodels, there were still several of these subjects who, as discussed pmwusly,
tnembersofClusters.H,KandL.Oﬁupcqs:bleexplmnummthatthesulgegtsfd]ling _
intotheseclusterswemﬁadfewwhodidnotw.ceiwthaaddiﬁonaltrainingﬁﬁéhthe
other members of Clusiers A and F received, or, that the training unsettled the
existing mental models of suhjécts, and they had.moved away from compyter
analogies 10 redress the ‘confusion’. It must be noted, however, that these subjects
wers only slightly more export than the remaining clusters in the USERCLUS
solution, and Cluster 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,

These findings intimate that in this sample, the users who used few application
systems had developed very ddistinct, clear metaphors of wiiat the intide of a computer
looks like, while the users who used more application systems had mental models
which were either abstract, or were ‘non-mechanical’. This may be explained in terms
of Halasz and Moran’s (1982) ¢ scussion regarding metaphors. They suggest that a
metaphor only refers to part of an unknown system, and if the metsphors 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 model.
Unfortunately, no quantitative anzlysis of tlie relationship between these cluster
solations wiis available to substantiate this qualitative assessment due to the limited
memory and CPU dme necessary for the Fisher’s exact test.

8.2.b. USERCLUS * FILECLUS

Analysis of dual memoerehip in clusters frsm the USERCLUL and FILECLUS claster
solutions were also considered. The frequency of subjects falling into each category
is presented &% TABLE 35 and diagrammatically in FIGURE 15,
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~ABLE 35.
THE FREQUENCIE

H WHICH SUB,

S IN THI,

STU’DY _FELL INTQ EACH DUAL MEMBERSHIP

CATEGORY IN THE USERCLU,
CLUSTER SOLUTIONS.

AND

FILECLUS

II A B C D E F l G
e 1
4 2 1 1 1 1 1
O 7 2 1 3 13 |5
P 3
'
»3
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>
<
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- 3
X
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Clusters (Userclus)
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FIGURE 15,

DIAGRAMMATICAL PRESENTATION OF THE FREQUENCIES
WITH WHICH SUBJECTS IN THIS STUDY FELL INTO EACH
DUAL MEMBERSHIP CATEGORY IN THE USERCLUS AND

FILECLUS CLUSTER SOLUTIONS,
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Xt can be seen in TABLE 33 that most of the subjeots felt into Clusters M and O for

 fhe second stage of sketches. More specifi nally, 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 O
(Technicalfmechanical analogies which rescmbled sketches of these subjects in the
previous stagd) Clusters, with more subjects falling into Cluster O.

All of the subjects who belonged 1 Cluster P were members of Cluster F. These
subjects who were confident, although they were mlatively naive users with limited
training and experience, referred 0 a menu which has a save key option.

T accordance with the results in the USERCLUS * DRWICLUS section, again the

sketches of Clusters A and B who were sitnated on the most experienced position on
the two-dimensional conceptual space, constituted the majority of the least ‘computer-
related’ sketches, drawing on record-player and cabinet metaphors. Large frequencies
were also apparent in the dual-memberships between Cluster O and Clusters F and G
o were the Jeast experienced users, but nsed the most meshanical-and advanced: -
metaphors. The me ~bers of Clusters ¥ and G also used very specific metaphors as
occurred before, as they only used one applicaﬁon system, and the operation of these
application systems were apparent in their mental models (fur example, a save key
and menus were mentioned).

Fisher’s exact test for USERCLUS * FILECLUS 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 ciuster
solutions did not cluster the people with similar usership background into the same
clusiers, based on their skefclies. This may be attributed to the diiferent ways in which
files were saved - for example on a personal computer (PC), as compard 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
confributed to the study by showing the effect of fype of experience of subjects.
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8.2.c. DRWICLUS * FILECLUS

Analysis of dual-memberships in clusters from the DRWICLUS and FILECLUS
solutions revealed mim‘estlng cognitive behavioural changes in response to the tasks.
The discussion which follows deals with the dual-momberships as iilustrated in
TABLE 36 and FIGURE 16.

In the first sketches by the eighty subjects, only twenty-two (27% of the sample)

included comm:mication, and twenty-seven displayed functional mental models, In the

second sketches, 34% of the sample included communication. In the previons stage,
twenty-five of the eighty subjects included the =<ternal features in their sketches, In’

this stage, twenty-one of the fifty-two subjects referred to extemal 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 of ‘what goes on insids the computer when a file is

JR— . -movedmise: difficelt i congamtzalise, and as sechmibey. drew what thessemphtasised
| in their interaction with the computer while thinking about it. They took a *when I do
X, the compnter must do Y* perspective - resulting in the need for the inclusion of

the keys which were wsed in the mteraction process. This explanation was

substantiated by comments made by the subjecis.

In the second stage of the research, during which subjects were asked to sketch the
[ inside of & computer, seventy of the eighty subjects included wires in their sketches
and oaly half of the subjects included wires in tke third stage - sketches of a computer
saving a file. The apparent decrease in reference 1o wire. .. 'y 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 & computer is’ to a *what a computer does’ perspective, as twenty-three of the
| subjects changed their sketches completely from the previons stage, This indicates the
W 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 JECTS IN THIS

- STUDY FELL INTO EACH DUAL MEMBERSHIP
CATEGORY IN THE DRWICLUS AND FILECLUS
C’LQ.STER SOLUT TONS.

J K
Cluaters (Drwicius)
NN o [dp

FIGURE 16.

DIAGRAMMATICAL PRESENTATION OF THE FREQUENCIES
WITH WHICH SUBJECTS IN THIS STUDY FELL INTQ EACH
DUAL MEMBERSHIP CATEGORY IN THE DRWICLUS AND

| FILEQLUS CLUSTER SOLUTIONS.

-
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- This transition is explicit if one cousiders the dual membershlp in the DEW1CLUS

and FILECLUS clusters shown in TABLE 36. More specifically, the functional
perspectives in the DRW1CLUS solution were all members of Clusters H a1.d J. The
majority of the members from these clustsrs fell into Cluster O (the most

mechanical/technical solution) in the FILECLUS solution, fI'he sabjects who

previously skstched abstract diagrams of what the computer {ooks like inside
{(znembers of Cluster I) appear to have had deficient metaphors that could not be

~ extended to the function of saving a file. The majority fell into Clusier O, showing
“hat they did possess knowledge of mors detril and technical aspects of the computer

thin they used in the first etches. The second largest group of Cluster I's members
c¢hose new, unmelated metaphors (filing cabinet and recori-player metaphors).
Similarly, members of Clusters K and L who had used very specific, limited
metaphors 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 dnal-
membership in their usership cluster and Cluster O, These findings affirmed Denham’s

(1993) assertion that the perspective of what & computer “is’ compared to what it |
*docs” in the*7EVious stage would impect on the extent'T5 Winch the models’ change”

Fisher’s exact test for DRW1CLUS * FILECLUS showed thas there was no significant
differences (prob = 0.981) between the categories. This shows that the clustering
solutions for the two stages were not significantly assomated. As organisational
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
compary and a functional key in another.

As could be seen from the above discussion, the tagk at hand - the selected operating
and application system(s) and the training wsed - impacted stwongly on the mental
models adopted to explain the dynamic computer processes. This is sapported by the
fact that the only variable which was significantly different betwsen the clusters in
both Cluster solutions, was organisational membership, The significance of any other
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background variables in the dual categories of DRW1CLUS and FILECLUS wete not
considered here as they were not notably significant within each cluster solution. |
Consideration of these variables may have confounded the discussion of the issue
whick was more pertinent, namely, the change of metaphor application when the task
at hand changed. -

Due 1o 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. Alse, the lack of relation between the themes and the

- socio-cultural background variables implies that socio-cultural factors do not inupact

on mental models to the extent that knowledge, in terms of experience and expertise
with the computer, do,

Although the extent of acrulturation 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’

"(€2. 'Deregowski, 1984)"Views are corfett. Thoy maintain thet humdn perceptoal’®

mechanisms are essentially the same throughout the species, Cultural influences shape
the mechanisms by accentuating certain characteristics so that different skills resalt,
but the overall message is still relayed effectiv. iy, despite the slight idiosyncrasies
common 0 the group (none of which could be identified in this study). It is also
interesting that whese idiosyncrasies associated with background vaiiables did exist,
they impacted on tie 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. As such, when v Juction of errors in complex tasks is -
considered, the training rather than background factors, is the 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 nof) be
managed. '
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CHAPTER 9 : CONCLUSIONS, LIMITATIONS AND
IMPLICATIONS OF THE PRESENT

RESEARCH

This study es.ablished similarities and differences between mentsl models, and their
association with socio-cultural background variables, Sketches were used as the
measuring instrament 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 variabie or hypothesis which is under stdy), 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 havmg certain levels of training pertinent to the use of the operahng and
application systems chose'n"%he organisation, ﬁ;c');v'lédge and expenenoe are
therefore influenced by the tasks at hand and the preference of the subjects’
superior(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 rece groips.

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 sroup and home language) were more distinet
between groups of subjects than were social class variables (education level, marital
status and number of peopls living in the subject’s residence). This could, however,
be anticipated as socio-economic class ie generally associated with vocational choice
(Kohn, 1570). Despite this, the subjects were from easily differentiable backgrounds
within the ‘range*® of levels of variables applicable to this vocationai 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 baving any preconceived ideas of which independent variables should be used
toassessﬂzemmﬂmnesanddlffmncesbetwwnﬁmmdividualdmmngs.m
clustering enabled an assessment of each sketch on a non-a-priosi basis. By adopting
this approach, similarities and differences n inetaphors and analogies used to explain

unencountered computational dynamics were identified in two tasks, Firstly, in terms |

of ‘what a computer is’,members of the different clusters used human; abstract
technical; detailed 'wchm-mechanic‘;al_; 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 a8 ‘what a compater does’
perspective, mental models were expressed in terms of recordplayerffiling cabinet;
‘save key’-based; techno-mechanical and menu-based metaphors,

In both stages which entailed sketching, it was found that subjects who used few

~ (umally one) applicatidn and operating system(s) used explicit, detailed metaphors in

their mental models. In contrast, thosé who used many Spplitation systerhs @dcpred
broadly applicable, non-explicit mc "2ls, showing a combination of features derived
feom the various systems, Halasz and Moran {1982) note that a metaphor only refers
to part of an unknown system. They explain that if the wataphors differ vastly for
different applications, the novice may not know which aspects of the models are
applicable to other sitnations, and may thus resort to the use of a very broad inodel,
The impact of the adopied operating and application systems on mental waodels was
further confirmed in the third stage. Here subjects sketched whet they encountered in
their interaction with the comi;uter while thinking ahout it - 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 inieraction process) in their mental models. The
results regarding expertise concur with those of past researchers -as subjects” cxpertise
increased, so did the accurac and applicability of their modely.

Theres was a significant shift of approximately half of the subjects to the use of new

L)



PR
o

e
ol
i

128
metapiiors when conceptualisation of the inside of an inactive comsputer 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 absiract views of what a computer *is’, to be

inadequate when describing what it ‘does’.

It it of interest to note that where idiosyncrasies associated with background variables
did exist, they impacied on the simplor 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 to 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
teaifing-engehd&red wetaphors Milidaes TR Thdust il psycIoRIBISTOr ttainey Can
inflvence usability of systems by optimising training offered. Fortunately, socio-
cultural background, which cannot be changed by organisaticns, does not impact on
critical tasks.

When analysing cluster solutions, the threat always exists of clustering occniring as
an artifact of the scoring methods used, rather than of the actual sdributes being
_measured. In the present research, themes .and overall trends were exsily identifiable.
Also, simijarities and differenc>s between the clusters in each cluster solution were
clearly distinguishable in terms of mental model metaphors, This impifes that the
former did not distori the findings, The ease with which these themes could be
identified by the three raters implies the usefulness of sketches as & measuring
instrument for the investigation of mental models. Tt is, however, suggest=d that &
descriptive paragraph be included in the instrament, as in the present research,
because these descriptions played a vital role in clarifying issues and elaborating on

@ g
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the reasoning behind the inclasion of the annotated features of the sketches.

Theremﬂtsofthissmdydamcurmﬂlthmofpastresearchandemergmg

.assucianonsbetweenhackgronndandmentalmodelscanbeeasﬂyexplmmd

However, as ia all regearch, several LIMITATIONS exist in this stody.

This study is limited in that ity findings are only generatisable to South African,
urban, clerical level workers. Also, as socinl class appears to impact on an individual’s
vocational choice (Koks, 1970), the levels of the socio-economic variables were
broadly distributed within a limited range of values applicable to a working-class (as
oppesad to widdle or upper-class) sample, Further research is nscessary to establish
whether socio-economic variables beyond this limited range are asscciaied 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 varizble levels
which werr considered. As such, more accurate data anatysis was not possible - more

a“w o © W e SRR S Co o e W..- ke s e RTINS e me g w-mw i -nmmww

speciﬁcally, the Fisher’s exact tec - the fost appropriate statistical angiysis technique
for the present research - could not be conducted on several background variables due
to the limited CPU time and memory available. Although the chi-square test over-
comes these problems, it could not be implemented due to the heterogeneity of the
sample (which decreased the frequency of subjects per ceil). A further limitation of
this stady, which also prevented the use of chi-square procedures, 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 stape 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, ‘aore systematic testing of
the hypotheses which can 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 21 mental models implies that
language may also impast 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 Fisher’s 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 hypothesis which
deserves further attention is one explored here, within a limited range, namely ‘social
class impacts on mental model formation’.

‘The findings of this research should benefit computer-users and writers of computer
training packages in their understanding of the users’ needs regarding programmes.
'The finding that training impacts on mental models reganding 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

t6 metal O30 ST Gortpiior dyRAmicy for complex tasks. Thesgite this, it dispatgy™ ~ ">

the past view of generalisability of findings regarding mental models of situple tasks
(for example, describing the inside of & computer) as background variables such as
race do impact on these models. Further, it reveals that generalisability of mental
models cannot be assumed across tasks, as metaphors which are adopted are specific
to the task to whick they are applied, This study also has iraportant implications for
further research conducted on mental models, using sketches as the measuring
instrument. It substantiates the validity and reliability of this technique.

These conclusions should broaden the specttume of ideas which researchers,
ergosomists 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.” Similardy,
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. | |

Stable Charueteristics :
AmﬂmfwmmhmmeMwhmhmfmﬁshMﬁthmMmymdnmmm Extroverted
people have 1 higher stress tolerancs, aud are more abls to accept a computer systemn with threateniug sror messages than
an introvert is, Also zelated is the fear of faflure, whick can cause individuals to underachievs. In the classroom, compstition
Emongst peers incresses this problem. (Wasm, 1989)

Copnitive and Styles :

Bather (1988) notex that novices at cotnputer systems perceive their own working memory capacity as very small, They have
1o process each new ftem sepsrately, At first, even the legom rocedure may sxceed their working memory capacity, Baperts
differ from riovices in tioms of their declaraiive knowlsdge (knowledge of facts in ths world) and their procedural knowledge
(what they can do in the world). Declarative knowledge can be transformed into procadural knowledge fiwough leaming,
(Barber, 1988)

The difference butween procedural and declavative knowledge should be considered ic the dewign of the computer and its
instructions, Declurative knowledge i2 necessary for leaming new concepts, but it is slow to use when action is required.
Procedural knowledge can be applied quickly since the user need not attend to esach single aviomated procedure, Systems
should therefore facilitate the scquisition of procedurs! knowledge as fer as puré system handling is concernsd, Some
declarative knowladge is imgortant to allow the nser to compers different methods for different situations, and to approsch
new tesks,(Basher, 1488)

Fleld (in)dependence refers to people's susceptibility to contextual clues, Field dependent people are generally affected by
context, another ares is *visnalizers® (preference for direct manipulstion of icons) and “vesbalizers® (preference for verbal

w:mnands).'!heﬁmldiffmwhch“(m {1989) discussex is 2 tendevicy towards reflective or impulsive behaviour, A
" retiecave periontw il Bvalfute B problem moro then m impulsive psreon, The former therefore may make fewer errors, but

willtakchngerlomlvemmpleproblems It iz, however, preferable for complex tasks in which several sltesnatives must bs
considerad bejore sction can be taken,

Selective attentlon occurs when ome atiends to the immediaze problem, but forgats the ather relevant factors.{Norman, 1988)
Buarber (1988) explains that the user has two subtasks with which to contend. One is ihe tack o bo performed, and the second
§¢ handling the computer system. If both these tasks sequire sttention, performancs on one is likely to suffer - particularly if
the pergon is stressed, unmotivatad or anxior. In such a case, the computer may help the user with reminders or checks of
deteils that may be essily forgotten, Norman (1988, p180) states that "the best computer rogramntes ara the onss in which
the compnter itself "disappears”, in which you work ditectly on the problem without having to be aware of the com, 2x." If
peaple user help lines, the slight interruption may result in "cogaitive disappesrance" of the figurs the user is working on. A
good gystem should sliow for a quick refreshing of the screen without help lines, or the user will Jose track of his construction,
Alteratively, the help lines could be displayed on ane section of the screen, with the figure in sather,

Paople leamn by doing Ly means of either 'systemiatic’ or ‘heuristic' problem-solvipg styles, Systematic people use sbstract
logical models, whereas heusigtls learners use past intnition. It i, however, important to note that tasks may differ : well-
structured task are best handlod by a systematic spproech, whereas decision mtaking tasks in an uncestain, ill-stractured
environment are best handlsd with a hewrlstic approach. She states that "people of & more intuitive or heuristic bent mey be
st & disadvantage in handling computer systems.” (Wsem, 1989, pl16) Barber (1988) siates that the first impression a novice
has of the computer will determins both the goal ki sets for himself and the efforts he will expend on his first attempt. This
is related 1o *metacognition’ - the way one perceives onss cognitive capacity, Tt is not always sffective since the feedback
obtsived from 2 situation is often Mmadequate, People who believe themselves to bs good at problem solving will pursue a
single spproach to a problem, and will tackle the problem more systematically than people with lower estimations ot‘thmr
cognitive capacities,
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 ABPENDIX 2 (Cont)
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APPENDIX 4

\'_\.\

QUE mmémg TO DETERM B&gxgnmm é POS 9_13 gg_;mg
SUBJECT ON THE TWQ DIMENSIONAL (! wwﬂw
naive-expert); ¥

Subject Name,__ _—— Race,
Subdject SJumber______ ___ Gender
Age SO _ Nationality
Home Langua.ge ' | '
Education__ .___

Marital Status

6] How flexible are the task goals in. the tasks you experienced? (Were they fixed,

- 8] Have you written any programmes on iz computer ? If yes, in what language?

DEMOGRAPHIC DATA.

Living Conditmns (number of people staymg togethnr)

 USERSHIP DATA:

11 Over what time period (please specify if stated in years or months) have you used
a computer ?
2] How frequently did yon use the computer in the sbove meniioned 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 ?

routine tagks, or did they allow for flexible, creative input?)
7] Have you received any prior trairing in Computer Science? If yes, please state what
the training was, and whether it was formal or informal,

9] What computer training did you receive in this company and When?
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(NOTE : the Question..aires Shown in Appendix 5 and 6 were Produced both in English and
in Afrikzans, and subjects could Answer in the Language of their Choice.)

APPENDIX 5 |

1) Do NOT discuss what yon are sketohing with anybody.

Z]M Draw the ‘inside of a computer’ (the part which is responsibie for
eommumcaung betweenthekcyboardandthemen}inawaymat astrangerwould
recognise it", There is no ‘right’ or ‘wrong’ answer. Sketch what you believe ‘exists under
the lid’ ofﬂiecmnputer

3] ANNOTATE : Label your sketches where possible.

4] EXPLAIN : At the back of this sheet of paper there is & block, with lines. In this stac&.
please write a paragraph explaining what you have sketched.

SKETCH AND ANNOTATE (abel)

A PARAG E G YOUR SERTCH ¢
Say what the different things that you have drawn do.
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TATED SKETCHES
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1] Do NOT discuss what you are sketching with anybody.
2] SKETCH : Think back to your previous sketch of the ‘insids of a computer’ (the paif
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 was saving a file called XXX. Remember, there is no ‘right’ or “wrong’

3] ANNOTATE: Label your sketch.

4] EXPLAIN : At the back of this sheet of paper there is 2 block with lines, In this space,
please write a paragraph explaining what you have sketched. .

SKETCH AND ANNOTATE (abel)

WRITE A PARAGRAPH EXPLAINING YOUR SKETCH :
Say what the different things that you have drawn do.
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