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Abstract

The topic of this thesis is users’ models: the representations users may form of
the computer system which they are interacting with. It has been proposed
that user interfaces which support the construction of appropriate users’
models facilitate learning and use of computer systems. Users’ models have
been a topic of research in human-computer interaction (HCI) since 1984, but
to date, no knowledge exists which could be applied by designers of
computer systems. The aim of the thesis is to address this problem and
contribute to the development of an integrated and applicable body of
knowledge on users’ models.

The thesis commences with an examination of the history and current state of
the discipline of human-computer interaction to establish the context and
determine the appropriate methods for conducting research on users” models.
Since mental representations and mental models originate from the related
disciplines of psychology and cognitive science, the review of the literature
starts with an outline of the relevant theories, followed by a review of the
theoretical and empirical work to date on users’' model in HCI. The review
concludes that more exploratory empirical work is required to obtain data
from which evidence for, and descriptions of, users' models could be derived;
however, suitable methods for eliciting and describing users” models have to

be devised first.

The second part of the thesis describes a series of five observational studies of
users interacting with application software. The studies employed different
scenarios, ranging from traditional experimental-style scenarios, with users
working through a series of tasks, to constructive interaction scenarios, where
users interacted with a co-investigator playing the role of a learner or co-
learner. All studies were recorded on video, transcribed and analysed.
Advantages and drawbacks of the scenarios for eliciting users’ models are
identified and discussed. The analysis of the tapes and transcripts provides
some evidence of users’ models; the conclusions of the thesis provide an
outline of how theories regarding users’ models can be formulated, and

tested, using the data collected.
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1 Introduction

The introductory chapter of the thesis serves two purposes:

(1) to provide background information on the context and motivation of the

work described in the thesis;

(2) to offer a summary guide or map through the argument and research

work presented in the remaining chapters.

1.1 Background

My own interest in human-computer interaction (HCI) in general, and users' models
of computer systems in particular, dates back to the early 1980's. As a psychology
undergraduate in Germany, I acquired my first PC and version 1.0 of the same word
processing software which has been used 10 years later to write up this thesis. The
purchase was motivated by the wish to reduce the time and effort spent on certain
tasks related to my studies and the work which sustained me through my university
years: producing course assignments, translations, and teaching materials for
evening classes. Users of word processing software were enthusing about the
amount of time saved on copy-typing and error correction; thus, I bought a
computer expecting work to become less laborious and more fun. I wanted to spend
more time and effort on the conceptual aspects of the document production task
(planning of document structure, formulating text, etc.), and less time on procedures

related to its presentational aspects (copy-typing, applying correction fluid, etc.).

The acquisition of a computer did result in lower consumption of correction fluid -
but this seemed due to the difficulty in obtaining printouts to which the fluid could
be applied, rather than the ease with which typing errors could be corrected. Much
time was spent on consulting manuals to find out how to instruct the computer to
perform familiar typewriter actions. The jargon in the manuals and the cryptic error
messages added to the mystery of the system. Green (1990) later summarised this
experience in the term wviscosity: users struggling to identify the procedures required
to make the system perform actions for a real-world task. The time and effort saved

on repetitive and time-consuming procedures on the typewriter, such as copy-



typing, was exceeded by the time and effort spent on identifying and learning the

procedures required to achieve a similar result using the word processor.

Not having Green’s (1990) depth of understanding about the cause these problems, I
attributed them to my lack of knowledge about computers. The next step therefore
was to attend training course, where I encountered other users, many of them
successful professionals and business people. They wanted to learn the system for
the same reason: to cut down on tiresome routine tasks and gain time for the
primary aspects of their work. Most of them also reported the same problems. The
course taught procedures for the most frequently used functions of the software,
which were easy enough to learn and recall. However, when trying to transfer those
procedures to a slightly different task, or recover from an error, it was back to

manuals and trial-and-error.

As a student of psychology specialising in industrial psychology, I was aware of
theories of learning and instruction. The problem with the training programme and
manuals seemed to be that, whilst providing an effective drill in the basic
procedures required for a number of standard tasks, they did not furnish users with
an understanding of how the system worked. Consequently, transferring learnt
procedures to another task, or recovering from error, was therefore difficult to

impossible.

Training courses and manuals for software products might therefore be improved
by basing them on an instructional approach that went beyond the procedural drill,
and provided new users with a conceptual understanding of the system. A
conceptual understanding might take the form of a map or overview of the system,
and explanation of what effect procedures had, rather than just showing how to

perform them.

German academic psychology, a few Gestalt theoretical schools apart, is firmly based
on positivist philosophy of science, and therefore takes a hard-line empirical
approach. Only knowledge gained through experiments (preferably in a highly
controlled environment) could provide a basis for developing a new training
approach for computer software. Just because the benefits of concept-based learning
had been demonstrated in science education and the training of process control

plant operators, one could not assume that it would help with the understanding of

2



computer software. Before designing a new training approach, I had to demonstrate
that a conceptual understanding of a software system did indeed provide benefits
over a purely procedural drill and resulted in improved user performance. Thus, I
devised a comparative study of procedural and conceptual training for new users of
word processing software for my final-year psychology project. The German
professors failed to see the potential scientific contribution of such a study at the
time', but I was able to conduct it as an M.Sc. project at the Social and Applied
Psychology Unit in Sheffield. The results confirmed the main hypothesis: even
though there was little difference in performance on control tasks during the early
stages of training, subjects in the conceptual condition performed significantly better
on transfer tasks and made significantly less use of the help system and related
external materials - such as crib cards - throughout (Sasse, 1986). A second,
unanticipated conclusion from the project was that training was not the best way to
improve the lot of computer users. Users often made errors as a result of plausible
reasoning about the workings of the system, based on their observation of its
behaviour. After exploring a number of software applications in depth, the
conclusion was that improving the design of application software systems might be
more effective than training (Sasse et al., 1988). User training may alleviate some of
the problems caused by inappropriately designed software, but it is a case of
treating the symptoms rather than the cause of users’ problems. The potential gain -
in terms improved user-system interaction — from shaping the tool seemed greater
than the gain that could be obtained from shaping the users. This started an
investigation into ways of improving the design of user interfaces to application

software, one of the central concerns of HCI.

' The professor of occupational psychology, an expert on mentalistic learning (executing procedures
mentally only — an approach mainly used by athletes to prepare for competition without the risks of
wear and tear endemic in physical practise), suggested it would be more interesting to compare the
effects of mentalistic vs. hands-on training for new computer users. It is difficult to envision an
appropriate experiment (“lmagine nioving the cursor over the character and pressing the DELETE
button”), but given the recent rise of repetitive strain injury (RSI) in computer users, he may have

had a point.



1.2 Map through the thesis

1.2.1 The research context

When the work for this thesis began in 1987, HCI was still struggling to establish
itself as a topic in academic curricula. Early HCI research was conducted in both
psychology and computer science departments. For a trained psychologist,
remaining in a familiar environment to conduct this type of research might have
been the obvious choice. The decision to opt for the unknown, but potentially more
fertile, ground of a computer science department as home for this work was
influenced by the debate about the raison d’étre and direction of HCI research
conducted at the time. A summary and discussion of that debate, and the
conclusions for the research topic of this thesis, are presented in Chapter 2; the main
motivation for conducting HCI research in a computer science environment was that
“design is where the action is” Newell & Card (1985).

The route to changing the way in which computer systems are designed is via the
minds of the people who design them. A computer science department offered the
chance to “go native” and work with designers to computer systems and user
interfaces, learn about their language, culture, and view of the design process. Thus,
I took the opposite direction on the ethnomethodology trail blazed by Suchman
(1987) and others, who proposed that designers or their agents should use
anthropological methods to gain an in-depth understanding of users’ culture,
language and task as a basis for system design. In addition to helping me to gain an
understanding of how designers work and think, the move provided a welcome

opportunity to build up my own knowledge of the “C” part of HCIL.

Even though this sojourn was not without friction’, T still feel strongly today that
such an understanding is an essential first step to getting HCI knowledge and

practice into the minds and hands of designers. In addition, staying close to the

" Not all computer scientists appreciated HCI researchers invading "their" territory. The objection I
most frequently encountered during my time as a PhD student was the one raised Newell & Card
(1985): that HCT was "too soft" to be incorporated into computer science or system design. Members
of the departmental hacking fraternity referred to people without a computing or science degree as
"basket-weavers”. I was quite fond of this label, since ironically, most work in computing,
particularly programming, is craft- rather than science-based (see 2.2.1).



action in system design seemed to be the best safeguard against conducting HCI
research whose results come too late to be incorporated into the design of next

generation of computing technology (Newell & Card; 1985).

1.2.2 The research topic

The choice of mental models as a basis for designing more usable software systems
was, in many ways, a logical progression from my the previous investigations of
procedural and conceptual training (Sasse, 1986; 1988), but the inspiration to pursue

this particular topic can be traced to two presentations at the 1986 Annual

Conference of the British Psychological Society.

At the conference, Philip Johnson-Laird received the President's Award for his
theory of mental models. The theory (Johnson-Laird, 1983) states that people
construct working cognitive representations of phenomena they interact with from
procedural building blocks, via the application of a set of rules. These
representations — mental models — therefore accommodate both procedures and
conceptual structures. The theory has the potential to explain observations from
instructional practise. One of those observations, demonstrated by Johnson-Laird
himself in a number of experiments, is that people can process identical information
differently, and show differences in performance on the same task as a result.
Differences in processing of procedural building blocks lead to the construction of
more or less appropriate mental models, which in turn lead to differences in
performance on a task. The differences in processing are linked to the extent to
which incoming information is associated with already existing knowledge. One of
the main advantages of Johnson-Laird's (1983) theory, as discussed in more detail in
3.2, is that it offers a description of what mental models look like and how they are
constructed. It is therefore possible to derive hypotheses of how the construction
process might be influenced to facilitate the construction of appropriate models. The
empirical investigations on which the theory is based have, however, been limited to

very a specific task domain, that of syllogistic reasoning.

Norman & Draper (1986) applied the notion of mental models to HCI, to bridge the
gap between designers and users of software systems. A designer will have formed

a working model of a system she has designed. Users, learning to operate that



system through interaction and/or some form of instruction, will form a working
model which is different from the designer’s. The fact that the models are different
is not necessarily a problem; the problem arises when a user’s model is
inappropriate. The observable effects of users building a model which fails to
support their interaction with the system range from selection of inefficient
procedures for completing tasks to severe disruption or breakdown of the
interaction (errors and problems with error recovery, inability to identify requested
functionality). Norman & Draper (1986) proposed that designers could facilitate the
construction of appropriate users' models of a system through the design of its user
interface. The designer can decide on an appropriate model and structuring the
presentation of information and user-system interaction accordingly. The idea of
conceptual design approach is appealing, but - as discussed in more detail in Chapter
4 — it was presented as a concept only, without sufficient procedural support in the

form of guidelines or examples to be immediately applicable’.

The research project described in this thesis was undertaken with the aim of
generating HCI knowledge which could contribute to putting the conceptual design

approach into design practise, i.e. the minds and hands of designers.

1.2.3 The results of the literature review

Any research undertaking commences with a critical review of the relevant
literature on the topic. The review of the literature on users’ models in HCI (in
chapter 4) is divided into two parts: (1) a review of the theories of users” models, and
propositions how these theories could be applied; and (2) a review of empirical

investigations of users’ models and the knowledge gained from them.

The analysis of existing theoretical contributions uncovered a range of theories on
the nature and working of users' models. Some of these theories are overlapping or

complementary, but there is also a fair amount of contradiction. This epistemic state

" The discovery that it might not be straightforward to put this idea into practise came early days of
in my PhD research. All excited by the idea of conceptual design presented in Norman & Draper
(1986), I tried to convert a designer and fellow member of the department to this approach. He

thought about it for a while and then said "All right — I'll try it for my next system. Just tell me what |

have to do to get the right conceptual niodel.”



is reflected in the terminological muddle presented in the literature. Similarly, the

survey of empirical studies revealed fra gmented and contradictory evidence.

The conclusion from the review of theories was that, whilst there was general
agreement among the authors that users' models do exist and influence user-system
interaction, there was no agreement about the actual form and working of those
models. This state can be attributed to a lack of the most basic substantive
knowledge about users’ models: convincing evidence that they exist, and testable
descriptions of how they work. The requirement for this substantive knowledge
was confirmed in a survey of mental models in HCI by Carroll & Olson (1988).
Their 11 important research needs - essentially a research agenda for producing
substantive knowledge about mental models - inspired one of the two major strands
of my own research agenda: to provide evidence and descriptions of users’ models.
The second major strand was prompted by the review of the empirical studies
undertaken up to that point in time: to provide valid methods for producing such

evidence and descriptions.

1.2.4 The research method

The review of the empirical studies of users’ models raised a number of
methodological concerns. As discussed in Chapter 5, users’ models are internalised
cognitive representations, and therefore not directly observable. The existence of
such models is therefore inferred from a range of observable behaviours displayed
by the users. A description of users’” models will be a researcher’s externalised
conceptualisation of users' internalised models. The methodological concerns raised
in Chapters 4 & 5 are (a) which observable behaviours displayed by users can be
used as evidence for the existence of internalised models and basis for

conceptualisation; and (b) the circumstances under which users' observable
behaviours — the data — can be elicited.

The aim of the research undertaking was to find evidence of users models and

generate descriptions of them. The research method chosen to address this question

was based on three major concerns:



(1) Given that there is no universally accepted research instrumentarium in

the emerging discipline of HCI (see 2.3), the research method should be

chosen to suit the phenomenon under investigation.

(2) Since existing HCI knowledge about users’ models was fragmented, with
anumber of theories which are neither complementary nor competing, an
experimental approach testing hypotheses did not seem the most
appropriate strategy (see 4.4). Rather, an exploratory approach was
required in which user behaviour would be screened for any evidence of

user’s models, using any method of description which seemed suitable.

(3) Since the relationship between observable user behaviours and users’
internal representations had not been established sufficiently to rely on
one particular type of behaviour as indicator for users' models, it seemed
prudent to capture and analyse a range of observable user behaviours

(see Chapter 5).

A core contribution of the research work described was to devise a range of
scenarios, and determine their potential for eliciting users models. To ensure that
the results would be valid and applicable, real software systems, tasks and users
were investigated. Detailed reports of the use of each of the scenarios, and
observations made on users' models, are presented in Chapters 6-10. The aim was to
capture a substantial amount and range of relevant data, which could be used for

HCI research on users” models.

1.2.5 The results of the empirical studies

A summary of the methodological and substantive knowledge collected in the
studies is presented in Chapter 11.  On the methodological side, the studies
demonstrated that constructive interaction scenarios are most suitable for
exploratory studies, i.e. eliciting users’ models. They require careful planning and
execution, and the effort involved in preparing and analysing the data collected is
substantial. Structured scenarios which aim to test users’ knowledge require less
time to prepare, conduct and analyse, but have to be carefully targeted otherwise
they may yield less information about the content or form of the model. Most of the

substantive knowledge is, at present, still contained in the data collected. Ideally,
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the videotapes should accompany the thesis. Since this is not feasible, transcripts of
all experimental sessions are provided in a separate volume. Examples from the
studies illustrate how descriptions of users’ models can be derived to form the basis
for theories which can then be tested against the data. It is argued that this
approach to formulating and testing theories of users’ models - adapted from the
social sciences - may offer a long-term perspective of integrating the currently

diverse knowledge on users’ models into an applicable body of HCI knowledge.



2 The Research Discipline of HCI

The purpose of this chapter is to establish the disciplinary background and context
for the research undertaking presented in this thesis. HCI has a multidisciplinary
background and a relatively short history as an independent research discipline. Its
raison d'étre is to provide knowledge and methods for the design of usable computer
systems; hence, the effectiveness of the discipline will ultimately be judged by the
usability of computer systems which are being produced. This means that to
succeed, the discipline not only needs to establish a body of knowledge, but to
ensure that this knowledge is applied successfully by those who design and build
computer systems. There is currently no consensus in the discipline as to the
research strategy and methods by which this can be achieved; therefore, a decision
about research strategy and methods needs to be made by the individual researcher

for the specific topic under investigation.

2.1 Brief history of HCI

Over the last three decades, computers have become an integral part of many
people's jobs. Most organisations have introduced computerised systems, expecting
to improve productivity by speeding up work cycles, reducing the number of
repetitive tasks, and increasing employee flexibility. More often than not, however,
the introduction of computer systems did not meet these expectations. Even in
organisations which planned the introduction of their systems carefully, many users
of the new technology encountered problems. Whilst technology suppliers initially
attributed many of these problems to technophobia or resistance to change, user
organisations often discovered that employees had been left to struggle with

systems which were difficult to learn, difficult to use, and did not provide
appropriate support for their tasks.

Before the start of the microcomputer revolution of the seventies, most computer
systems were designed by computer professionals and used by computer
professionals. With the spread of personal computers (PCs), the user population

expanded to include people who were experts at their own jobs and not computer

professionals. This new generation of users had neither the time nor the motivation
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to acquire extensive background knowledge in electronics and programming: they

wanted to use the computer as a tool to help them do their work more effectively
and efficiently. The discrepancy between users’ expectations and goals, and the
usually frustrating experiences resulting from attempts to use computer systems, set

the background for the emergence of a new research discipline: human-computer
interaction (HCI).

The speed of hardware development and increasing competition amongst suppliers
meant that the cost of hardware decreased in real terms. Perceived user
requirements began to replace hardware constraints as the dominant influence on
the software development process. Users’ buying decisions shifted from being
hardware-led — select hardware, then find or commission suitable software — to
being software-led — select a suitable software package, then buy the hardware
needed to run it (Grudin, 1991). Terms such as user friendly, easy to learn and easy to
use are important marketing tools today’, and software companies attach much
importance to the look and feel of the user interfaces of their products’. The user
interface has become a major determinant of the success or failure of computer
systems (Gaines & Shaw, 1986). With both industry and users looking to HCI
researchers and practitioners for guidance, HCI is very much an applied discipline,
and its raison d'étre is to provide knowledge and tools for the design of usable

computer systems.

HCI in general, and the design of “good” user interfaces in particular, has been an
extraordinarily popular area of research over the last 10 years. The subject has
attracted researchers and practitioners from mainly three established disciplines:
psychology, computer science, and human factors or ergonomics. These disciplines
have contributed to HCI from its early days. More recently, there has been research
input from the fields of sociology, anthropology, linguistics, organisational
behaviour, fine arts and various design disciplines. The number of publications in

the field has soared, journals and book series specialising in HCI have appeared.

* Viz the — unsuccessful — attempt of one manufacturer (Amstrad) to trademark the term wser

friendly for its products in the early nineties.
* Viz. the — unsuccessful — attempt of one software company (Apple) to sue a competitor (Microsoft)

over copying the look and feel of the user interface to their operating system.
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The professional bodies of relevant disciplines have established specialist groups.
HCI conferences are held regularly at national and international levels. HCI courses
and options are taught at higher education establishments all over the world. Whilst
there can be little doubt that HCI has established itself as a discipline, there has been
some argument over the nature of the discipline, and how its research should be
conducted and communicated. The following section examines the different
positions with a view to establishing the disciplinary and methodological

background for the specific research undertaking presented in this thesis.
2.2 Defining the nature of the discipline

2.21 HCIl as a science

The view of HCI as a science in the traditional sense was put forward by Newell &
Card (1985). The authors' position was based on their concern that psychology - a
“soft” science contributing to the “H” part — was about to be pushed out of HCI by
the “hard”, formal contributions of the “C” disciplines. To counteract this
development, Newell & Card (1985) proposed a programme to transform relevant
psychological knowledge into a “hard” science, by providing engineering-style
theories of the user which could be applied by designers of new technologies. Clearly,
the authors — both researchers with a long-standing interest and scientific record in
psychology and among the earliest contributors to HCI — were worried about the

validity and applicability of psychological research in HCL.

During the early days of HCI, there had been much interest in the psychological
view of usability problems, and plenty of opportunity to conduct research and to
publish the results. Designers looking for guidance and advice on how to design
more usable systems, however, were unable to apply this research to the design of
novel products. Most experimental results were obtained under conditions too
specific to generalise, and originated from work with obsolete technology. At the
same time, available design guidelines were too high-level to be applied to specific

design decisions, and often contained conflicting recommendations.

Newell & Card (1985) detected increasing scepticism amongst designers towards

psychological contributions to HCI, and feared that they would look for more
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formal, scientific methods (such as formal specifications) as a basis for designing
user interfaces and structuring user-system interaction. As a result, psychological
concerns would be excluded from the design process. To safeguard psychology’s
future in HCI, the authors proposed a programme to turn relevant psychological
research into a “hard” science, capable of supporting decision-making in the design
process. This could be achieved by incorporating psychological knowledge in
models and design tools used by designers. The framework for the construction of
such models and tools would be an engineering-style theory of user behaviour, based

on:

(1) task analysis: symbolic descriptions of tasks from which user behaviour

can be predicted;

(2) calculation: prediction of user behaviour through explicit operations on

mathematical models;

(3) approximation: acceptance that such calculations can only be approximate

because of the complexity of human behaviour.

It the notion of approximation which makes this approach an engineering-style rather
than a purely scientific one. An example of an engineering-style theory available at
the time were the authors’ own GOMS and Keystroke-level models (Card, Moran &
Newell, 1983). The authors conceded that these models had been criticised - by
designers — as being:

e too low-level;

e too limited in scope;

e focused on outdated technology;

e too difficult to apply.

Therefore, their own models suffer from very similar shortcomings to those which
Newell & Card (1985) diagnosed in the psychological contribution to HCI in general.

They proceed to outline how these limitations could be overcome in subsequent

engineering-style models.

According to Carroll & Campbell (1986), however, their programme failed to redress

those shortcomings. Jack Carroll and a team of fellow researchers have contributed
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a large number of exploratory, qualitative studies of user-system interaction (e.g.
Carroll et al., 1985; Aaronson & Carroll, 1987). This line of research, they argue, had
produced valuable applicable knowledge about user-system interaction.
Consequently, they dismiss Newell & Card's (1985) call to harden psychological

science in HCI by imposing severe methodological strictures as

“... ritual scientific flagellation ... [and] a source of intellectual overhead periodically

encountered by scientists ...” (p. 227).

Carroll & Campbell (1986) denounce the labelling of the different approaches as
“hard” and “soft” as a semantic sleight of hand, which places anyone conducting
HCI research outside the engineering-style framework in the unfortunate position of
advocating “soft science” — a chip on the shoulder of many psychologists, often
accused by other scientists of practising anything but proper, “hard” science. This is
rather ironic, since most work in computer science is actually “soft” by Newell &
Card's (1985) standards - based on informal observation and exploratory
programming, rather than scientific experiments and inference’. The survival of
psychology in HCI may therefore not depend on its ability to deliver formal
descriptions and approximate calculations. Quite to the contrary: restricting the
psychological contribution to knowledge in this form would mean discarding a
wealth of applicable information about users, and therefore reduce psychological
input to HCI. Carroll & Campbell (1986) suggest that, rather than reducing the
psychological contribution to HCI to quantitative measurements and calculations,
psychologists should ensure that the value of explanatory, conceptual HCI research
(in the vein of the studies performed at the IBM User Interface Institute throughout

the eighties under Jack Carroll) is recognised and applied.

* They could call on evidence from computer scientists such as Abelson et al. (1985), who state that:
“Underlying our approach to this subject is a conwviction that computer science is not a science [...] [it] might
at best be called procedural epistemology — the structure of knowledge from an imperative point of view, as
opposed to the more declarative point of view taken by classical maﬂwmalﬁcal 5ubfiects. Mathematics provides
a framework for dealing precisely with notions of ‘what is’. Computation provides a framework for dealing
precisely with notions of "how to”. p. XVI
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Both sides in this argument see HCJ as a science

and agree that the future of the
discipline de

pends on its ability to deliver theories and tools which support

designers in their efforts to produce usable systems. The disagreements are over

* the types of theories and models that are applicable to design;

* the type of data to be used as a basis for theories and tools;
e the method and context of enquiry used to procure those data.

According to Newell & Card (1986), theories have to be technical, i.e.

... formal, manipulation-oriented, idealised approximations, whether they are

symbolic, structural, or numerical in form and whether they use rules, theorems,

grammars, simulations, or formulae.” (p. 259)

Empirical HCI research should follow the traditional science approach and collect
quantitative data as a basis for building and evaluating mathematical models.
Carroll & Campbell (1986), on the other hand, advocate conceptually deep,
explanatory theories of how humans interact with machines. Since HCI researchers,
like psychologists, are in no position to observe mental processes directly, it is

necessary to collect “all the information we can get.” (See Table 1 for a summary.)

Authors | Newell & Card (1985, 1986) Carroll & Campbell (1986)
Types of theories engineering-style conceptual
predictive explanatory
Models employed idealised approximations none specified
Context of enquiry traditional scientific observation of real-world tasks
experiments
Data collected quantitative qualitative
performance data such as any observable behaviour, incl.
times, errors verbal protocols

Table 1: “Hard” vs. “Soft” science in HCI

In their response to this counter-proposal, Newell & Card (1986) point out that they
do not reject qualitative research as such. Both quantitative and qualitative research
have a place in HCI, since observations and detailed descriptions of phenomena

provide the foundations of any research activity. Their central criticism of the route
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proposed by Carroll & Campbell (1986) is that it does not progress beyond the
informal, qualitative stage:

i

- 1t is necessary to move beyond informal description to technical theories of
mechanism. Our fear is that, without taking the next step, the account attempted of

behavioural phenomena can degenerate into woolly verbal argument protected by ad

hoc adjustment — to anecdotal science.” (p. 260)

There certainly is plenty of anecdotal science to be found in HCI, and the discipline
has suffered its fair share of woolly verbal arguments in the past, never resolved
because the differing views were not formulated clearly enough and put to the test.
This state of affairs does result when recommendations are solely based on
explanation derived by intuition, and justified with selected clips from subjects’
behavioural or verbal protocols. The central weakness of Carroll & Campbell's
(1986) argument was that they gave no indication of how their research should
progress from those informal descriptions — a shortcoming they subsequently
addressed by formulating their view of HCI as a design science (Carroll & Campbell,
1989; see 2.2.2).

On the other hand, the approach advocated by Newell & Card (1986; 1985) harbours
its own dangers for the discipline. Chief amongst these are the temptation to
formalise phenomena before they are sufficiently well understood, and abstracting
complex phenomena (such as human reasoning) into simplistic, mechanistic models.

As Green et al. (1988) point out:

"

.. when the material to be formalised fails to conform to the expected structure,
formal systems encourage ingenuity in squeezing difficult material into shape rather

than rethinking the system and developing a better approach.” (p. 3)

Application of quantitative methods to behavioural and cognitive phenomena
which have not been sufficiently well described and understood can lead to the
garbage in, garbage out problem well known in computer science. Carroll & Campbell
(1986) are right to point out that the imposition of methodological strictures alone
will not make HCI more creditable or applicable. It could have the opposite effect: a
discipline can be strangled by methodologies strictures which become more

important than the theories they are supposed to serve. Psychologists’ over-zealous

16



striving to be accepted as scientists reduced psychology to a rat-and-maze science

for a significant part of its history. If engineering-
HCI to colle

style theories of the user restrict
cting observable, quantitative data for mechanistic models, without

trying to explain the underlying cognitive concepts, HCI would be in danger of
repeating this history, rather than learning from it.

2.2.2 HCI as a design science

Carroll & Campbell (1989) formulated artifact theory as an alternative research
strategy for HCI to Newell & Card's (1985; 1986) engineering-style theories. Artifact
theory outlines how HCI could progress from an informal, qualitative approach to a

science discipline without developing mechanistic models of users.

The premise of artifact theory is that in HCI, research issues tend to be articulated
and systematically studied only after they have appeared in a system or artifact.
Whilst Newell & Card (1985) describe this situation as the problem of HCI science
lagging behind computing technology, Carroll & Campbell (1989) take a more
optimistic view by arguing that these artifacts perform the same function in HCI as
theories in traditional scientific disciplines. Through interpretation and evaluation
of these artifacts in the context of real use, HCI research will eventually formulate

more conventionally expressed theories of user-system interaction.

Carroll & Campbell (1989) justify their departure from the traditional route of

scientific enquiry with three main arguments:

(1) Because of its interdisciplinary nature, HCI needs to develop its own
approach and its own set of tools. Straightforward application of
traditional theories and methods from academic psychology had proved
to be “unilluminating and distortive”, and were designed to maintain the

stifling division between contributions from the “H” and “C” sides of
HCI, rather than furthering integration.

(2) The epistemic zeitgeist emphasises the importance of contextual issues to
produce valid and applicable research results. A forward-looking

discipline should broaden the focus of enquiry, rather than attempt to

squeeze complex behaviour into mechanistic models and restrict
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observation to measurable performance. Generalisation and abstraction

in the early stages of enquiry are not appropriate if we want to assess the
impact of individual and situational factors. HCI can only produce valid
and applicable results by acknowledging the individuality of users and

their tasks, and the complexity arising from the interaction of different
characteristics.

(3) If real users and real tasks are its central concern, HCI requires a greater
degree of involvement from researchers than most traditional scientific
disciplines. Therefore, it cannot limit its investigative instrumentarium to
the confines of theory, hypothesis and test; other, more appropriate

methods of conducting HCI research have to be found.

Indeed, an increasing number of active HCI researchers seem to subscribe to these
arguments and reject the traditional approach of scientific enquiry. Monk & Wright
(1991) observed that more recent work in HCI is much less likely to be conducted in
the form of traditional hypothesis-testing experiments. They attribute this to the
proven lack of generality of most HCI results gained through traditional
experiments. Notable exceptions are problems belonging to the lower level domains
of motor control, perception and lower cognitive mechanisms. These domains have
been thoroughly researched under the aegis of traditional psychology, and their
theories, models and results have been shown to apply to comparable tasks in the
domain of HCI.

Monk & Wright (1991) declare design science as the most promising direction to
pursue for researchers and designers investigating higher-level HCI phenomena.
They advocate the use of observation as a method to state generalisable truths about
user behaviour. The method is called observation-invention pairs: the invention
(usually a new system feature or artifact) serves to clarify the nature of the
observation that inspired it, and at the same time justifies the importance of the
observation. (If the observation had been unimportant, it would not have warranted
the invention of a new design feature. The observation evaluates whether the
invention serves its purpose, and may give rise to further inventions.) Observation-

invention pairs:
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(1) emphasise the relationship between user behaviour and artifact, without

making any detailed psychological claims about that relationship;

(2) describe the observed relationship at level which is not too detailed, but

not too general, either, using folk psychology vocabulary accessible to
designers;

(3) translate data from observations directly to ideas for design.

The effectiveness of the invention and the accuracy of the observation can only be

evaluated by face validity and in accordance with the designer's intuition.

Monk & Wright's (1991) caution that

“Some might argue that such an approach is unscientific ..." (p. 215)

is a formidable understatement even by British standards. The suggestion that a
method which:

e isbased on a circular definition (observation-invention)
* is expressed in folk terminology
» evaluates its results on the basis of face validity and intuition

could be an instrument of science is bound to be received with howls of derision by
HCI researchers from the traditional science camp. Presented in this way, artifact
theory could be accused of performing a semantic sleight of hand to claim a science

base for what is essentially craft-based activity (see 2.2.3).

Nevertheless, Carroll & Campbell (1986, 1989) would argue that, with artifact theory
and observation-invention pairs, HCI has finally broken the stranglehold of
methodological restrictions of traditional psychology, and evolved into a discipline
in its own right, making useful contributions to the design of computer systems. For
Newell & Card (1985, 1986), this development would confirm their worst fears: HCI
abandoning the possibility of a sound science base and heading for a future as an
anecdotal science, to be ultimately replaced by formal approaches to user interface

design.
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2.2.3 HClas an engineering discipline
The view of HCI as an engineering discipline has been formulated by representatives
of the Human Factors (HF) tradition. Long & Dowell (1989) define HCI as

“...the des

(p. 13)

ign of humans and computers interacting to perform work effectively.”

They decompose the discipline into the complementary problems of:

* the design of humans interacting with computers (the domain of human

factors); and

* the design of computers interacting with humans (the domain of software
engineering).
Even though the terms are very similar, the view of HCI as an engineering discipline
is different from the engineering-style theories advocated by Newell & Card (1985).
HCI as an engineering discipline views the user as a component of the overall
system which, like the computer, is to be shaped (e.g. through training and
instruction), whereas the engineering-style theories of Newell & Card (1985) use

scientific methods to produce

Craft Science Engineering
HCI problem addressed | implementation & | hypothesis & test specification &
by evaluation implementation
type of knowledge heuristics theories, models, engineering principles

laws, hypotheses

knowledge acquired practice (experience | scientific enquiry induction from craft
through and training) (deduction/ knowledge deduction
induction) from scientific
knowledge
cost of knowledge low high (induction) low | high
acquisition (deduction)

Table 2: HCI as a craft, science and engineering discipline (after Long & Dowell,
1989)
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models of the user as a basis for design. Long & Dowell (1989) base their argument

for HCI as an engineering discipline by contrasting its prospects with those of HCI
as a craft and a science (see Table 2 for an overview). HCI as a craft discipline
typically solves problems by implementation and evaluation. Craft knowledge is
implicit and informal (in the form of heuristics), and can be acquired experientially (by
practice and example). Whilst the craft-based approach might successfully tackle

individual design problems, Long & Dowell (1989) deem it to be ineffective as a
research approach because:

(1) itis not operational and its knowledge is therefore not testable;
(2) it cannot guarantee the effectiveness of its solutions;
(3) its knowledge cannot be generalised.

The cost of acquiring craft knowledge is deemed to be acceptable.

HCI as a science solves problems by hypothesis and test. Scientific knowledge is
acquired by processes of deduction (from theories) or induction (from observable

behaviour).
According to the authors, HCI as an applied science is not effective because:

(1) it cannot be directly applied, since its knowledge is explanatory and

predictive, rather than prescriptive;
(2) it does not make any statements about performance.

Since extensive data collection is required as a basis for induction, the cost of
acquiring scientific knowledge will originally be high. Once guidelines can be

generated by deduction from existing knowledge, the cost becomes low.

HCI as an engineering discipline would solve problems by specifying and
implementing designs. Engineering knowledge is codified, formal and operational, and
presented in form of engineering principles. These principles enable designs to be
prescriptively specified for artifacts or systems which demonstrate a prescribed and
assured performance when implemented. Since HCI can be decomposed into the
domains of software engineering and human factors, both disciplines would

construct their own engineering principles. Software engineering is assumed to be
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close to establishing such principles, whilst human factors is currently not in a
position to formulate them.

The programme for developing human factors principles is outlined in a second
paper (Dowell & Long, 1989). A prerequisite for the formulation of engineering
principles is a conception — a unitary and consensual view of the discipline. The
conception proposed by the authors is based on two assumptions: firstly, that human
behaviour is essentially deterministic (at least when interacting with a computer
system); secondly, that the effectiveness of interaction (between a human and a
computer) can be expressed in terms of performance’. Once the conception has been
formulated, knowledge can be developed top-down from scientific theory by
deduction, or bottom-up from craft knowledge by induction. A major research
programme would be required to formulate the conception and develop the

principles, so the cost of acquiring such knowledge would be high.

The proposal is an intriguing one, but one has to raise the question if and when the
consensus necessary for formulating the conception can be achieved. The view that
users’ behaviour is essentially deterministic, and effectiveness of user-system
interaction is solely evaluated in terms of performance, will be challenged by many
researchers and practitioners in the discipline — certainly Carroll & Campbell (1986;
1989). It is interesting to note that human factors’ sister discipline, software

engineering, has encountered the same problem:

“The application of engineering principles is not straightforward; compared to most
products, software engineering is in essence much more abstract ... As with
management and office work, discussions of productivity run into measurement
problems; the most common measure, ‘lines of code’, takes little account of

programming style or language characteristics.” (p. 171)

This quote from Angell & Smithson (1991) not only illustrates the problem with
achieving a disciplinary consensus, but reveals that establishing engineering
principles in HCI as envisaged by Dowell & Long (1989) will be the ambitious

undertaking they admit it is, twice over. Their assumption that human factors’ sister

7 On this particular point, the engineering principles of Dowell & Long (1989) and the engineering-
style theories of Newell & Card (1985) concur.
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discipline, software engineering, is close to establishing engineering principles, is
over-optimistic. This seems to be a second incarnation of the semantic problem
identified by Carroll & Campbell (1986) in the soft vs. hard science debate in 2.2.1.
The problem is the — often implicit — assumption that, because research on the “C”
side of HCI is carried out in disciplines named computer science and software
engineering, all research in these areas follows strict science and engineering
procedures and yields “hard” results. This assumption is incorrect. Calls for more
rigour in research on the “H” side of HCT in order to meet standards on the “C” side
may therefore indeed be an act of ritualistic self-flagellation, caused by an over-
optimistic assessment of the state of knowledge and research methods in the sister

discipline.

2.3 Conclusions

The reason for examining history and nature of the discipline of HCI was to
establish the disciplinary context for the research work presented in this thesis. The
purpose of any research undertaking is to contribute to the advancement of
knowledge. The starting point for any advancement is to establish relevant existing
knowledge, and the methods through which new knowledge can be acquired.
Whilst there can be no doubt that there is a requirement to advance HCI knowledge,
the result of HCI’s multidisciplinary background and relatively short tradition as a
research discipline is a lack of consensus about boundaries of established knowledge
and suitable methods for generating new knowledge. The review has examined
three different views of how the research should be carried out in order to advance

the discipline:

(1) HCI as a traditional science tempered by approximation, providing
engineering-style theories and tools for designers (Newell & Card, 1985;
1986).

(2) HCI as a design science, developing a craft-based approach and new
research methods to evaluate existing systems in their intended and tasks
context, using the results to inform designers for the next generation of
systems (Carroll & Campbell, 1989).



(3) HCI as an engineering discipline, accumulating knowledge and

formulating engineering principles which form the basis for design and

evaluation (Dowell & Long, 1989).

The authors of all three proposals argue that their particular approach and research
methods will generate the knowledge required to design more usable systems.
There are, however, also arguments why pursuing either of these approaches

exclusively may not produce the integrated body of applicable knowledge which the
discipline needs to establish.

(1) HCI as an approximate science requires that HCI knowledge is expressed
in engineering-style models of the user. It is certainly possible to
formulate such models for those parts of HCI where we have existing
knowledge from psychology to draw on: phenomena relating to motor
control, perception and lower-level cognition are well understood and
should be applicable to HCI (Manktelow & Jones, 1987; Monk & Wright,
1991). Phenomena which are part of higher-level cognition, however, are
not as well understood; in particular, the relationship between higher-
level cognition and performance is not well established. Expressing
knowledge about higher-level cognition in HCI as engineering-style
models would, therefore, be a case of premature formalisation where a
new approach may be required (Green et al., 1988). Another point
against expressing knowledge in the form of scientific models and
approximate calculations is, despite Newell & Card’s (1985) statement
that designers require knowledge in this form, Bellotti (1988) reports that
science-based modelling techniques such as Command Language
Grammar (CLG — Moran, 1981), Cognitive Complexity Theory (CCT -
Kieras & Poulson, 1985), and Task-Action Grammar (TAG - Payne &
Green, 1986) have not been taken up by designers. These methods seems
to fail designers’ cost/benefit test: the overhead required to comprehend
and apply such methods is seen as too large. Many designers feel that the
usability problems would also be identified through less complex and

time-consuming methods.



(2) HCI as a design science positions itself closely to the work of designers,
aiming to provide knowledge which is relevant and immediately
applicable. It does not, however, offer a convincing strategy for
accumulating and integrating the craft knowledge generated by
distributed teams of researchers into a body of HCI knowledge. The
argument that HCI knowledge can be accumulated in the form of
designed systems must be rejected since we know that the design of a
system is influenced by considerations other than usability: economic
(e.g. marketing) and legal (e.g. copyright) considerations play a
substantial role in the conception, design and development of systems.
Whilst arguing strongly for the use of HCl-specific methods rather than
traditional scientific ones, the design science camp has not offered much
in the way of methods. Observation-invention pairs, which are
generating only folk-psychology descriptions and ideas for design, are

throwing the analytical baby out with the experimental bathwater.

(3) HCI knowledge in the form of engineering principles may appear to be
the halfway house between the traditional scientific and the design
science approach, offering HCI knowledge in a form which is sound and
accessible at the same time. The construction of these engineering
principles, however, is based on a conception requiring a consensus

within the discipline which does not exist at present.

The lack of a single agreed research strategy for the discipline leaves an individual
researcher planning a specific research undertaking out on a limb. The analysis of
the different approaches in this chapter has, nevertheless, yielded a number of

pointers as to why and how HCI research should be planned and conducted:

(1) HCI knowledge needs to be made accessible and applicable to designers
in order to achieve its intended effect. Designers are users of HCI
knowledge; therefore it has to presented in format which supports them
in the task they are trying to perform. This means it has to be translated

into accessible guidelines, efficient methods, or incorporated into tools.
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3)

(4)

(5)

(6)

@)

HCI needs to build a body of knowledge; therefore, any research

undertaking in HCI should aim to contribute to the accumulation of HCI
knowledge.

A body of knowledge cannot just be accumulated; HCI knowledge needs

to be integrated and expressed in a unified terminology.

Existing knowledge from related disciplines needs to be evaluated and
integrated where appropriate. ~ Without such a process, relevant
knowledge from an existing discipline may be ignored and needlessly
replicated in HCI, or existing knowledge may be transferred which does

not apply to HCI. Prior to a research undertaking, the researcher should

determine

» what related knowledge from other disciplines exists,
e whether it can be adopted in its existing form, or
e whether an HCI-specific version needs to be constructed.

The process described in (3) may lead to the identification of conflicting
theories from different disciplines; resolving which of these applies to

HCl is also part of the integration process.

Existing psychological knowledge on motor control, perception and
lower-level cognition can be applied in HCI and expressed in the form of
approximate scientific models (Manktelow & Jones, 1987, Monk &
Wright, 1991). The applicability of existing theories and models of
higher-level cognition, on the other hand, needs to be investigated. The
links between observable behaviour and existing theoretical models of
higher-level cognition are less well established, and results gained with
comparatively simple problems in laboratory experiments may not be

generalisable to user interaction with complex systems.

HCI phenomena which have not been sufficiently well described and
understood should not be expressed as formalisms and investigated by
methods of scientific experimentation (Green et al., 1988); instead,
exploratory research is required to obtain precise descriptions as a basis

for further research.



(8)

)

(10)

(11)

Providing system designers with rapid feedback and suggestions for
improvement in accessible language is a worthwhile activity which may
improve the usability a specific system. To make a contribution to HCI
research, however, such observations have to yield sufficiently detailed

descriptions of user-system interaction.

HCI research should use both qualitative and quantitative methods
(Newell & Card, 1986). The semantic prejudice which associates
experiments and quantitative data with good science and clear, valid and
applicable results must be overcome. Anecdotal science and woolly
arguments are not avoided by conducting experiments. Experiments
which are inappropriate, or badly planned or controlled, can set back
research. Anecdotal science is avoided by studies which are well planned
and executed, and meticulously documented for the inspection by other

researchers.

In order to progress from descriptions, these have to form the first step of
a theory-building process. Theories provide the most systematic way of
building, synthesising and integrating scientific knowledge (Strauss &
Corbin, 1990). Thus, observations and results of specific evaluations must
be used as a basis for the formulation of HCI theories (Newell & Card,
1985).

The need to formulate HCI theories does not, however, imply that these
must be engineering-style theories. The debate in this chapter has
identified good arguments that there are HCI phenomena which cannot
be expressed in this fashion. Having rejected the proposal of artifacts as
HCI theories, other approaches to constructing non-mathematical
theories from observations have to be considered. Such approaches have
been devised in social sciences. Grounded theory (Glaser & Strauss,
1967), for instance, offers a framework for deriving theories from
observations which exactly fits FICI’s requirements, without imposing the

constraints of the traditional science approach’. Grounded theory takes

* According to Strauss & Corbin (1990), the analytic procedures of grounded theory are designed to:
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the route of data-analysis-theory instead of the theory-hypothesis-test
path pursued in traditional science. Theories constructed in this manner
can not only be used to explain observations, but also provide a

framework for deriving subsequent action, which suits the applied nature
of HCL

As a small diversion, it is intriguing to consider that grounded theory may not only
be used to construct theories for specific HCI phenomena; it may also provide a
framework to evolve a conception for the discipline — which is, after all, a meta-
theory. Dowell & Long (1989) suggest that principles can be derived from existing
craft knowledge by induction, and from existing scientific knowledge by deduction;
grounded theory mixes the two methods and uses qualitative and quantitative data.
Given that not all HCI researchers agree with Dowell & Long’s conception, the HCI
research community should consider treating HCI knowledge as data from which

the conception for the discipline can be generated by using grounded theory
methods.

To return to the pursuit of a specific research undertaking in HCI, it has to start by
establishing existing knowledge of the phenomenon under investigation both in
HCI and related disciplines. The research method and tools will depend on the

nature of the phenomenon under investigation, and state of existing knowledge.

The research topic of this thesis - i.e. the phenomenon under investigation - is the
mental model which the user forms of a computer system. The appropriateness of
this model is thought to determine the success or failure of the user's interaction
with a system. The way in which information about the system is presented to the
user is supposed to influence the model which the user builds. If this is true,
knowledge about which models help users to interact successfully with computers,

and how to present information to users such that they form these models, could

“1. Build rather than only lest theory.
2. Give the research process the rigor necessary to make the theory “good science”.

3. Help the researcher to break through the biases and assumptions brought to, and that can develop during,
the research process.

4. Provide the grounding, build the density, and develop the sensitivity and integration needed to generate a
rich, tightly woven, explanatory theory that closely approximates the reality it presents. “ p. 57
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make a very important contribution to system design. Newell & Card (1985)
identified mental models as a candidate for an engineering-style theory. In order to
decide whether this is an appropriate form and methods for this phenomenon,
existing general knowledge on mental models needs to be examined; this is done in

Chapter 3. Existing HCI theories and data on mental models are reviewed in
Chapter 4.
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3 Theories of Mental Representation and Mental
Models

Theories of mental representations in general, and mental models in particular, deal
with form and function of individual knowledge. The central question is how
human beings represent information mentally, and how they use that information to
interact with the world in adaptive ways. Users’ knowledge about computer
systems are a specific type of mental representations. Mental representations have
been invesligated by researchers in philosophy, cognitive psychology and - more
recently — cognitive science. The aim of this chapter is to examine existing general
knowledge from those disciplines which may contribute to the understanding of the
specific HCI problem: the representations users form of computer systems they are
interacting with, and how these representations influence their interaction with the
system. Three general theoretical approaches are examined: Paivio’s (1986)
classification of mental representations, Johnson-Laird’s (1983) theory of mental
models, and a collection of work on mental models of natural phenomena and

devices edited by Genter & Stevens (1983).

3.1 Physical and mental representations

physical representations picture-like language-like
examples photographs human-language

drawings formal systems:

maps maths, symbolic logic

diagrams computer programs
properties analogue non-analogue

iconic non-iconic

continuous digital /discrete
mappings referentially isomorphic referentially arbitrary

Table 3: Types of physical representations (after Paivio, 1986)

Historically, mental representations have been interpreted by analogy with physical

representations, 1i.e.

descriptions and

classifications

devised for physical
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representations have been applied to mental representations (Paivio, 1986). Physical

representations can be picture-like or language-like (see Table 3).

Picture-like representations, such as photographs and maps, are analogue, iconic and
continuous.  Language-like representations, which include natural language and
mathematics, are non-analogue, non-iconic, and digital or discrete. The crucial
distinction between picture-like and language-like representations lies in the degree
of arbitrariness of the mapping relation between the representation and the
represented phenomenon: picture-like representations map onto objects in a non-
arbitrary manner, i.e. they are referentially isomorphic, whercas with language-like
representations, the mapping is constructed in a referentially arbitrary fashion. It is
important to note that following this definition, many representations referred to as
“pictures” in everyday language are not picture-like, since the mapping relationship
between a picture and what it represents can be arbitrary. Picture-like and
language-like should be seen as two ends of a continuum, rather than discrete

categories: many representations combine picture-like and language-like properties

(see Figure 1).

University
UCIL College
—— London
] o
Picture-like Language-like

Figure 1: Picture-like and Janguage-like representations

In everyday language, the distinction between picture-like and language-like
representations is often referred to in terms of concrete vs. abstract representations.
Concrete and abstract are, however, the poles of a related but separate a dimension
which applies to both picture-like and language-like representations. Typically, a

photograph is more concrete than a drawing of the same object, and in natural
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language we distinguish between concrete and abstract nouns. Finally, there is the
holistic vs. componential dimension. A picture-like representation is typically seen
as holistic, but can be composed from components (e.g. identikit pictures).
Language-like representations are typically componential (e.g. human language is

composed of phonemes), but may use holistic visual symbols (e.g. numbers).

The properties of picture-like and language-like representations have implications
for their use. A picture-like representation preserves all distinctive features or
characteristics of the object it represents; the mapping between the object’s features
and their corresponding features in the representation is done in a non-arbitrary
fashion. Due to the replication of distinguishing features and the relationships
between them, a picture-like representation usually exhibits a great degree of
similarity with the physical object which it represents: it is recognised as a
representation of the object. For example, a person who is familiar with the Eiffel
Tower will recognise a picture-like representation (e.g. a photograph or drawing) of
the Eiffel Tower as such. Similarly, a person who has seen a picture-like
representation of the Eiffel Tower in a guidebook is likely to recognise the Eiffel
Tower when they set sight on it. In contrast, a person who has only come across a
language-like representation of the Eiffel Tower (the words “Eiffel Tower”) may not
recognise the spectacular iron construction in front of them as the Eiffel Tower’. The
mapping from an object to its language-like representation can be entirely arbitrary,
or follow one of an infinite number of mapping rules. In any case, the connection
between an object and its language-like representation, or the mapping principle
which connects them, has to be established in a person’s mind for the language-like
representation to be recognised as a representation of what it stands for. In other
words, the representation will only have its intended effect if the connection or the

mapping rules have been learnt previously by the viewer.

* This statement applies to the simple language-like representation “Eiffel Tower.” A detailed verbal
description of the Eiffel Tower could, of course, relay all its characteristic features to such effect that
a reader would recognise it. At this point we enter the realm of “Why a diagram is (sometimes) worth
ten thousand words” (Larkin & Simon, 1987), which goes beyond the basic classification of physical
representations and their properties discussed here.
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Picture-like representations may thus seem to be the obvious choice for
representations which have to be recognised by a wide range of people, who we
cannot be sure know the connection with the represented object or mapping rules
applied to derive the language-like representation. Yet, the very properties which
facilitate recognition of picture-like representations of known objects — the
preservation of features and their relationships — limit their reductive power. A
picture-like representation may represent an object on a smaller scale, such as an
architect’s model of a building; this process of reduction may not reproduce some of
the more detailed features. Another process is to collapse the object, such as in a
photograph; this may not reproduce all dimensions of the object. If we aim to
represent a large and complex object through a picture-like representation, the
representation will achieve some reduction, but still be fairly large and complex -
viz. an architectural drawing of a large and complex building. For this reason, most
cultures have, as the information to be communicated increased in complexity,
moved from systems located on the picture-like end of the continuum towards the
language-like ones (Kuckenberg, 1989). Language-like representations do not have
to preserve distinctive features and their relationships. Moreover, they can be used
to represent more than just physical objects — for instance, abstract notions such as
concepts and ideas. Information can be aggregated and combined by employing
rules or principles. Elements in language-like systems can represent more than one
object or meaning — i.e. they can be polysemic; picture-like representations tend to be
monosemic, i.e. represent one object only (Goodman, 1984). By employing these
mechanisms, language-like representations can achieve a high degree of reductive
power: an accumulation of things, ideas, concepts or events can be expressed in a

very compact representation. To identify the intended meaning of such a

representation, people interpreting it have to be familiar with the meaning of the

representation or rules for associating it with an object; they may also have to

identify other factors which impact meaning, such as the context in which the

representation is used. If the connections or rules are not — or only partially — known

by a person interpreting a language-like representation, they may not be able to

work out its meaning, or they may interpret it in a different manner from the

intended one.

33



Many representations try to exploit the advantages of picture-like representations

whilst trying to achieve a high reductive power at the same time. In reality,
distinguishing between a full isomorphic mapping and a partial one is difficult, since

it can be a point of argument which features of an object are characteristic and

therefore have to be preserved. Other representations combine picture-like and
language-like elements to construct a representation which is as compact as possible,

but retains one or more characteristic features to direct interpretation towards the
intended meaning.

The distinction between picture-like and language-like representations and their
properties is an important one. The brief discussion in this section has examined the
properties of these different types of physical representations, and highlighted
potential consequences of their application (reductive power, existing knowledge
and mental workload). The dimensions and properties have been established for
physical — externalised — representations; whether the historical assumption that

mental representations are analogous to these is a different question.

3.2 Mental models

One of the most influential theories to be formulated in cognitive psychology in
recent years is Johnson-Laird’s (1983) theory of mental models. The theory seeks to
provide a general explanation of human thought; at its core is the assertion that
humans represent the world they are interacting with through mental models.
Johnson-Laird credits Craik (1943) with the original statement of this idea. In order
to understand a real-world phenomenon, a person has to hold a what Johnson-Laird
(1983) describes as a working model of the phenomenon in his or her mind. Mental
models are not imitations of real-world phenomena, they are simpler. They do not
correspond completely to what they model — Johnson-Laird argues that adding
information beyond a certain level does not increase its usefulness. A mental model
which explains all aspects of the phenomenon that a person interacts with is an
appropriate one. In order to provide explanation, it has to have a similar structure
to the phenomenon it represents; it is this similarity in structure which enables the
holder of the model to make mental inferences about the phenomenon which hold

true in the real world. Since the choice of structure is not arbitrary, but analogous to
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that of the phenomenon, the mapping relationship between mental models and the
phenomena they represent is a referentially isomorphic one. Thus, mental models
do exhibit similar characteristics to a picture-like representation; and, as with a

picture-like representation, whether a model is appropriate or not can be a point of
argument.

The theory of mental models demolished an assumption which was until then
prevalent in psychological theories of reasoning: that humans employ a kind of
mental logic, which is similar to the propositional logic employed by logicians, when
making inferences about the world. Johnson-Laird does not argue that human
beings are incapable of logical inference, nor does he seek devalue the concepts of
mathematical logic. He simply seeks to explain the puzzle, posed by empirical and
observational facts, that human beings are capable of logical inference, yet often
deliver answers and decisions that cannot be explained in terms of logic reasoning.
A series of empirical investigations using the Wason-task (Wason & Johnson-Laird,
1972) illustrates this: only 12% of subjects were able to solve a simple logical problem
presented to them in abstract form; yet, 60% were capable of solving a formally
equivalent version of the same problem which uses objects and a context which they
are familiar with. The results of these experiments — which have been replicated
many times with different subject groups in different countries — demonstrate that
most people’s reasoning is primarily influenced by the content-relatedness and form of
the information presented. People are more likely to solve a problem correctly when

they have relevant background knowledge which can be employed. They are more

likely to relate relevant existing knowledge to the problem presented if the structure

of the information presented is compatible with the structure of existing knowledge.

Relevance and compatibility are defined in terms of meaning (i.e. semantic content)

rather than logic (i.e. syntactic structure).

Johnson-Laird (1983) proposes that reasoning about a problem is facilitated if a
person utilises a mental model that represents the relevant information in an
appropriate fashion for the problem to be solved. This raises the question of how

mental models are constructed and applied.

Johnson-Laird (1983) proposed that there are three types of mental representations:
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(1) propositional representations, which are pieces of information resembling
natural language;

(2) mental models, which are structural analogies of the world; and

(3) mental imagery, which are perceptual correlates of models from a

particular point of view.

Information is represented at several different levels of abstraction. Indeed, the form
of representation can vary from one level to the next: propositional representations

are referentially arbitrary, whereas the mental models are analogues, and therefore

referentially isomorphic.

General procedures 1 A procedure that begins the construction of a new mental model,
whenever a proposition makes no reference (implicitly or
explicitly) to information held in the current model of the world.

2 A procedure that adds entities, properties, or relations to a current
model, if at least one entity referred to in this proposition is
represented in the current model.

3 A procedure that integrates two or more existing models,

whenever a proposition interrelates entities in them.

4 A procedure that verifies that all asserted properties or relations
hold in a new model, whenever all entities referred to ina

proposition are represented in a current model.

5 A procedure that adds a property or relation to a current model.

Recursive procedures 1 If a proposition is true in a current model, then checks are made to
see whether there is an alternative model of the previous
propositions that is inconsistent with the current propositions. If
there is such a model, then it is assumed that the current
proposition is only possibly true. If there is no such model, it is

assumed that the proposition is true.

2 If a proposition is false in a current model, then either the model of
the previous propositions is modified to bring it in line with the
current proposition, or the current proposition is interpreted as

being inconsistent.

Table 4: Procedures for mapping propositional representations into mental models
(Johnson-Laird, 1983)
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Propositional representations form the building blocks from which a mental model
is constructed. They have been described as the mental echo of the information
available in the real world (Manktelow & Jones, 1987), encoded in a verbal format.
Thus, a person holding a propositional representation will be able to recall the
information contained in the propositional representation verbatim.  Since
propositional representations are neither integrated nor elaborated with other
information held in memory, information encoded solely in terms of propositional
representations is (a) difficult to remember; and (b) does not enable a person to
perform operations like generalisation or inference on the information encoded in
them. These properties of propositional representations are closely linked to the

mechanisms which govern the working of short-term memory.

The process by which propositional representations are mapped into mental models
is called procedural semantics. Johnson-Laird (1983) states that all mappings have to
be described at the level of procedures. The procedures specify how a given
mapping can be carried out, in a way that can be followed by a simple machine".
Johnson-Laird (1983) specifies five general and two recursive procedures for
mapping propositional representations into mental models (see Table 4). For each
new item of incoming information, a search is made to ensure that the proposition is
consistent with any earlier information encountered. If an appropriate model can be
found to accommodate the proposition, the model will be cued, applied, and
perhaps modified. If no appropriate model can be found, the relevant procedures
will be employed to construct a mental model from scratch (construction de novo). It

is worth emphasising again that — as the name procedural semantics indicates —

" For Johnson-Laird (1983), any theory of the mind has to be computational, since he subscribes to
functionalism (see Chapter 1 in Paivio (1986) for an account of the functionalism vs. empiricism
debate). The following quote summarises his position:

“... it follows not only that scientific theories of mentality can be simulated by computer programs, but also
that in principle mentality can be embodied within an appropriately programmed computer: computers can
think because thinking is a computational process. [...] ... any future theory of the mind will be completely
expressible within computational terms.” (p. 10)

It is outside the scope of this thesis to engage in a discussion of this position, and whether the
computer is indeed the ultimate metaphor of the mind. The author does not subscribe to
functionalism, but this has no immediate implications for the topic of the thesis.
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evaluation of whether a proposition is true or false is conducted in terms of meaning

attached to the proposition, not syntactic rules of truth tables used in logic.

3.3 Mental models of natural phenomena and devices

1983 was the year which put mental models on the cognitive research map: it saw
not only the publication of Johnson-Laird’s (1983) seminal volume, but also the
publication of a collection of papers with the same title edited by Gentner & Stevens
(1983). Despite having the same title, the two publications represent very different

directions in research on mental representations.

The collection surveys and discusses a variety of internalised and externalised
models, ranging from “naive” models of natural phenomena, such as electricity, to
instructional models of scientific concepts, often used for teaching purposes. The
collection also contains two of the earliest papers of mental models of computer
systems by Norman (1983) and Young (1983), which are reviewed in detail under
4.2.1 and 4.2.3, respectively. Unlike Johnson-Laird (1983), who seeks to formulate a
cognitive theory to explain human thought in general, the authors of each of these
papers seek to model beliefs about a specific domain - i.e. a natural phenomenon or
device. The common theme which emerges from the study of diverse domains is
analogical reasoning: people attempt to form an understanding of an unknown
phenomenon by transferring inferences from an existing mental model to the new
phenomenon. Collins & Gentner (1987) suggest that mental models are always
constructed through analogical reasoning; on the other hand, the process of
structure-mapping between two domains seems to require that the two phenomena

have similar surface characteristics (Genter, 1983).

Johnson-Laird (1983) describes mental models as structural analogues, but this is
different from analogical reasoning as discussed in Genter & Stevens (1983).
Johnson-Laird focuses on the structural analogy between the externalised
phenomenon and its internalised representation; Genter & Stevens focus on the
transfer from one internalised model to another. For them, structural similarity
includes surface characteristics and syntactic features, whereas Johnson-Laird

focuses on meaning. As Payne (1992) points out, Johnson-Laird’s theory

encompasses the basic theoretical commitment shared by all authors in the Genter &
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Stevens volume: that people’s existing knowledge has a considerable influence on
their reasoning about a new problem, phenomenon, device or idea. Johnson-Laird’s
theory of mental models is more developed in that it specifies the format of

representations, and procedures which are used to operate them.

3.4 Conclusions

The aim of this chapter was to examine existing general knowledge on mental
representation and mental models, and determine if any of the existing knowledge,
or part of it, can be applied to the specific HCI research undertaking of this thesis —
users” mental models of computer systems and their influence on users’ interaction
with the system. The examination of three contributions on mental representation

and mental models has led to the following conclusions:

(1) Itis worthwhile to consider physical representations and their properties,

since computer systems employ physical representations of:

e themselves, or parts of themselves (e.g. functions)
. objects
. tasks

with which users interact.

(2) Designers can employ picture-like or language-like representations for
users to interact with, or representations which lie somewhere in between
on the continuum. Picture-like representations may be easier to recognise
as representations of the functions, objects and tasks they represent; on
the other hand, they have limited reductive power, thus, technical
constraints of computer displays (limited screen size, resolution) may it
difficult to incorporate representations which are at the picture-like end
of the continuum. The first generation of professional computer users
(see 2.1) interacted with computer systems using language-like
representations  (e.g. command languages). Language-like
representations are very powerful, but require that the user knows what
they represent, or knows the mapping rules required to derive the
meaning. This requires learning on the part of the user, and represents a

cognitive overhead when using the system. Many designers employ
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(4)

representations which combine picture-like and language-like elements,
such as pictograms and computer icons. They are more compact than

pure picture-like representations, and retain at least one characteristic

feature of the what they represent. This may guide the user’s

interpretation, but the connection between them and the object, function

or task represented still has to be learnt.

According to Johnson-Laird’s (1983) theory of mental models, people
construct mental models (which have picture-like properties) from
propositional representations (which have language-like properties).
Following this theory, users ability to interact with a computer system
depends on whether they have an appropriate mental model of the
system. An appropriate model does not have to be complete and correct
in every detail; all it has to do is explain the functions and behaviour of
the system which are relevant to the user. The cueing and construction of
such a model can be supported by the way in which information is
presented to a user: form and content of information determine which
existing models are cued, and how new information is mapped onto
existing or new models through the mechanism of procedural semantics.
Applied to HCI, this means that designers would have to identify suitable
existing knowledge to be cued, and present relevant information about
the system in the context and form which directs the model-building

process towards the intended mental model.

The elaboration under (3) demonstrates how Johnson-Laird’s (1983)
theory of mental models might be applied to the design of user interfaces
which support the construction of appropriate users” mental models of
itself. According to Johnson-Laird (1983), the theory provides a general
explanation of human thought; however, its empirical support stems
from experiments involving short (mainly syllogistic) reasoning tasks.
The application of the theory to mental representations of computer
systems remains to be demonstrated. There are three interconnected
arguments as to why the theory may not be applicable to users’

interaction with computer systems:



®  The collection by Genter & Stevens (1983) provides some evidence
that mental models and the mechanisms by which they are
constructed may differ according to the task or problem domain.

*  The task of interacting with a computer system has very different
cognitive parameters (amount of knowledge, duration and
frequency of interaction) from those of a short reasoning task.

*  As Payne (1992) points out, Johnson-Laird’s theory is essentially a
mental models theory of interaction with a particular artifact,
namely text. The specific HCI problem involves interaction with an
artifact — a computer system — which has at least one additional
dimension — “write” — in addition to the “read” dimension involved
in interacting with text.

(5) Users may employ analogical reasoning — using an existing model from a
different domain — to explain the workings of a computer system. HCI
literature provides examples of users as well as system designers and
instructors attempt to use this mechanisms (e.g. “a word processor is like a
typewriter” — Carroll & Mack, 1984). Analogical reasoning requires an
existing mental model which has sufficient similarity to act as the source
of the mapping; this raises the question whether users are likely to have
existing models which are similar enough to explain the behaviour of

computer systems.



4 Mental models in HCI: a review of the literature

The purpose of this chapter is to establish the state of existing knowledge about
mental models in HCI by providing a summary and critical review of published
theoretical and empirical research work on this topic to date. The result of this

review provides the starting point for research required to advance the discipline’s
knowledge on this topic.

Given the interdisciplinary nature of the HCI, and the comparatively short history of
this particular research topic, it is not surprising to find a certain diversity in the
terminology used in the published research. The differences in concept and
nomenclature are outlined in 4.1; this section also explains the choice of terms

employed to describe the work presented in the remainder of the thesis.

Section 4.2 describes and compares existing theories and hypotheses of mental
models in HCI. The comparison concludes that all theories of mental models in HCI

are — explicitly or implicitly — based on a core set of assumptions:

(1) Users form a mental model of the internal workings of the computer

systems they are interacting with.

(2) The content and structure of that mental model influences how users

interact with a system.

(3) The content and structure of a mental model can be influenced by
selecting what information about the system is presented to users, and

how it is presented.

(4) More detailed knowledge of how users construct, invoke, and adapt
mental models could be used to provide guidance for user interfaces and
user training which help users to form appropriate models, and therefore

make an important contribution to HCL
The theories do, however, not agree as to the details of the following:
(1) the content and structure of the mental models held by users;
(2) how exactly users’ mental models influence their interaction with

computer systems; and
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(3) the nature of the process through which mental models are constructed.

In 4.3, the empirical evidence on mental models in HCI generated to date is
considered. The review concludes that results are fragmented and do not provide
an endorsement of any particular theory, or conclusive evidence to decide any of the
points on which opinions diverge. This is — at least in part — due to the disparate set

of methods and measurements employed in the empirical studies.

The conclusions from the review, and resulting aims for the research presented in
the remaining chapters of the thesis, are presented in 4.4. The main conclusion is
that, since existing knowledge is fragmented and patchy, basic research needs have

to be addressed to further knowledge on mental models in HCL.

4.1 Terminology

The term mental model, which in the works of Johnson-Laird (1983) and Gentner &
Stevens (1983) refers to internalised” representations of a device or idea held in the
mind of one or more persons, has been applied to quite a diverse assembly of
representations in HCI. With the various theories of mental models, a whole range
of terms has been introduced. The lack of a unified terminology is confusing,
especially when different authors use different terms to describe the same type of
model, and the same term is sometimes used for very different types of models
(Nielsen, 1990). This subsection provides an overview of the terms used in the

context of the theories with which they are connected (see Figure 2).

The first attempts at devising a terminology for a theory of mental models for HCI

can were those by Norman (1983) and Young (1983).
4.1.1 Models of users and systems

Norman (1983) introduced the distinction between four different types of
representation which influence user-system interaction: the computer system with
which the user is interacting is the target system. The user constructs a user’s mental

model of that target system. The target system should communicate the conceptual

" The distinction between internalised and externalised models is introduced as part of Nielsen’s
(1990) taxonomy in 4.1.4.
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model, which is an accurate, consistent, and complete representation of the target
system held by the designer, or an expert user, of the system. The user’s mental

model is formulated through interaction with the target system, and constantly

modified throughout the interaction. The scientist’s conceptualisation is a model

describing the content and structure of the user’s mental model.

user designer system scientist
Norman (1983) mental conceptual target scientist's con-
model model system ceptualisation
user's design system
Norman (1986) model model irs:-lage
conceptual model

user's conceptual model designer's system's chologist's
Young (1983) U?)M yUCN‘I e UC‘:ﬁg
surrogate mapping
model mode
structural functional
DiSessa (1986) model model

distributed models

Figure 2: Overview of terminology

Norman revised these terms shortly afterwards. In 1986, he presented a more
refined theory of the various models and how they interact, as part of the cognitive
engineering framework introduced in the seminal volume on User Centred System
Design, edited by himself and Stephen Draper (Norman & Draper, 1986). The notion
of the target system has been extended to that of a physical model of the system
which is available to the user — apart from the screen display, the system image
includes input/output devices, any documentation, training, error and help
facilities. The designer constructs a design model wh ich is communicated through the
system image. The user develops a user’s model through interaction with that system

image. The term user’s model encompasses both the notion of the idiosyncratic model
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developed by an individual user, and the idealised model which the designer
considers an appropriate one for users to develop. (The latter, therefore, is the

designer’s conceptualisation of the user's model, akin to the scientist’s conceptualisation

of the user’s mental model in the previous version.)

In line with the model of user-system interaction put forward in the cognitive
engineering framework, the relationship between the two internalised models is a
circular one, rather than the one-way mapping described in Norman (1983). The
choice of design model is linked to the idealised user’s model, which itself is chosen
to tie in with users’ background knowledge and experience. Together, design model

and user’s model form the conceptual model of the system.

4.1.2 Surrogates and mappings

In the same volume as Norman (1983), Young (1983) introduced a distinction

between different types of representations held by users. He defines the term user’s

conceptual model (UCM) as:

“... a more or less definite representation or metaphor that a user adopts to guide his

actions and help him interpret the device’s behaviour.” (p. 35)

From this definition, we can assume that the UCM is equivalent to the user’s mental
model or user’s model in Norman’s (1983, 1986) terminology. Young (1983) also has
externalised versions of that model, the Psychologist’s UCM (similar to the scientist’s
conceptualisation), and Designer’s UCM (similar to the conceptual model)”. This
choice of terms may imply that the user’s internalised representation is the basis

from which research and design models should be derived.

Furthermore, Young (1983) introduces a distinction between different types of
internalised representations. Surrogate models are mechanistic, if highly simplified,
accounts of a device (e.g. computer system), which can take the form of a scale
model, or be written using a formal or informal notation. The choice of the term

surrogate implies that such a model can be used in place of the system itself. This

" Like Norman (1986), Young distinguishes these from user models, such as those employed in
Intelligent Tutoring Systems, which are a conceptualisation of certain characteristics of a user,

embodied in the system itself.
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may seem a desirable model for users to hold. The drawback is that for a complex
system, it will take considerable time and effort to acquire such a model, and
continuous use to maintain it. Surrogate models are, therefore, the type of model we

would only expect to find in expert users of computer systems.

With the second type of model — task-action mapping models — Young linked the
internalised representation of the system to the real-world task which users have to
perform. Moran (1983) had pointed out that users of computer systems have to
translate the tasks which they have to perform in the real world (e.g. deleting a
paragraph from a document) into the task which they have to perform on the
computer (e.g. inserting a beginning and end marker to mark the paragraph, then
select the delete function). Task-action mappings describe the structure of a real-
world task and the actions needed to perform that task, and provide a direct
mapping between the task and the corresponding actions. A set of central core tasks
is chosen, and a corresponding set of core action sequences designed. The links
between core entities (tasks and actions) form the core of the mapping model. Other
tasks can then be expressed as variants of the core tasks, and be mapped onto the
appropriate actions. The core of the mapping acts as a communication channel,
carrying all the mappings between the two domains. This requires the core entities
to have a corresponding internal structure, i.e. the mapping between core tasks and
core action sequences has to be isomorphic. Young (1981) uses the example of an
algebraic calculator for a mapping model: the operations that have to be performed
can be mapped onto doing the same task with paper and pencil. A task-action
mapping model would allow competent use of a system for a particular task, even
though the user has no detailed knowledge of the system and how it works. We can
find examples of such mappings at work in everyday life: competent drivers who do
not know how an internal combustion engine works, cooks who produce delicious
meals without knowledge of the physics and chemistry involved in the processes,

and millions of telephone users.

4.1.3 Distributed models

The distinction between knowledge of the internal structure of a system, as opposed

to knowing how to use a selected range of functionality to perform real-world tasks,
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has been developed further by DiSessa (1986). Structural models (similar to surrogate
models) provide users with a detailed understanding of the system which is
defining and independent of a specific task, whereas functional models (similar to
task-action mappings) represent selected properties of the system required to
perform a specific real-world task. DiSessa (1986) discusses the implications of
acquiring and applying the two types of models (see Table 5). Functional models
may seem to be ideal models for non-expert users who want to use the computer as
a tool, since they take less time and mental effort to acquire and maintain. Alas, the
answer is not that simple. Users may want to use the computer as a tool for their
job. But unlike traditional tools, most computer systems are not dedicated to one
specific task: most computer systems are many-tools-in-one, employed for a range of
tasks. Dedicated walk-up-and-use systems, such as cash dispensers and ticket
vending machines, are the exception. Therefore, users would have to acquire and
manage a multiplicity of overlapping functional models; this raises the question at
which point the mental effort required to do this exceeds the effort associated with
acquiring a structural model. In addition, experience has shown that it is unlikely
that all task-function mappings will be known at the design stage: users often apply

systems to tasks which neither they nor the designer had envisaged at the design

stage.
Structural model Functional model
Size of model complete reduced
Acquisition
time long short
mental effort high low
Application
mental effort high low
scope general restricted

Table 5: Properties of structural and functional models (DiSessa, 1986)

DiSessa (1986) suggests that a neat division between structure and function, and
corresponding users’ models, is not possible. The multiplicity of functions

performed by most systems is one reason. The other is that most users do not learn
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and reason about systems — or other devices — in an orderly fashion, and do not

develop neat and tidy models. This statement confirms Norman’s (1983)

observations regarding characteristics of users’ models:

(1) Users’ models are incomplete.
(2) Users’ ability to “run” models is severely limited.

(3) Users” models are unstable: users tend to forget detailed features of the
systems they use.

(4) Users” models do not have firm boundaries, and therefore similar devices

and operations are often confused.

(5) Users” models are “unscientific”: users tend to stick with certain ways of

doing things, even when they know better ones.

(6) Users” models are parsimonious: users tend to trade off extra physical

actions for reduced mental complexity.

DiSessa (1986) introduces the term distributed models to describe the actual state of

internalised models, :

“... a patchwork collection of pre-existing ideas in the learner, “corrupted” to new
ends.” (p. 209)

Distributed models are, therefore, not neat structural or functional models. Rather,
they are accumulations of multiple partial explanations users hold of a system, tied

in with their existing knowledge and experience.

Nielsen (1990) also uses the terms distributed models and structural models, but these

have somewhat different meanings (see 4.1.4).

4.1.4 A taxonomy of mental models

In an attempt to bring some order into the great model confusion of HCI, Nielsen
(1990) proposed a meta-model to classify models of user-system interaction. This
meta-model encompasses a wider range of models than those which are the topic of
this thesis; this subsection extracts the dimensions and part of the taxonomy which

are relevant to mental models.
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The 7 elements or participants of models are:
e U - the user;
¢ D - the designer;
e C-—the computer system;
¢ M - manuals and other documentation of C;
e T - the task performed by the user™;
e W — the surrounding world in which U performs T ;

¢ R - the researcher looking at any of the above.

These elements can be combined, using a simple notation, to denote who holds a
representation of what. For example, a user’s model of a computer system is UC, the
designer’s model of a user’s model is D(UC), and so on. This notation offers a

parsimonious way of distinguishing between different models.

An additional level of description and analysis can be added by placing a model on
Nielsen’s (1990) 6 dimensions.

(1) Internalised vs. externalised models

A fundamental distinction, which has already been applied in the
analysis of terminology in the previous section, is that between
internalised and externalised models. Internalised models reside inside the
human mind (e.g. the user’s model of the system, UC) or the computer
system (e.g. the computer’s model of itself, CC). Externalised models are
represented in some explicit form in a medium outside the human mind
or the system (e.g. a designer’s documented conceptualisation of the
computer system, DC). The representation can be in form of a natural or

formal language description, or a diagram or drawing,

 Nielsen (1990) mentions tasks and the surrounding world, but does not expand on their models
and relationship to other models; the analysis of theoretical contributions in 4.2, however, shows
that they do play an important role.

14
See above.
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(2) Structural vs. distributed models

This dimension distinguishes between the partial, overlapping,
somewhat messy collection of distributed models described in 4.1.3, and the
neatly constructed structural models, which follow a guiding principle®.
Even though Nielsen (1990) does not state this explicitly, we can expect
most internalised models (such as UCs) to be distributed. Most
externalised models, including those used for documentation and training

purposes (MCs), would be expected towards the structural end of this

dimension.
(3) Generic vs. instantiated models

This dimension offers a way of distinguishing the two types of model
subsumed in Norman'’s (1986) user’s model (see 4.1.1). The idiosyncratic
model of an individual user (UC) is an instantiated version of the generic
user’s model envisaged by the designer (D(UC)) or researcher (R(UC)).
All generic models are users’ models — how well an individual user’s

model fits into the generic descriptions is an open question at this point.
(4) General vs. specific models

This dimension is related to generic vs. instantiated, but distinguishes the
level of abstraction at which a model is described. General models are
aimed at describing users and computer systems in general terms,
whereas specific models would be subsets representing a reasoning
mechanism employed by a particular user group or describe the design

model of a particular application.
(5) Descriptive vs. analytic models

This dimension expresses the different levels of formalisation and
abstraction at which a model is represented. Natural language

descriptions of models such as UCs or MCs are just that - descriptive,

" There difference between structural models as defined by Nielsen (1990) and DiSessa (1986) is
therefore the general “organised along some guiding principle” rather than the more specific “mental
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whereas models represented using a formal method which affords
further analysis (e.g. checking for consistency), are analytic. The extent to
which analytic models have been employed in the design process to date
varies. Analytic models of users and systems have proved to be more
popular with researchers (RCs and RUs") than with designers, who
mainly use a mixture of informal diagrams and natural language for
D(UC)s and DCs (Newman & Lamming, 1995). HCI methods based on
task analysis (e.g. Diaper, 1989), on the other hand, seem to have made a

more successful transition from R(UT) to D(UT).

(6) Static vs. dynamic models

This dimension distinguishes between models which do not change
continuously over time (static models) and those which change
continuously (dynamic models). There is a strong indication that most
internalised models, especially UCs, are dynamic. Norman (1983) stated
that user’s models are constantly refined during user-system interaction
(see 4.1.1.); he also observed that details of models are easily forgotten
(see 4.1.3). Externalised models, such as DCs, may be dynamic during the

design process, but do become static after the design has been completed.

The notation and the dimensions will be employed to clarify the exact nature of

models involved in the theoretical and empirical work reviewed in this section.

41,5 Terms used in this thesis

Given the problems with the diverse and ambiguous terminology demonstrated in
this section, a case could be made for avoiding existing labels altogether, and discuss
the various models solely in terms of Nielsen’s (1990) notation. We know, however
— not least from Johnson-Laird’s (1983) work — that the use of an unfamiliar abstract
notation is likely to increase the cognitive load and adversely affect the reasoning

ability of a reader. By way of compromise between an unambiguous but unfamiliar

" An example of an analytic RC is Payne & Green'’s (1986) Task-Action Grammar (TAG); and of an
RU the Human Processor Model (Card et al., 1986).
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notation, and familiar but ambiguous labels, commonly used terms will be

employed in this thesis, with Nielsen’s (1990) labels and dimensions added.

Most of the published work on mental models in HCI makes reference to Norman
(1986); his theory of conceptual design (as outlined 4.2.1) has been the most
influential proposal as to how users’ models can be harnessed to design more usable
systems. The two fundamental models are users” models and design models”. Table 6

describes the models more closely by indicating their likely position on each of
Nielsen’s (1990) six dimensions.

Dimensions User’s model(UC) Design model (DC)
internalised — externalised internalised externalised
structural — distributed distributed structural

generic — instantiated instantiated generic

general — specific specific specific

descriptive — analytic descriptive descriptive

static — dynamic dynamic static

Table 6: User’s models and conceptual models

The entries should be seen as an illustration of how a specific model could be
described in detail using the dimensions, rather than assigning these dimensions to
all user’s models and design models. The entries should be read as “probably towards
the distributed end of the continuum”. To give an example, we expect most users’
models to be distributed, but some expert users’ models may be towards the
structural end.

To avoid confusion between the structural-distributed continuum and the structural
and functional models described by DiSessa (1986), the terms surrogate model and
task-action mapping (Young, 1983) will be applied to distinguish the two different

types of users’ models identified by these authors. Some additional terms will be

7 For some reason, the term conceptual model (Norman, 1983), has persisted after the introduction of
the term design model (Norman, 1986). It is more widely used, but with a wide variety of meanings.
In the interest of consistency and unambiguity, the term design model has been adopted together
with the other labels from the revised (1986) version.
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defined the following section, in the context of the theoretical contributions in which
they are introduced.

4.2 Theoretical contributions

This subsection introduces and analyses 5 theoretical contributions on user’s models

in HCIL. The purpose of the analysis is:
(1) to identify the types of models involved in the theories;

(2) to establish how these models are seen to influence users’ interaction with

computer systems; and

(3) to outline how the theories could be applied to designing user interfaces

which facilitate learning and use of computer systems.

In order to determine similarities and differences between the theoretical
contributions, the models and mappings introduced in each contribution will be
described using Nielsen’s (1990) notation and dimensions, as introduced in 4.1.4. A

list of all models identified in this section is provided in Appendix 1.

4.2.1 Conceptual design

Most of the theoretical and empirical contributions reviewed in this chapter assume
that a well-designed system and user interface will allow the user to develop an
appropriate internalised model of that system, which in turn facilitates users’
learning of, and interaction with, the system. This assumption is at the core of the
conceptual design approach pioneered by Norman (1983; 1986). He postulated that if
the designer gets the design model (DC) “right”, and communicates this model
successfully through the system image, users interacting with the system will
develop an appropriate user’s model (UC), which allows them to use the system
successfully. The conceptual design approach therefore introduces 3 models of the

system users are interacting with:
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(1.1) User’s model (UC)"®

An individual user’s internalised representation of a specific computer

system. The model is therefore instantiated and will usually be specific and

descriptive. It is dynamic since it is assumed to change with user-system

interaction, and likely to be distributed rather than structural for most users.

(1.2) Design model (DC)

An externalised, general design model of a specific system, produced by the

designer. This will normally be structural, descriptive and static.

(1.3) System image (C+MC)"”

The way in which the design model is presented to the user, through the user

interface, documentation, instruction material, error and help facilities. It

contains parts of the system, which is an expression of the design model,

rather than a model in itself; models may, however, be provided as part of the

accompanying materials and documentation (M).
(1.4) Conceptual Model (UC+DC)

Norman (1986) states that UC and DC form the conceptual model, without
elaborating its characteristics or functions further. Many authors still use the

term this term instead of design model (DC).

Norman (1983) also introduced a distinction between models held by users and
designers, and the conceptualisation of these models by others — usually designers

and researchers. Three conceptualisations have been mentioned:

" The numbering scheme for the models reflects the way the models are grouped in the summary
list of models in Appendix 1 and is provided to aid cross-reference between the Appendix and this
chapter.

" Nielsen (1990) assigns the label MC for system image. Since M is for Manual and other
documentation, it could be argued that it does not cover undocumented parts so of the system
which the user interacts with, such as the screen display. C+MC expresses Norman's (1986) notion
of system image more precisely.
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(1.1.1) Designer’s model of users’ model (D(UC))*

An internalised or externalised structural, generic representation of the user’s
model, which is probably descriptive rather than analytic, specific rather than
general, and (like all conceptualisations) static. Norman (1986) defined UC to

cover both UC and D(UC), but a distinction between the generic and the

instantiated model should be made.
(1.1.2) Researcher’s conceptualisation of users’ model (R(UC))

A externalised, structural, generic model of the user’s model, which is static,

general rather than specific, analytic rather than descriptive.
(1.2.1) Researcher’s conceptualisation of the design model (R(DC))

The researcher’s view of the conceptual model may be different from the
designer’s model. It is likely to be externalised, structural, generic, static, and

analytic rather than descriptive.

The mechanism of conceptual design has appealed to system designers, but attempts

to put it into practice have not always been successful:

“The function of the designer is to communicate the design model accurately via the
system image. The function of the user is to form a user model that bears as little
resemblance to the design model as is humanly possible. The user will add to what is
so clearly communicated on the display every past experience they have had, relevant
or not. If the interface carries any trace of ambiguity, the user will find it out and
jump to the wrong conclusion. In short, the user will insist on doing everything

wrong, wrong, wrong!” (p. 130)

In this quote, Tognazzini (1991) points out that formulating a design model and
communicating it through the system image does not necessarily result in the user’s
model and user behaviour intended by the designer. Firstly, other factors — users’
previous knowledge and experience - influence the model-building process.

Secondly, constructing a “good” design model and communicating it through the

“ The term conceptualisation seems to be applied to representations which researchers construct of
models. The designer’s model may be constructed in a less deliberate and analytic fashion, hence
the term “model” is used rather than “conceptualisation”.
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user interface is not necessarily a straightforward process. Norman (1983) states that
a design model should be an accurate, consistent, and complete representation of the

system. In the revised version, Norman (1986) gives more specific instructions as to

how the model should be constructed:

“Ideally, the model is based on the user’s task, requirements and capabilities ... [and]
must also consider the user’s background, experience and the powers and limitations

of the user’s information processing mechanisms.” (p. 47)

Similarly, Tognazzini (1991), who subscribes to conceptual design approach despite
the display of comic exasperation in the previous quote, suggests that designers

should construct simple design models which:

(1) reflect users’ tasks, rather than the underlying hardware and software of

the system;
(2) correspond to users’ experiences and expectations.

To follow these recommendations, we need to add three further sets of
representations to the model-building process: users’ tasks, general knowledge and

experience, and information processing mechanisms.
(2.1) User’s Task Model (UT)

An internalised model of a task to be performed. This is an instantiated,
specific, descriptive, dynamic model of the task. Whether the model is
structural or distributed will to depend on the complexity of the task and
user’s level of expertise. We can expect users with similar training and

experience of the task to have similar models.
(2.1.1) Designer’s Model of Users” Task D(UT)

The designer’s generic model of the UT, which can be internalised or
externalised. The model is likely to be specific, descriptive and static. Whilst
approaches such as conceptual design prescribe that the design model should
be based on the user’s model of the task, there is a danger that the designer
may start from their own model of the task (DT), rather than model the task

from the user’s viewpoint (D(UT)).



(2.1.2) Researcher’s Conceptualisation of Users’ Task (R(UT))

The analysis of the users’ task can be conducted using a formalised method or
tool (task analysis), and the resulting model will be externalised using some
notation.  Depending on the method or tool used, the model may be
descriptive or analytic. Task analysis methods would claim that they model
the users’” model of the task, but if they are applied to the task as a purely
analytical exercise, without verification by users, the result will be an R(T)
rather than an R(UT). Task analysis methods aim to produce generic and
general models, and are unlikely to reproduce the idiosyncratic and
distributed features (including gains and inconsistencies) of an individual

user’s task model.
(3.1) User’s Existing Knowledge (UW)

This is the background knowledge an individual user brings to the task, and
which may influence the way in which they interpret information about the
system and interact with it. This is a highly individual, internalised model
which differs from UT in that it is general rather than specific. It is likely to
be distributed and dynamic.

(3.1.1) Designer’s Model of Users’ Knowledge (D(UW))

Designers are likely to form an internalised generic model of the subset of
users’ background knowledge and experience which may be relevant to the
task and system. This model is likely to be distributed and descriptive. As
with the designer’s model of users’ tasks (D(UT)), there is a possibility that
the designer’s own model of the world (DW) might be used instead of the
user’s (D(UW)).

(3.1.2) Researcher’s Conceptualisation of Users” Knowledge (R(UW))

This would differ from D(UW) in that it is likely to be externalised and
analytic.

Since the design model is not communicated directly, but via the system image, the
construction of the system image is as important as the construction of the design

model itself. Norman (1986) prescribes that the system image should be explicit,
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intelligible and consistent; the designer should realise every interaction contributes to
forming the user’s model. Norman acknowledges that this places a large burden on

the designer. Tognazzini (1991) offers some practical guidance on designing the

system image:

(1) Design wuser interface objects which encourage and facilitate user

behaviour that is consistent with the design model.
(2) Do not use abstract or invisible objects.
(3) Remove any elements not needed for a specific task from the user’s sight.
(4) Minimise the amount of information users have to remember.

These recommendations are presented as design heuristics, i.e. the craft knowledge
described by Long & Dowell (1989). They are, however, directly based on Norman'’s
(1986) theory, and like Norman, Tognazzini (1991) makes explicit reference to
established knowledge about the powers and limitations of the human information
processing mechanisms. We therefore have a further set of models — models of
users’ perception, memory, cognition and motor skills - to include in the process of

constructing the system image:
(4.1) Researcher’s Model of Users (RU)

Research in psychology and related disciplines has produced a number of
theories and models of the working of the human perception, memory,
cognition and kinaesthesia. These models are externalised, structural,

generic, general, analytic and static.
(4.2) Designer’s Model of Users (DU)

Designers might be using parts of RU, but are unlikely to be familiar with RU
in its entirety. To follow Tognazzini’s (1991) recommendations, they might
consult a researcher to select or interpret a relevant part of RU for them. If
this is not the case, they might draw on a their own, internalised version of

RU, which is likely to be distributed, generic, and descriptive.
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“The desktop metaphor ... is an inviting metaphor that provides easy access to the
system. Once users are immersed in the desktop metaphor, users can adapt readily

to loose connections with physical situations — the metaphor need not to be taken to

its logical extremes.” (p. 3)

This statement implies that:

(1) evoking a metaphor that users are familiar with facilitates access to the

system;

(2) a metaphor need not match the design model completely and in detail to

be effective;

(3) the use of a particular metaphor will lead to a specific user’s model.

These are strong claims which require a closer investigation of metaphors and their
relationship to design models and user’s models. According to Wozny (1989), both
analogies and metaphors provide a mapping between two domains. An analogy
(first introduced in 3.3) provides an explicit, referentially isomorphic mapping
between objects in two domains; valid analogies can therefore only be constructed
between similar domains. A metaphor is a looser type of mapping, which points out
similarities between two domains, without making explicit links between individual
objects, or involving all objects. A metaphor is therefore referentially arbitrary and
open-ended; its primary function is to initiate a process of active learning in the user
(Carroll & Mack, 1985).

Having distinguished the two types of mapping, we need to consider what the two
domains involved in the mapping processes are. For an analogy, the domains need
to contain similar objects. Wozny (1989) therefore suggests that in HCI, an analogy
is used when users map knowledge about one computer system onto another. Thus,
analogy can only be constructed for, or employed by, users with existing working
knowledge of a similar computer system. An example would be describing a new

spreadsheet application by reference to an existing one.

In the absence of knowledge suitable to construct an analogy, a designer would have
to employ a metaphor to cue existing knowledge from a different domain. We can

represent these two different mapping processes as follows:
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(M2) Analogy (UC1 — UC2)

Mapping an existing user’s model of one computer system onto a new
system. This requires, naturally, that the user holds a similar model which
can act as source of the mapping. The design model and system image would
incorporate the existing user’s model. The mapping would be expressed in
the system image, and the user would develop a new model through
interacting with the system (D(UC1) — DC — C+MC — UC2). Alternatively,
UCI may be evoked and amended through instruction. Wozny (1989)
suggests that with increasing knowledge about computing, more users will

be able to use analogies when learning a new system.

(M3) Metaphor (UW — UC)

Mapping an existing model from user’s knowledge onto the a new system.
This requires identification of a suitable model, incorporating it in the design
model, and communicating it via the system image. In interaction with the
system image, the user then develops a new model (D(UW) — DC — C+MC
— UQ).

Wozny (1989) describes the mapping of a metaphor as a three-stage process. In
Stage 1, users explore the computer system guided by their knowledge of the source
domain. In the course of the exploration, they identify which parts of the domain
apply to the computer system and which do not (Stage 2). Identification of similar
and different elements in the two domains provides the basis for the user’s model,
which is formed at Stage 3, and used to formulate and test predictions about the
system. So far, the description of metaphor construction supports the claims made
in the Apple User Interface Guidelines. However, Wozny (1989) points out that
there are points of failure at every stage which may prevent a successful transition

from metaphor to user:

(1) Infrequent (novice and casual) users may never get beyond relating their
existing domain knowledge to the system (Stage 1), and will continue to
reason about the system in terms of the source domain. These users will
continue to use the system in a trial-and-error fashion. The difference

between an intended metaphorical interpretation and the resulting literal
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one is a pervasive problem in HCI (viz. the mechanism of linguistic cueing,

discussed in 4.2.5) which interferes in the model-building process.

(2) Inconsistent or mixed metaphors may make it difficult for users to work
out which objects, rules and constraints of the source domain apply to the
system and which do not (Stage 2). Some users (especially those with low
levels of experience and confidence in their abilities) are likely to react
confused and dismayed, rather than shrug this off in the manner
suggested in the quote from the Apple User Interface Guidelines. The
desktop metaphor itself is, as Wozny (1989) points out, a mixed metaphor.
It merges objects from the physical world and knowledge about system
functions in one model, rather than providing a mapping between the
two (D(UW + DC) — C+MC — UCQC).

(3) If the system has a significant number of features which have no
equivalent in the real world (and are therefore not covered by the source
domain), users may experience a metaphor breakdown® after initially
successful interaction: they lose confidence in the metaphor before user’s
model has been established. Metaphor breakdown and subsequent
complete abandonment of the metaphor by users is qualitatively very
different from the cheerful “If it fits, use it; if it doesn’t, don’t” strategy
suggested by the Apple User Interface Guidelines.

To summarise, the use of analogies to construct users’ models seems to be restricted
to users who already have a knowledge of similar systems. For users who do not
have such knowledge, a designer could try and to cue a suitable metaphor from a
different domain as a starting point. The process of constructing a user’s model via

a metaphor, is, however, a somewhat fragile process, which may or may not

succeed.

# The term metaphor breakdown is chosen as an analogy to Winograd & Flores’ (1986) communication

breakdown. The latter occurs when the dialogue between a user and an anthropomorphic system

image (one which suggests an analogy between human-system dialogue and human-human

dialogue) fails.
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4.2.3 Surrogate models, task-action mappings and distributed models

Both Young (1983) and DiSessa (1986) describe models which are mental analogues

of the system the user is interacting with: surrogate models.

(M4) Surrogate models (C — UC)

Users who hold a mental analogue of the system they are interacting with can
predict system behaviour accurately, since they “run” a simulation of the
system itself when using that model. These internalised, instantiated and
specific models may be acquired through prolonged and regular interaction
with the system. DiSessa (1986) suggests that users develop a functional view
of the system to start with, then develop a sense for the structure underlying
the functions, and finally discover the true amount of functionality (DC —

MC+C; (UT)+(UW)+(MC+C) — UC1; UC1+(MC+C) - UC2).

Most users, however, want to complete tasks without having to construct a mental
analogue of the computer system. Task-action mappings take user tasks as their sole
starting point. The core of the mapping between task and system provides an
overall characterisation of the system to orient the user’s behaviour. Young (1981,
1983) argues that task-action mappings are a good basis for design: the overall shape
of the mapping can be used to guide the designer — i.e. the task-action mapping
becomes the design model. With complex systems, submappings will be necessary —
once this happens, the relationships between the submappings become crucial. If
submappings overlap, and one task can be located in two or more parts of the
system, it is important to preserve consistency. The designer must ensure that the
same task is translated into the same action in any part of the system, no matter
which route is chosen: for instance, the task “save the file I am currently working on”
should be mapped onto the same action in any part of the application. Failure to
observe this principle would be likely to result in mode errors (Monk, 1986). With his
statements on task-action models, Young (1983) provides the most specific and

detailed prescription of “how to construct a design model”.
(M5) Task-action mapping (UT — UC)

Reduced models which account for the functionality of a system by reference

to the real-world task the user is performing are called task-action mapping
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models. Task-action mappings model a mental representation of a direct

connection between a task and the user actions required to perform that task.
In order to construct such a mapping the designer would select a minimum
set of task-action relationships (the core of the model), and channel the

remainder of the functionality through these core mappings (D(UT) — DC —
C+MC — UQ).

His proposal, however, has been challenged by both Tauber (1988) and DiSessa
(1986), who raise doubts about the suitability of task-action mappings as the basis
for the design model. DiSessa (1986) states that designers should aim for a surrogate
model, and only count on functional models and the user’s distributed models — i.e.
the previous knowledge and background users bring to the task — in the earlier

stages of learning (as described in M4).

Tauber (1988) also challenges the claim that task-action mappings can model the
entire functionality of a system adequately, without any reference to surrogate
models of the internal workings of the system. He argues that a pure task-action
design model will always hide important aspects of the system’s functionality, and
hamper the user’s performance. His prescription is to derive design models from

formal descriptions of tasks and users:
(M6) Formal Task-based Model (R(UT)+R(U) — UC)

Tauber (1988) proposes that design models should be based on formal models
of the user’s task; models of human cognition which are based on theory and

validated by experiments should be added to the process (D(R(UT)+R(U)) —
DC — C+MC — UQ).

The formal system suggested for modelling the task is TAG (Payne & Green, 1986);
however, TAG is used to model system tasks (RC) rather than user’s real-world

tasks (R(UT)). The distinction and relationship between system and real-world is

explored in more detail in 4.2.4.

4.2.4 Users’ models and task models

The importance of the relationship between external, real-world tasks which users

seeks to perform, and the computer system’s functions which they have to master in
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order to complete a real-world task, had been emphasised in early research on users’
models by Young (1981) and Moran (1983). Green (1990) introduced the term
viscosity to illustrate this relationship: the viscosity of a system increases with the
number of internal (system) tasks the user has to know in order to perform the
desired external (real-world) task. The number of translations the user is required to
make is related to cognitive load. Payne et al. (1990) formulated the Yoked State

Space (YSS) hypothesis to elaborate the relationship between users’ models and task-
action mappings. YSS states that:

(1) A user of any system must construct and maintain at least two separate

state spaces, a goal space and a device space, and a mapping between the

two.

(2) The goal space represents the possible states of the external world that can

be manipulated with the device.
(3) The device space represents the possible states of the computer system.
(4) Device operators allow the user to transform states in the device space.

(5) A semantic mapping relates the entities in the device space to those in the

goal space, so that device space states may represent goal space states.

Goal space, device space, and semantic mapping are all mental constructs. If the
user wants to accomplish a transformation in the goal space (i.e. a task such as
removing a paragraph), she has to apply operators in the device space (such as
“marking”, “block of text”, DELETE, in a text editor). These state spaces (between
external and internal tasks) need to be yoked. With the formulation of YSS, the need
to distinguish between two different models of tasks involved in the process, which
emerged in previous section, has been made explicit. The user’s model of the task

(UT)* needs to be decomposed into:

¥ Y85 is sometimes referred to as a model of the user. It is a model of the user in that it is a
conceptualisation of how users represent tasks, but at the core is the task representation.

65



(2.2) User's Model of Real-World Task (U(WT))*

This is the user’s model of the task the user wants to perform in the real-
world, i.e. a model of the primary task. This is an internalised, specific,
instantiated, descriptive and dynamic model of the task. It is related to the

concept of goal space of Payne et al. (1990), which is a conceptualisation of this

model.
(2.2.1) Goal space (R(U(WT)))

Researcher’s conceptualisation of how users represent a real-world task,
which differs from U(WT) in that it is externalised, generic, analytic and
static. As with (R(UT), depending on the method used to derive this model,
the result may be an R(WT) rather than an R(U(WT)).

(2.3) User’s Model of System Task (U(CT))

The user’s model of the operations required to be performed on the system to
complete U(WT). This is therefore a model of the enabling task. As a user’s
model, it will be internalised, specific, instantiated, descriptive and dynamic
model; whether it is surrogate or distributed will depend on the user’s level

of expertise with the task.

(2.3.1) Device space (R(U(CT)))

Researcher’s conceptualisation of how users represent operations required to
complete U(WT). It is an externalised, generic, analytic and static version of
U(CT). Some methods used to analyse system tasks are R(CT)s rather than
R(U(CTs)).

(M7) Semantic mapping (R(UWT) — U(CT)) — UC)

The mapping relationship proposed by YSS (Payne et al., 1990) states that the
U(WT) is mapped onto U(CT) via function called semantic mapping

® A further modification of the notation has been contemplated at this point, since it is arguable
whether the world can hold a model of the task. Possible alternative expressions to distinguish the
sub-categories of UT would be U(T-W) and U(T-C). On the other hand, the system can hold an
idiosyncratic model of the task, so U(CT) seems acceptable. The alliance of consistency and

simplicity won over precision in this case.
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RUWT) — U(CT)) - UC). Semantic mapping is a proposed cognitive

mechanism - a general RU - applied to a specific problem.

According to YSS, a user’s model (Payne et al. (1990) use the term device model)
provides a set of conceptual entities (the device space) and their inter-relationships,
and a mapping from these entities into the goal space. In addition, the model may
contain some elaboration of the device space that do not map onto goal states, but
give autonomous semantics to steps in methods. In the relationship between a

user’s model and a task-action mapping, there are two further issues to consider:

(1) The user’s model determines the parameters of the task-action mapping
procedures. This, according to Payne et al. (1990), is important because
the construction of such parameters (e.g. strings in text editing) means a

major cognitive load for the user, which is often overlooked in theories of

users” knowledge.

(2) The hallmark of an elaborated user’s model is the ability to decompose
procedures into meaningful components, which can be used to construct

new procedures and identify shortcuts.

YSS, therefore, provides an explanation of how, in distributed users’ models,
surrogate and task-action mappings might be combined. It acknowledges the
importance of model building blocks (such as strings and data types) and linguistic
cueing mechanisms. Unlike the theories discussed in the previous subsections,
Payne et al. (1990) do not prescribe or suggest how design models (DCs) should be
constructed: its focus is providing a more detailed description of user’s models
(UCs). YSS is a researcher’s conceptualisation of users” models R(UC), based on
researcher’s models of tasks (RT) and users’ cognitive mechanisms (RU). Payne et
al. (1990) point to parts of the design — especially labels — which have been shown to
impact user’s models and performance, and we can infer that the design model and
the system image should support the semantic mapping from a task model to
system function. In that, YSS does not differ from task-action mappings. The
difference lies in the perspective on the mapping mechanism function: for Young
(1983), the mapping is a prescription of how the design model (DC) and system
image (C+MC) should be designed to support the construction of an appropriate

user’s model (UC). Payne et al.’s (1990) focus is the structure and content of the UC,

67



and then seek to illuminate the process through which it its constructed. Even
though his work is not cited in this paper, their aims and methods show similarities
to Johnson-Laird’s (1983) approach. Not surprisingly, the review of the final
theoretical contribution, which is directly based on Johnson-Lairds’s theory of

mental models, highlights some of the same mechanisms as YSS.

4.2.5 User’'s models as mental models

Manktelow & Jones (1987) provide the only contribution which explicitly aims to
apply Johnson-Laird’s (1983) theory of mental models, and related empirical
research on memory, learning and thinking, to users’ models and the design of

systems.

The authors start from the same premise as Norman (1983, 1986) and other research
reviewed in this volume: that user performance depends on having a single,
coherent, plausiblezs model and accessing it at the right time. Manktelow & Jones

(1987), however, supply a more detailed definition of these properties:

e single meaning that the user refers to one and only one model, rather than
considering several potentially relevant models at the same time;

o coherent being defined in terms of co-reference (each proposition referring to an
entity referred to or defined elsewhere in the model) and consistency (all
properties and relations being compatible with one another and free from
contradiction);

o plausible meaning that the user’s model is part of an appropriate framework,
i.e. knowledge about (a) similar systems and procedures, (b) the problem
domain, and (c) the language used to describe it.

Following Johnson-Laird (1983), Manktelow & Jones (1987) state that there are two

ways of in which such a user’s model can be constructed:
(1) by cueing an existing model and extending it; or

(2) by construction de novo.

% Norman and other literature based on his work use appropriate rather than plausible.
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Unlike the conceptual design approach (see 4.2.1), Manktelow & Jones (1987) spell
out that these two processes require different types of support, which has important

implications for designers trying to facilitate the construction of a certain user’s

model.
(1) Cueing and extending an existing user’s model

An existing user’s model is cued through the design model/system image
and used as an advance organiser for new information. New information
presented to the user is encoded as propositional representations, which are
interpreted with respect to the existing model and integrated into it. User
action is guided by the existing model, which can be scanned in any direction.
This process obviously requires that users have an appropriate model which
can be cued. An appropriate existing user’s model is (a) of similar structure
to, and (b) linguistically compatible with, the design model. Even though the
authors do not use the term in this connection, this requirement suggests that
the process of cueing and utilising an existing model is similar to an analogy
(D(UC1) - DC — C+MC — UC2) —see 4.2.2).

(1a) Structural similarity

Structural similarity does not assume formal equivalence. Manktelow &
Jones (1987) emphasise that the formal equivalence fallacy — that users will
match models on the grounds of similar formal (logical) structure — has been
substantiated by Johnson-Laird (1983). Such reasoning mechanisms may be
applied by users trained in this manner, but it is unlikely to apply to the
maijority of users. Structural similarity depends on content rather than form,
i.e. users need to be reminded of a general class of knowledge in which the

propositional representations can be accommodated.
(1b) Linguistic compatibility

Linguistic compatibility means that the propositional representations to be
integrated into the existing model are presented (and therefore encoded) in a
form which allows the user to identify equivalent terms in the existing model
and the propositional representations. Linguistic compatibility provides a

different perspective on Wozny’s (1989) insistence that analogies can only
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exist between similar domains: it is the similarity of vocabulary which

facilitates analogy, rather than identical formal structure.

(2) Constructing a new model

Without an existing user’s model into which new information can be
integrated, propositional representations remain in the user’s working
memory and direct users’ actions. Since propositional representations are
encoded as raw data (i.e. in the format in which they have been received in
memory), they can be of arbitrary syntactic structure and are not integrated.
When interacting with the system on this basis, users will select what they see
as the appropriate propositional representation and act on it. This selection
process is driven by heuristic processes. A designer trying to assist the
process of construction de novo has to consider (a) the number of
propositional representations to be processed by the user; and (b) the form in

which they are presented.
(2a) Number of propositional representations

Juggling even a small number of propositional representations poses a
considerable load on the user’s working memory, which means that memory
space required to construct a user’s model does not become available. With a
new model of any complexity, users will require the opportunity to evaluate
a subset of propositional representations and establish relationships between
them. Once these are consolidated, they form the starting point for a model
and free up space in working memory, allowing a new batch of propositional
representations to be introduced, processed and integrated with the basic
model. Hence, knowledge presented to the user needs to be partitioned and

introduced in stages, providing opportunity for practise and consolidation.

(2b) Format of propositional representations

Since available propositional representations are encoded in their raw data
format, the format in which knowledge is presented is important. One
requirement is that propositional representations should be linguistically
consistent within themselves. Secondly, propositional representations need

to be constructed to match the heuristics by which users work, such as their
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linguistic biases. Designers can reduce the processing overhead and error
rate by (a) exploiting matching bias; and (b) avoiding use of negatives,
marked words and suppositions. Manktelow & Jones (1987) also emphasise
the importance of consistency with salient task features (presumably of the
real-world task) as an important heuristic; this may suggest a principle

similar to a task-action model (see 4.2.3), but this is not discussed in sufficient
detail.

Manktelow & Jones (1987) summarise their findings in a set of 24 Summary Design
Principles (see Appendix 2). In content and form, these correspond to the
engineering principles advocated by Long & Dowell (1989): they are (a) based on
integrated empirical evidence, (b) prescriptive, and (c) testable statements about
effects of design and instruction on users’ models and performance. The 24
principles and 13 sub-principles are fairly complex, and presented in scientifically
cautious terms, rather with the authoritative air of a successful designer which

accompanies Tognazzini’s (1991) list of recommendations (see 4.2.1).

Whilst Manktelow & Jones’ (1987) Summary Design Principles may be less
accessible, they do correct a number of misconceptions and fill gaps apparent in the
conceptual design and metaphor-based approaches. Available evidence — both from
general research on cognition and HCI (e.g. Briggs, 1988) — suggests that the
structure of internalised models, such as users’ models and their existing knowledge
and experience, is very different from the structure of externalised models used by
designers and researchers. Users’ knowledge structures are highly individual and
unique; yet the assumption of the metaphor-based approach in particular seems to
be that the user’s model cued will correspond to the externalised, ideal version
envisaged by the designer. Johnson-Laird (1983) debunked the notion that human
reasoning follows the line of formal logic, yet a number of specific inference
mechanisms are tacitly assumed as part of the process of transferring an externalised
ideal model into the user’s mind. Conceptual design and metaphor-based
approaches aim to facilitate construction of a user’s model, but have not paid
attention to the implications of procedural semantics. The capacity of a user’s
working memory has to be considered in the construction of models, and the format

of verbal instructions plays a crucial role in this context. Like Payne et al. (1990),
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Manktelow & Jones (1987) point out that if designers aim to facilitate the

construction of a user’s model, they have to start by facilitating the construction and
integration of the building blocks.

4.3 Empirical contributions

Empirical studies of users” models of computer systems have been published since
the mid-eighties. The review in this section concentrates on studies of computer
systems and commercial software, since it is the application of mental models to the
design of such systems which is the focus of this thesis. Computer systems are
different from most other devices because they can be used for a multiplicity of tasks
(see 4.2.2). Therefore, studies of less complex devices, such as calculators (Young,
1981; Halasz & Moran, 1983, Bayman & Mayer, 1984) and cash dispensers (Payne,
1991a), are not reviewed in detail in this section, but findings which are relevant to
users’” models of computer systems are incorporated in the conclusions (4.4.3)%.
Similarly, studies of user knowledge and behaviour which make no explicit
reference to users’ models (e.g. Payne, 1991b; Mayes et al., 1988) are not reviewed in
detail here, but will be drawn on in the conclusions. A summary overview of the

studies reviewed in detail in this section is presented in Table 7.

The purpose of the critical review presented in this section is to sift the empirical

evidence to establish:
(1) what types of models have been studied;

(2) whether the results support or contradict any of the theoretical

contributions presented in 4.2;

(3) which methods have been employed to investigate users’ models.

* The study by Kieras & Bovair (1984) is the one exception — it uses an artificial control panel device
which has only one purpose. Since this device has a certain level of complexity, and the study is
much cited, it has been included in the detailed review.
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Study No of subjects | Users System Models and mappings |Investigative method | Data
Kieras and Bovair |40 (2 groups) novices (students) control panel surrogate model lab experiment task performance
(1984) C-DC—-UC training some verbal protocols
Borgman 28 (2 groups) novices (students) on-line catalogue metaphor lab experiment task pterformance
(1986) UW - DC - UC training interview
Frese et al. 15 (3 groups) | novices (students) word processing surrogate model lab experiment command recall
(1988) C—-DC—UC1 training task performance
construction de novo
C+R—-UC2
Briggs 6 novices (adult trainees) word processing construction de nowvo lab experiment verbal protocols
(1988) T+C+M — UC observation task performance
VanderVeer& |10 managers integrated office system | metaphor field study questionnaire
Felt (1988) R(UW) — UC1 training observation
surrogate model observation interviews
Cc—-uc2 teach-back
Marchionini 16 novices (high school electronic encyclopaedia |analogy field study task performance
(1989) students) UC1 - UC2 training keystroke logs
observation verbal protocols
interviews
Gray 10 novices (adult volunteers) |hypertext system adaptation of users’ lab setting user behaviour
(1990) models observation verbal protocols
C—-UCl-»UC2 - UC3 drawings
Payne et al. Exp.1: 14 novices and expert users card sorting device models R(U(CT)) |lab experiment task performance
(1990) Exp. 2: 24 novice users 2 word processing verbal protocols
Exp. 3: 48 novice users exp. text editor
Vander Veer& |54 novices (adult employees) |spreadsheet metaphor field study performance
Wijk (1991) DC - RW - UC training self-reports
observation teach-back

Table 7: Empirical studies on users” models




A detailed review of the methods employed by three early experimental studies
which investigated the role of the user’s models — Borgman (1986), Briggs (1988),
and Frese et al. (1988) — and a much-cited study using an experimental device —
Kieras & Bovair (1984) — has been presented elsewhere (Sasse, 1991). The two main
criticisms  (over-reliance on performance data as an indicator for models or their
characteristics, and lack of ecological validity of the findings) will be revisited in the
conclusions of this section. Since the earlier review pre-dates the adoption of

Nielsen’s (1990) taxonomy, detailed reviews of those studies are included here.

4.3.1 Models of a Control Panel Device

In this widely-quoted early set of 3 experiments, Kieras & Bovair (1984) trained two
groups of users in procedures which enabled them to operate a simple control panel
device. In addition, users in the experimental group were provided with an
externalised, surrogate model — a circuit-style diagram — of the fictitious device. The
device is described as a phaser bank on Starship Enterprise of Star Trek fame, thus
providing “an interesting fantasy context” for the task. The model was accessible to
users during the training phase, but not during the benchmark tests. The authors
report a significantly better performance of the experimental group — measures
taken were training time, time to complete task, ability to identify and correct inefficient
procedures, and retention over time. They attribute this to the effective users” models
of the device formed by the experimental group as a result of exposure to the
surrogate model. More precisely, the effect of the model is described as allowing
users to infer specific procedures: verbal protocols from Experiment 2 showed that
users in the experimental group made reference to the model when inferring
procedures. The authors go to some length to eliminate alternative explanations”,
indeed the whole experimental procedure is very meticulous. Thus, Kieras &
Bovair’s (1984) results demonstrate the effectiveness of a surrogate model — the
device used in the experiment was simple enough to allow users to acquire and

maintain such a model in the time available — as opposed to rote learning.

¥ The possibility that the interesting fantasy context may have motivated users in the experimental
group more than those in the control group, and hence cause the difference in performance, was
eliminated in a subsequent experiment.
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The authors propose that less precise models which do not support specific
inferences — “general principles, metaphors and analogies™ — will be of little value since
they are unlikely to support such specific inferences. This would support DiSessa’s
(1986) and Tauber’s (1988) view that users need surrogate models for effective
interaction. The somewhat dispiriting conclusion for users and designers is “no
pain, no gain”: there is no easy way of acquiring useful models of complex systems.
This would, however, be an over-generalisation of Kieras & Bovair’s (1984) findings.
The conclusion that other types of models are not helpful is derived in an indirect
fashion: alternative types of models and their effects were not investigated in the
study. The generalisability of results obtained from short-term interaction with a

comparatively simple, artificial device is doubtful.

4.3.2 Models of an On-line Catalogue System

Borgman (1986) also used a “model” vs. “no model” comparison of two groups of
novice users, who were trained to use a prototype of an on-line retrieval system for
a database of bibliographic references which was installed in a university library.
The instructions for the experimental group explained the system through an
analogy with a card catalogue, in addition to the set of procedures for retrieving
literature which had been given to the control group. Task performance was
measured through time taken to complete tasks, and number of tasks completed
without errors. No significant differences between the groups were found on simple
benchmarks tasks; but on more complex transfer tasks, the “model” group
performed significantly better. These results would oppose Kieras & Bovair’s (1984)

conjecture that analogies are not effective in transferring knowledge.

Borgman (1986) tried to corroborate the findings from performance results by
demonstrating the presence of different models in the two groups. The verbal
descriptions of the system obtained from interviews with users, showed, however,
showed that only 3 out of 14 subjects in the “model” group described the system in

terms of the externalised model — but then, so did one of the users in the “no model”

= Following the definition used in this thesis (see 4.2.2), analogies have more in common with
structural models than with metaphors and general principles, since both provide an isomorphic
mapping relationship.
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group. The author offers several explanations for the experimental group’s failure
to refer to the taught model. The first - that eliciting user’s models may be more
difficult than anticipated - is confirmed by other observations and discussed in some
detail in the conclusions of this chapter (see 4.4.3). The second explanation offered —
that users were so intelligent (Stanford University students, after all) that they did

not need to use an externalised model, but preferred to construct their own — seems

both laboured and pompous.

Nevertheless, the second part of the explanation — that users preferred to construct
their own models - may be correct. Users in the experimental group may have failed
to adopt the model because it did not support their interaction with the system. The
model presented to them was “an analogical model of the card catalog”, chosen “because
of its obvious relation to the on-line catalog.” The relationship between a card catalogue
and an on-line retrieval system may be obvious to a user who is familiar with the
task for which both are tools, but a card catalogue is not analogous to an electronic
retrieval system. An analogy provides an isomorphic mapping between two similar
domains (see 4.2.2). Whilst both a card catalogue and an on-line retrieval system
allow users to find literature by author, title and subject, not all features of the
system can be explained in terms of the card catalogue. One of the great advantages
of an on-line retrieval system — which users in this study were supposed to exploit -
is its ability to handle multiple search criteria in one query, where use of a card
catalogue would require a cumbersome sequence of find-and-match operations.

This is confirmed by the statement that:

“The most difficult system feature to present in terms of a card catalog was the

Boolean logic capability, as no direct analog exists.” (p. 52)

Because the mapping between the two domains was incomplete, the analogy would
break down at some point (akin to the metaphor breakdown described in 4.2.2), and
be discarded by the majority of users. Those who did refer to the card catalogue
may have used the model as a metaphor or a task-action mapping. Users who were
not very familiar with bibliographic searches and card catalogues to start with
would not have such a model to be cued and amended, and would therefore try to
construct their own model from the instructions. The fact that many users found the

tasks difficult — 26% of recruited users failed an easy benchmark retrieval task —
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suggests this possibility. Borgman (1986) concedes that, in retrospect, users’ existing

knowledge of the task domain should have been checked as part of the recruitment
process.

4.3.3 Models of a word processing system (1)

The study by Frese et al. (1988) also tried to use different types of training to
encourage the construction of different types of models. Three groups of users were
trained to use a commercial word processing system. As in the two previous
studies, the difference between the first two groups was training in procedures only
(rote learning) vs. procedures plus design model (C — DC — UCI). The
experimental group, however, was encouraged to develop what the authors call an
active user’s model by exploring the system. Whilst they received no instruction or
training, they had access to an expert (researcher) throughout their exploration
process. The researcher encouraged users to formulate hypotheses about the
functioning of the system and put them to the test (C + R — UC2). The authors’
hypothesis was that this process would lead to the construction of an active users’
model, which would in turn manifest itself in superior performance on a transfer
task (a complex task performed under speed conditions). In addition to
performance on the transfer task, command recall, errors and efficiency were

measured. Users were also asked to rate their own satisfaction with the training.

Given the small number of subjects in each group, the results have to be treated with
caution, even though authors state that differences are significant”. The largest
differences were found on the performance measures — time and efficiency. The
experimental group performed significantly better than the “no model” group, and
marginally better than the “passive” model group. The transfer task shows a similar
pattern: the experimental group performed best and the “no model” group worst;
the difference between these two groups is significant, whereas the difference
between “active” and “passive” model groups is not. User satisfaction with the

training was at similar levels in all 3 groups.

¥ The authors themselves admit “we did not use very conservative statistical tests”, but feel nevertheless
that “our general interpretation can be justified by the data, since all the performance results point in the
sane direction.” (p. 302)
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The result adds to a growing body of evidence that a purely procedural training
approach results in less efficient user behaviour and inferior performance on a
transfer task (Kieras & Bovair, 1984; Borgman, 1986, Sasse et al., 1988). Frese et al.
(1988) are convinced that this performance difference is due to a different structure
of users” models. They propose that the use of hypotheses at the start of the training
of the experimental group encouraged the development of “some explicit cognitive
preconception of the system”; the knowledge acquired during user-system interaction
is integrated into such a preconception, which is finally elaborated into a full user’s
model. This hypothesis of the model-building process exhibits certain similarities
with the advanced organiser function described by Manktelow & Jones (1987, see
4.2.5). If “active” models constructed in this manner were superior to “passive”
ones, potentially expensive training, rather than design, would be the way to induce
users’ models. The authors do not provide a corresponding description of the
process by which externalised “passive” models are turned into user’s models, but it
is fairly clear that the presented models are assumed to be transferred more or less
unchanged into users’ minds. The fallacy of “passive” model construction, which is
at odds with mental models theory (Johnson-Laird, 1983), and has also been
denounced for users’” models in HCI by Carroll & Rosson (1987), is discussed in

more detail in the conclusions of this chapter (see 4.4.2).

4.3.4 Models of a word processing system (2)

Like Frese et al. (1988), Briggs (1988) investigated self-directed learning and its
influence on users’ models. In this small-scale study, 6 female users with no
previous computing experience were presented with a word processing system and
a task (editing and printing a letter). The users were encouraged to ask the trainer
as many questions as they liked before switching the computer on, and were
allowed to take notes. They were told that after switching the computer on, they
were only to ask questions if they could not proceed without help from the trainer,
The questions asked by the users were the focus of this study; they were recorded
and analysed to determine what kind of information inexperienced users are

looking for when faced with a new system.
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Briggs (1988) observed that users’ questions are very much directed by what they
see: when presented with the task, their questions are driven by visible features of
the task (e.g. how to underline or centre text); once the system is switched on, users
ask questions about visible parts of the system (e.g. meaning of keys, menu items);
these questions were asked in a fairly systematic and coherent manner. The number
of questions about “how the system worked” (i.e. knowledge required for the user’s
model) increased once the system was switched on, but were fairly imprecise and

not followed up by the users. Briggs (1988) attributes this to

“... the absence of a good [design] model of the system which can act as a framework
or meta-structure for learning. Without this, users are forced to rely on available

cues to guide the learning process, the most obvious of which are surface features of

the task and the machine.” (p. 440)

Like Frese et al. (1988), Briggs suggests that users need something like an advance
organiser (Manktelow & Jones, 1987) to facilitate the processing of incoming
information. If no such advance organiser is given, users resort to their own
knowledge and experience for the “next best” model from which to construct a
user’s model. Once cued, the model is disastrously resilient: rather than evaluating
the model against incoming information, users bend new information to fit into the

model.

The finding that users’ information seeking is very much guided by what they see at
the time endorses the notion that the system image can guide the construction of
users’ models (Norman, 1986). The absence of a design model at the beginning of
the learning process adversely affects user-system interaction in the long term; yet,
we know from other studies (Carroll et al., 1985) that users do not tend to make
good use of instruction materials which aim to communicate such models. The
reason may be, as Briggs (1988) observes, that users’ information seeking strategy is
task-driven, which would strengthen the case for task-action models (see 4.2.3). The
other reason may be that whilst the model presented may be suitable, the process by
which users are expected to acquire it is not. Briggs (1988) felt that users were
“ludicrously overconfident”, asking on average only 7 question before switching the
computer on. An alternative explanation can be derived from Manktelow & Jones

(1987): users stopped asking questions because the information given in response
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was as much as they could hold in working memory; they needed an opportunity to
test and consolidate this information before acquiring more. This opportunity was

denied to them in Briggs’ (1988) study, and it is not catered for in most teaching and
instruction materials.

4.3.5 Models of an office system

Van der Veer & Felt (1988) introduced 10 insurance company managers to an
integrated office system in a 3-day course. All participants had used computers
before, but were new to the integrated office system, which consisted of software
modules (spreadsheet, database, text editor, graphics, communication and system
configuration functionality). The system had a global command set (COPY,
DELETE etc.) but the authors point out that, since the integrated system had been
constructed from individual pieces of software, some syntactic inconsistencies

existed for the use of these commands across the different parts of the package.

Users were introduced to the system in terms of a task metaphor and a visual-spatial
metaphor. The task metaphor, which was introduced first, related the package to a
company, with different parts of the package being related to functions performed
by different people (draughtsman for graphics, accountant for spreadsheet, typing
pool for text editor, etc.). Following the classification of models introduced in 4.2,
this is not a model of the users’ task, but a metaphor relating users’ knowledge of a
different domain to system functionality (UW — DC - UC). The visual-spatial
metaphor represented the package through a drawing of a series of boxes connected
by pipes. Van der Veer & Felt (1988) report that the drawing representing the entire
system proved too complex for the users; therefore, an additional set of simpler
drawings was added for individual software components. Given that these
drawings represent parts and connections of the system in some detail, the mapping

provided is that of a surrogate model (DC — UC), rather than a metaphor.

Van der Veer & Felt (1988) report that all but one of the users demonstrated what
they consider a “reasonable level of semantic knowledge” about the software modules
and operations which can be performed in them, and that 8 users had developed
appropriate users’ models. The models were elicited at the end of the training

period by asking users how they would teach the software package to a new
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colleague who wanted to complete a certain task. The representations elicited
include:

(1) alist mapping objects to particular software modules;

(2) alist of procedures;

(3) an explanations in terms of the “draughtsman” and other roles;

(4) a flowchart;
(5) a keystroke representation;
(6) a drawing showing relationships between software modules.

The third clearly reproduces part of the metaphor, and the last shows similarities
with the surrogate model presented to users during training. It may seem
surprising that most users did not refer to these models, given that users were asked
to explain the system with respect to a particular task which had been linked to the
metaphor during the training. The authors do not comment on this finding. The
users in this study had previous experience of similar systems; most of the
representations, while diverse, are all related to computing knowledge. It is possible
that users preferred to draw on their existing models from a closely related domain,
and constructed their users” models of the new system by adapting models they
were familiar with. Users in this study had sufficient time and opportunity to
practise and consolidate information about the new system; this would have helped

to integrate information about the new system with existing knowledge.

4.3.6 Models of an electronic encyclopaedia

Marchionini (1989) investigated 16 high school students” models of a paper-based
encyclopaedia, and their effect on users’ models of an electronic encyclopaedia. Ina
series of observations and interviews, comprising 3 sessions over a 7-week period,
students were observed using a paper-based encyclopaedia to conduct an
information search, before being introduced to an electronic encyclopaedia. In an
attempt to provide meaningful and motivating tasks, students were allowed to
propose their own search topic; those failing to propose one could select from a list
prepared by the observer. Their search performance was evaluated in terms of

search time, number of queries entered, and number of successful queries (obtained
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from the observer’s rating and keystroke logs). Qualitative data included interviews
with students about their search strategies, and perceived differences between
paper-based encyclopaedias and the electronic system. The interviews were

audiotaped and analysed and coded independently by 6 researchers.

Marchionini (1989) reports that, using a generous definition of a successful search,
80% of searches in the printed encyclopaedia and 67% of searches using the
electronic systems were successful. Search time was double for electronic than for
the printed version; this is explained with students needing time to get used to the
system, and higher motivation to persevere with the new system, compared to the
book encyclopaedia. Even though 80% of searches were classified as ultimately
successful, Marchionini (1989) reports that many searches were poorly formulated. 9
students made no use of Boolean search capability at all; 7 used the simplest
connective, AND; the connectives OR or NOT were not used by any users. This
observation on problems with Boolean search capability was also reported by
Borgman (1986). Marchionini (1989) concludes that users have problems integrating
these novel features into their existing model of the printed version. Following
Johnson-Laird (1983), we would predict that users who were not trained in the use
of abstract operators would have problems with in applying these. On the other
hand, Marchionini (1989) also reports that only 4 out of 16 students made use of the
index of the printed encyclopaedia, which suggests that most users’ models of the
printed encyclopaedia and of the search task were not very sophisticated. Similarly,
Borgman (1986) was surprised by a low level of task competence among her users.
Payne et al. (1990) would predict that users who do not have an adequate
representation of the real-world task (U(WT)) will encounter problems in their

attempts to construct a model of the system tasks (U(CT)).

From the verbal protocols, Marchionini (1989) concluded that all subjects used the
print encyclopaedia as an advance organiser” (Manktelow & Jones, 1987) for their
user’'s model of the electronic system. From intra-individual comparisons of

performance and verbal protocols, he established that the more detailed the user’s

* Marchionini (1989) uses the term building block rather than advance organiser to describe this
concept, but this term could be easily confused with propositional representations.
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model of the print encyclopaedia, the less they were able to accommodate novel
features of the electronic system. He therefore proposes that, in order to further the
construction of appropriate user's models, the instructors and/or instruction
material (i.e. the design model and system image) should explicitly represent the
differences between the existing user’s model and the new system. This proposition
ties in with Manktelow & Jones’ (1987) Summary Design Principles 7-9 (see
Appendix 2), and aims to reduce the cognitive overhead associated with adapting

similar but not isomorphic models, such as metaphors (as discussed in 4.2.2).

An additional observation on cognitive load reported by Marchionini (1989) is that
users preferred to use a small set of global operations, rather than using specific
shorter commands — as Norman (1983) observed, they traded physical (executing
longer command sequences) for mental effort (memorising additional specific
commands). Limitations of users” working memory (Manktelow & Jones, 1987), or
incomplete representation of real-world task (U(WT)), system task (U(CT)) and

semantic mapping (Payne et al., 1990) would explain this observation.

4.3.7 Models of a hypertext system

Gray (1990) observed and probed 10 novice users exploring a hypertext system to
determine their users’ models, and how they changed over a series 10 search tasks.
Users’ models were inferred from behavioural and verbal protocols, and - using a
new method to overcome the model articulation problem observed by Borgman (1986)
—users’ drawings of the way in which screens showing information were connected

to each other. Drawings were collected after the first, fifth and final search tasks.

Like Marchionini (1989), Gray (1990) concluded that most users approached the
system with models of linear text search strategies — i.e. a model of how they would
search for information in a book. This impaired their ability to navigate the
hypertext structure, and contributed to them “getting lost” in it. In contrast to
Marchionini (1989), however, Gray (1990) found that users adapted their models.
After 10 searches, 7 users’ models showed a basic understanding of hierarchical
structure of the hypertext system (drawing, or referring to, a “tree” or “web”
structure), and half the models indicated an understanding of the cross-reference

links. Thus, this study confirms the dynamic nature of users’ models: clearly, users’
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models change as a result of user-system interaction, at least in the early phases of
learning about a system. Unfortunately, Gray (1990) does not discuss whether the
results provided any insight into process by which the models were adapted. Thus,
we do not know whether users discarded the linear model as it did not prove useful
(in a process similar to that of metaphor breakdown as described in 4.2.2), and replaced
it with a hierarchical model, or whether they evolved the linear model (e.g. through

the process of procedural semantics), into a hierarchical user’s model of the system.

An essential element of an appropriate user’s model for successful navigation of a
hypertext seems to be a representation of size of the system. With a book, users can
easily determine the total amount of information available. Gray (1990) concludes
that users require an indication of how much information is available, both in total
and for a particular topic, and how much of it has been inspected. This may be an
example for the basic type of information users require to construct a model as
described by Payne et al. (1990).

Gray (1990) also observed a high number of incidences in which a process of
linguistic cueing (Manktelow & Jones, 1987) led to user error. In 39% of searches,
she detected that users attributed a different meaning to the search terms than those
intended by the hypertext document designers. This high incidence of category
confusion may be an indicator of users’ lack of understanding of the domain. Unlike
Marchionini’s (1989) students, who were allowed to search for information on a
topic of their own choice and were found to have a good understanding of the
domains they chose to search in, Gray’s (1990) users had to execute 10 prescribed
searches in a specific domain (violent crime). Users’ level of understanding of the
domain was not checked prior to the study. Evidence from the partial transcripts
provided in the paper suggests that the observed high incidence of category confusion
may at least in part be due to lack of a sufficiently sophisticated vocabulary for, and
understanding of, the specific domain. In this case, users would have to construct a
model of the real-world task as well as trying to construct a users” model of the

system. This would certainly represent an additional cognitive load (Manktelow &

Jones, 1987; Payne et al., 1990).



4.3.8 Models of a word processor (3)

To test the YSS hypothesis put forward in the same paper (see 4.2.4), Payne et al.
(1990) conducted a series of 3 experiments on the construction of device models
(R(U(CT))). Rather than trying to induce such a users’ model through instruction —a
route taken by most of the other empirical studies - they observed the construction
of a specific part of a device model (existence and use of copy buffers) over a series
of tasks on word processors and text editors. The first experiment was a card
sorting task, which demonstrated that expert users have a concept of a text string —
an essential building block for editing tasks — whereas novice users do not. That
absence of this concept does causes a significant cognitive load was confirmed in
Experiments 2 and 3, where users consistently demonstrated problems inferring
optimal procedures for editing tasks. In Experiment 2, 24 novice users were asked
to perform editing tasks on two different word processing systems. The results
confirmed the authors” hypothesis that the lack of the concept of a text string means
most novice users are unable to infer optimal procedures for editing. Over a series
of tasks, and with prompting from the experimenter, users did grasp the concept of
a string more easily when using a mouse-based word processor (MacWrite), where
marking of a string is perceived as a single action, then with a control-key based
editor (IBM Personal Editor), where marking requires insertion of beginning and
end markers. Once optimal editing procedures have been established, users are
able to transfer these from the one word processing system to the another, but this
transfer worked was more successful from the mouse-based system to the control-
key one than vice versa. In Experiment 3, the authors investigated the effect of
lexical names for operations on the device model by preparing different versions of
a custom-built text editor. The results show that the label STORE produced
somewhat better performance then COPY, and RECALL significantly better
performance than PASTE. The authors draw two main conclusions from these
experiments. Firstly, novice users require considerable time and effort to acquire
basic concepts, such as text strings, and lack of such a basic concept impairs their
ability to infer optimal procedures. The latter is taken as some indication of users’
ability to construct a device model (U(CT)). Secondly, the acquisition of both basic

concepts and device models can be influenced through the user interface, as
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demonstrated by the superior performance following from a marking procedure

perceived as a single action, and lexical names which are compatible with users’
model of the goal space (U(CW)).

The performance results from these experiments support most of the authors’
hypotheses derived to test YSS. Payne et al. (1990) conclude, however, that verbal
protocols from the session indicate that successful user performance in such
restricted task experiments should not be taken as conclusive evidence for presence
of a correct model. They observed low levels of user confidence even when optimal
procedures were correctly identified, expressions of surprise when such procedures

worked. They conclude that

“... in some cases such restricted glimpses of performance may suggest false
inferences about subjects’ competence. By objective measures, subjects appear to
have mastered aspects of the editor, but their talk reveals profound

misunderstandings, which in real tasks could lead to difficulties.” (p. 441)

These observations confirm that performance results alone may not be reliable
indicators of users’ models, and make a strong case for using verbal protocols in

mental models research.

4.3.9 Models of a spreadsheet

Van Der Veer & Wijk (1991) introduced 54 insurance company employees to a
spreadsheet application as part of a field study. From documentation and
instruction materials, they constructed a design model for the spreadsheet. On the
basis of the design model, they constructed a number of “functional, operational and
organisational metaphors”. These were presented to the users as part of a 2-day

training course for the spreadsheet application, with the intention of facilitating the

construction of appropriate users” models.

After the course, the authors attempted to elicit users” knowledge about the system —
through a questionnaire and self-reports - and their models ~ through a teach-back
scenario similar to the one employed in the spreadsheet study in Chapter 7. Whilst
the size of the sample, type of subjects and real-world setting of the study are

commendable and could have yielded ecologically valid results, it is disappointing
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that only a few summary statements and 3 short examples are provided, without
detailed discussion. Van der Veer & Wijk (1991) report that users” knowledge of the
system was “mainly correct”, and concluded that therefore the users had acquired
effective users’ models. Similar to Borgman (1986), they found that very few
subjects described the working of the system in terms of the metaphors which had
been presented. One metaphor for the spreadsheet represents menu (command)
hierarchies as trees, files as apples, and spreadsheet macros as a caterpillar which
eats the contents of a series of cells. Whilst this is an amusing and light-hearted
manner in which to present system functions, it is an artificially constructed
metaphor, which is neither task-based nor aiming to cue an existing model from
users’ general knowledge and experience. It is a mixed metaphor, combining
knowledge akin to parts of a surrogate model with models from a very different
domain. As such, it would be likely to break down and be abandoned by users (see
42.2).

4.4 Summary and Conclusions

441 Terminology

The term mental models has been liberally applied to virtually any representation of
knowledge about devices (Tauber, 1988). Thus, it is understandable that HCI should
have created its own terminology for a user’s internalised representations of a
computer system, and associated models. However, there is no single recognised set
of terms which is universally employed. Norman’s (1986) terms, along with his
theory of conceptual design, are most often referred to in textbooks and research
contributions, but are not consistently or universally applied. The analysis of
terminology in this chapter identified aliases, impostors, and partly overlapping
terms. The reader of a text often has to piece together what type of model has been
presented or elicited from statements distributed across the paper; sometimes, it is
not possible to infer the exact nature of the model at all. This state of the affairs may
be explicable in that this is a new topic tackled by a researchers from different
disciplinary backgrounds. It shows that HCI knowledge on users” models is far
from being integrated — a state of affairs which Payne (1992) describes as “confused

and confusing”, and which causes serious problems for both application and research.
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Designers trying to apply HCI knowledge of users” models will be confused and
irritated by diverse terminology and contradictory statements, and Newell & Card
(1985) predict that this will lead them to ignore the topic altogether. The lack of a
unified and universal terminology also poses a serious obstacle to integration and
advancement of HCI knowledge on this topic. The review of empirical studies (in
44.3) confirms Nielsen’s (1990) statement that comparing results from different
empirical studies on users’ models is the scientific equivalent of “comparing apples
with oranges”. The result is a vicious circle: the lack of a unified terminology reflects
the state of knowledge, but integration and advancement of knowledge is hampered

by lack of a unified terminology. This circle needs to be broken if progress is to be

made.

Nielsen’s (1990) attempt to improve the situation by proposing a notation to
describe models more precisely has not been taken up by researchers to date. This is
regrettable, since the notation is simple, yet powerful enough to represent the
models and mapping relations which have been proposed. Its application — with a
few minor modifications and additions — in this chapter has demonstrated that
applying the notation helps to identify similarities and differences between models,
which the diverse terminology might otherwise obscure. Firstly, the notation clearly

states who holds a model of what (see Table 8), which removes some existing

confusion.
Who | User Designer Researcher
has model of
System ucC DC R(UC) . If(DC) .
User’s Model Design Model Conceptuali- | Conceptuali-
sation of sation of
User’s Model | Design Model
Uses DU RU
Designer’s Model Researcher’s Model
of the User of the User
UT D(UT) R(UT)
Task . " e i3
User’s Model of Task | Designer’s Model of Researcher’s Conceptualisation
User's Task of User’s Task
uw D(UW) R(UW)
World i , s .
User’s Knowledge Designer’s Model of Researcher’s Conceptualisation
and Experience User’s Knowledge of User’s Knowledge

Table 8: Models held by User, Designer and Researcher




Secondly, Nielsen’s (1990) 6 dimensions help to identify certain characteristics and
the level of abstraction of the different types of models (see Appendix 1 for a list of
detailed descriptions). Table 9 shows an example how the dimensions could be used
to develop a profile for a model which would provide a more precise description.
As stated previously (see 4.1.4), the instantiations of any particular model may be
located on different positions on some of the dimensions. Thus, it is not possible to
provide a definitive profile for any of these models in general; rather, these
dimensions should be used to describe a specific model proposed by a theory or
detected by a researcher more precisely than is currently the case. Moreover, the
exercise of identifying dimensions and describing instances of the phenomenon
under investigation by placing them on such dimensions is part of open coding, a
method which is part of the process of theory formulation in grounded theory
(Strauss & Corbin, 1990).

Thus, the application of the notation could contribute more to the process of
formulating theories of users’ models than just the provision of unambiguous labels.
Having added the symbol “—” — used in grounded theory to denote the existence
and direction of a process — we can represent mappings between models, i.e.

processes and dynamic aspects of user’s models (see Table 10).

4.4.2 Theoretical contributions

The theoretical contributions surveyed in this chapter have a common goal: to
provide a basis for the design of computer systems and user interfaces which
support the construction of appropriate users’ models. All theoretical contributions
start from the premise that users form an internalised representation — a user’s
model — of a computer system they are interacting with. The content and structure
of users’ models direct user-system interaction. There is also agreement that the
content and structure of a user’s model is influenced by the information about the

system which is presented to users, and how it is presented.
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Dimensions: internalised — | structural — generic— general - | descriptive - static -
Models of: externalised distributed instantiated | specific analytic dynamic
System
User’s Model ucC internalised distributed instantiated | specific descriptive dynamic
Designer’s Conceptualisation D(UC) internalised or | structural generic specific probably static
externalised descriptive
Researcher’s Conceptualisation R(UC) externalised structural generic general analytic static
Design Model DC externalised structural generic specific descriptive static
Researcher’s Conceptualisation R(DC) externalised structural generic general analytic static
System Image C+MC externalised structural instantiated | specific descriptive static
Task
User’s Model of Task uT internalised structural or | instantiated | specific descriptive static or
distributed dynamic
Designer’s Model of Users” Task D(UT) internalised or | structural generic specific descriptive or | static
externalised distributed analytic
Researcher’s Conceptualisation of Users’ Task R(UT) externalised structural generic general analytic static
User’s Model of Real-World Task U(WT) internalised structural or | instantiated | specific descriptive static or
distributed dynamic
Goal Space R(U(WT)) externalised structural generic general analytic static
User’s Model of System Task U(CT) internalised distributed instantiated | specific descriptive dynamic
Device Space R(U(CT)) externalised structural generic general analytic static
World
User’s Existing Knowledge uw internalised distributed instantiated | general descriptive dynamic
Designer’s Model D(UW) internalised structural generic general descriptive static
Researcher’s Conceptualisation R(UW) externalised structural generic general analytic static
User
Researcher’s model of user RU externalised structural generic general analytic static
Designer’s model of user DU internalised descriptive generic general descriptive static

Table 9: Dimensional profiles of models (based on Nielsen, 1990)




The theoretical contributions diverge on the content and structure of user’s models,
and how exactly they influence the way in which users interact with a computer
system. Not surprisingly, this difference in assumptions has led to a multitude of

proposals as to the process through which mental models are constructed, and how
this process could be influenced.

Structure and content of users” models

One of most striking results from the analysis of theoretical contributions is the lack
of any examples of a generic or instantiated user’s model — be it a “perfect” or a
“faulty” one”. This raises the question of how designers should know what exactly
they are aiming at. For most authors, the definition of an appropriate user’s model
seems to be an operational one: an appropriate user’s model is one which works, i.e.
which enables the user to interact successfully with the system. There are very few
statements as to how the model influences user-system interaction; like the
statements provided about content and structure of users’ models these are at a

general, fairly abstract level:

(1) Most individual users’ models are incomplete, not “runable”, without
firm boundaries, unstable, “unscientific”, and parsimonious (Norman,
1983).

(2) Users’ models can be surrogates — mental analogues of the computer
system — or task-action mappings between users’ tasks and system
functions. Expert users, who not only interact successfully with the
system, but can also predict the outcome of operations and devise new
procedures and shortcuts, hold a surrogate model. Most users” models,
however, are assumed to be distributed, i.e. a patchwork of surrogate and
functional elements connected to other knowledge (DiSessa, 1986). This
explains the observations under (1).

(3) Users’ models which are task-action models consist of a model of the real-

world task (representing possible states of the task), a model of the

system (representing relevant states of the system), and procedures for

" DiSessa (1986) provides an ex ample model for a function in the programming language Logo, but
this seems to be a DC rather than a UC.
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mapping between them. User performance will therefore depend on the
accuracy and completeness of the state representations, and whether the
procedures can be decomposed to construct new procedures and
shortcuts (Payne et al, 1990). Therefore, task-action models have a
different content and structure from a surrogate model, but aim to

support similar mental operations as those described in (2).

(4) A successful user’s model is clearly identified, free from gaps and
contradictions, integrated and linguistically compatible with user’s
knowledge about the task and similar systems, according to Manktelow
& Jones (1987). They suggest that user’s models are an instantiation of
mental models as described by Johnson-Laird (1983), and work along the

same principles.

When it comes to structure and content of users’ models, there is agreement that
users do form a model of a system they are interacting with, irrespective of whether
they are encouraged to do so or not. The models which most users construct in this
manner are less then perfect, and probably consist of procedures, task-action
mappings, and parts of, or links to, other models which a user holds. In contrast to
this are the surrogate models held by expert users, which are mental analogues of
the computer system. Surrogate models take time and effort to acquire, and have to
be maintained through regular interaction with the system. Thus, surrogate models
are not attainable for casual users who just want to use the computer as a tool.
Apart from DiSessa (1986), for whom a surrogate model is always the ultimate aim,
the theoretical contributions assume that it is possible to induce a user’s model
whose content and structure are easier to acquire and maintain, but which is
nevertheless structural (i.e. complete, free of contradiction, decomposable into
procedures, and integrated with users” other knowledge). The structure has to be
provided by some guiding principle, as Nielsen (1990) puts it, rather than replicate the

structure of the computer system.

How users’ models are constructed

One of the central tenets of conceptual design — building a design model and
communicating it through the system image to influence the user’s model — seems

widely accepted. The main difference between the theoretical contributions is what
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should form the basis of the design model and user’s model. Table 10 summarises
the different mappings which have been proposed for constructing design models
and users’ models. The user’s task figures prominently in all mappings except for
analogy (M2). The mapping between a new and existing system could form the
basis of a design model (UC1 - DC — UC2), or be communicated through
instruction only. A metaphor (M3) uses existing knowledge of the world (UW) as

the basis for the design model; this may or may not include representation of a
user’s task.

Theoretical Contributions | Mapping

M1 Conceptual Design D(UT)+D(UW)+R(U) = DC = C+MC — UC
Norman (1986)

M2 Analogy D(UC1) — DC — UC2
Wozny (1989)

M3 Metaphor D(UW) — DC —» C+MC — UC
Tognazzini (1991)

M4 Surrogate Model DC — C+MC - UC
DiSessa (1986)

M5 Task-action mapping UT - DC - C+MC - UC
Young (1983)

Mé Formal task-based mapping R(UT)+R(U) - DC — C+MC — UC
Tauber (1988)

M7 Semantic mappings R(U(WT) — U(CT)) = UC
Payne et al. (1990)

Table 10: Proposed mappings for user’s models

The task is the sole basis of the design model in task-action mapping (M5) and the
more elaborate semantic mapping (M?7), which distinguishes real-world tasks
(U(WT)) from system tasks (U(CT)). Given that users’ tasks are seen as the most
important basis for design models and users’ models, it is disappointing that no
examples of users’ tasks, and how they are to be mapped into the design models, are
provided. HCI has developed a number of methods for task analysis, and some of
these have made a successful transition into design practice (Diaper, 1989). It is
disappointing to see that only Tauber (1988, see M6) makes an explicit suggestion
that task analysis methods should be employed: his proposed method is a formal

method (R(UT)), a predictive grammar. This is a type of method which, as Booth
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(1991) points out, is neither sufficient to capture users’ understanding of a task nor
applicable by designers. Young’s (1983) prescription for constructing a task-action
mapping (M5) suggests a hierarchical breakdown of tasks (which most task analysis
methods do provide), but does not state which guiding principle for breakdown
should be applied (e.g. frequency or fundamentality of operations). The lack of
pointers to suitable methods for identifying and describing users’ tasks means that
designers are left to their own devices; this lack of guidance almost certainly
increases danger of a designer’s model of the task (DT), rather than the user’s model
of the task D(UT) forming the basis of the conceptual model. Other sources for the
design model (DC) include human information processing mechanisms (RU in M1
and M6) and users’ knowledge and experience (UW in M1); there is, however, no

prescription as to how these are to be integrated with task descriptions.

In summary, the theoretical contributions offer little concrete knowledge, guidance
and support for a designer aiming to encourage appropriate users’ models. It is not
too difficult to work out how to construct an analogy (M2): identify an existing
system that users are familiar with, make it explicit, and model or explain the new
system by reference to the existing one. The model of the existing system will be
cued and adapted into a model which describes the new one. A similar process
would be applied for metaphor (M3), where the model cued would be part of the
users’ general knowledge, and the user would be left to work out the details of the
new model from the point where similarities with the metaphor end. Conceptual
design is more difficult to put into practise than analogies or metaphors: designers
are to construct a design model which reflects users’ tasks, corresponds to their
experiences, and takes the limitations of human information processing into account.
There are no prescriptions or even examples as to how knowledge of these can be
turned into a design model. Tognazzini (1991) provides a few heuristics for the

construction of system image, but they do not provide sufficient illumination of the

process to guide designers.

44.3 Empirical studies

The review of the 9 empirical studies of users’” models was conducted to establish

which of the models and mappings identified in 4.2 have been investigated to date,
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and whether the results of the investigations support any of the theoretical
contributions. The third major objective was to survey the methods which have

been used for investigating users’ models and their effect on user-system interaction.

Support for theoretical contributions

One of most disappointing findings of the review is that the empirical work on
users’ models seems to have been conducted separately from the existing theoretical
contributions. ~ Apart from Payne et al. (1990), who conducted a series of
experiments to test the YSS hypothesis presented in the same paper, none of the
studies reviewed here was undertaken to test one of the proposed theories. The
theories put forward ways of designing systems which support the construction of
appropriate users’ models. Most of the empirical studies, however, attempt to
influence users’” models of commercial software systems through instruction
(Borgman, 1986; Frese et al., 1988; Van der Veer & Felt, 1988; Van der Veer & Wik,
1991). Users are presented with secondary design models (DCs) which have been
constructed post-hoc by researchers. The use of such secondary — instructional —
design models does not constitute a test of theoretical contributions such as
conceptual design, since the design models and system images of those systems
were not developed on the basis of them. Rather, these studies explore the use of
analogies and metaphors as instructional aids in the manner of the studies collected
in Genter & Stevens (1983) (see 3.3). The remaining studies (Briggs, 1988;
Marchionini, 1989; Gray, 1990) try to investigate users” models by observing users’
interaction with systems and their performance on tasks. Again, we can only extract
evidence for or against some of the specific statements in the theoretical
contributions about users’ models and their effect on user-system interaction from

theses studies, rather than use them to evaluate any of the theoretical contributions

as a whole.

The studies which attempted to influence users’ models through instruction
demonstrate that users presented with a model of a new software system perform
better than users who are given procedural instructions only, especially on transfer
tasks (Kieras & Bovair, 1984; Borgman, 1986; Frese et al., 1988). General theories of
procedural and declarative knowledge would predict as much, but the effect is

attributed specifically to users’ acquisition of the externalised model (secondary DC)
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they were presented with as a users’ model. Only Kieras & Bovair (1984) made an
effort to ascertain that the differences between the two groups were due to a
difference in the users’ model, and the fact that it allowed users to make specific
inferences about the system. The study demonstrates the effectiveness of a surrogate
model, but does not prove the authors’ claim (also made by DiSessa (1986) and

Tauber (1988)) that only surrogate models are capable of supporting specific
inferences.

Borgman (1986), for one, reports superior performance on a transfer task by users
trained with a metaphor. However, her attempt to confirm that the improvement in
performance was due to the metaphor — by eliciting users’ models — was
unsuccessful. Similarly, Van der Veer & Felt (1988) and Van der Veer & Wijk (1991)
found that only a very small number of users described the system in terms of the
instructional design model. Two possible reasons have been put forward to explain
users’ failure to replicate an instructional design model (DC): (a) that users do adopt,
but cannot articulate, the model presented to them; or (b) that users prefer to
construct their own models. The “model articulation problem”, as Borgman (1986)
describes it, poses a methodological challenge for HCI research on users” models,
which is discussed further in the review of methods (see below). The second
explanation — that users prefer to construct their own models — would fit with
mental models theory, provided that users can draw on relevant existing
knowledge. Manktelow & Jones (1987) state that users who have existing relevant
knowledge and experience aim to integrate new information with an existing set of
models; hence, a design model which does not fit with existing knowledge and
experience is less likely to be adopted. The diverse set of descriptions elicited from
experienced computer users by Van der Veer & Felt (1988) supports that view, since
they demonstrate that users drew on computer-related knowledge (e.g. state-

transition diagrams, program ming-style rules) to describe the new system.

Two further explanations can be added for why instructional design models have
failed to surface in users’ models: (c) metaphor breakdown; or (d) that instructional
design models cannot be transferred into users’ models. Novice users who do not
have relevant knowledge and experience to draw on should display a greater

tendency to adopt instructional design models. That users in Borgman’s (1986) and
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Veer & Wijk’s (1991) studies failed to do so could be due to metaphor breakdown
(Wozny, 1989). 1t is difficult to imagine a connection between Van der Veer & Wijk’s
(1991) apple-eating worm metaphor and any task that a spreadsheet might be
applied to. Borgman’s (1986) card catalogue “analogy” is related to the retrieval
task, but suggests a mapping to an existing tool which does not have the
functionality of the new retrieval system which users were meant to apply. When an
instructional model breaks down, users either proceed to interact simply on the basis
of procedures — in which case they should not demonstrate superior performance to
a group which has been instructed in the use of procedures — or attempt to find
another model from their own general knowledge and experience to fulfil the role of
an advance organiser (Manktelow & Jones, 1987). Finally, we have to consider the
possibility that instructional design models cannot be transferred into users” models.
Carroll & Rosson (1987) pointed out that “users” minds are not blank slates for designers
to write on.” Users” bring existing knowledge and experience to user-system
interaction, and the learning process is an active one in which models are
constructed, not simply transferred. Only Kieras & Bovair (1984) can claim to have
successfully demonstrated such a transfer of models, but since their study used a less
complex, artificial device and a contrived task context, and users had no existing

knowledge and experience to draw on.

Briggs (1988) reports that novice users’ information-seeking behaviour is task-
driven. This observation boosts the claims of the theoretical contributions which
specify tasks as the main source of design models, and highlights the specific
weakness of the instructional design models not taken up by users. Marchionini
(1989) also observed that reference to a traditional encyclopaedia hampered users’
performance with an on-line system. Rather than explicitly teaching a metaphor, he
suggested the link between the existing and new tool through hands-on practise
with the former before introducing them to the latter. The evidence from all 3
studies suggests that metaphors do not make good instructional design models.
Instructional design models which try to encourage users by suggesting familiar
tasks and tools can impair, rather than help, users to construct effective users’
models. Unfortunately, the breakdown of inappropriate instructional metaphors

will affect less experienced users, at whom much of the effort to provide a link with
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familiar tasks and tools is directed, more than experienced users, who indeed seem
to be able to “shrug off” inappropriate models and proceed to construct their own
users’ models. The failure of metaphors as instructional design models in these
studies does not — as Johnson (1987) suggests - prove that they are inappropriate as
a basis for design models and system images. Users in Gray’s (1990) study were able
to evolve an existing users” model of linear information structure — as in a book —
into a hierarchical one which was more appropriate for a hypertext system.
Manktelow & Jones (1987) and Wozny (1989) suggest that successful adaptation of
an existing model into an appropriate users’ model depends on whether similarities
and differences between the existing model and the new system are clearly
communicated; this requires signposting the differences and/or consistent feedback

during training.

One respect in which expert and novice users do not seem to differ is the extent to
which they depend on the system image. Briggs (1988) and Payne (1991a, 1991b)
observed that user behaviour is very much guided by what is visible during user-
system interaction. This confirms the importance which Norman (1986) and
Tognazzini (1991) place on the system image. The relationship between design
model, system image and user’s model seems, however, different from the way
described in conceptual design. Payne (1991b) found that even very experienced
users of a system could not predict the exact outcome of very basic operations, or
describe a complex system task (U(CT)) beyond the first sequence. Once users sit in
front of the system, however, they complete the tasks in the manner we would

expect from expert users. These observations suggest two things about content and

structure of users’ models:

(1) Error-free interaction observed in experienced users cannot be taken as an
indication that those users have evolved a surrogate model. A surrogate
model would be “runable” and therefore would enable users to think
ahead and predict the outcome of actions. The observation casts doubt on

DiSessa’s (1986) conjecture that experienced users develop surrogate

models with prolonged interaction.

(2) A user’s model which allows competent interaction may not be the single,

coherent, and plausible model envisaged by conceptual design. It seems
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that the model does not include a representation of the system image

itself, or of task-action sequences. It is possible that these results

demonstrate that users cannot articulate models they have.

The studies by Payne (1991a, b) and Mayes et al. (1988) suggest that successful
interaction observed by experienced users is very much due to perceptual stimuli
and motor feedback. The theoretical contributions tend to treat users’” models as

purely cognitive phenomena, but these results clearly indicate that other

mechanisms other than cognitive ones are at work.

At the same time, there is empirical evidence for the cognitive mechanisms which
Manktelow & Jones (1987) suggest have a major influence on the model-building
process. Both Briggs (1988) and Marchionini (1989) report observations which
indicate that limitations of working memory interfere with users’ information-
seeking and model-building process. Payne et al. (1990) demonstrate that different
lexical names have an effect on users’ ability to identify effective procedures, whilst
Gray (1990) reports that users’ misinterpretation of labels used in the system
hampered their performance and development of the model. Frese et al. (1988),
Briggs (1988) and Marchionini (1989) describe the function of existing models in
exactly the same way as suggested by the advance organiser described by Manktelow
& Jones (1987).

Methods

Apart from looking for evidence for or against existing theoretical views of users’
models, the review in 4.3 set out to identify suitable methods for conducting HCI
research into users’ models. The conclusion of an earlier review of the first 4 studies
(Sasse, 1991) was that the experimental investigations suffered from a lack of
ecological validity, and that authors tended to over-interpret differences in user

performance data as indications of specific differences in users” models. The lack of

ecological validity stemmed from:
(1) the use of artificial devices and tasks (Kieras & Bovair, 1984);

(2) the focus on novice users in the very early stages of learning only

(Borgman, 1986; Briggs, 1988; Frese et al., 1988); and

(3) the small numbers of users involved (Briggs, 1988; Frese et al., 1988).
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The more recent HCI studies of users’ models all study commercial software
systems, or parts thereof, rather than artificial devices. The tasks studied are real-
world tasks (U(WT)) or system tasks (U(CT)) which are appropriate to those system.
There is still a tendency to study first-time users of systems, but the research has
been broadened by studying users who had previous experience of other computer
systems (Van der Veer & Felt, 1988), and more experienced users (Payne 1991a,
1991b). Researchers also tend to give users more time and repeated practice with the

system (Marchionini, 1989; Gray 1990). The numbers of users investigated per study
has improved slightly.

The authors of the later studies display a greater scepticism about the suitability of
performance data as sole indicators for users’ models, both explicitly and implicitly.
Payne et al. (1990) emphatically state that successful user performance cannot be
taken as an indicator of appropriate users’ models: users often complete tasks
successfully whilst making verbal statements which indicate inappropriate models.
The fact that verbal data are now used in almost all studies (see Table 7) should
therefore be seen as a welcome development in the research methods used to
investigate users’ models. At the same time, the use of verbal data raises a whole

new set of methodological questions.

Borgman (1986) raised the possibility of a model articulation problem, i.e. that users
cannot or do not articulate their users” models. Whether users can give verbal
accounts of their users’ models is pivotal methodological problem which is
discussed in detail in the following chapter (see 5.2.3). The evidence from the
empirical studies can be summarised as follows: Payne (1991b) found that
experienced users were not able to describe actions verbally, but did perform the
same actions without problems when interacting with the system. This can be
explained by users’ reliance on the display to guide their actions. The model
articulation problem may therefore apply to verbal data collected outside user-system
interaction. However, Van der Veer & Felt (1988), Van der Veer & Wijk (1991) and
Payne (1991a) were able to identify users’ models in verbal statements collected
outside user-system interaction. There are several possible explanations for this

conflicting evidence: (a) some users may construct models but others do not, (b)
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users construct models of some systems but not of others, (3) some researchers

detect users’ models in verbal data but others do not.

Authors offer no clear description of how models are inferred from the verbal data
or protocols collected in the studies. Many authors do not give any indication how
verbal protocols were analysed, and none provide explicit criteria for deciding what
constitutes a user’s model. Readers can try and infer criteria from the examples of
users’ models which are provided by some studies (Van der Veer & Felt, 1988; Gray,
1990; Van der Veer & Wijk, 1991); but the examples may have been selected because
they corresponded to the researcher’s expectations of users’ models (i.e. they are
UCs which correspond to R(UC)s). The paper by Marchionini (1989) provides a very
detailed description of the analysis procedure; it is stated that user’s models were

inferred from

“ ... kind and number of information cited; query formulations, information known about the

topic, and information expected through searching on the topic.” (p. 599)

Whilst this provides a detailed description of what researchers were looking for in
the data, it does not state what constitutes a users’” model, and how one decides
whether a users” model is appropriate. The collective shyness to publicise criteria
for the detection and classification of users’ models means that a discussion and
integration of results derived from verbal protocols in those studies is not possible.
We have to take authors’ statements about users” models on trust; they are
interesting observations but cannot be treated as established fact. Clearly, this is a

methodological problem which has to be overcome to make progress in research on

users’ models.

Apart from the introduction of verbal protocols, there have been few additions to
the research methods employed by researchers of user’s models. The most notable
additions is Gray’s (1990) method of eliciting drawings from users to illustrate their
users’ model of a hypertext system. Since she collected several drawings in the
course of 10 search tasks, this study is also a rare example of an attempt to try and

capture the evolving - i.e. dynamic — nature of users” models.

Another methodological problem which emerges from the analysis of the empirical

studies is the extent to which users’ lack of understanding of real-world tasks may
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interfere with construction of the user’s models. At least three studies (Borgman,
1986; Gray, 1990; Marchionini, 1989) report evidence that a significant number of
users did not have a full understanding of the real-world task. Many of the
theoretical contributions see the model of user’s task (UT) as the main influence on
the construction of the user’s model (UC) (see Table 10); thus, if a user does not have
an appropriate model of the real-world task (U(WT)), we would expect some
difficulty in constructing an appropriate model of the system task (U(CT)). The
researchers assumed a level of task knowledge which users did not have. The much-
quoted HCI creed that users are experts at real-world tasks (Carroll et al., 1987/88)
may be in part to blame. With the benefit of hindsight, Borgman (1986) suggests that
users’ familiarity or competence with the real-world task has to be examined at the

beginning of a study.

4.4.4 Implications for further research

The purpose of the extensive stocktaking and analysis of existing knowledge HCI on
users’ models conducted in this chapter was to define the starting point and aims of
the research undertaking described in this thesis. The main conclusion from this
exercise has to be that, whilst there has been considerable research activity on this
topic for more than 10 years, existing knowledge is fragmented and far from being
integrated into a set of applicable knowledge. The purpose of this concluding
section is to outline a research agenda to change this state of affairs and start the
development of an integrated and applicable body of knowledge on users” models.

The general research agenda can be divided into four main areas:

» unifying terminology;

« integrating existing general knowledge;

e building HCI theories of users” models;

e developing HCI methods for investigating users” models.

The research issues for each area are outlined in brief below. The empirical work

conducted as part of this thesis aims to contribute to the final two areas.




Terminology

The state of HCI terminology for users’ models reflects the fragmented state of
existing knowledge and the diverse research approaches. This state of affairs is
much bemoaned (e.g. Carroll & Olson, 1988; Payne, 1992), but the only attempt to
break the vicious circle by introducing a framework and unambiguous notation
(Nielsen, 1990) has not been taken up by the HCI community. The application of the
notation in this chapter has demonstrated that unambiguous labelling of the various
types of models is possible. The generic models proposed in theoretical
contributions can be grouped into categories and sub-categorise — a possible
classification by base models is provided in Appendix 1. The dimensions suggested
by Nielsen could be used by researchers to provide profiles of models investigated
in empirical studies (see Table 9), which would make comparison and integration of
different empirical findings much easier. Finally, the notation has been extended to
express the dynamic aspects of model construction; thus, theories of users’ models
can be expressed as well as individual model types (see Table 10). Since types,
categories, dimensions, and processes form the building blocks for the construction
of a grounded theory, it turns out that Nielsen’s (1990) framework and notation can
contribute more than a set of unambiguous labels to resolve the terminology
problem: it provides tools which could be used for the construction of a grounded

theory of users” models.

Integration of existing general knowledege

The survey of the HCT literature on users’ models indicates that little effort has been
made to integrate existing general knowledge on mental representations and mental
models. Manktelow & Jones’ (1987) contribution (see Appendix 2) is the only
explicit attempt to translate Johnson-Laird’s (1983) theory of mental models into
design principles, and it has been all but ignored. Despite the widespread adoption
of the term and the notion of mental models in HCI, it is only recently that the
application of Johnson-Laird’s (1983) theory to users’ models has been considered
again by Payne (1991a, 1992). In 3.4, 3 reasons were identified why the theory of
mental models might not be applicable to users’ models of computer systems, all of
them rooted in the fact that the task of interacting with computers has additional

cognitive dimensions to those tasks which provide the empirical foundation for
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Johnson-Laird’s (1983) theory. The review of the HCI literature on this topic
confirms the validity of that concern. Interacting with computers not only adds a
cognitive dimension; interacting with computers involves more than cognition.
Users rely on visual cues and motor feedback (Mayes et al., 1988; Payne 1991b).
Furthermore, cognitive performance is affected by other factors such as fatigue
(Olson & Olson, 1990). Despite these reservations, the mechanisms which
Manktelow & Jones (1987) suggested apply to users’ models emerge from the results
of the empirical studies. Users seem to employ existing models as an advance
organiser of incoming information, there is evidence of linguistic cueing, and the
emphasis on users’ tasks reflects the notion of content-dependency. Mental models
theory would have predicted the difficulties untrained users have with abstract
notations such as Boolean algebra (Borgman, 1986; Marchionini, 1989). Similarly, the
breakdown of metaphors which try to exploit surface similarities, but provide no
explanation of the internal working of a system, ties in with Johnson-Laird’s (1983)
theory. Clearly, the application of the theory to the cognitive mechanism of users’
models deserves further consideration. Manktelow & Jones” (1987) Summary Design
Principles provide a starting point for empirical investigation, but the principles
would have to be reformulated and exemplified to make them accessible to

designers.

There is little discussion concerning the use of representations in computer systems,
and their relationship to users’ models. Claims that icons are easier to use than text
labels (Apple Computer Inc., 1987) seem to be based on the (incorrect) assumption
that all pictorial representations have picture-like qualities and are therefore easily
recognised. It is feasible to represent a specific user’s task through an isomorphic
mapping by designing a dedicated system image which mimics the physical task
and represents individual objects and tools - many direct manipulation interfaces are
designed following this approach. However, representing the general capability of a
computer — which is an abstract machine manipulating symbols — through picture-
like representation poses an interesting problem. As Payne (1992) points out,
computers employ representations of themselves, and modify these internal
representations. There is a potential conflict between simplicity (represent only what

is needed) and transparency (reflect the internal working of the system) on which
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guidance should be given to designers. The relationship between representations

and users” models warrants further research.

Attempts to apply analogical reasoning or metaphorical reasoning to users’ models
have been restricted to instructional studies which tried to induce such a mechanism
via instructional design models (DCs). The attempts have met with limited success;
certainly, most users’ did not reproduce the DC as part of their user’s model to the
extent in which they have revealed source models and parallel inference
mechanisms in studies of natural phenomena (Gentner & Stevens, 1983; Collins &
Gentner, 1987). Wozny (1989) suggests that users need some existing knowledge of
computers to apply analogical reasoning, since models from outside the computing
domain do not provide sufficient structural similarities. As outlined in 4.2.5,
structural similarity is linguistic. Therefore, mapping to an existing task or tool
could work if it is supported linguistically by the system image. Thus, attempts to
explain a new system in terms of an existing device (“a word processor is like a
typewriter”), without supporting that model in the system image, are not likely to

succeed.

Building HCI theories of users” models

Theoretical and empirical work on users’” models have been conducted without
much reference to each other. The exception is Stephen Payne’s work — which is
considered further on in this section. The remaining theoretical contributions

therefore remain largely at the level of untested conjectures.

One reason for this state of affairs may be that putting a theory such as conceptual
design to the test would be an ambitious and expensive undertaking, since it
involves designing and implementing a system or application. One could envisage
such a study being undertaken in the context of a design project: this type of
research would require long-term commitment and a high degree of involvement.
Most academic institutions would lack the resources for such a project. Conceptual
design would seem to be an ideal candidate for an industry-based HCI research
project along the lines advocated by Carroll & Campbell (1986, 1989) and Monk &
Wright (1990), but no such project has been reported in the literature to date. The

basic idea of conceptual design — creating a system which supports the construction

of appropriate users’ models of itself - undoubtedly appeals to both HCI researchers
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and practitioners, as its inclusion in most HCI textbooks (e.g. Preece et al., 1994;
Newman & Lamming, 1995) and practitioner’s guides (e.g. Tognazzini, 1991)
demonstrates. The problem is the lack of “how-to” knowledge required to put the
idea into practise. “What does a user’s model look like? How do I go about constructing a
design model? What is the difference between a user’s model which works and one which
does not? Can you develop a design model when you do not have access to the users?”
These are typical questions raised by student-designers and practising designers
about the conceptual design approach; in its existing form, conceptual design is

simply not precise enough to be applied as part of a design process.

The current state of fragmented knowledge can only be overcome by building more
precise theories of users’ models. Newell & Card (1985) regarded mental models as
a candidate for an engineering-style theory; the review reveals, however, that no
such HCI theory can be formulated at present. The relationship between users’
models and performance, which would be crucial to the formulation of both an
engineering-style theory and engineering principles (Dowell & Long, 1989) is
anything but clear. The relationship between users’ models and tasks, another
foundation required for an engineering-style theory, needs to be specified in more
detail. Most theoretical contributions suggest a connection between tasks and
design models (DC) and/or tasks and users’ models (UC), but with the exception of
YSS (Payne et al., 1990), this connection remains an intuition which is expressed at
the level of craft knowledge (e.g. “user’s task should be taken into account.”) YSS,
labelled as a hypothesis by its authors, is the most precise theory put forward so far,
and the only one to have been subjected to empirical investigation. Even YSS,
however, cannot offer hope of an engineering-style theory at present. Payne (1991b)

indicates that YSS is not sufficient to explain user performance:

“To understand action at the user interface, it seems models will be needed of the way that
actions can be performed in the absence of perfect knowledge of operator effects. Such models
will be needed to stress the way information from the display is interpreted during and in
support of actions sequences.” p. 288

Obviously, YSS could be refined, and further experiments could be conducted to

demonstrate that it does not only apply to the simple text editing tasks with which it

has been evaluated so far. But from the point of view of generating a body of
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knowledge of users’ models, putting all effort towards a traditional science approach

to develop and “prove” one hypothesis such as YSS would be high-risk strategy.

A more prudent and practical approach, which does not exclude other existing
knowledge, is to build a theory of users’ models from existing knowledge and
examples. We do not have a clear understanding of the phenomenon at the
moment, hence, we should obtain precise descriptions (see 2.3). The lack of
descriptions of users” models and design models is one of the reasons why most of
the theoretical contributions are lacking precision and applicability. Only three of
the of the empirical studies (Van der Veer & Felt, 1988; Gray, 1990; Van der Veer &
Wijk, 1991) publish examples of users’ models elicited. These examples come in a
range of formats (sketches, drawings, if-then rules, programming languages, etc.) —
basically, any description of the system straight from the user’s mouth or pen.
Given the paucity of examples of users” models, and the diverse nature of the few
examples which have been published, sceptics may argue there is no evidence that
users’ models actually exist”. Thus, it is not surprising to find that the first two

points on the list of 11 basic research needs drawn up by Carroll & Olson (1988) are:
(1) provide a description of what a users” model looks like; and

(2) provide evidence that users actually have models and use them when

interacting with the system.

It may seem strange that such basic evidence needs to be acquired after more than 10
years of research into this topic, but the results from the literature survey show the
consequences of failure to address this requirement earlier. The reason for

underlying this neglect is revealed by Card & Moran (1986):

“Although we were very concerned about the mental model issue, we didn’t pursue explicit
studies for several reasons: we didn’t have a satisfactory methodology for studying it, we
didn’t have satisfactory representations of it, and we were busy pursuing the performance

issues [... |”. p. 191

* This point of view is not represented in the literature, but occasionally raised in discussions at

conferences.
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The lack of HCI methods for obtaining evidence and descriptions of users’ models is

a methodological problem which needs to be resolved first.

Developing HCI methods for investigating users’ models

The review of the empirical work on users’ models to date has revealed that user
performance cannot be taken as a reliable indicator of users’ models. Given that HCI
has not produced suitable alternative indicators, we may have to follow Carroll &
Campbell’s (1986) advice and collect “all the data we can get” in studies on users’
models. Verbal data and verbal protocols are collected with most studies now, but
the use of such protocols raises methodological problems of its own. How are users’
models to be detected in verbal protocols? Are such protocols reliable indicators of
the models which users hold? Attempts to encourage users to verbalise their
thoughts for inspection by the researcher may interfere with users’ models or the
construction process. These problems are discussed in detail in the following
chapter, which also introduces the set of studies designed and conducted as part of

the empirical work of this thesis.
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5 Investigating users’ models

The aim of the empirical work described in this thesis was to address two of Carroll

& Olson’s (1988) basic research needs on users’ models:
(1) to procure evidence that users’ models actually exist, and
(2) to detail what users’ models actually look like.

These research needs were addressed by conducting a series of exploratory studies
which observed users interacting with computer systems, capturing users’
behaviour and their interaction with the system in as much detail as possible. If the
evidence for users” models could be found in and descriptions generated from the
data, such a detailed set of data could also be used to evaluate existing theoretical
statements about users’ models, and thereby serve as a basis for formulating HCI-

specific theories of users’ models.

In the planning of the studies, two methodological questions had to be addressed
first:

(1) which investigation scenarios are suitable for studying users’ models; and

(2) which methods of data collection and analysis are most likely to detect

evidence of users’ models.

This chapter presents a detailed discussion of the issues pertaining to these
questions, and explains how the conclusions led to the design of a set of scenarios

and methods which were applied in 5 observational studies on users” models.

5.1 Design of the studies

When designing empirical studies of users” models, HCI researchers have to trade
off internal against external validity. Internal validity, which is highly prized in
traditional psychology experiments, can be achieved by eliminating or controlling
any influences on the phenomenon under investigation. Efforts to ensure internal
validity tend to result in experimental setups which are highly artificial, and the
results obtained under such conditions may not describe the behaviour of the

phenomenon in the real world. In observational studies without experimental
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variation, internal validity means that we try to ensure that the different
observations of the phenomenon take place under similar circumstances, so that

observations can be compared with each other.

External validity can be maximised by studying the phenomenon in situ to ensure that
all conditions which affect it are investigated. In HCI, this would usually require
that we observe users in the workplace. Such studies have been rare in the past,
because it was difficult to obtain access to a significant number of users in any one
place, and implement unobtrusive means for capturing data. The situation has
changed somewhat since the introduction of ethnomethodology to HCI problems by

Suchman (1987), at about the same time as the observational studies reported in this

thesis were designed.

The aim in the design of the studies was to find a balance of internal and external
validity which suited the phenomenon under investigation. These considerations
applied to the choice of users, tasks, and system observed. The researcher can make
choices for each of these; the choice should be driven by how conducive it is to
provide observations of the phenomenon — users’ models. After a brief discussion of
the likely impact of characteristics of users, tasks, system and environment,

conclusions are drawn for the design of the observational studies.

5.1.1 Users

From the review of the theoretical contributions in Chapter 4, we know that users’
existing knowledge and experience is likely to influence the users’” models they

construct. Differences may exist in users’
(1) general knowledge and experience (UW);
(2) knowledge and experience of the particular system investigated (U(CT));
(3) knowledge and experience of the real-world task (U(WT)).

Significant differences in any of these are likely to impact on users’ models. A large
heterogeneous user group would be best to ensure external validity of the results,
but such studies require many resources. Smaller heterogeneous groups may yield

very diverse observations; this could make detection of patterns in the data very
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difficult. It is easier to detect similar users’ models and problems in homogenous

user groups.

Many of the theoretical contributions suggest that users’ model are highly
individual, since they depend on users’ general knowledge and experience
(Manktelow & Jones, 1987). Putting together user groups with similar general
knowledge and experience may therefore seem an impossible task. In the past,
studies have tried to address this problem by recruiting users with similar

backgrounds (students on a course or employees in a particular company).

As far as knowledge about the computer system used in the observation is
concerned, it is easiest to ensure a similar level of knowledge if that is level is
“none”. This has led to a the predominance of studies involving first-time users.
Many studies have focused on the early stages of user-system interaction, when
users’ model may still be “under construction” and not sufficiently well established.
This not only reduces the external validity of the results, but may also affect users’
confidence (viz. the study by Payne et al., 1990) and their willingness to verbalise
their thoughts. Observing very experienced users, on the other hand, may yield

good performance, but few data which provide insights into their users” models (see

5.2.2).

The review of the empirical studies (see 4.4.3) concluded that in the past, researchers
have not always paid sufficient attention to users” knowledge of the real-world task
(U(WT)). Differences in task knowledge, or insufficient task knowledge, can have a
major impact on users’ models. Users’ task knowledge can be checked (e.g. through
benchmark tests); alternatively, the investigator can select tasks which are part of

users’ general knowledge and experience.

5.1.2 Tasks and task-context

Given the close link between users’ models (UC) and users’ tasks (UT), to achieve

internal validity, users ought to work on the same tasks, possibly even in the same
order. This can be achieved by structuring user-system interaction tightly, i.e.
decomposing the real-world tasks (U(WT)) into sub-tasks which are related to
particular system functions. Tightly structured interaction, however, may deprive

users of the meaningful task-context which Payne (1992) advocates to ensure
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external validity of the observations. Another drawback of tightly controlled
experimental scenarios is to raise users’ awareness of “being observed”, and
therefore may change the demand structure of the interaction situation (see 5.2.3).
Even when user-system interaction is tightly structured, users will create different
situations in the course of the interaction (e.g. in their attempts to correct errors) and

different interactions and responses will be required from the researcher.

These are concerns relating to the real-world tasks (U(WT)) which the system would
be typically applied to. In the design of the studies, one of the main concerns was to
create a situation and task context which was conducive to eliciting users’ models.
This is a point hardly ever discussed in the literature. One of the few suggestions
made is that by Young (1983), who proposes that to find evidence of users’ models,

researchers should observe:
(1) users using the system;
(2) users explaining the system;
(3) users predicting the behaviour of the system;
(4) users learning the system.

Empirical studies of users” models to date have put the first and fourth suggestions
into practise, whereas the use of explanation and prediction to elicit users” models
has not been tried. Explaining a computer system and predicting its behaviour
should put users” models to the test (DiSessa, 1986); they are also activities which
have a natural affinity with verbal statements. Thinking aloud is highly artificial
behaviour (see discussion in 5.2.3); scenarios which require dialogue are less
artificial because verbalisation of users’ thoughts is necessary part of a higher-level
task. A constructive interaction scenario (Miyake, 1984) was successfully employed in
the study by Van der Veer & Wijk (1991); such scenarios can be expected to yield a
considerable amount of verbal data. The drawback is that it can be difficult to

structure user-system interaction in such studies, since users determine the direction

of activity.
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5.1.3 System

The review of empirical studies in 4.3 revealed that all recent studies investigated
users’ interaction with, or users’ models of, commercial computer systems and
software. The use of real systems, rather than artificial devices created for especially

for studies, helps to increase the external validity of the observations.

Since users depend on the information flow from the system (Payne 1991b), data
should be collected during user-system interaction rather than outside it. Payne
(1992) emphasises that HCI needs to depart from the investigative methods of
tcognitve psychology to investigate users’ models:

“There seems lto exist an unspoken argument underlying traditional approaches to
cognitive skill: only by looking at unaided skill can we see the mind in action.” p.
105

5.1.4 Conclusions for the studies
Users

To obtain a set of comparable observations, it seemed advisable to use a
homogeneous user group with a similar background. The group recruited for the
study was a group of art students taking a subsidiary course (Introduction to
Computing). None of the users had any knowledge or experience of the systems
they were interacting with; the difference to previous studies of novice users was
that the 4 of the 5 observations did not take place during the early stages of learning,
but after a several weeks of learning and practice (see Table 11). This should have
given users sufficient time to construct and consolidate their users’” models of the
systems to which they were introduced. An exception was the final study, in which
users were observed learning a second word processing system; the purpose of this
study was in investigate transfer of users’ models between two different systems

used for the same task.

Rather than conduct a series of one-off observations, it was decided to observe the
same users interacting with a range of systems, since such a set of observations
would allow comparisons of individual users” models of different systems over time.

Such a comparison could also reveal dynamic aspects of users’ models (changes over
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time), and idiosyncrasies in individual users” models which appear in a users’ model
of different systems. It was therefore decided to investigate a group of users who

learned to use a range of computer systems over a period of 6 months.

The study also included two comparison groups with different levels of background
knowledge and experience than the users in the group. The users in the comparison
group for the spreadsheet study had a background in mathematics and
programming. The comparison group for the second word processing study had a
near identical background to the users in the main group, but were complete
computer novices at the time of the observation. The purpose of running these
control groups was to see if different levels of relevant background knowledge

would manifest themselves in differences in user behaviour and users’ models.

Tasks and task-context

A series of 5 observational studies was devised with the aim of eliciting users’
models from a cohort of users described above. The tasks presented to users in the
observational studies were mainly real-world tasks around which instructions and
practical work during their course had been centred (see 5.4.1). Users were asked to
edit a letter on the word processor systems, set up a spreadsheet on the spreadsheet
system, run queries on the database, and amend a Prolog program on family

relations.

Studies 1, 3 and 4 included transfer tasks, i.e. tasks requiring user actions which the
users had not practised previously, but could be inferred from the information
presented to the users through instruction. In these studies, the author interacted
with users to encourage them to provide verbal accounts of their reasoning during
user-system interaction. Encouraging users to think aloud in this manner may
change the demand structure of the interaction situation, and thus the phenomenon

under investigation (see discussion under 5.2.3).

In an attempt to make the investigators’ encouragement of verbalisation less
obtrusive, a different approach was devised for studies 2 (see Chapter 7) and 5 (see
Chapter 10). These studies employed co-investigators, presented as novice users or
fellow learners, who would engage users in dialogues about their actions and system

behaviour. Since these two studies promised to provide rich data, comparison
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groups were recruited to see if different models might be elicited from users who
had the same level of expertise as far as the computer system was concerned, but

brought a different type of background knowledge to that system (see 5.3.4)".

Course week Instruction Computer Method Scenario
period (weeks) | system

5 4 WordStar using system tasks (hands on)

9 4 Spreadsheet explaining system | teaching back

15 5 Prolog predicting system | tasks (verbal and
behaviour hands on)

19 3 Database knowledge and tasks (verbal and
using system hands on)

21 none MacWrite learning system constructive

interaction

Table 11: Overview of observational studies

System and environment

Users were due to be introduced to a range of commercial software systems as part
of a course they were taking: a word processor, a spreadsheet, a database and a
programming language. User interaction with these system was observed in the
studies. These systems, with the exception of Prolog programming, are typically
used in office environments. Therefore, an office-like environment was created in
the laboratory in which the sessions were conducted and recorded. Laboratory
environments and the use of video cameras can be intimidating. To counteract this,
a small laboratory was set up which contained an office-type setting (a computer on

desk, surrounded by bookshelves).

5.2 Detecting users’ models in observable data

The discussion of empirical studies of users’ models in the previous chapter (see

4.4.3) concluded that researchers cannot assume a particular users’ model from user

* Ideally, such comparison groups would have been run for all studies, but limited resources (time)
meant this was not possible.
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performance data alone. This raised the question of which data should be collected
by researchers trying to collect evidence of users’ model. Carroll & Olson (1988)
suggest that new methods of data collection and analysis may have to be devised.
This section provides a detailed discussion of the 3 types of data typically collected

(performance data, on-line protocols, and verbal protocols) and describes the

method of data collection employed in the studies.

5.2.1 Performance data

Performance data have been employed in virtually all empirical studies of users’
models to date. These are typically collected through benchmark tests (usually
conducted after training sessions), which assess users’ performance on a set of tasks,

often including a transfer task. User performance is typically assessed in terms of:
e task completion;
¢ time taken to complete tasks;
e number of errors;
* retention over time.

In the conclusions of the methods section of empirical studies on users’ models (see
4.4.2), problems with the use of performance data as indicators for users’ models
have been raised. Performance cannot be taken as an indicator of a specific users’
model (UC), i.e. a model of a particular content and structure. The studies of
instructional design models (DCs) demonstrate that assumptions that users who
perform well have adopted a particular model cannot be substantiated. As Carroll &
Rosson (1987) put it, users” minds are not blank slates onto which externalised
models can be printed. A related but slightly different point raised is that good
performance from a user cannot not be taken as proof of a model which a researcher
would regard as an appropriate model of the system; as Payne et al. (1990) put it,
users who perform well can harbour the most appalling misconceptions about the

system.

Even though performance data may have been over-interpreted in early research on
users’ models, they should not be discounted as indicators of users’” models. In

general, difficulties in completing a task do indicate lack of knowledge or failure to
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apply it. Manktelow & Jones (1987) point out that incorrect user’s models should
lead to systematic rather than random errors. Recorded for detailed analysis, user
problems with task completion can help the researcher to identify parts of on-line
and verbal protocols in which such errors may be evident, and further analysis may

yield insight into users’ models.

5.2.2 On-line protocols

Norman (1983) advocates the use of on-line protocols which record user and system
actions. Since they can be collected in a completely unobtrusive manner, he
considers them to be more reliable than verbal protocols. Given the right
equipment, on-line protocols are easy to collect and analyse, providing an instant
summary of frequency of use, errors, etc. On-line protocols are therefore widely
employed in usability labs for purposes of system evaluation. They have an
advantage over performance data in that they allow the researcher to link user
actions to system actions, and thus allow the researcher to reconstruct the flow of
information from the system display to the user at the time of a particular action.
This information is a major requirement for explaining user action (Payne, 1991b),
but it may not be sufficient: a researcher’s conceptualisation of a users’ model
(R(UQ)) derived from on-line protocols only is bound to reflect a certain amount of
guesswork. A richer record be obtained by integrating relevant user comments
(obtained from verbal protocols) into the record of user-system interaction (see

5.2.4).

5.2.3 Verbal data and protocols

Verbal data and protocols are now collected in most studies of users” models. The
discussion in 4.2.2 concluded that verbal data obtained in isolation from the system
are not likely to be an accurate reflection of user competence, given users’
dependence on the information flow from the display (see above). Verbal protocols
collected during user-system interaction ought to provide a better reflection of users’

models and the ways in which they are used. But there are a number of problems

connected with the use of verbal protocols to capture users” models.
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At the root of these problems is the well-known psychological fact that people
cannot give complete verbal accounts of their thought processes (Norman, 1983).
The construction of a user’s model is mainly a subconscious process (particularly
where encoding and processing of propositional representations are concerned), and
subconscious processes are not verbalised. A researcher can, of course, ask users to
give a verbal account of their reasoning, but a researcher who treats these accounts
as true reflections of users” decision processes would be falling for what Johnson-
Laird (1983) describes as the fallacy of conscious access. People are not aware of the
processes involved in their reasoning, only of the products or results of these
processes. Thus, users’ verbal accounts should not be interpreted as accurate
reflections of users’ decision processes, but as an evaluation of their decision

outcomes (Manktelow & Jones, 1987).

A related problem is that, when a researcher asks users to give a verbal account of
their reasoning, the shift from subconscious to conscious processing may change the
nature and content of the reasoning process. The researcher changes what Norman
(1983) calls the demand structure of the interaction situation; users’ responses may be

influenced by what they think is required of them. Users may:

» provide post-hoc rationalisations of their actions;
e say what they think the researcher wants to hear;
* be guided by subtle verbal and non-verbal cues given by the investigator.

Thus, verbal protocols can actually produce misleading information.

Despite all these reservations, verbal protocols offer a rich source of data from which
users’ models could be reconstructed. They may not provide a record of users’
reasoning processes, but the outcome of the reasoning processes will reveal some
indication of the elements and mechanisms involved in them. Outcomes of
reasoning processes are the closest researchers are likely to get to the processes
themselves, especially if they can be tied to user actions and system display. As for
the effects of the demand structure on users’ statements, Payne (1991a)
demonstrated that verbal cues can help to distinguish existing users’ models from

those which are generated in response to questions. Researchers should also
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consider that tightly controlled experimental scenarios are more likely to cause a

change in demand structure than loosely controlled ones (see 5.1.2).

5.2.4 Conclusions for the studies

“Let me warn the nonpsychologists that discovering what a person’s mental model is

like is not easily accomplished.” (p. 11)

The preceding discussion confirms the prophetic value of Norman's (1983) footnote:
by themselves, neither performance data, on-line protocols nor verbal protocols may
provide reliable evidence of users’ models. Since each of them can provide some
evidence, the author devised a new method for capturing and combining these three
types of data. Given the aim and exploratory nature of the studies, collecting “all the

data we can get” (Carroll & Campbell, 1986) is the appropriate strategy.

Traditionally, audio recordings have been used to obtain verbal protocols. In
previous work with such protocols (Sasse, 1986) the author had encountered
problems in linking users’ verbal accounts to system states. It is possible to relate
verbal and on-line protocols through the use of time-stamps, but the method is
cumbersome in both the capture and analysis phases. The author devised a method
of combining on-line and verbal data on a single medium. The screen was recorded
from the system unit via a mediator box. The user and (co-)investigator were
recorded with a camera — all actions performed by the user, changes in display, and
users’ verbal and other behaviour (including interaction with the (co-)investigator)
could thus be captured. The images were combined using the overlay function on a
video mixer, and recorded with the sound onto a single videotape. The resulting

recordings provided a simultaneous access to
e the computer screen (providing an on-line protocol of user-system interaction);
» arecord of user behaviour; and

e verbal protocols.
The recordings provided a very rich protocol of the sessions; it is possible not only to
work out what users could see at particular point in time, but whether they were

looking at the display, where they were focusing, pointing etc. when making certain

119



statements. The investigative scenarios were designed to encourage verbal accounts

from users, whilst minimising the change in demand structure (see5.1.2).

5.3 The studies

5.3.1 Users

Users were students at the University of Birmingham, taking a subsidiary course in
computing.  This was an introductory course, advertised for students with no
previous computing experience, and open to undergraduate students from the arts
faculty. The course ran for two terms (10 weeks in each term), and students
attended for three hours per week: a one hour lecture on the theory of computing™

and two hours of tutorials.

These tutorials were planned and conducted by the author, and consisted of
instructions and hands-on exercises introducing a range of application software.
The tutorials and instruction materials were designed by the author following the

minimalist training model (Carroll et al., 1987/88), which has four main principles:

(1) Focus on real tasks and activities: Most people who learn an application
system are doing so because they believe a that the system is a tool which
might help them to do their work. Training should capitalise on this
motivation, and draw on the learner’s task-relevant knowledge, by
introducing functionality in the context of recognisable tasks. This
principle was implemented by organising tutorials and coursework
around high-level tasks which the students could relate to, such as
writing letters (word processing), working out students’ marks
(spreadsheet), producing mailshots and chasing bad debts (database), and

writing a database and rules for a restaurant booking agency (Prolog
programming).

(2) Slash the verbiage: Most people who learn an application system do not

want to read through vast amounts of complex information, and feel

confused and intimidated by computing jargon. Learners should not be

" These were given by Peter Greenfield, a lecturer in the School of Computer Science.
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swamped with instruction material, nor be expected to be familiar with
computing terms. This principle was implemented by writing concise
instructions rather than copying manual pages, and by explaining basic

terms (such as editing and copying) and demonstrating procedures (such

as inserting a diskette).

(3) Support error recognition and recovery: Most people who learn an
application system will make mistakes during their learning process.
Training should capitalise on this by teaching learners how to diagnose
errors and how to recover from them. Implementation of this principle
was achieved by incorporating the following exercise in the tutorials: one
student would sit at a machine that was linked to a television. The tutor
would ask him or her to perform a task (which offered the opportunity to
make errors) while “thinking aloud”. When the student made a mistake,
or could not work out what to do next, the tutor would start a dialogue
with the student about what caused the error and how they could recover
from it. The rest of the group watched and were encouraged offer help

and explanations.

(4) Guide Exploration: Guided exploration incorporates principles 1 and 3, and
is essentially learning-by-doing — encouraging learners to discover the
system and its functionality rather than introducing functionality in
systematic, step-by-step instructions. It was attempted to implement this
principle by allowing students to choose their own coursework after they
had been introduced to the basics of a software package. For their
coursework, students were encouraged to do a task they had to do for
their course or other activities, e.g. type up a report or an essay (word-
processor), do the accounts for a student society event (spreadsheet), or

create an inventory or address book (database).

5.4.2 Recruitment procedure

There were a total of 32 students on the course. All students received a handout
from the author at the beginning of the course, informing them that the course tutor

was conducting a series of experimental sessions to evaluate usability of the software
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packages and the way in which they had been introduced to the students. The
students were asked to participate in the series of 5 studies, but it was emphasised
that participation was entirely voluntary and would have no effect on the student’s
course marks. The observations took place after the students had used the computer

systems for 3-5 weeks (apart from Study 5).

WP | Spread- Prolog Data- | Mac- total
sheet base Write

Subjects Sex Age
1 male 38 y y y y y 5
2 male 19 y y y - y 4
3 female 19 y y y y y 5
4 male 18 y y y y y 5
5 male 19 = y y y y 1
6 male 19 - y y y y 4
7 male 19 y y y y y 5
8 female 20 y y - y y +
9 male 18 y y y y y 5
10 female 20 y y y y y 5
11 female 19 y y y y - 4
12 female 20 y y y y y 5
13 female 19 y y y y y 5
14 female 20 y y Y y ¥ 5
15 male 18 - y Y y y 4
16 female 20 y y y y - 4
17 female 18 B ¥ y - Y 4
18 female 19 y i - y y 4
19 female 20 : y y y = 3
20 female 18 y y y 4 y 5
total 16 20 18 18 17

Table 12: Subjects participating in studies

Subjects in the main group

Out of the total number of 32, between 21 and 26 students attended and completed

the experimental sessions. All sessions were transcribed, but it was decided to
remove all subjects who did not participate in at least 3 of the 5 studies. This left a
group of 20 subjects, 12 female and 8 male, aged 18-20, except for one mature
student who was 38 (see Table 12). They were attending courses in geography,

music, politics, physical education, languages or general honours. A short interview
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at the beginning of the course with each of them (see Appendix 2) showed that, even
though most of them had actually touched a computer once before they came on the
course, none had significant experience in programming or using application
software on a PC. All seemed motivated to learn about computers and get hands-on
experience. Many of them felt that they had “missed out” on computing at school,
and thought that they would have to use computers during their course or in

subsequent jobs. No payment was offered to this group of students.

Subjects in the comparison groups

Two additional groups of subjects were recruited to explore the constructive
interaction scenarios with users who brought different background knowledge to
those systems. For Study 2 (spreadsheet), 20 subjects were recruited from a group of
first year Software Engineering and Maths with Computing undergraduate students
who had learned to use the same spreadsheet as the experimental group. For Study
5 (MacWrite), 16 subjects were recruited from the subsidiary course at the beginning
of the following academic year, and asked to explore the system together with
another user (co-investigator) before their first course tutorial. All subjects in the

comparison groups were paid £3 for participating in the one hour sessions.

5.4.3 General procedure

Observation sessions consisted of users being asked to work through a set of
questions and /or hands-on tasks. In studies 1, 3 and 4, an investigator (the author)
would sit with the users as they worked through the tasks, prompting them for
verbal information whenever appropriate. The investigator would always ask for
explanation when errors occurred, and when users seemed not sure what to do next.
Users could ask questions — the investigator would usually ask counter-questions to
probe users’ models. Only when users seemed unable to solve a task or recover
from a problem would the investigator give them procedural instructions (see also

the detailed description of the studies). In the studies which employed constructive

interaction scenarios (2 and 5), users would be introduced to a learner or co-learner,
who really was a co-investigator trained by the author to probe users’ models. The

video mixer and recorder were hidden behind a screen. Users were able to see the
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camera which recorded them and the co-investigator, but it was out of their line of

view when they were looking at the computer screen or at the (co-)investigator.

All observation sessions were recorded on videotape (see 5.4.2) and subsequently
transcribed.  Comments and explanations have been added to users’ verbal
statements and system actions by the author where appropriate. For the summary
tables presented in chapters 5-10, tasks were scored as being successfully completed
- or not — by the author on the basis of the videotape rather than transcripts. When
marking the tasks as completed or not completed, the following rules were applied

throughout:

(1) A task would be marked as completed if the user could solve it without

any prompting or help from the investigator or co-investigator.

(2) If the user made an error, realised an error had occurred, and corrected it
without any help or prompting from the investigator or co-investigator,

the task would also be marked as completed.

(3) If the user needed any help or prompting to complete a task or recover

from an error, the task would be marked as not completed.

The detailed analysis and discussion concentrated on tasks which most users could
not complete successfully. As discussed under 5.2.1, systematic errors may be an
indication of an incorrect users’ model. In addition, it was found that non-
completed tasks often resulted in dialogues between users and (co-)investigator, and

therefore yielded verbal responses which might contain indication of the models
users were trying to apply.
The following five chapters give a detailed description of conduct and results of the

five observational studies.
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6 Word processing study

The purpose of this study was to elicit users’ models of a word processing system.
16 users were observed using the word processor after 4 weeks of training and
practise. The task scenario was tightly structured, with users working through a
sequence of 11 tasks; the investigator would encourage users to think aloud. At the

end of the session, they were also asked to describe the system to the investigator.

Task Description
1 Copy file Copy the file called STUDY.DOC into a new file.
2 Load file Edit the copy of the file.

3 Del char insert word | Delete a character in the first line of the document, insert a word

4 Insert paragraph Insert a paragraph (subject’s address) in the top right hand

corner), as you would in a letter.

5 Move paragraph Move paragraph from one part of the document to another.

6 Delete paragraph Delete a paragraph

7 Copy para — file (TT) | Copy paragraph containing address into a new file.

8 Include file (TT) Include an existing file (INCLUDE.DOC) into current document.
9 Delete block as 6

10 Save File Save the current file and return to the Opening Menu

11 Rename file Rename edited file

12. Describe a WP If you were explaining to a friend who has never used a

computer before what a word processor is, how would you

describe it?

Table 13: Word processing tasks

6.1 Procedure

The scenario of this first study was “observing users using a system”, in a set-up
which remained close to the typical experimental set-up employed by most of the

studies reviewed in 4.3. Users were asked to edit a document on a keyboard-based

word processor (WordStar) which they had learnt to use and practised with for four
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weeks previously. The document on which users worked in the session contained
the instructions for the 11 file operation and editing tasks to be performed (see Table
13) - a somewhat artificial task. All the procedures needed to complete the eleven
tasks had been covered in the instruction and practice sessions, except for two
functions (7 - copy paragraph to file and 8 - include file), which served as a transfer tasks
(TT). Successful completion of a transfer task - which requires users to infer new
procedures on the basis of those that have been taught - is regarded by many
experimenters (e.g. Kieras & Bovair, 1984; Borgman, 1986) as a test for a successful
users’ model. At the end of the session, which lasted approximately 30 minutes,

each user was asked to describe a word processor in their own words.

The investigator (the author) sat next to the users, who were allowed to ask
questions if they did not know how to perform a task. The elicitation strategy in this
session was to encourage thinking aloud in the same manner as in previous HCI
studies. The investigator encouraged users to comment on their actions, and kept
prompting them to reason about any mistakes/errors. The investigator applied the

following rules throughout the session:

(1) If the user asked the investigator how to solve a certain task, the
investigator would not answer by telling the user the procedure in the
first instance. Instead, the investigator would ask a counter-question such
as: “How did you delete (insert, underline) a word (sentence, paragraph) in the
exercises in class?” Only when it was clear that the user could not

remember the procedure, the investigator would tell the user how to
solve the task.

(2) Whenever a user made an error, the investigator would wait to see if the
user would comment on the error, try to recover from it, or try again. If
the user did not say or do anything following the error, the investigator
would try to prompt the user to comment on the error, and how to
recover and perform the task. Typical questions used to prompt users

were: “What do you think happened there?  Why? What did you expect the

system to do? ”

(3) Whenever the user made a comment that indicated s/he was referring to

some kind of user’s model, the investigator would encourage the subject
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to elaborate their statement (e.g. by asking “What exactly do you mean by
that?”).

6.2 Results

The transcripts of these observation sessions are provided on pages 1-22 of the
Transcripts volume, an overview of the results is given in Table 14. 16 users
participated in the study, and managed to complete between 4 and 9 of the 11 tasks

successfully. More than half of the users encountered problems with tasks
4  insert paragraph (14)
5  move paragraph within document (8)
10 save file (9)
and the transfer tasks
7 copy paragraph to separate file (16)
8 include file in document (12)

The reasons for the problems encountered, and their implications for users’ models

(UCs), are analysed in detail in the following sections.

6.2.1 Inserting text at the beginning of a document

Analysis of the tapes revealed that all users knew how to insert text, but most failed
to apply this knowledge because the text had to be inserted before the first line.
Only two users required no assistance to work out that they could use the
CARRIAGE RETURN key to insert the required blank line. Typically, users would
position the cursor in the first line, press the UP ARROW key, and be very surprised
when the cursor started moving to the right. After some prompting (“Why do you
think it won’t move up? Where exactly in the document are you at the moment?”) did users
realise that they were at the beginning of the document. Most then realised that they
had to “create some space on top of the file”, or “move the text down”. When asked about
the easiest way to achieve this, most users went straight for the CARRIAGE
RETURN key. A few users, however, persisted with the scrolling commands, and

some suggested to mark the text and move it down.
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Once they had inserted a few blank lines, users had to type the text in the right-hand
corner. Most tried the RIGHT ARROW key (which moved the cursor down) before
inserting blank space with the SPACE BAR or TAB key. Three users could not work

this out at all, and the investigator had to explain to them that they had to insert
spaces.

6.2.2 Transfer tasks

All users failed to perform the first transfer task (copy paragraph to separate file),
and only four managed to perform the second transfer task (include file in
document), which was the reverse operation. With the first transfer task, 10 users
suggested leaving the document to create a new file. When told that it was a
command available in the menu options, most opted for commands which they
knew — COPY and MOVE - even though they had used both commands extensively
in course exercises for copying and moving text in the same document. Users were
not able to guess the WRITE command for the first option. In the second transfer
task, most users again suggested leaving the document to start looking for the file.
Only 4 users opted for the READ command straight away, “because it’s the same as
WRITE in reverse” (e.g. Subject 7, Transcripts-7). Others tried to use WRITE again,
and COPY, and COPY FILE. Many users also suspected the command was called
READ because it would allow them to read the file to check it was the right one

before it was included.

6.2.3 Move paragraph

This was a command that users were familiar with from the training sessions, but
half of them still did not manage to complete the task without prompting or help.
All users remembered some parts of the operation, but the most striking observation
was that those who needed help had to be reminded that the menus actually

contained the information that they were looking for.
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User| 1 2 3 P! 7 8 9 110 |11 |12 |13 |14 | 15| 16 |17 | 18 | 19 | 20 | Total y

1 Copy file RAEAE RS AEAFEEEEAEIAFEEFARRE S E RS 4 ERE: 14
2 Load file n y|lyly y|ln|y |y l|ly|n|yVy ]|y - ylyly - y 13
3 Del char insert word y - A vyvi|iy |y |y |y vy |y = y Yy |y - y 15
4 Insert paragraph n|n|nj|n n{n|{n)|]y|n|n|n|n = n|y|n - n 2
5 Move paragraph n|y | ¥y |n vy |y | n|y y n |y n - n|njy - n 8
6 Delete paragraph y y y y y|n|n|n|y |y |n|y = yly |y - y 12
7 Copy para - file (TT) n|inj|njn n|nfn|n|{n|n|n|n|-|n|n|n|-|n 0
8 Include file (TT) n|n|n|n y n n y n [ n y n - y n | n - n 4
9 Delete block y v v | vy y | n - n|y/|ly y | n 5 Y|l y|ly - y 12

10 Save File n|n|n|n y|ln|ly|n|ly|y|ly|n - y | n| n - y 7

11 Rename file y y n n y y y n y y y y - v y n - y 12

Tasks attempted 11 (101111 11 |13 |10 | 33| 31 | 11 | 1t | 11 - 1103 | 33| = | 12

Total y 16| 5|35 9 | 4 516|858 )5 ]| 8 5 - 8 | 7] ®% - 7

Table 14: Performance on word processing tasks




6.2.4 Save file and return to main menu

Half of the users went straight for the SAVE & EXIT option — obviously the one they
were familiar with. When prompted, most users knew that this would exit the word
processor. It seems that they did not know outcome of the other two options, SAVE
& RESUME or SAVE & DONE. This indicates that despite written instructions in
training materials, and numerous verbal reminders during the training and practice
sessions, users had only ever saved their files at the end of a instruction session, and

not backed up their work as they went along.

6.2.5 Additional observations

(1) Marking surprise: In certain circumstances (when a block marker is
inserted at the very beginning of the text, or when a block of text is still
marked further down in the document), the system will mark the text
before the end marker is inserted. Most users were surprised (and
worried) when this happened, and none of them could explain why the

system would do this.

(2) Delete options: Most users started to delete longer pieces of text by
repeatedly pressing the DELETE key. When asked, most of them knew or
guessed a quicker way of doing it, but preferred to use the simple and

“safe” method.
6.3 Discussion and Conclusions

6.3.1 Effectiveness of the scenario

The observation sessions yielded on average 1.5 pages of verbal protocols per user.

Since user-system interaction in this study was tightly structured, the tapes were

comparatively easy to transcribe and analyse.
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User | Model Characteristics Components
1 Computer NOT mainframe computer | disk
storing files
2 Typewriter correct mistakes
change text
3 Document production correct mistakes
(letter) storing files
4 Text manipulation change text screen, disk
re-use text
work on screen
7 Typewriter extensive, computerised
change text
Filing cabinet store information
8 Manipulate text correct mistakes
9 Computer storing information
Document production save
(pages)
10 Typewriter on a computer
storing information
more flexible
11 Document production correct mistakes
(letters, documents) storing information
12 Typewriter more sophisticated
correct mistakes
multiple copies
13 Typewriter more variable
correct mistakes
14 Typewriter correct mistakes disk, memory
storing information
layout
16 Typewriter correct mistakes keyboard, memory
storing information
spaces are different
syntactic elements in
filenames
17 Typewriter correct mistakes keyboard
change text
18 Typewriter really, really complex
correct mistakes
20 Document production correct mistakes

Table 15: Users’ models of word processor
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6.3.2 Evidence of users’ models

All users produced some description of a word processors at the end of the session,
and the statements which indicate some form of model are summarised in Table 15.

The responses fall into four different categories:
* typewriter (9)
e computer (2)
* document production system (3)
e system for manipulating text (2).

More than half of the group describe the word processor as a typewriter with
additional features. It seems that most users chose an existing model, of a tool they
would have previously used for the same task, and added features to it. They
employed a metaphor (UW) as the basis of their user model. The descriptions
elicited (see Table 15), together with users’ performance on the main and transfer
tasks and errors, indicate that the process of transforming the metaphor into a users’
model (UW — UC) did not progress past Stage 2 of the process described by Wozny
(1989; see 4.2.2). The characteristics most users had added (a) were the ability to
correct and change text; and (b) storage and re-use of information. The most
detailed descriptions in terms of differences were provided by User 7 and 16, who
are also among the top performers with 9 and 8 completed tasks, respectively. This,
and the fact that so many users still stuck with the metaphor after 4 weeks of
instruction and use, suggests that despite the adaptation process not having been
completed, users found the metaphor a useful starting point. Only two users
described the system as a computer. The description by User 1 as “not a mainframe”
suggests that, even though he had “only typed in data” when temping, used this as a
starting point. Both users managed to complete only 5 tasks, which may indicate
that as a starting point, it was less helpful than the metaphor. This is not surprising
since their knowledge of computers - in spite of the word mainframe - of 4 weeks’
word processing only. Three users described the system in terms of the document

production task, and two users provided a description of editing procedures only.

The problems reported with inserting text (see section 6.2.1) started because most

users failed to realise that they were at the beginning of the file. The system used no
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markers or symbols for beginning or end of the file, so users treat the top of the
screen as the top of a physical page of paper - something you cannot change. Users
could have inferred that they were at the top of the file from the line counter at the
top of the text, which stated that the cursor position was “line 1”7, but most users
paid no attention to this until they were directed at it by the investigator. Once this
had been established, here was a difference between those users who had a correct
representation of the effect of the CARRIAGE RETURN which, despite having the
same name, is considerably more powerful than the same key on a typewriter.
Those users who suggested creating space by “cutting and pasting” the text to a
different location to create space seem try to transfer the operation which would
have to be performed on a physical page (which are discrete entities), instead of
taking advantage of the continuous space provided by a file (i.e. they attempt a
UWT) — U(CT) mapping).

From the analysis of the tapes, we can conclude that most users’” models did not
represent the difference between space as a text character and uncharted space. It is
not possible to move the cursor into uncharted space, which looks the same on screen
as a text space. From their previous practice, they had not inferred that the cursor
keys only work on text, and that uncharted space has to be turned into text by using

SPACE BAR and TAB. This is almost certainly due to the lack of visible distinction

between the two types of space in the user interface.

One of the conclusions to be drawn from the transfer tasks is that in the face of
uncertainty, users select familiar command names when logical inference would
suggest to try an unfamiliar one. Since they know the effects of the familiar
commands — in the case of the MOVE command many had just used it — logic would
dictate that they should eliminate those commands from the list of possible options,
since cannot provide the novel functionality that they are looking for. True to the
predictions of Johnson-Laird’s (1983) theory of mental models, however, our users
did not employ logical inference mechanisms. Instead, here is clear evidence of
linguistic cueing (e.g. COPY because the instructions said “Copy this paragraph into a

separate file”), a reflex-like reaction caused by the recognition of a familiar word.

Similarly, it is interesting that only 4 users managed to infer the READ command in

the second transfer task, immediately after they had been shown how to perform the
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opposite operation using WRITE. READ and WRITE might be logical opposites for
system designers, who have a model of the application program reading files off the
storage medium and writing files to it (see Figure 3). For the users in this study,
“reading a file” meant reading it on the screen, and they interpreted READ in that
context in a “file preview” facility. This ties in with the observation (see 5.2.4) that
users did not save their files during the instruction sessions. The users tend to view
any changes they make on the screen as permanent - for them, the screen displays
the “master” of the document, rather than the copy that it is (see Figure 4) — despite
being told numerous times that changes made on screen will not appear in the
document until they save it. This ties in with many instructors’ observations that for
many users, it takes a fairly drastic experience, such as losing several hours’” work, to
acquire this knowledge. Again, lack of sufficiently visible feedback between saved
and unsaved files probably lies at the root of users’ failure to represent this

distinction in their UCs.

There is also an indication that UCs model files as mutually exclusive entities — you
open a file to work on it, and close it if you want to work on another file. When
asked to create the new file, or search for the file which they were asked to include
(see section 6.2.2), most users’ spontaneous reaction was to close the document they
were editing. These users were surprised to learn that they could create a new file,
or search for an existing file, without leaving the document they were editing. Users
seem to represent document files as closed, separate units: even though they knew
that they could copy and move text within a document, it did not occur to them that
this can be done between files. This provides another example of a linear users’

model based on paper documents (an observation made both by Marchionini (1989)

and Gray (1990), see section 4.3).
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Figure 4: User’s view of Read and Write commands
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7 Spreadsheet Study

The purpose of this study was to observe users explaining a spreadsheet application
in the context of a teach-back scenario. 20 users from the main group were asked to
teach a new user (a co-investigator) the basic knowledge required to use the
spreadsheet after 4 weeks of training and practice. Users were asked to start the
session with a general explanation of a spreadsheet and its application. Since users
were in charge of the interaction, the task context was not tightly structured,
resulting in more variation in the number and type of tasks attempted. A
comparison group of 20 users with similar experience of the spreadsheet, but a

background in mathematics and computing, was investigated in the same manner.

7.1 Procedure

Users were asked by the investigator to teach another person how to use a
spreadsheet application (Open Access), on which they had trained and practised in
the 4 preceding weeks. This scenario is a variation of the feach-back approach used
by Van der Veer & Wijk (1991), based on the principle of constructive interaction
(Miyake, 1986), designed to encourage users to verbalise their knowledge about the
system in (see in 5.1.2). The scenario here is slightly different because it employs a
contrived co-learner (co-investigator), rather than a genuine novice; the reason is
that this approach makes it easier to standardise interaction and ensure that users
are prompted in an unobtrusive manner to provide explanation whenever possible.
The investigator suggested to the user that the “learner” should operate the
keyboard, and that users should try to teach the learner the basic knowledge
required to use the spreadsheet software in one hour. The investigator would
suggest that users start off with a general explanation of what a spreadsheet is, and
then leave the room to watch the session on a monitor in an adjacent room. Users
were told to call for the investigator if they had a problem with the system from
which they were unable to recover. Users were encouraged to get the learner to set
up a simple example spreadsheet; if users could not think of one, the co-investigator

would suggest a simple accounts spreadsheet for a shop.
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User| 1 2 3 5 6 10 | 11 | 12 | 13 (14 | 15 | 16 | 17 | 18 | 19 | 20 | Attempts | Total y
Enter text Yl ¥y Y | ¥ Y1y |1y ¥ |3 13I1¥Y I X1¥%|Y 20 20
Enter numbers YiIY|% Y| ¥ Y| ¥IY |2 F|ZITFIFIF]F 20 20
Enter numbersastext | y n| - n | - - = - n | - y - - |n | - - 6 2
Formula n n n y n n y n y y y y n y n y 20 9
Copy formula y y|n n|y y y - vyi|ly |y - Y |y | & | 16 12
Ins/del row /column - y - - y y | ¥ - - y 13 | ¥l ¥|¥Y |3 |¥ 13 13
Change width y - - N Y| ¥yl y¥iIyiy|¥ |- = y . - 10 10
Filler character - - - y y |y - y y |y - = y - - 9 9
Change attributes y - y - y y - - v y y y y n n y 14 12
Toggle display - - - - y = = 5 - = = - = = % z 1 1
Blank entries n - - y - - - - - - - - - - 3 2
Save y | ¥ | Y ¥ | ¥ FIF IR I PIFPIFITFIFIN ]I Y] 20 17
Tasks attempted 8 7 7 6 | 10 10| 8 5 9 9 119 ] 6 2130 7 7
Total y 7 5 4 4 9 9 8 3 8 9 10 | 6 6 7 4 A

Table 16: Performance on spreadsheet tasks



The co-investigator would also propose to do certain tasks (such as working out

profits) to ensure that users tried to address key tasks such as entering and copying
formulae.

7.2 Results

7.21 Results of the main group

The transcripts are provided on pages 23-67 of the Transcripts volume. 20 users
participated in this observation, and Table 16 provides an overview of the tasks
attempted and completed. 12 different tasks were tackled altogether, with each user

attempting between 5 and 10 tasks. The tasks which most users failed to complete

were:

* entering formulae (11 fails of 20 attempted); and
* handling of text and numerical entries (4 fails of 6 attempted).
Formulae

All users attempted this task (urged by the co-investigator who was keen to do at

least one calculation), but eleven failed. There was a variety of reasons for this:

e failure to construct a formula (subtraction or multiplication) (4);

looking for a “formula” command in the menu options (2);

problems with syntax (but identified correct formula) (2);

failure to recall the name of the formula (1);

failure to locate key to toggle formula to NUMERICAL (1)

* entering result of calculation “by hand” (1).

Entering numbers as text

All users managed to enter simple text and numbers into the spreadsheet. 6 users,
however, chose alpha-numeric labels for column headings in which the first
character was a number. All six tried to enter the label as a number, which resulted
in an error. Subject 15 (see Transcripts-54) was the only one to diagnose the cause of
the problem immediately, and to toggle the entry to text before entering it. Subject 1

(Transcripts-23) diagnosed the cause of the error on the second attempt and applied
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the toggle function, but then proceeded to enter his data as text, too. He eventually
realised that this was a problem when he tried to apply a formula, and re-entered
the numbers correctly. Subject 2 (Transcripts-25) tried to enter the date (“1-12-88").
The system interpreted this as a numerical entry, and displayed the result of the
calculation (“-99”). He tried to apply the toggle function, but since the toggle has to
be applied before the entry is entered into the cell, this did not work. He decided to
enter a text label (January) instead. Subjects 5 and 13 (Transcripts-32 and 49) could
not work out the cause of the error, but once the co-investigator managed to direct
their attention towards the “NUM” indicator on the status line, they applied the
toggle key. Subject 18 diagnosed the problem correctly, but it did not occur to her
that she might apply the toggle key, and she circumvented the problem by changing
the label (“Hundred m”).

Additional observations

(1) SAVE uncertainty: Even though 17 users chose the correct procedure of
exiting the spreadsheet to save, most of them were convinced they had
not saved it. After selecting QUIT, they expected a prompt “Quit with or
without saving”- which the system would do when a existing file had been
edited. Since the model had not been saved previously, the system
automatically saved the model when users left it, but did not give any

message or feedback to this effect.

(2) Moving cursor during entry: Several users forgot to position the cursor in
the target cell before entering, for instance, a formula. The spreadsheet
allowed cursor movement during most operations, but entries or results
would be entered in the cell on which the cursor was positioned when the
first character was typed. When this happened, users stated, somewhat
vaguely, “it doesn't like that,” but proceed to position the cursor correctly
and repeat the operation (except for user 13, who entered the — incorrect -
result manually in the target cell instead of repeating the formula). None
of them gave any indication that they realised that the cursor position at

the first keystroke was critical, but since the co-investigator did not probe

them on this matter, we cannot be sure.
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User| 1 2 (3 |4|5|6|7 |8 |9 |10]11|12|[13|14)| 15|16 | 17 | 18 | 19 | 20 | Attempts |Total y

Enter text yl2l¥i¥|lY|2|FX|2|7IF|2]|Y|YivlYlY Y| ®|¥Y|¥ 20 20
Enter numbers AERES A EEEAE A AEAEEE AP FEREAENESE SR FESE 20 20
Enter numbers as text | - - - y | - ylyly - - n - - - - - - - y |y 7 6
Formula y |21 F1 2|71 Y|P XYY || P YiY|¥ 20 19
Copy formula AEAEAPEAE AT AR EE BEAERRAEARAEAE R AL AR ESE; 20 20
Ins/del row/column - - n - y - y y |y Yy | ¥ - - y - y |y - - y 11 10
Change width - - “ # - - - 4 s y - y - - - - 4 = 3 - 2 2
Filler character - - - - - - = - y “ . - = - “ - - - - 1 1
Change attributes y n y - - v - y n y n y y n - y - - - - 12 8

Toggle display = VF ] == 2B | F|Ff == =B FNR | = F) < {=]" 8 8

Blank entries - - - - - y - vy |y - - - - - - - - - - 3 3

Recalculate YL 1¥l¥|¥|=®]- S ERAEEARAEFEEIEEY S E 3 ENES T 13 13

Save y | Y| Y[ Y Y| Y| Y|Y|[Y|Y|[Y[Y|Y|Y]|Y|[Y|Y|[Y ]|y [|lY 20 20

Tasks attempted 7 7 8 7 7 |10) 8 |10} 8 [10] 9 8 8 9 7 8 8 5 6 7

Total y 7 5 7 7 7 (10 ] 8 1017 (10] 7 3 8 8 7 8 8 5 6 7

Table 17: Performance of comparison group on spreadsheet tasks



7.22 Results of the comparison group

Twenty users participated in the comparison group, attempting 13 different tasks
overall. The transcripts are provided in Transcripts 68-128. Table 16 provides an
overview of the tasks attempted and completed. All but one user managed to enter
formulae, and six out of seven users who attempted to enter numbers as text labels

changed the label before entering

Additional observations

(1) Most users in this group started the session with a lengthy explanation,
and often demonstration, on the difference between entering numbers

and text, and the application of the toggle key.

(2) Most users in the comparison group entered formulae by specifying the
calculation, rather than using the built-in formula commands such as
SUM and MEAN (for instance Comparison-Subject 3, Transcripts-73;

Comparison-Subject 4, Transcripts-75).

(3) Users in this group demonstrated the toggling between displaying
numbers and formulae without being prompted, and changed numbers

to demonstrate the RECALC function.
7.3 Discussion and Conclusions

7.3.1 The effectiveness of the scenario

The teach-back scenario employed in this study is a further development of the
constructive interaction (Miyake, 1986) technique employed in the fifth study. The
success or failure of this scenario obviously depends to a large extent on the skills
and behaviour of the co-investigator. Users have to be fully convinced that the
“learner” does not know anything about the system — otherwise they are not

motivated to communicate their knowledge to the co-investigator. Good typing

skills or knowledge about the layout of the keyboard can have this effect. To avoid

this happening, the co-investigators were instructed to type with one hand only to

slow them down, and to ask “Which one is that?” or “Is it this one?” when users
/!

mentioned a key.
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In terms of verbal protocols, this scenario yielded on average 2 pages for the users in
the main group, and 3 pages for users in the comparison group. Users in the main
group tended to give entirely procedural instructions (“Select this option, now press
that key”). With a “learner” as a co-investigator, prompting for further explanation
of procedures (“Why do I have to do that?” “How does this differ from command X?”) is a
fairly natural thing to do. The scenario therefore offers a good chance to elicit
information about how such procedures are represented, without changing the
demand structure of the interaction situation. Users in the comparison group gave
quite a lot of explanation without prompting. The co-investigator very cautiously
tried to prompt the users in the main group by demanding explanations whenever
appropriate. Training co-investigators not to betray their actual knowledge in such
scenarios is crucial, and despite training, keeping up an appearance of being new to

the system turned out to be very hard work.

Constructive interaction scenarios can only be analysed from recordings.
Transcribing and analysing the observations from these studies required a lot more
time and effort, more so than in the structured scenarios in which users attempted a
pre-defined set of tasks in a certain order. Co-investigators can exert a certain
amount of influence to ensure that the tasks in which the investigator is interested in
are attempted. If, however, the co-investigator strongly insists on attempting certain
tasks, the user may be deprived of their leadership role and become more passive,
thus revealing less about their users” models. Similarly, if the co-investigator had
urged users to provide the general explanation of the spreadsheet suggested by
investigator, users’ may have relinquished initiative. This was also the reason why
the co-investigator did not insist that users provide the general explanation

suggested at the start of the session (see below).

7.2.3 Evidence of users’ models

The investigator’s suggestion that users provide a general explanation of the
spreadsheet to the learner was not followed by all users; many started by setting up
an example speadsheet without giving any introductory explanation to the co-
learner. The statements provided by the users in the main group are presented in

Table 18, and in Table 19 for the comparison group. The explanation most
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frequently given by users in both groups refers to the surface structure (appearance)

of the spreadsheet:
e rows and columns, or coordinates and their labelling (6 in main, 8 in
comparison group)
e matrix (2 in comparison group)

e table (2 in comparison group).

User Explanation

2 big square
rows (1,2,3 ...) and columns (A,B,C ...)

3 microfilms in library: big sheets with lists on

bigger than the screen

4 programming information in the computer

like writing an essay: put in words and move them about

7 rows and columns

9 calculation

basically like word processing: presentation

10 co-ordinates (spaces which have)
13 storing information
calculation

rows and columns (infinite number of)

18 rows and columns

20 computer
changing information

graphs

Table 18: Users’ explanations of Spreadsheet (Main Group)

A different aspect of the spreadsheet, also related to the display, mentioned by

several users is the fact that the what is seen on screen is only window on a much
bigger sheet:

e big square (1 in main group)

e bigger than the screen (1 in main group)

e like a microfilm in a library (1 in main group)
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* like a big sheet of paper (3 in comparison group)

User Explanation
it rows and columns (array of) fill with text, numbers, formula
computerised table
paper (big sheet of)
2 putting numbers in

text, numbers, formula

3 rows and columns (numbered)

text, numbers, formula

4 referenced blocks
5 rows and columns (as many as computer has memory)
6 matrix (also sketched on paper)

battleships: move around using location co-ordinates

8 rows and columns (list of)

text, numbers, formula

9 table to manipulate data
10 rows and columns
11 matrix

paper (big sheet of)

12 rows and columns

calculation (sums)

13 rows and columns

calculation ( averages)

15 table of data
16 equations
variables
presentation
calculation
17 rows and columns
18 calculation (lots of; sums, percentages)
20 paper (huge sheet of)

co-ordinates

Table 19: Users’ explanation of Spreadsheet (Comparison Group)



The main function of the spreadsheet, calculation, is mentioned by only two 2 in the
main, and 4 in the comparison group. Two users in the main group make a

reference to the only other application they have experience with (word processing).

Users in the comparison group provided considerably more explanation to the
“learner” than the users in the main group. They tried to explain the behaviour of
the system and why commands had to be used in a certain way. Users in the main
group gave mainly procedural instructions required to get the example spreadsheet

set up, and very little additional explanation, unless prompted by the co-

investigator.

From the descriptions given, it seems that the visual appearance of the spreadsheet
has made a great impact on users” models in both groups. It is mentioned far more
frequently than the principal function, calculation. Thus, the overriding impression
users have is what the system looks like, rather than what you can do with it. This

provides some indication of the impact of that the system image can have on users’

models (C+MC — UQ).

Yet, the results and analysis of the transcripts indicate that users in the two groups

had very different users’ models, due to a difference in knowledge and experience
(UW).

Users’ in the main group do not show a model of the system beyond the visual
appearance, and in particular not of its primary function. The instructions given to
the co-investigator are almost entirely procedural (“First type a number here, then you
press this button, then on to ...”). Many were trying to avoid using calculation
functions altogether, and most users preferred to use and talk about the formatting
functions, such as changing the width of columns and inserting filler characters. (If the
co-investigator had not “nagged” some of the users in the main group to perform at
least one calculation, some users would have spent the entire instruction time on
fiddling with the layout of the spreadsheet.) The formatting functions are similar to
the word processing functions they had previously used, even though they are
executed in a very different way. Two users explicitly described the system as
similar to the word processor. This suggests that users in the main group were
drawing on the users’ model of the only other system they knew at this state (UCI

— UC2). Tt can be argued that the reason for defaulting to this model is that, unlike
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in the word processing study (see Chapter 6), many users in the main group had
problems did not have a suitable model of a real-world task (U(WT)) onto which
available functions could be matched. Many users in the main struggled to identify
a task for the “learner” to work on, and replicated an example for their course
exercises or waited for the “learner” to suggest one. Interesting exceptions are users
1 (see Transcripts-23), 2 (see Trans-25) and 15 (see Trans-54), who formulated
conceptually similar tasks from their subject of study (physical education) for their
example spreadsheet. They also embarked on calculations out of their own
initiative. This indicates that they had identified a real-world task from their general
knowledge and experience, and could map it onto the primary functionality
provided (UW — U(WT) — U(CT)). Most other users recalled some procedures
(U(CT)) but had problems specifying sub-goals in natural language (which indicates
incomplete U(WT), or make the mapping between them (U(WT) — U(CT)). Thus,
their model was based on the visual structure of the system image, and functionality

from the word processing system (as illustrated in Figure 5).

Tl a4 1
." .‘;::-. @f*f &

s
Enter data "

Formatting ..
- Calculation %

UC2

Figure 5: User’s model (UC) in main group

Most users in the comparison group, who had a background in maths and
programming, had no problem finding an example, and the real-world tasks they
formulated very more sophisticated (e.g. calculating the trajectory of a rocket)-

another indication of the importance of general background knowledge for
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formulating the task (UW— U(WT)). 13 users demonstrated the RECALC function
(whereas none in the main group did). On the other hand, few users in the
comparison group bothered with the formatting commands, inserting dashes
instead of using filler characters. Even though users’ overall performance in the
comparison group is better, and they were considerably more confident then users
in the main group, one could argue that their ability to match the high-level function
to their existing knowledge and experience resulted in them using the spreadsheet
in a sub-optimal fashion even where calculation is concerned. Many users in the
comparison group specified their own formulae instead of using built-in ones (e.g.
b4+b5+b6/3 instead of using MEAN), thereby creating extra work for themselves. It
is likely that, since these users are accustomed to specifying these calculations in
their programming work, they transfer this method to working with a spreadsheet
(UW — UCQ). It may be that having identified a solution, they do not consider the
functionality of the system. Either their model of the system functions (U(CT)), or
they do know about system functions, but prefer to trade off the physical effort
involved in typing out a calculation against the cognitive effort of remembering the
name and syntax of the formula. The latter would be an example of what Norman
(1983) characterises as parsimonious behaviour (see 4.1.3). Unfortunately, the co-
investigators did not prompt users in the comparison group on this matter. An
illustration of how many users’ model in this group may have been derived is

presented in Figure 6.

Another indication of a marked difference in users’ models (UCs) in the two groups,
again due to differences in users’ background (UW), is the way in which they handle
TEXT and NUMBERS. Most users in the comparison group started with a lengthy
explanation of the difference between text and numerical entries, and demonstrated
the use of the TOGGLE function”. Users in the main group only started to explain
this when they encountered a problem when entering a formula, or entering text

containing numerical characters. Together with difference in performance on

® The system would label any entry typed into a cell as TEXT or NUMERICAL, depending on
whether the first character is a letter or a number. The TOGGLE function has to be used to change
this default classification if a text label starts with a number (e.g. “100 meters”), or a numerical entry

starts with a letter (e.g. “"MEAN A4:F4").
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formulae (all but one user in the comparison group applied formulae successfully,
whereas only 9 users in the main group did), and on entering numbers as text (6 out of
7 successful in the comparison group, 2 out of 6 in the main group), this suggests an
important difference in users’ models. To users in the comparison group, text and
numbers are fundamental characteristics of entries, and something which has to be
considered and declared. All further operations are represented as depending on
that the type of data entered. This users’ model of how the system handles text and
numbers greatly improves their competence when interacting with the system: these
users displayed an ability to explain procedures to the learner, and to diagnose
correctly when they had forgotten to toggle an entry. It can be assumed that the
users” model which helped them so much is a result of their programming
experience, where data types have to be declared; this is another example of a
relevant model from their general knowledge which they applied to the spreadsheet
system. Users in the main group, on the other hand, have a “face value” model of
text and numbers: they do not consider the need to distinguish between the text and
numerical entries until they encounter a problem. Then, the toggle function is
applied as a procedural afterthought. Some users in this group managed to
diagnose the problem correctly, and knew that the use of the toggle key was part of
the solution, but still had problems applying the toggle function correctly to recover
from the particular problem which they had created. Text and numbers are essential
parameters in this system, and the observation confirms that users” models (UCs)
which do not represent these essential building blocks correctly do not support user-

system interaction adequately (Payne et al., 1990, see 4.2.5).

In summary, whilst both groups” users’ models seem to include the system image,
the differences in performance and the verbal data indicate significant differences in
users’ models (UCs). Users in the comparison group seem to draw on their general
knowledge and experience (UW) to formulate the task-component (U(WT)) of the
users’ model: they see the spreadsheet application as a tool for number-crunching
and formulate real-world tasks (U(WT) accordingly. They make an explicit
distinction between text and numerical data. At the same time, their model of
system functions relevant to that task (U(CT)) is either incomplete, or users prefer to

draw on their genera knowledge and experience (UW) in preference to U(CT).

148



B 5
gl—
=

s _. 5
i Managing Numbers |

U(WT)

# g |

Figure 6: User’s model in comparison group

The models of users in the main group are at least partly influenced by models of the
word processing system (UC1 — UC2). Many seem to have a model of the real-
world task (U(WT)) which is dominated by formatting, with a small element of
calculation: to them, the spreadsheet is an application for producing pretty-looking
tables. The mapping between U(WT) — U(CT) functions seems to function well
enough for the formatting tasks, but due to absence of a similar model for
calculations, their representation for executing these functions is basically in

procedural format.
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8 Database study

The purpose of this study was to check users’ knowledge of the terms used to
describe a database application. 18 users participated in a quiz-style dialogue in
which the investigator pointed to parts of the display and asked for the term by
which it was described in the instruction material, before performing 2 retrieval
tasks and a transfer task. Users were also asked to compare the database application

to the spreadsheet application investigated in the previous study.

Terms Description

1 File Could you please describe what a database file is?

2 Field Do you know what one of these columns is called?
Can you describe what a field is?

3 Record Do you know what one of these lines in the file is called?
Can you describe what a record is?

4 Entry Do you know what one of those cells is called?

How would you describe what an entry is?

5 Diff. field / record

How would you describe the difference between fields and records?

6-10: Data Types

What different types of data can you have?

11-14: Query Language

You have used a query language to retrieve information from files.

Can you remember what the query language consists of?

15-17: Addresses?

What do the commands FROM, SELECT, WHERE refer to?

Tasks Description

18 Task 1 You want a list of all customers names and postal addresses for a
mailshot.

19 Task 2 You want a list of all people whose payments are overdue, the name of
a contact person and their phone number, so that you can start chasing
outstanding payments

20 Task 3 (TT) You want to find out which customers who have purchased how much

from you, and list them by the size of their purchases.

21 Difference DB/SS Could you describe the difference between the database and the

spreadsheet

Table 20: Database tasks
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8.1 Procedure

This study was not directly based any of the observation scenarios suggested by
Young (1983), but tried to illuminate the relationship between semantic knowledge
that users hold on the one hand, and their performance on the other. Semantic
knowledge was elicited by asking users questions about the system, and
subsequently observing them using the system (the Open Access database). The

study therefore consisted of three parts:

(1) The investigator (the author) asked the users 17 questions about the
database (see Table 20), checking whether the users knew the basic
terminology the commands of the query language. All the terms had
been introduced in the tutorials, and were explained on the instruction
material given to users for this application users. Users were allowed to

view an example file while answering those questions.

(2) Users were then presented with three tasks, for which they had to
construct and execute a query on a given database file. The third task
required sorting the records retrieved in descending order, which was a

transfer task.

(3) Users were asked to describe the difference between a database and a

spreadsheet.

8.2 Results

18 users participated in this study. The verbal protocols of the observations on this
scenario are provided in Transcripts 114-127, and an overview of the results is given

in Table 21. The findings for each group of tasks are given below.

8.21 Terms

All users could give some description of a file or could identify files in the system.
60% of users did recall the term field, or knew that this was referring to the columns

in a file. Half of the users recalled the term record, or knew that this referred to the

rows in a file.
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User] 1 | 2 |83 1 4|56 7 [8]golmo|mn]i2]18[14]15]716]17 18 | 19 | 20 | Total y
Terms
1 File yl«l¥vlyilylrlzlyly | ¥ 1 ¥ | FI1 ¥ i ¥ ¥ 1Ly | -1 F ¥ 1) 18
2 Field gl -|lolatyinly|yiylylyly|lFiInianly) -ty Iy LY 12
3 Record n - n|njin|yl|lyly|]n y y y | y | n n |y . v Inln 9
4 Entry n - n|nly|n|n|ly|n|n|]y|n|n|n n |y - n |njy 5
5 Diff. field /record y - y y y y y y y y y y y n n y - n y y 15
Data Types
6 Text y|l-lyjslyly | nlyly Iy iy |lyi¥yl¥y|lFilyl=tylxnly 15
7 Numerical y - y y y | n|y n y y y y y y n y - y n y 14
8 Decimal n n n y y n y n n y n y y y v - y n n 9
9 Date y |l lylyigizplrlalyrizslylrlrintiy “ Lt Z I F |y 15
10 Binary n n n y y y n n y y n y n n y £ y n n 8
Query Language
11 From ¥l ¥yl |ala|F| FIYIPrPIFiIyiy|FlFpry |- |¥yIn|¥ 14
12 Select g | <t ¥1¥ iyl |l ylrlyily|yilrly | Filyrl=|lF¥iniy 15
13 Where g | < lxlalalm|l¥ ||l lyly | vlylvlFlyis1ylnly 12
14 Order n - n |nfn|nf|lylyly|n|lylylyl|ln|yly - y | n|y 10
Addresses ?
15 From - file - y Y ¥yl¥inl ¥yl iy y y - vy ly |y 15
16 Address - fields y y y y y y y y y y y y - y y y 17
17 Where — cond. - y - - n n n y y y n y y - y i n 9
Tasks
18 Task 1 AENESS A EEAESEAE LSS A AR EENS SENN AR SE 17
19 Task 2 y - |ly|ln]ly]nly|ln|ln]yly]n]ln]ln]|n]|y - |n|n|n 7
20 Task 3 (TT) n - n n n n n n n n n n n n n n - y n n 1
Tasks attempted 20 - 2011911912020 (20120 |20 | 20 | 20 | 20 [ 20 | 20 | 20 - 20 1 19 | 20
Total y 11 - 13 7 114110 |15 |13 |13 |16 | 19 | 12 | 17 | 10 | 10 ] 18 - 17 | 7 | 14

Table 21: Performance on database tasks




Less than 30% recalled the term entry, or what it referred to. When asked to explain
the difference between fields and records, most users knew that fields only contain

one type of data, whereas records can contain a range of data.

8.2.2 Data Types

Most users could identify text/alphanumeric and dates as data types. 10 users
identified either numerical or decimal, but not both, which suggests that they used
either term for numbers in a generic sense. 8 users identified binary choice as a data

type.

8.2.3 Query Language/Addresses

Most users could recall the commands FROM and SELECT, and knew that they
addressed files and fields. About half could recall the command WHERE and
ORDER, and knew that WHERE was used to specify conditions.

8.2.4 Tasks

All but one user was able to complete the first task without assistance, but only
seven managed to complete the second task. The problem that most encountered
was to specify the condition WHERE OVERDUE = TRUE: most users just selected
the field OVERDUE, and only specified the condition after prompting from the
investigator (e.g Subject 8, Transcripts-119; Subject 9, Transcript-120).

The third task was a transfer task, which required users to list the retrieved records
in descending order (the system default for sorting numerical or decimal fields was
ascending). Only one user managed to complete the task without help or

prompting.

8.2.5 Additional observations

At the end of the session, users were asked to compare database and spreadsheet
applications. Only one user (Subject 14, Transcripts-124) provided an answer which
summed up the functionality of the two systems accurately. About half the users
mentioned that the spreadsheet could be used for calculations, and the database for

selective retrieval.
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8.3 Discussion and Conclusions

8.3.1 The effectiveness of the scenario

It was originally planned not to make the example file available until users were
asked to perform the retrieval tasks. The first two subjects in this study could not
answer any of the first 10 questions, and asked if they could look at a file. In the
interest of eliciting more than “no” the investigator allowed them do so, and offered
this to the other users at the beginning of the session. All users loaded the file

during the first 5 questions, confirming Payne’s (1991b) observation about the users’

dependency on the display.

Average length of the verbal protocols elicited in this study was 3/4 of a page. Half
an hour was scheduled for each session, but most users completed their session in
about 20 minutes. The sessions were easy to transcribe and score (this could have
been done during the session by an additional observer). By eliciting semantic
knowledge as well as observing users working to actual tasks, the scenario provides
an opportunity to (a) illuminate the difference between user’s knowledge and
competence; and (b) to gain some appreciation about the importance of certain
features of the system image for guiding the user through the interaction. At the
end of the session, users were asked to compare the database application with the

spreadsheet used in the previous study.

8.3.2 Evidence of users’ models

The most interesting finding from users’ comparison of the database and
spreadsheet applications pertains to the spreadsheet rather than the database
application investigated in this study. ~Whereas only two users mentioned
calculation as an important feature when asked to explain the spreadsheet in the
previous study (see Chapter 7), 10 of the 15 user who answered this question
mention calculation to contrast it to the database. Here, most users describe the main
functionality of both applications fairly accurately (storage and retrieval of
information for the database), rather than talking about surface characteristics. The
visual structure of the displays for both applications is very similar (rows and

columns), and thus offers little ground for distinguishing between the two. It is very
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likely that users drew on their users’ models of the spreadsheet application when

they started using the database in the vein of an analogy (UC1 — UC2).

The discussion of analogy and metaphor in 4.2.2 (see also Table 10) revealed the
importance of identifying and representing differences between source and target
models accurately. The similarity of the applications at the surface should create the
potential for confusing the two (see also Norman’s (1983) observations in 4.1.3); at
the same time, it may create a greater need to identify differences between the
source and target model, and represent them in both models. This means that not
only the user’s model of the new application, but also the model that is source of the

mapping, are refined during the process: (UC1 — UC2 «UC1 — UC1*).

Whilst their users” models have become more refined as far as functionality is
concerned, half of the users could not identify two of the five data types in the
example file, even though they had been introduced to them, and they had entered
and retrieved all the different types of data in their previous exercises. As in the
spreadsheet study, it seems that many users still have a general knowledge and
experience (UW) representation of numbers and text, as discussed before in 7.2.3.
Anything composed of letters, including binary data (YES/NO or TRUE/FALSE) is
subsumed under text, and all numbers are just that (not differentiated into integers
and decimals). The data type DATE, which is composed of a sequence of numbers,
was recognised by most users as a separate data type, but this is consistent with
general knowledge. Despite instruction and practice undergone, it seems that users

did not refine their model from general knowledge and experience into a user’s

model (UW — UC).
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1 Constantly updated For stable data (updated once-a-year)
5 Can’t do calculation (averages) Information is “trapped”
Keep adding information rather than
extracting
6 Storage/retrieval of information Selects specific information
More control: view whole whilst
changing entries on screen
7 Stable Easier to create files
Query language: moving between files | More manipulation possible
Extracting information Calculation (can do maths)
8 Similar: don’t see why you need two different systems
9 Easier Presentation
Storing information Calculation
10 Retrieve information Calculation (averages and means)
View: can see what you're doing
11 Selecting information Calculation (formulae)
Asking specific questions See everything at the same time
12 | Call up information Calculation (averages)
Can work on bits (data entry) Can’t select individual entries
13 Location information Call up individual records
Keep track of data
Calculation (maths stuff)
14 Store information Calculation
15 Select information Type on spreadsheet itself
Separate data entry function Calculation
16 Storing information Calculation
Wider: more things happening
18 Review information Presentation
Order information Calculation
20 Storing information Storing information

Calculation

Table 22: Users’ models of spreadsheets vs. database
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The fact that 11 users failed to complete the second task may demonstrate linguistic
cueing in action: the instructions asked users to retrieve all customers who were
overdue. Half of the users realised that a condition statement was required. The
other half thought that selecting the field OVERDUE was sufficient, and suggested
that the records which had the value TRUE should be noted down from the screen
display. They added a qualifier — which means that the system will only retrieve the
records of customers who were overdue — only after prompting from the
investigator. The use of qualifiers is based on Boolean Algebra, and requires that
users remember a particular syntax. Like users in other studies (Borgman, 1986;
Marchionini, 1989), these users had problems recalling and applying these features

despite instruction and practise.

Comparing users’ semantic knowledge and their competence revealed that their
semantic knowledge of the most basic terms was anything but complete. They
definitely did not have anything approaching a surrogate model to “run”, and found
it very difficult or impossible to talk about the system at all without being able to
look at the display. Considering the state of their semantic knowledge, users’
performance on the tasks was surprisingly good: Guided by certain cues from the
system, they could recall and execute familiar procedures successfully. They were
less successful on the second task, which required recalling special syntax of the
query language - for these features, no cues were available from the system image.
The fact that only one user managed to complete the transfer task confirms that the
knowledge about the system was mainly represented as procedures rather than a

model, since they failed to infer the new procedure from the knowledge they had.
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9 Prolog Study

The purpose of this study was to elicit users’ models of a logic programming

language (Prolog) by asking them to predict the behaviour of a program and asking
them to run queries and make small modifications to the program. 18 users

participated in the session after 5 weeks of training and practice with the

programming language.

Predictions Could you please predict, after looking at the program listing,
which answer the system will return when you type in the
following queries:

1 p(0,0) person(annie, female).

2p(V,0) person(X,female).

3 p(o,V) parent(jenny, X).

4 p(0,0) parent(sophie, rupert).

5 p(0,0) parent(carol, rosie)

6 p(o,V) parent (rosie, Y).

7 Conjunction (TT)

What query would you have to enter to get a list of all
daughters in the database?

8 Test rule Please examine the father rule. Which query, using that rule,
would give you a list of all fathers and their children?
9 Place holder What query would you have get the system to list you only the

names of the father, without returning the names of the
children?

10 Repetition

Why does the system return some names more than once in

response to your query?

11 Analogous rule

Based on the father-rule, write a rule that defines mother.

12 New rule (TT)

Write a rule that defines either brother or sister.

Table 23: Prolog tasks
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9.1

18 users participated in the fourth study, in which they were asked to predict the
behaviour of a PROLOG program (Edinburgh Prolog - see Appendix 4 for a listing).
At the time of the study, the users had had 5 weeks’ instruction and practice with
Prolog, and had written a small application (a specialist version of Talking Pages),
working in teams of two. In the half-hour session, the investigator (the author)
presented them with a short Prolog program on the computer, consisting of a

knowledge base and one rule. The users could also refer to a printout of the

Procedure

program. The study consisted of three sets of tasks (see Table 23 for an overview):

1)

)

(3)

To start with, the investigator asked the user to type in a number of
PROLOG queries, and predict the answer the system would return before
entering the question. If the answer returned by the system did not
match the user’s prediction, the investigator asked the user to work out

why the program returned a different answer.

The investigator then presented 4 questions in natural language, and
asked the user to construct the PROLOG queries required obtain answers
to these questions. The user then proceeded to type the queries in. If the
query did not return the predicted answer, the investigator asked the user
to work out the reason for the system returning the answer it did.
Question 7 could only be answered by entering a conjunction. The users
had constructed such queries during their classroom work, but since they
had to work out a conjunction was required to answer this question, this

question was regarded as a transfer task.

Finally, the investigator asked the user to write two new rules and add
them to the program. One of those rules was analogous to the one which
they had tested previously, the second one was new and therefore a
transfer task. (The users had written rules of much greater complexity
during their PROLOG assignment). The user was then asked to explain
what the rule would do, and run a few queries to check if the rule was
working as intended. If the rule did not work, the investigator

encouraged the user to try and explain why it had not worked.
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9.2 Results

18 users participated in this study. The transcripts are provided in Transcripts 129-
167, and an overview of users’ performance on the tasks is shown in Table 24. Most
users could predict the results of the queries correctly (though some needed
warming-up practice on the first prediction) and could construct an analogous rule.
Half of the users could construct a query to test a given rule, and knew how to use a

placeholder variable. Users did, however, have considerable problems on the

transfer tasks.

9.2.1 Conjunction

4 users mentioned the term conjunction at the beginning of this task, but one of them
then proceeded to write a rule. 4 users suggested writing a rule rather than entering
a conjunction. Some users suggested entering the first part of the query, writing
down the results of that query, and then match the results from the second query
(e.g. Subject 2, Transcripts-132). Most users managed to work out one part of the
rule (person(X, female).), but then had problems to formulate the second condition.
This was not just due to problems expressing the second condition (parent(_, X).) in
PROLOG, but several users had difficulty to identify this condition in natural
language (e.g. Subject 1, Transcripts-129, Subject 12, Transcripts 151).

9.2.2 New rule

None of the users managed to write the new rule (defining brother or sister) without
help from the investigator. Most subjects managed to work out the header of the
rule, and the condition that the brother had to be male. The other two conditions
(that they had to have a parent, and that there had to be another person who had the
same parent), posed insurmountable problems for the users. Some users needed
repeated prompting from the investigator before expressing those conditions in
natural language (e.g. Subject 1, Transcripts 129; Subject 7, Transcripts-143). Most
users managed to express the conditions in natural language, but needed help with
the translating the “same parent” part into a condition (e.g. Subject 11, Transcripts-

148, Subject ).
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User} 1 2 3 4 o 6 74 9 10 | 20 | 22 | 33 | 34| 45 | 36 [ 37 | 18 19 | .20 Total y

Predictions

1 p(0,0) n |y |y |Y|Y[Y]Y n|n|(yl|ly|[n|n|nfyly[f-[|n]Y¥ 11

2p(V,0) Y| ¥ |y | Y| ¥ |¥|¥ ¥ | vl |l ([ FIL¥EIFLYP|Fo|BR 16

3p(o,V) nly |y |[n|Yy[Y]Y 0 A e o e i el | O S 16

4 p(0,0) yly |72y |2 %] SEMAFERAEARARAENESRIR AR 18

5 p(o.0) y|yly |y |y |¥y |V YI¥ I ¥|¥ | XIZIFI|P|E]|=1%|P 18

6 po,V) Y1 ¥ |-y |¥1¥ |3 dEAEATAEAEAEALEE BRSNS 16
7 Conjunction (TT) n n - n y n n n n v n n n n n y 2 - n 3
8 Test rule n|y|ly|n|y|n]|y Yol B | R Yy |8 | ¥ | %Y ~|n|n 9
9 Place holder ni|n| - vl KT I O Y I ¥ | FIF|IFTI¥ mia | . n 8
10 Repetition y v |y y y y y vy |®i=x|¥y|¥|¥|H|y¥ - - n 13
11 Analagous rule I ¥ | ¥y ey o | ¥ | FIF|T||F | FLF|F| =~ )] ¥ 15
12 New rule (TT) n n n n n - n n n n n n n n n n - n n 0
Tasks attempted 12 112 | 9 12 | 22 | 11 | 22 2 112 | 12 (22 | 12 | 12 | 12 | 12 | 22 - 8 12
Total y 6 |9 (8|8 (10| 7|10 8 8 | 9 8 | 4 & 8 8 |10 | - 3 6

Table 24: Performance on Prolog tasks




9.2.3 Additional observations

(1) Objects and variables: Some users had could not explain the nature of
purpose of objects and variables (e.g. Subject 11, Transcripts-150). This
was quite astonishing given the amount of practice they had had in

writing and querying their own program.

(2) Variable names: A related observation is that quite a few users believed
that they had to use the same variable name when querying a rule, as the
one employed in the rule itself (e.g. Subject 2, Transcripts-133). There was
also a belief strong that variable names had semantic meaning (e.g.

Subject 6, Transcripts-141).
9.3 Discussion and Conclusions

9.3.1 Effectiveness of the scenario

The verbal protocols elicited had an average length of 2 pages per user — however, a
lot of the talking was done by the investigator rather than the users. This was
mainly due to the fact that users had a lot of problems with the transfer tasks, and
the investigator had to spend a lot of time explaining why rules suggested by the
users would not work. In general, asking users to predict system behaviour
prompts thinking aloud in a fairly natural way when errors occur. Altogether,

though, this was probably the study which generated least insights of users” models.

9.3.2 Evidence of users’ models

The most striking observation in this study was that, whilst users were able to use
the program fairly competently, they did not seem capable of applying that
knowledge to a program of a different real-world task. After five weeks of
programming instruction and practice with the programming language, which
included writing a moderately large program for a Talking Pages-style enquiry
service, users might have been expected to be able to write a comparatively simple
rule. Alas, this expectation turns out to be an incarnation of the formal equivalence

fallacy: ability to construct a rule does not transfer from a program to deal with one
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task to another. The task in this study was chosen because it could be assumed that
all users would have the necessary general knowledge and experience (UW) to
formulate in natural language what makes someone a brother of somebody else;
however, several subjects were not able to express the conditions in natural
language at all (e.g. Subject 1, Transcripts-130), or only with much prompting from
the investigator (e.g. Subject 8, Transcripts-143). Even those who managed to
express the condition in natural language then failed to translate this into the formal

structure of the programming language.

The transcripts reveal that most users did not have an adequate users’ model of
objects, variables and how instantiation works. Many could not detach object and
variable names from their semantic meaning: they believed the system would not
allow them to use “frivolous” variable names such as Piglet or Pineapple. They
assumed the program would “recognise” variable names from the domain of family
relations, such as Brother or Father. An appropriate user’s model here requires that
they strip terms used of the meaning attached to them in their general knowledge
and experience (UW). Johnson-Laird’s (1983) theory would predict that users have
without training in formal knowledge have problems with this type of reasoning.
Indeed, users had enormous difficulty to express real-world knowledge in formal
logic; and there is also evidence of linguistic cueing throughout the transcripts,

indicating that users are on the hunt for terms they recognise.

In retrospect, the discrepancy between the evidence in this study - that users did not
have an appropriate users’ model of the concepts and working of the programming
language - and their apparently competent programming in the practice sessions can
be explained. In the practice sessions, most users wrote their programs by trial and
error; with the investigator correcting every incorrect statement immediately, users
did not have a chance construct, test and modify a rule or query. Even if users were
able to solve these task after trial and error, however, it is fair to state on the basis of

that their users’ models of Prolog had major omissions and misrepresentations.
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10 MacWrite Study

The purpose of this study was to investigate the methods users tried to apply whilst
learning a new system (a second word processing application). 17 users participated
in this study, which employed another constructive interaction scenario: a co-
investigator was paired with each user as a contrived co-learner to engage users in
dialogue as they explored the system. The word processor is a Macintosh
application, designed to facilitate access and encourage exploration by novice and
casual users (as discussed in 4.2.2). The users in the main study already had
experience of one word processing system (see Chapter 6). In order to determine to
what extent their existing users” models of that system influenced their interaction
with this new system, a comparison group of 19 users with no previous knowledge

of word processing or computing was investigated as well.

10.1 Procedure

In the final study, users were asked to explore a word processor (MacWrite) in a one
hour session. The “observing users learning a system” scenario was left for the last of
the 5 studies, to see if the users in the main group would draw on models they had
acquired during the six month course, and in particular of the word processing they
had been trained in at the beginning of the course. A comparison with a group of
users who were in the same situation as these users had been six months previously
could be used to determine how their existing users’ models their interaction with

i

the system they were to explore. The investigator introduced the user to a “co-
learner” (co-investigator) and asked them to work together to find out how to use
the word processing system to edit and print a document. Like the scenario used in
the spreadsheet study (see Chapter 7), this one is based on constrictive interaction
(Miyake, 1986) and devised to make thinking aloud more natural through dialogue.
The idea is that when observing two people who jointly try to solve a problem, the
investigator can capitalise on the fact that communication of knowledge takes place

naturally between the two users.

The scenario is best described as joint exploration. A straightforward constructive

interaction approach would have paired two users and asked them to explore the
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system together. In view of the fact that all the other studies observed one user per
session, it was decided to vary the approach and pair each user with a contrived co-
learner (co-experimenter). This variation on constructive interaction also
counteracts the possible danger of one user taking charge and dominating the
interaction, in which case there would be little knowledge elicited from the less

active user. The script for this scenario was as follows:

(1) The investigator suggested that the user should operate the keyboard,
while the contrived co-learner should consult the manual whenever the

user felt that s/he needed some specific information about the system.

(2) Users were briefly introduced to the operation of the mouse and the pull-

down menus by the investigator.

(3) They were asked to edit a prepared document, which contained

instructions about the tasks they had to perform (as shown in Table 25).

(4) As with the teach-back scenario in study two, the success or failure in
eliciting users’ models depends largely on the skill and intuition of the co-
investigator: if the co-investigator is perceived to be knowledgeable about
the system, the user will rely on the more expert “co-learner” to feed
them the procedures required to solve the task, and not contribute very
much to the interaction. In a bid to avoid such a situation arising, the co-
investigators were briefed to be interested, but not overly helpful: they
were not to respond too quickly to questions from the user, and always
had to look up answers in the manual. When they had located the
relevant text, they were — in the first instance — to give a vague answer,
rather than reveal the exact procedure. (For instance, if the user could not
work out how to change the margin, the co-investigator would say “It's
got something to do with the ruler”). When a user made a mistake, the co-
investigator would prompt him /her, by asking probing questions such as

“What went wrong there?”.
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Task Description

1 Save file Click on the File menu and select save

2 Change margins Change the margins to 1.5 on the left-hand side and 6.5 on the
right-hand side

3 Insert word Insert a missing word

4 Delete chars Delete characters

5 Delete words Mark words with the mouse and delete them

6 Delete line Delete a line

7 Double spacing Change the spacing of the entire document to double-spaced

8 Single spacing Change the spacing of the entire document to single-spaced

9 Centre paragraph Centre one paragraph

10 Underline/embolden Underline and embolden one word

11 Cut and paste Move a paragraph by cutting and pasting

12 Print document Print the document

13 Quit document Leave the document without saving it

14 Create new document Create your own document and type a letter

15 Save new document Save your new document

Table 25: MacWrite tasks

10.2 Results

10.2.1 Results of the main group

17 users participated in the main group. The transcripts are provided in Transcripts

168-199, and Table 26 gives an overview of the performance on the tasks. Most users

could not work out how to

o change the margins (16);

delete words by marking them (16);

double-space the text (15);

centre a paragraph (17); and
¢ move a paragraph by cutting and pasting (15).
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Observations surrounding these tasks are reported in more detail in the following
subsections.

Change margins

Almost all users suggested FORMAT or clicked on the FORMAT menu straight
away, and had to be directed to the ruler by the co-investigator reading the relevant
instruction from the manual. Many selected the Insert ruler command on the
FORMAT menu when the co-investigator mentioned that “it has something to do with
the ruler”, even though there was a ruler already at the top of the document. When
they had changed the left-hand margin, most users moved the paragraph indent
marker instead of the margin marker. Even when they had moved the right-hand
margin marker, they did not realise that the left-hand margin marker was still in its
original place (e.g. Subject 12, Transcripts-187). The fact that only the first lines of
the paragraphs were indented to 1.5 in., did not alert them to fact that they had

moved the wrong marker, either.

Many users accidentally selected (and therefore highlighted) the ruler when they
were trying to move the margin markers. Most of the users to whom this happened
seemed very concerned, since they could not explain what had happened, and what
effect highlighting the ruler had. In the majority of these cases, the co-investigator
had to take charge and help users to recover, by suggesting that they clicked the

cursor in the document to undo the marking of the ruler.

Double-spacing

Quite a few users did not know what double spacing meant. After it was explained by
the co-investigator, one of them went straight for the ruler and selected the right
icon (Subject 4, Transcripts-174), whereas another suggested to insert a blank line
between every line of text (Subject 6, Transcripts-178). Most users opened the
FORMAT menu, or verbally suggested that was where the command was likely to
be. Once they arrived at ruler (most users had to be directed to the ruler by the co-
investigator), half the users identified the double-spacing icon immediately, whereas

the others went for the 6 lines/inch box or one of the other two spacing icons.
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User| 1 2 3 4 5 6 7 8 9 Wl |23 |34 |18 |16 | |18 | 19 | 240 Total y
1 Save file yl¥ilr|lelyiain|Pl~1~|2]lB|R |2~ |¥F|"|¥]|7 13
2 Change margins n|n|n|n|n|{n|n|n]|n = - n|y|n|n - n - | n|n 1
3 Insert word r|lalylyln|lainaqaly - - y|n|n|y - y - ¥ | ¥ 9
4 Delete chars n|n|yly|n]|y|Yy y|n |y - y | n|n|y - y - y |y 11
5 Delete words n{nl|ln|n|n|n|{n|njin|n - n|n|n|n - n - y | n 1
6 Delete line n |y |y ly |y |y |[Y|Y |y |[Y]|-|Y|[Y||Y]|-|Y|-]Y[|Y 15
7 Double spacing n|n|{n|y|n|n|n|n|n|n . y | n|n|n - n - n [ n 2
8 Single spacing n y | n y y y n | n y y A y y y y s y - y y 13
9 Centre paragraph n n [ n n | n n n|n|n|n - n n|{nj|n - n - n n 0
10 Underline/embold. | n | n | y n y y y |n|n|y - n|n|n y - n - y | n 7
11 Cut and paste n y n n n n | n n n | n - n n n n - n - n n 1
12 Print document y n n | n y n |y n 5 n % y n n y - y s y n 7
13 Quit document #lI¥yiglgl¥yleiy|gily | - n|lylyly - | n - y - 12
14 Create new doc. y ni{in|n y y n | n y n - n y - y » n & n - 6
15 Save new doc. y y y n | n y y i y | n “ y y & y ¢ y 3 y - 11
Tasks attempted 5 |15|15|15)15|5|15|4 || 12 - ||| B|15] -|15] -|15] 12
Total y 5 16 | # | 217218 |6 3| F | @ - 7 B - 7 - 110} 5

Table 26: Performance of main group on MacWrite tasks




Delete words (marking)

The instructions clearly stated that users should mark words with the mouse and
then press the DELETE key. Most users could not achieve this because they could
not work out how to mark a piece of text with the mouse. Most of them tried to
mark the piece of text by clicking the cursor at the beginning and at the end (e.g.
Subject 3, Transcripts-172). Some discovered by accident how dragging with the
mouse would mark a piece of text (e.g. Subject 6, Transcripts-178). Many ignored
the instructions and deleted the words by positioning the cursor at the end of the
words and using the BACKSPACE key.

Centre paragraph

The instructions stated that users should insert a ruler at the top of the paragraph to
be centred. Most users went straight to the FORMAT menu and selected Insert ruler
without positioning the cursor first, thereby inserting the ruler where they did not
want it. This started a sequence of hiding rulers, inserting another one (which had
the effect that both rulers were displayed), trying to get rid of the unwanted ruler
(the co-investigator would eventually suggest highlighting and deleting), the user
centring the text below the ruler, and then deleting the ruler to get rid of it (e.g.

Subject 5, Transcripts-178).

Cut-and-Paste

Only one user managed to apply the cut and paste operation without help. Users
encountered a variety of problems (listed in order of frequency):

e they tried to select Cut before marking the paragraph;

o they forgot to position the cursor before selecting Paste;

o they were upset when the paragraph disappeared from the screen after cutting

it, and convinced that something had gone wrong;

o they selected Paste before Cut and pasted the contents of the clipboard over the

marked paragraph.

Additional Observations

(1) Cursor/pointer confusion: Many users in this group were clearly confused

(at the least of the beginning of the session) by having a pointer as well as
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a cursor. Even though they had been shown at the beginning of the
session how to position the cursor by clicking the mouse, many
positioned the pointer and started typing without clicking (e.g. Subject 6,
Transcripts-178), and subsequently could not explain what had happened.
Many users tried to move the cursor by “dragging” it with the pointer

from its current position to the target position (e.g. Subject 9, Transcripts-
184).

(2) Marking/positioning cursor: Many users were confused as to when they had
to mark a piece of text before selecting an operation, and when it was
sufficient to position the cursor somewhere in the text. When underlining
or emboldening text, many users positioned the cursor at the beginning

or in the middle of the word and selected the command.

(3) Icons vs. names: Most users showed a preference for selecting names (e.g.
menu commands) when they were looking for commands, rather than
pictographic commands. This could be observed particularly on the
change margins and double-spacing tasks — most users would explore menus
before considering the icons commands on the ruler. When they did so, it
was often in response to prompting from the co-investigator, rather on

their own initiative.

10.2.2 Results of the comparison group

19 users participated in the comparison group. The transcripts are provided in
Transcripts 200-261, and Table 27 gives an overview of the performance on the tasks.
Users in the comparison group took longer to complete the tasks (more than half did
not complete the tasks in the one hour allocated). They encountered considerable

problems with:

¢ change margins (all)

double-spacing (all)

centre paragraph (all)

cut and paste (17).

delete characters (13)

170



Change margins

Most users in this group explored the ruler as their first choice for this task, and
guessed that the scale had something to do with it. Many correctly identified the
paragraph indent and margin markers (some pointed out that they were in line with
the text margins), but had problems working out how to move them (and often
selecting the ruler in the process). A substantial minority opted for the FORMAT

menu as their first choice, and a two users drew the analogy with a typewriter and
suggested using the TAB key.

Double-spacing

Once users identified, or were directed to, the ruler for changing the spacing, they
quickly identified the spacing icons. Since the ruler was not visible (they had
scrolled down the text), most started to explore the menus and did not consider the

ruler to start with.

Centre paragraph

Most users inserted a ruler as soon as they had read the instructions, without
considering where it would be inserted. This started a cycle of hiding and inserting
rulers: users removed rulers from the screen using the HIDE command, only to have
them re-appear when they inserted another ruler. Most users would then try to
make the ruler disappear, often discovering by accident that they could mark a ruler
and delete it. Some users correctly inferred from marking and deleting text that this
might be a way of removing (rather than just hiding) unwanted rulers. After they
had centred the paragraph, however, most users wanted to remove the ruler from
the screen, and proceeded to delete it rather than using HIDE. This resulting
undoing the formatting they had just completed. Most users could not work out
that, in order to have only one paragraph centred, they had to insert another ruler
below the paragraph. Quite a few users tried to move the ruler they had inserted

below the paragraph, rather than inserting another one.
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User| 1 2 3 4 5 6 7 8 9 0 MiI2|B|KR|15|16 1] 18 | 12 Total y
1 Save file n y | n|n ¥ |n|f|mn n | & n n y n % n n n y 5
2 Change margins alnlanlnln|n{n|n|n|n|n|n|n|n|(n|n|nfn n 0
3 Insert word y vyl |lnla|n|n|n|y|n - n|n|njy y y y y 9
4 Delete chars o |ly|n|la|lyiwn]a|jn|y|¥|in|B | DN n | n y | n|n y 6
5 Delete words n | n n | n y n n |y ¥ || y | n y y v | n | & 1m0 &
6 Delete line il |l#lyr\¥ly|lel¥lP| |2 |2 ||l |2 |27 |2 16
7 Double spacing #latala | alinle| i | | AR ]R[BR]|R|DB 0
8 Single spacing YI¥|FI1FI¥yI ¥ |2 |81 P F|l Y0 | ¥F|F[F|QT|R|[F|F 15
9 Centre paragraph U T = o O O TR O A O O < IO < S -« O L Gt O < T G - SO I « T (O [ < 0
10 Underline/embold. | y - R o VS O T O (- ¥ | n | a ] n yiy|n|n|n|#a y 7
11 Cut and paste n | n f N n x| =n | n n | n y n n y n | n n n n n 2
12 Print document n|y V| ¥ {1 & 2 n |y n n | n|n|n ¥y ln |y |a]lxa|n 6
13 Quit document n n y y y > n n y n - y n y y y n y y 10
14 Create new doc. - n |y - - - - n - - - vy |y |y |n ]|y - - - 5
15 Save new doc. - y | n » - - - y _ r - . n |y |n|n . v - 3
Tasks attempted BB B |B|11L]1B|1|B|13|11|K4|15|15|1]|15]13)| 13| 13
Total y 4 7|1 6| 4 6 2 1 5 7 | 4 2 | 4| 6 8 | 5 7 | 2 4 7

Table 27: Performance of comparison group on MacWrite tasks




Cut-and-paste

Quite a few users managed to loose the paragraph they had to move because they
selected Paste after marking the paragraph, thereby pasting whatever was on the
clipboard over it. Not one of the users could explain what had happened. Those
users who did choose Cut worried when the paragraph disappeared, and/or forgot
to click the mouse to position the cursor before selecting Paste, thereby re-inserting

the paragraph at the same place where they had cut it from.

Delete characters

The most common error observed with this task was that users moved the pointer,
but did not click the mouse to move the cursor, before pressing the BACKSPACE or
DELETE key. As a result, they deleted the last character(s) of the word they had
inserted in the previous exercise. Some users made life difficult for themselves by
not moving the pointer after they had positioned the cursor — this meant they could
not see whether the cursor was positioned correctly, and resulted in deleting the

wrong character.
Additional observations

(1) Naming of menu items: Semantic cueing through the names of menu items
seemed to affect users’ selection of commands. Users would, for instance,

opt for align left to change the left margin.

(2) Cursor/pointer confusion: Many users confused pointer and cursor to begin
with, and tried to drag the cursor with the pointer to move it. This would
often lead to them accidentally highlighting a piece of text, and
discovering how to mark text in the process. With some users the
cursor/pointer confusion persisted throughout the session, causing

problems (e.g. Comparison-Subject 4 with Cut-and-paste, Transcripts-214).
10.3 Discussion and Conclusions

10.3.1 Effectiveness of the scenario

The scenario produced on average slightly less than two pages of verbal protocols

for users in the main group, and more than 3 pages per user in the comparison

173

|

/1



group. There was a constant dialogue between most users and their co-investigator.
Users asked a great number of questions of the co-investigators. The fact that users
and co-investigators were engaged in joint problem solving led users to perceive the
co-investigator as an ally to whom they could not only turn to for information, but
share their frustration and irritation with. In their attempts to formulate a joint

problem-solving strategy, they verbalised their own goals and models when

speculating about the reasons for the system’s behaviour.

10.3.2 Evidence of users’ models

A general conclusion for both groups of users is that the graphical user interface of
this word processor, which is based on a typewriter metaphor (UW — DC — C+MC
— UC) and uses icons, was less “intuitive” than is claimed by advocates of these
approaches (see 4.2.2). Many elements of the graphical user interface were not
recognised as representations of the functions users were looking for: none of the
users recognised the indent markers as means of changing the margins, and when
located, only a few the icons for spacing. Users had to consult the manual via the
“co-learner” to identify these functions, even though they were in front of them.
Most of the users in both groups were “thrashing around” during the session; even
though this was their first hour of interaction with the system, it suggests claims that
metaphor-based user interfaces can be learnt quickly by exploration and do not
require instruction (e.g. by reading the manual) are somewhat over-optimistic. In
the case of this particular system, there are points in favour of the basic metaphor
chosen for the conceptual model (DC) - after all, we know from the results in Study 1
(see Chapter 6) that most users in this group described the word processor as a
typewriter. The problem with the paragraph indent marker arise from the fact that
the designer’s view of the metaphor (D(UW)) is more elaborate then the users’ (UW):
users obviously know a typewriter, but there are clear indications that most of them
had no representation of finer points such as the distinction between the margin

marker and a paragraph indent marker.

Furthermore implementation in the system image (C+MC) here seems to cause
problems: user do not recognise some of the icons and commands. In fact, users

were often astonished when told which icon represents the functionality which they
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were looking for. The concept of rulers which can be hidden, but still retain the
formatting, creates exactly those invisible objects against which Tognazzini (1991,
see 4.2.1) advises. The transcripts also show that not one of the users appreciated the
difference between hiding and deleting rulers (which undoes the formatting
commands contained on the ruler). Another example is the use of the cut-and-paste
function. Users are left with no feedback as to what happens when they cut a
paragraph - there is no visible representation of the scrapbook (a criticism also made
by Tauber (1988)), so the paragraph just seems to disappear, which worries them
greatly. They also have no indication as to the contents of the scrapbook when
selecting paste, which results in the loss of the text to be moved when they select
paste without having cut the paragraph first. With several users, this experience
adversely affected a correct model they held: they suddenly tried to select
formatting commands (such as boldfacing) without marking the piece of text first,

because “the last time we did that it deleted it” (Subject 2, Transcripts-171).

One of the main aims of this particular study was to determine whether previous
experience influenced the way in which users in the main group approached this
particular system. There are two clear examples of users in the main group taking a
different approach from the user in the comparison group. In Task 2 (change
margins) 14 of the 15 users which attempted to solve the task without being directed
by the co-experimenter opted for the FORMAT menu as their first choice, and only 1
user explored the ruler first. In the comparison, only 5 of the 17 users who
attempted the task without help chose format, whereas 12 opted for the ruler. This
different preference indicates that they were directed by their existing model of the
previous word processor (UC1 — UC2), and thus less “open” to cues from the

system image C+MC).

The second example of users in the main group being influenced by previous use of
the system is the manner in which they handled cursor control and marking of text.
Having a pointer and a cursor clearly confused users in the main group to start
with, since they had previously only had a cursor. Most users tried to move the
cursor by “dragging” it from its current position to the intended one (e.g. Subject 4,
Transcripts 174). Many of them also moved the pointer without clicking to position

the cursor, so text was inserted at the existing cursor position rather than the
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previous one (e.g. Subject 6, Transcripts-177). Many users in the main group were
unhappy with using the mouse, and it found especially difficult to use for marking.
Some used the cursor keys when they could, which meant that fewer of them
discovered by accident how to mark a piece of text when they tried to “drag” the
cursor to positions it. Several users persisted in using cursor keys for small editing
tasks despite the instructions in the text. Most users mastered cursor positioning
after 2-3 small editing tasks, but moving the pointer without clicking resurfaced

again for many in the cut-and-paste task; most users then recalled that they should

have positioned the cursor first.

Fewer users in the comparison group had problems with marking and deleting words
than users in the main group. The recordings demonstrate that users in the main
group were trying to apply a model of marking from the previous word processor
system, where a marker had to be inserted at the beginning and end of the piece of
text. Consequently, they tried to mark text by “clicking” at the beginning and end of
a piece of text to be marked, which in this application means they are just moving
the pointer around (e.g. Subject 3, Transcripts 172). Many users in the main group
ignored the instructions and persisted in using the less efficient but familiar methods

of BACKSPACE or DELETE keys to delete whole words and lines of text.

Despite these specific difficulties due to existing models, users in main group overall
performed better on their first encounter with this new system than users in the
comparison group, for whom this was the first computer system. On average, users
in the main group completed 6.4 of 14.4 attempted tasks. Users in the comparison
group, for whom this was the first system, on average completed 4.8 out of 13.6

attempted tasks.
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11 Conclusions

The purpose of this chapter is to present the conclusions of the research work

presented in this thesis. Conclusions are drawn for three aspects of research on
users’ models in HCI:

(1) The methodological contribution of the thesis: methods for eliciting and

describing users’ models.

(2) The substantive contribution of the thesis: the evidence of users’ models
found, and implications for theories of users’ models and their

application.

(3) How the results of this work can contribute to an integrated and

applicable body of HCI knowledge of users’ models.
11.1 Methodological contribution

11.1.1 Eliciting users' models

One of the two main goals of the research described in this thesis was to explore the
potential of different experimental scenarios for eliciting users” models. A range of
scenarios was employed, ranging from the traditional experimental-style set-up in
Study 1 to the joint exploration scenario employed in Study 5. Conclusions about cost

and benefit of these scenarios are presented in this section.

The empirical work presented in this thesis developed and implemented five

different scenarios for investigating users’ models. The scenarios can be evaluated
in terms of:

* resources required to implement a scenario;

» amount of data on users’ models elicited;

* quality of data on users’ models elicited;

» effort required to analyse users’ models.



Experimental-style scenarios

The experimental-style scenarios employed in the studies reported in Chapters 6
(word processing 1), 8 (database) and 9 (Prolog) are developments based on
experimental approaches in the empirical studies reviewed in Chapter 4.3. Users
work through a set of tasks, which can be used to derive performance data (task
completion, time taken to complete). At the same time, users are prompted by the
investigator to verbalise their thoughts, producing verbal data which can be
analysed for indications of users’ models. Constantly prompting users to think aloud
during completion of tasks (in the observing users using a system scenario employed in
Study 1, see Chapter 6) turned out to be a highly artificial way of eliciting verbal
data. The most natural dialogue in this scenario takes place when the investigator
encourages users to verbalise their reasoning about errors. The performance analysis
in the studies confirmed that user errors are systematic (i.e. that errors occur on
particular tasks and for the same reasons), which should be a pointer to flaws in
users’ models. Verbal statements related to errors (why it happened, what users
expected to happen instead) certainly are a rich source of information on users’
models (UCs). This type of scenario is, therefore, suitable for eliciting verbal
information illuminating “faulty” users’ models (UCs) and their causes. It can be
used to pinpoint those action which users have problems with, and help to establish
the source of the problem (e.g. interpretation of objects or terms in the system image

(C+MQ)).

These scenarios are, however, not suitable for eliciting information in cases where
users make few mistakes. Lack of errors on tasks in general cannot be taken as an
indicator of an appropriate user’s model (see 4.4.3). The results of the experimental-
style scenarios here do indicate that carefully constructed transfer tasks (which
require users to infer the action required) are most likely to identify cases where

2 ; : _ ,
good performance on learnt tasks masks omissions or misrepresentations in the UC.

Competent users with appropriate models will also provide little verbal information
under these circumstances. We may use an experimental-style scenario and

performance data to identify highly competent users; in order to elicit “good” users

models (UCs), however, a scenario such as teach-back will have to be employed (see

below).
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Observing users predicting the behaviour of a system (Study 4 of the Prolog program,
see Chapter 9) and describing a system (Study 7 involving the database system, see
Chapter 8) are interesting variations on traditional observation of user-system
interaction. Aspects of both scenarios could be combined to elicit and check specific
aspects of users” models (UCs); techniques such as what-if questions and variations of
the cognitive jogthrough (Rowley & Rhoades, 1992) could be employed as part of such
scenarios to explore details of users’ models. Such studies will require considerably
more careful planning than a simple performance test and user observation. They
do not, however, require more effort to run and analyse than a simple performance
test, whilst providing the investigator with considerably more confidence that the
UC held by users which pass these tests support user-system interaction adequately.
Such scenarios could be usefully employed to check that users of safety-critical
applications, for instance, have established a users’ model (UC) which leads them to
select the appropriate action for each circumstance, or to evaluate whether
instruction and training in the use of a system has established a user’s models which
allows completion of a set of core tasks. It is important to recall that to give a
reliable prediction of users’ competence in using the system, users must have access

to the system during such tests (see 5.1.3)

Constructive Interaction Scenarios

There can be little doubt that constructive interaction scenarios are more conducive
to users verbalising their thoughts. In the two constructive interaction scenarios
(the teach-back scenario used with the spreadsheet system in Study 2, see Chapter 7;
and the joint exploration scenario employed with the MacWrite system in Study 5, see
Chapter 10), users’ communication of their thoughts and knowledge became part of
a higher-level task (i.e. teaching another person about the system, or jointly
completing a task). The style of conversation and users’ body language indicate that
users were more involved in this type of dialogue. The presence of a video camera
means that users were, to some extent, still aware of being investigated, but the mere
presence of another person sharing that situation seemed to make them more at
ease, and more communicative. Thus, the elicitation of verbal data changes the

demand structure of the interaction situation less than in the experimental-style

179



scenarios (see above). The two constructive interaction scenarios differed in three

aspects:

(1) Same vs. different level of knowledge: In the teach-back scenario, the user is
cast in a situation where s/he supposedly has more knowledge of the
system than the “learner”. The interaction is therefore led by the user,
who carries the burden of decision-making and communicating
knowledge. In the joint exploration scenario, users and “co-learners” are

supposedly equally knowledgeable, and the responsibility for keeping

communication going is shared.

(2) Dependent vs. ally: In the teach-back scenario, the user is responsible for
driving the interaction. Most users were conscious of the fact that if they
got into a situation from which they could not recover, they could not
expect much help from the “learner” (co-investigator). In the joint
exploration scenario, the burden of driving the interaction is shared: the
user has control of the mouse and the keyboard, but the “co-learner” (co-
investigator) had control of the repository of knowledge about the system
(the manual). If users got into a situation from which they could not
recover, there was still the option that the “co-learner” could think of

other options, or find something in the manual.

(3) Tightly structured vs. loosely structured: In the teach-back scenario, the
situation is only loosely structured - users have to define their own tasks
(U(WT)) as well as work out how to perform them on the system (U(CT)).
This clearly places an additional cognitive demand on users. Many users
in the main group found it difficult to identify suitable tasks, and were
looking to the “learner” to suggest what they should do with the system.
This observation reveals interesting information about their UC of this
system - namely that the (U(WT)) part is not particularly well developed.
It is also clear that loosely structured scenarios allow users to avoid

aspects of the system they do not know or feel uncertain about. The fact

that users prefer some system tasks (U(CT)), and avoid Bthers; teveals

some information about their users” models (UCs), namely which parts of

the system are represented in the UC to a degree which makes users
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confident enough to tackle them. Tt does not, however, provide evidence
about specific omissions or misrepresentations. In the joint exploration
scenario, users were given a set of tasks to work through. This meant that
users had to cover all parts of the system selected for investigation, and

could concentrate on identifying the device operations (U(CT)) required
to perform the tasks.

Users in the main group seemed to be more at ease, and behaving most naturally, in
the joint exploration scenario. The co-investigator, who was perceived by most
users to be an ally in problem-solving, was equally responsible for keeping the
interaction going, and users did not have to worry about thinking of something else
to teach the learner. Joint exploration seems a promising approach for eliciting

knowledge from intermediate users.

Less experienced users can be expected to take a more passive role in joint
exploration scenarios, since they lack the confidence and are desperately looking for
guidance from the “co-learner” who has the manual. Users in the comparison group
were less active, and constantly looked for guidance from the co-investigator. In this
situation, a genuine co-learner might be more useful than a contrived one, since it
can be expected that real co-learners will be less effective with the manual, and make

suggestions which will turn out to be wrong.

When eliciting knowledge from more experienced users, the teach-back scenario
should yield more insight than with intermediate or novice users: the users in the
comparison group were reasonably confident about their interaction with the
system. To experienced users, having to direct interaction is no problem, since they
did not worry about “getting stuck”, and were able to formulate relevant tasks for
the learner to do. These users were keen to communicate knowledge to the
“learner” throughout the interaction. They revealed much about their users’ models
by setting goals for the learner, and communicating what they judged to be essential
knowledge of the system.

It has to be said that, whilst constructive interaction scenarios offer a great deal of
potential for eliciting users’ models, the cost in terms of preparation, execution and

analysis is high. Contrived co-investigators have to be carefully trained, and all co-

investigators employed in these studies found the sessions exhausting. Sessions
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have to be recorded. Transcription and analysis are, as always with ethnographic
methods, an extremely time-consuming and demanding exercise. What emerged
during the analysis of the data collected in these studies is that comparisons of
different statements (different actions from the same user or same actions from
different users) can help to clarify the nature of a particular observation and identify
the characteristic of a user’s model which causes it. Unfortunately, like books,
videotapes are linear artifacts: extracting comparative scenes from videotapes is very
time-consuming and difficult. This has changed since the studies reported in this
thesis were conducted: digital recordings and tools for indexing and annotation
provide researchers with much improved facilities for detailed comparison and
analysis of recordings. They also make it easier to have observations viewed and

interpreted by a number of researchers. Multiple independent assessments would

improve the reliability of results from such studies considerably.

11.1.2 Describing users' models

The transcripts (provided in Volume 2) contain not only the verbal data elicited in
the studies, but descriptions of users’ and (co-)investigators’ non-verbal behaviour
and system actions have been added. It is necessary to include this type of
information in the transcripts to determine what may have triggered a particular
user action, and to interpret users’ statements as accurately as possible. Even with
this information included in the transcripts, it was often necessary to return to a
videotape and replay a situation (see above) when rating users’ performance and
identifying evidence of users” models. A first-pass analysis of the transcripts was
conducted by the author, scoring users’ performance following the criteria set out in
5.4.3. Systematic user errors were used as a guide for selecting those parts of the
transcripts which have been analysed in more detail. Closer inspection of user
behaviour surrounding errors yielded evidence about omissions and
misrepresentations in part of users’ models, as discussed for each study in Chapters
6-10. In addition, an attempt was made to elicit summary descriptions of the word
processing system in Study 1 and the spreadsheet in Study 2, plus a comparison of
spreadsheets and databases in Study 3. Those high-level verbal descriptions
provided valuable additional information about users’ models, and helped to

illuminate behaviour observed (viz. the number of users drawing on the typewriter
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metaphor (see Table 15); the impact of the visual structure of the system image of the

spreadsheet (see Tables 18 and 19); and the change in model of the spreadsheet after

introduction of the database (see Table 22)). Given that these simple, summary

descriptions of the system are very easy to obtain, it seems worthwhile to elicit these

almost as a matter of course when collecting data on users’ models.

In retrospect, however, it seems that the design of the studies was biased towards
eliciting verbal information from users about their models, so it is not surprising that
the descriptions of users’” models constructed from the data are mainly in this
format. Alternative ways of describing users’ models worth considering include

drawings and diagrammatic representations, and schema-like representations.

Drawings and diagrammatic representations

Given the discussion above, it worth considering whether users should be
encouraged to express their models other in than just verbal form. Whilst in all
studies paper and pencil were on the desk on which the system was located, users
were not encouraged to use it instead of, or in addition to, their verbal descriptions.
Only one user spontaneously seized paper and pencil and started drawing a matrix
when explaining the spreadsheet to the “learner” (Comparison Subject 6,
Transcripts-78). Perhaps this is because users had access to the system in all studies,
and preferred to point at, or demonstrate, a feature or function on the system itself.
Gray’s (1990) study is an example of how such drawings can be used to elicit and
illustrate structural aspects of users’ models. ~Payne (1990) suggests that
diagrammatic representations could be used to illustrate the relation-structure of
users’ models - such as hierarchies of functions, or what is a function and what an

attribute. The first-pass analysis of the data elicited in these studies does not

particularly suggest any representations of structural aspects of the systems which

would lend themselves to this type of description.

i . : > iseful to illustrate differences
Diagrammatic representations were, however, use

between models. The difference between the a user’s and designer’s model of can

sometimes be illustrated in this manner (viz. the example of reading and writing files

Figure 3 and Figure 4 in Chapter 6). Similarly, different sources of users’ models,

and how they influence the construction a user’s model, is best most concisely

described in this manner (see Figure 5 and Figure 6 in Chapter %)
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Schema-type representations

High-level descriptions of users’ models might also be expressed as properties
which can be added to an existing model. The descriptions of the word processor
presented in Table 15 showed that half of the users described the word processor as
a “Typewriter+”. Figure 7 shows an example for describing a user model as an
extension of an existing model, such as a metaphor. The functions, components and
properties listed summarise all additions provided by users who described the
system as a “Typewriter+” (see Table 15). In terms of Nielsen’s taxonomy (see 4.1.4)
this description is a generic users’ model (R(UC)) prepared by the author. This
particular notation represents an instantiated UC (of Subject 16, see Transcripts-19),
whose description covered all additions except for those printed in italics. This
demonstrates how such a notation can be used to compare generic and instantiated
UCs, e.g. when we want to check to what extent the users’” model intended by the

designer (D(UC)) has been established after training and /or use of the system.

Functions Components Properties
+ correction + screen + flexibility
+ re-use + disk

+ storing + memory

+ naming documents
+ multiple copies

Figure 7: User’s model (UC) of word processor as extension of typewriter

This type of notation can be particularly useful to describe users’ models based on
metaphors (UW), since several authors (Manktelow & Jones, 1987; Wozny 1989)
emphasise that successful application of these requires that differences between the
source and target models are identified by users. We can add “-“ as well as “+”

extensions to the above notation to denote features of the source model which do not
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apply to the target model. This notation can therefore also be used to visualise the

amount of conceptual baggage (Anderson et al., 1994) a metaphor carries (see 11.2.3)

Figure 7 represents a high-level description of a whole system (the word processor).
The evidence collected in the studies shows, however, that misrepresentation often
occur in detailed parts of the model. Schema-like descriptions can be generated for
these more detailed aspects of users’” models, such as attributes of the basic
parameters text and numbers discussed in 7.3.2. Users in the two groups have
different models of text and numbers which does affect the their performance on
some tasks. Whilst users in the comparison group distinguish between text and
numbers on the basis of function, users in the main group define them in terms of
“face value”, i.e. the elements they are composed of. Table 28 shows an example
notation for representing these differences in users’ models. This flaw in their user’s

model does not support entering of formulae or labels which contain numbers.

Parameter | Type Main Group Comparison Group
ENTRY defined by composition defined by function
TEXT - composed of letters - label
NUMBER - composed of numbers - data (integer, decimal)
- formula

Table 28: User's models (UC) of text and numbers in spreadsheet

In a similar vein, the discussion of results from the database in 8.3.2 pointed out
differences between the designer’s model (DC, as communicated in the manual MC)
of the data types and the users” model (UC). Half of the users did not distinguish
between numbers and decimals, and saw binary data as a form of text. Tables 29

and 30 show schema-type representations of these two models.
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Data Type

TEXT alphanumeric

BINARY binary choice

DATE 01-JAN-1990

NUMBER integer

DECIMAL | any decimal

Table 29: Designer's model (DC) of data types

Data | Type
TEXT - alphanumeric
- binary
NUMBER | - integer
- decimal
DATE - mixture TEXT/NUMBER

Table 30: Users' model (UC) of data types

These more detailed schema-like descriptions can be linked to the higher-level
description in Figure 7 (e.g. by having a table for each function or component which
has more detailed properties. Similarly, diagrammatic representations, such as the

one in Figure 4, could be added to illuminate detailed aspects of users” models.

The discussion in this section demonstrates that models can be described at different
levels and in different ways, and that there is no single best medium or notation for
describing users’ models. At this stage of research, it seems advisable to avoid the
dangers of premature formalisation (Green et al., 1988). Indications are that a single
method of description for users’ models is unlikely to be appropriate. Users’ models
are not neatly structured and well-defined entities (see 11.2.1). As Payne (1991a)

states:

“To understand mental models, a unitary description may not suffice. Rather, we

need to understand the varied collection of tools in the bricoleur’s bag.” (p. 19)



If users are opportunistic in their choice of the mental representations they employ,
the researcher has to find appropriate descriptions for all of them. The influx of
methods and tools from related disciplines in recent years has broadened the
spectrum of both elicitation methods and descriptions which could be used by HCI
researchers. Payne (1991b) suggested that conversation analysis might be applied to
describe models, and it is worth considering techniques which have been employed

by ethnographers interested in everyday cognition (Sperber, 1996).

11.2 HCI knowledge of users' models

The main aim of the research reported in this thesis was to develop HCI methods for
investigating users’ models. Even though the studies were not designed to evaluate
any of the theories on users’ models reviewed in 4.3, they have yielded evidence
which can be added to existing HCI knowledge of users’” models. This section
summarises the evidence and discusses the implications for theory and design

practice.

11.2.1 Structure and content of users’ models

Textbook descriptions of users’ models (e.g. Preece, 1994) and some of the theoretical
contributions convey the impression that users” models are neat, compartmentalised
entities. The evidence here is that real, instantiated users’ models are anything but.
The transcripts provide examples of every single one of Norman’s (1983)

observations (see 4.1.3):

o Instantiated users’ models (UCs) are incomplete, easily forgotten, not clearly
defined.
e Users do not “run” a mental simulation of the system in order to infer the
correct action, they opt for trial-and-error.
e Even when they know more effective and efficient procedures, they prefer to
stick with well-established ones.
As Erik Hollnagel once put it (personal communication, 1992), most users seem
content with “muddling through” their interactions with the system. If this is true, it

raises the question whether conceptual design, despite its intuitive appeal as a

design approach, is doomed to fail in practice. Why invest time and effort in
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designing a conceptual model (DC) and implementing a system image (C+MC) if
users will not develop the envisaged users’ model (D(UC)) anyway?* And what is

the point of helping users to construct an appropriate users’ model if they do not

apply it when interacting with the system?

There are several reasons for persisting. First of all, it is worth emphasising again
that the studies reported in this thesis do not constitute a test of conceptual design or
any of the variations summarised in Table 10. The users’ models (UCs) elicited are
distributed, incomplete, incorrect, etc., but that does not mean that users will ignore
design models (DCs) communicated through the system image (C+MC). With the
exception of the last study (see Chapter 10), the systems investigated were not
designed to communicate such models. In this situation, users draw on their
existing knowledge and experience (UW), and try to find their own guiding
principles (such as metaphors or analogies). This process is a haphazard one. There
is clear evidence in these and other empirical studies that the system image (C+MC)
has a some influence on users’ models. Therefore, formulating an appropriate
guiding principle (DC) and communicating it through the system image (C+MC)
must stand some chance of “getting through” to the users” model (UC). The result
may not be the ideal users’ model envisaged by the designer (D(UC)), because users’
existing knowledge, other cognitive processes or other factors (see below) may
interfere with the construction process. But interacting with a system which
communicates and reinforces the correct model should help users to get closer to
that ideal than leaving them to find one from their own knowledge and experience

(UW).

As to why users interacting with systems sometimes apply incorrect or inefficient
procedures against better knowledge (behaviour which Norman (1983) describes as
“unscientific” and parsimonious), we have to accept that the different phenomena
which influence users’ behaviour are not as neat and compartmentalised as they
appear in psychology textbooks. Other cognitive mechanisms - such as memory -
are part of the model construction process (Manktelow & Jones, 1987). And we have

to consider that users’ behaviour is not guided by cognition alone:

* Viz. also Tognazzini’s (1991) quote in 4.2.1.
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¢ User actions may be caused by perceptual cues and motor responses which

bypass cognitive mechanisms altogether.

» Other factors, such as fatigue, can influence how well the cognitive machinery

works.

e Like much of human behaviour, users’ behaviour is opportunistic. Having an
appropriate users’ model is a means to an end, and if the end can seemingly be
achieved faster and with less effort by other means - such as trial-and-error -

those may be chosen in preference.

The fact that other mechanisms influence users’ behaviour should not lead us to
conclude that it is not worth trying to influence users’ cognitive processes. Rather,
HCI researchers wishing to support designers have to abandon their current
compartmentalised model of these processes, identify mechanisms which can
influence the model construction process, and specify how they influence the way in
which models are used. In other words, the generic, general and analytic RU
currently specified in the conceptual design process has to be made more specific
and descriptive, and ultimately turned into DU in the form of guidelines. ~ An
example would be recommending that on-line tutorials and training, for instance,
ought to be structured to allow for the limitations of working memory and provide

opportunity for consolidation of users” models.

11.2.2 How users’ models are constructed

As with structure and content of the users” models, the process by which they are

constructed seems to be less clearly defined than the mappings in Table 10 suggest.

The evidence suggests users do not draw on one source exclusively for their users’
models, and disregard all others. In the spreadsheet study (see Chapter 10), for
instance, users in the main group were influenced by the system image (C+MC), but

at the same time drew on knowledge of the previous system - with a completely
(UC1 — UC2). Users in the

(WT)), but,

different system image - in the manner of an analogy

comparison group had no problem formulating a real-world task (U

instead of mapping this onto the functionality provided by the system (CT),

continued to draw on their existing knowledge (UW).



It interesting to note how much users drew on existing knowledge and experience
(UW), whereas most of the mappings suggest users’ tasks (UT) as the prime source
of design models (see Table 10). After analysis of the transcripts, the author would
suggest that there are no clear boundaries between users’ model of the task (UT) and
their general knowledge and experience (UW). Was the typewriter metaphor
employed by users in the first word processing study (see Chapter 6) a tool
employed in the existing model of the physical U(WT), or part of their general
knowledge? The answer would vary depending on how much experience users had
with using a typewriter for producing documents. Conceptual design seems to
have been right in hedging its bets by taking both UT and UW (plus mental

mechanisms RU, see above) as sources for the design model (DC).

The evidence in the studies demonstrates that a well-formulated model of the real-
world task (U(WT)) is - as Payne et al.”s (1990) YSS states - an essential part of an
appropriate users’ model. Researchers often make the tacit assumption that users
are experts at their tasks and therefore have a well-formulated U(WT) that system
functions (U(CT)) can be mapped onto. A major lesson to be drawn from the studies
is that, if a conceptual design exercise is to be successful, such assumptions about
users’ knowledge should be replaced by accurate assessment of user knowledge.
Researchers’ and designers” models of the users’ tasks (R(UT)and D(UT)) and their
general knowledge and experience (R(UW) and D(UW)) are no substitute for the real
thing - UT and UW. It is not only important to accept that users’ minds are not
blank slates for designers to write on (Carroll & Rosson, 1987), but that effort is
required to establish what is on the slate before we start adding to it. If users’
models of the real-world tasks (U(WT)) are not sufficiently well developed, training
users in procedures (CT) will not lead to formation of a model. Given that
introduction of a computer-based tool to a real-world task often changes the nature
of the real-world task (WT), extending training and documentation (MC) to provide

explicit support for the construction of U(WT) as well as U(CT) would be beneficial

even when users have appropriate models of the current real-world task.
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11.2.3 Analogies, metaphors and users’ models

Evidence in the studies suggests that users try to apply their existing knowledge and
experience (UW) to user-system interaction (viz. the typwriter metaphor in Study 1,
Chapter 6; the analogy with the previous word processing system in the Study 5,
Chapter 10). Analogies and metaphors are special cases of existing knowledge and
experience, in that they should allow transfer of significant chunks of an existing
model into a users” model (UC). Yet, analogies and metaphors as instructional
design models have met with limited success (see discussion in 4.4.3), and the
evidence in these studies suggests that users who are adapting self-selected
analogies (UC1 — UC2) and metaphors (UW — UC) may be hindered as much as
helped in the process of constructing an appropriate user’s model. This evidence
should, however, not lead us to discount metaphors and analogies as sources for
design models (DC). There is a plethora of evidence of analogies and metaphors
being successfully applied to facilitate the construction of new models in many other

domains (e.g. Lakoff & Johnson, 1980; Gentner & Stevens, 1983).

Rather, the somewhat slapdash manner in which metaphors and analogies are
currently selected and applied in user interface design (see 42.2) needs to be
replaced by a more painstaking process. Firstly, source models should be identified
by empirical means, rather than just assuming that users have particular models in a
particular format. In practice, this requires discussing source models which
designers think are suitable with users, to establish that those parts relied on in the
mapping are “present and correct”. It is also possible to identify models by

discussing the application domain or envisaged system functionality with (a

: : Jls thi kes”. Secondly, the
representative group of) users, and see which models this evo \

al., 1994) carried by a source model has to

beyond the intended UC

amount of conceptual baggage (Anderson et

be determined. Source models which cover foo much

ich is eve >tri tha
introduce an undesirable cognitive overhead, which is even more detrimental than

models which do not cover enough of the intended UC.  Thirdly, the
odel in the system image (C+MC) must represent

implementation of the design m
UW or UC1) and the design model (DC) to

differences between the source model (

” This approach has been used by the author in a recent - as yet unpublished - case studv.




support adaptation of the model cued - for instance, using a representation similar to

that in Figure 7. Finally, linguistic consistency between the source and target models

needs to be considered (see below).

11.2.4 Linguistic cueing

The transcripts contain plenty of evidence of linguistic cueing. When users are
looking for the a command, they will often select one containing a term used in the
instructions (e.g. align left when they have been told to set the left margin marker in
Study 5). This suggests that linguistic elements of the system image, such as
commands, and explanations in help and error messages, ought to be selected with
great care. Users also tend to chose terms they are familiar with in preference to
others, even in cases where logical inference would rule out a command (e.g. the use
of move to write a paragraph to a separate file, see 6.3.2). These observations confirm
that linguistic format of elements and instructions determines users’ inference, as
predicted by Manktelow & Jones (1987). A related implication is that are that terms
employed in the system image (C+MC) which are not consistent with the meaning of
that term in UW or UT will cause problems. The process of transferring parts of
source models into a user’s model is likely to be impaired if the meaning of terms
employed in the system image differs from the meaning stored a user’s mental
lexicon (Aitchison, 1994). Thus, ensuring linguistic compatibility is particularly
important in the implementation of system images (C+MC) which try to draw on
analogies or metaphors (see 11.2.3), but the same principle applies when designing
an application based on an existing real-world task (U(WT)). Users’ models may not
be entirely determined by propositional semantics (Johnson-Laird, 1983 - see Table
4), but the linguistic element clearly plays a large part in the model-building process.
Linguistic consistency between source and target models can be achieved by
choosing linguistic elements of the system image (C+MC) to match their

counterparts in the source model. In practice, this means that:

(1) designers should not create new terms in the system image (C+MC) for

elements which are already defined in (UW) or (UT);




(2) designer should only employ terms which are already defined in (UW) or

(UT) in the system image (C+MC) if the meaning is consistent”.

These two suggestions indicate that linguistic engineering of a system image
(C+MC) is likely to be a complex and time-consuming exercise. Nevertheless, similar
linguistic approaches have become increasingly popular as part of requirements
analysis, to ensure that terms in the computer system are consistent with the terms
employed by users (Liebenau & Backhouse, 1990)". Such an approach may appear
more time-consuming and painstaking, but it is a fairly straightforward technique
which could form part of eliciting users’ knowledge about tasks (UT) and
background (UW).

11.2.5 Basic parameters and users’ models

The studies have provided some examples of users’ models which contained faulty
representations of basic parameters used by the application, evidence of the
detrimental impact of faults in these basic building blocks on user performance on
certain tasks. This evidence confirms a central part of YSS. Payne et al. (1990) state
that the construction of basic parameters is a substantial cognitive overhead, and
failure to establish them means semantic mapping between real world task (WT) and

system task (CT) cannot be properly established.

The representation of text and numbers in the spreadsheet study (see 7.2.3 and Table
28) provides the most compelling example of such a problem. Users’ failure to
distinguish between data types is an extension of this problem in the database

application (see discussion in 8.2.3 and Tables 29 and 30).

Users’ lack of understanding of Boolean operators in the database study is another
example. This adds to similar results by Borgman (1986) and Marchionini (1989);

thus, we can be fairly sure that the problems in the use of abstract concepts predicted

™ Figure 4 shows an example of users applying the UW meaning to the terms READ and WRITE
rather than the DC one.

” This process is not necessarily one-way: the analysis process often reveals inconsistent use of ternjs
within the organisation, e.g. that different users attribute a different meaning to the same term. Tbls
has to be resolved by agreeing a consistent set of definitions which has to be learnt by users (i.e.
their model of UT has to be changed) as well as implemented in the system.
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by Johnson-Laird’s (1983) theory applies to computer users without training in
maths and logic. This is not surprising, but gives some cause for concern about the
way in which applications which do incorporate such functions are currently used
by many. User training which - as in this case - teaches use of retrieval functions by
example on a series of tasks, without explaining Boolean logic “glosses over” a
difficult but important concept. Users who do not establish an appropriate model of
this basic parameter will not be able to use the retrieval function properly, and are
less likely to realise when they have specified search criteria incorrectly. Since
retrieval is a core function of this application, the effort required to establish a
correct UC of Boolean logic seems a small price to pay compared to a lifetime of sub-

optimal and error-prone use of a core function.

In the Prolog programming exercise (see Chapter 9), users demonstrated a similarly
incomplete and faulty UC of objects and variables, which explains their poor
performance on the programming tasks in the session, especially transfer tasks. This
is another example of competent performance on learnt tasks (in their coursework)

masking a mis-representation of a basic parameter.

In conclusion, the evidence on lack of understanding of basic parameters raises the
question as to how effective pure task-action models (UT — UC) can be. It seems
that a surrogate model (U — UC), at least of basic parameters, is required for
competent use of some applications. If users do not have such a model from their
general knowledge and experience (UW) - and most do not - it has to be established

as part of training.

11.3 Towards a theory of users’ models

The conclusions of the review of existing knowledge of users’ models in 4.4

identified 4 main items for the research agenda:

unifying terminology;

integration of existing general knowledge;

building HCI theory of users’ models;

developing HCI methods for investigating users” models.




The research reported in this thesis mainly addressed the final point, but has in the
process made a contribution to the other 3 areas as well. The purpose of this
concluding section is to summarise these contributions and outline further research

required to (a) progress HCI knowledge of users’ models, and (b) make it applicable

by designers of user interfaces.

11.3.1 Developing HCI methods for investigating users’ models

The motivation for the work described in this thesis was to obtain examples of
specific, instantiated users’ models in action. This is important to further both

research and application of users’ models in interface design.

From a research point of view, the author felt that is was necessary to create an
empirical counterpoint to the existing proliferation of proposed models (see
Appendix 1) and mapping relationships (see Table 10); the diverging opinions as to
the structure and content of users’ models can only be resolved by empirical
investigation. The evidence of users’ models found (see 11.2) provides confirmation

for parts of existing theories as well as adding some new aspects (see 11.3.4).

From an application point of view, it is essential to provide instantiated UCs for the
benefit of designers, who, presented with lots of abstract theory and no examples,

struggle to see how this theory might be applied to the design process.

In order to provide the empirical evidence, HCI methods for eliciting and describing
users’ models have to be developed. The work reported in this thesis represents a
first step towards a suite of scenarios and associated techniques for elicitation (see
11.1.1), which could be used by researchers and designers seeking to elicit users’
models of systems (UC) which have been constructed as a result of user-system
interaction and/or instruction. Following the discussion in 11.2.3, it also seems
necessary to consider a set of methods which would be suitable for eliciting users’
models of tasks (U(WT)) and their general knowledge and experience (UW) as input
for a conceptual design-based process. Apart from identifying existing models which

; A ’ it i i the terms in
might function as a source for a users model, it is essential to capture

which users describe them. The author also feels that existing HCI methods for task
analysis could provide such input; reviewing the output of different methods of task

analysis, to see how they could be adapted for this purpose, would therefore not
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only help to make conceptual design more concrete, but also be a step towards
integration with other strands of HCI research.

11.3.2 Unifying terminology

In order to overcome the problems resulting from the “confused and confusing”
(Payne, 1992) terminology surrounding users’ models (see 4.4.1), the author has
adapted Nielsen’s (1990) taxonomy of models in HCI (see 4.1.4) to provide a
taxonomy of users’” models and related models (see Appendix 1). The notation has

been applied to:

* distinguish the different claims made by existing theoretical contributions in
(4.2);

* assess the evidence from existing empirical contributions (in 4.3); and
* discuss evidence of users’ models generated in the studies (in Chapters 6-10).

The author feels that development and application of the taxonomy and notation has
been an extremely worthwhile exercise. If adopted by further theoretical and
empirical work to describe models proposed and elicited, it would further the
integration of HCI knowledge of users’ models. It could especially help to compare
different design approaches for user interfaces aimed at supporting users” models
(in the manner described in Table 10). The use of such a notation would also help to
formulate clear guidelines on applying HCI knowledge of users” models;
formulation of such guidelines would help designers, especially if they were

integrated with other HCI tools and methods (see above).

11.3.3 Integration of existing general knowledge

The conclusion of the review of evidence of users’ models (see 11.2) has to be that
existing general knowledge of mental representations and models has much to offer
and should be integrated with HCI knowledge. Only one attempt has been made
(by Manktelow & Jones, 1987) to apply one of the theories - Johnson-Laird’s (1983)
theory of mental models - to HCI, and this attempt has been all but ignored by their
fellow researchers and by designers. More recently, Payne (1990, 1992) has indicated
that Johnson-Laird’s theory actually encompasses many of the claims and findings

on users’ models in HCI. A consequence of this ignorance is that the linguistic
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dimension of users” models (UC) and system images (C+MC) has been very much

neglected.

Considering the evidence on metaphors (see 11.2.3) and linguistic cueing (see 11.2.
4), the author would suggest that successful conceptual design relies on perspiration
more than inspiration. Careful stocktaking (to establish existing knowledge and its
linguistic format) and engineering the details of the system image (C+MC) (to
support cueing and integration) may be more important than a creative brainstorm
to create a metaphor which explains the system in one grand sweep. Even when a
good metaphor has been found, it needs to supported by the all elements of the
system image (C+MC) with which the user interacts. This applies not only to the
linguistic elements, but the visual ones, too. Visual elements do indeed make a
strong impression on users and influence what they remember about the system
(UCs), but this potential is currently not realised as much as it could be. Like the
linguistic elements, visual components of most system images (C+MC) are currently
not as carefully selected and tested as they should be. Existing knowledge of
physical and mental representations (see 3.1) can provide a useful framework for
distinguishing different types of representations, and the function they can perform;
it would be useful to incorporate this knowledge in the training of user interface

designers.

11.3.4 Building HCI theories of users’ models

The aim of the work reported in this thesis was to make a contribution towards
establishing an integrated and applicable body of HCI knowledge of users” models.
The work has focused on two very basic research needs - to provide evidence of real,
instantiated users’ models (UC), and developing methods for eliciting and
describing such evidence. Having addressed two of their 11 basic research needs,
how far are we from establishing a theory of users’ models as Carroll & Olson (1988)

envisaged it?

“ ... a theory of users’ models needs to be embedded in a model of a full-blown
cognitive system, one that has problem solving and decision-making processes that

ci niti ‘runs” 1€ 1e 5 ] oxternal
are sufficient to initiate the model “runs”, collect the results, and decide on exte

action.” p. 59



The answer has to be: (a) we have a very long way to go; and (b) if and when we get
there, the theory may look very different from what they envisaged. Firstly, the
integration of relevant existing knowledge of human cognition has not been tackled
(see 11.3.3); secondly, it is now obvious that a valid theory of users’ models cannot

be limited to cognition (see 11.2.1).

Even integration of knowledge generated under the banner of HCI has, until now,
not taken place. The author believes that there are two main paths to be pursued in
changing this state of affairs: adoption of a unified terminology and framework (see
11.3.2), and grounding research in data on users’ models. Much of the divergence of
the theoretical contributions is due to the fact that researchers keep producing
conceptualisations of users” models (R(UCs)), rather then examining users’ model
(UCs) themselves. Empirical research needs to be guided by theory, but theory
needs to be grounded in reality - i.e. data - to provide valid guidance for action in

the real world.

To provide support for users’ models, researchers and designers need to focus on
working with users. Conceptual design may have originated in a volume titled
User-Centered System Design (Norman & Draper, 1986), but most researchers and
designers seem to prefer working with representations of users and their models
(R(UCs), D(UW), etc.). The problem is that the conceptualisations we have are not a
sufficiently accurate representations of how users think and behave. It seems likely
that they could be improved to some extent by testing and integrating existing
knowledge (see above). At the same time, progress can be made by grounding both
research and application in data - an approach which befits an applied discipline like

HCIL

Researchers could evaluate their own theories against data, such as those provided
in Volume 2 of the thesis, in the traditional science manner by specifying UCs users
should have according to their theory, and using performance, errors and verbal
statements as indicators. Payne et al.’s (1990) YSS, for instance, predicts that users
should be able to infer optimal procedures if appropriate models of the real-world

task (U(WT)) and the system (U(CT)) exist, and a mapping between them has been

established.
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Following the conclusions on the state of the discipline (see 2.3) a more promising
approach may be to formulate theories of users” models from data, using grounded
theory methods (Glaser & Strauss, 1967). Grounded theory methods can be used to
construct low-level models (paradigms) by classifying phenonema into categories,
and specifying interactions between them. The resulting model is then tested
against all observations in which the phenomenon occurs. If the model holds true in
all observations, it is accepted as a building block; if not, the paradigm has to be
revised. Interactions between paradigms are specified at a higher level (storyline)
and tested again; once a storyline has been verified, it is equivalent to a theory. An
added advantage of theory-building through grounded theory is that existing
knowledge in both quantitative and qualitative format can be integrated in this
process. Grounded theory would allow integration of parts of existing theories
which can be validated against data, and thus support the integration of existing

HCI and general knowledge into a theory of users’ models.

On a practical level, designers could contribute to this process by grounding design
models (DCs) on users’ models of tasks (UT) and the real world (UW), and carefully
engineering the system image (C+MC) to communicate that model. Systems
developed in this manner are artifacts which would allow researchers to put the idea

of conceptual design to test.
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Appendix 1: Classification of models

1 Models of the system

(1.1) User's model (UC)

An individual user's internalised representation of a specific computer
system. The model is therefore instantiated. It is dynamic since it is assumed
to change with user-system interaction, and likely to be distributed rather

than structural for most users.

(1.1.1) Designer’s model of users” model (D(UC))

An internalised or externalised structural, generic representation of the user’s
model, which is probably descriptive rather than analytic, specific rather than
general, and (like all conceptualisations) static. Norman (1986) defined UC to
cover both UC and D(UC), but a distinction between the generic and the

instantiated model should be made.

(1.1.2) Researcher’s conceptualisation of users” model (R(UC))

An externalised, structural, generic model of the user’s model, which is static,

general rather than specific, analytic rather than descriptive.

(1.2) Design model (DC)

An externalised, general design model of a specific system, produced by the

designer. This will normally be structural, descriptive and static.

(1.2.1) Researcher’s conceptualisation of the design model (R(DC))

The researcher’s view of the conceptual model may be different from the

designer’s model. It is likely to be externalised, structural, generic, static, and

analytical rather than descriptive.
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(1.3) System image (C+MC)"

The way in which the design model is presented to the user, through the user
interface, documentation, instruction material, error and help facilities. Tt
contains of parts of the system, which is an expression of the design model,
rather than a model in itself; models may, however, be provided as part of the

accompanying materials and documentation (M).

(1.4) Conceptual Model (UC+DC)

Norman (1986) states that UC and DC form the conceptual model, without
elaborating its characteristics or functions further. Many authors still use the

term this term instead of design model (DC).

2 Models of Tasks
(2.1) User’s Task Model (UT)

An internalised model of a task to be performed. This is an instantiated,
specific, descriptive, dynamic model of the task. Whether the model is
structural or distributed will to depend on the complexity of the task and
user’s level of expertise. We can expect users with similar training and

experience of the task to have similar models.
(2.1.1) Designer’s Model of Users’ Task D(UT)

The designer’s generic model of the UT, which can be internalised or
externalised. The model is likely to be specific, descriptive and static. Whilst
approaches such as conceptual design prescribe that the design model should
be based on the user’s model of the task, there is a danger that the designer

may start from their own model of the task (DT), rather than model the task

from the user’s viewpoint (D(UT)).

“  Nielsen (1990) assigns the label MC for system image. Since M is for Manual and other
documentation, it could be argued that it does not cover undocumented parts so of the system
which the user interacts with, such as the screen display. C+MC expresses Norman's (1986) notion

of system image more precisely.
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(2.1.2) Researcher’s Conceptualisation of Users’ Task (R(UT))

The analysis of the users’ task can be conducted using a formalised method or
tool (task analysis), and the resulting model will be externalised using some
notation. Depending on the method or tool used, the model may be
descriptive or analytic. Task analysis methods would claim that they model
the users” model of the task, but if they are applied to the task as a purely
analytical exercise, without verification by users, the result will be an R(T)
rather than an R(UT). Task analysis methods aim to produce generic and
general models, and are unlikely to reproduce the idiosyncratic and
distributed features (including gains and inconsistencies) of an individual

user’s task model.

(2.2) User’s Model of Real-World Task (U(WT))"

This is the the user’s model of the task the user wants to perform in the real-
world, i.e. the primary task. This is an internalised, specific, instantiated,
descriptive and dynamic model of the task. It is related to the concept of goal

space of Payne et al. (1990), which is a conceptualisation of this model.

(2.2.1) Goal space (R(U(WT)))

Researcher’s conceptualisation of how users represent a real-world task,
which differs from U(WT) in that it is externalised, generic, analytic and static.
As with (R(UT), depending on the method used to derive this model, the
result may be an R(WT) rather than an R(U(WT)).

(2.3) User’s Model of System Task (U(CT))

The user’s model of the operations required to be performed on the system to
complete U(WT). This is therefore an enabling task. Asa user’s model, it will
be internalised, specific, instantiated, descriptive and dynamic model;

whether it is structural or distributed will depend on the user’s level of

expertise with the task. 4

It is a model of the user in that it is a
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(2.3.1) Device space (R(U(CT)))

Researcher’s conceptualisation of how users represent operations required to
complete U(WT). It is an externalised, generic, analytic and static version of

U(CT). Some methods used to analyse system tasks are R(CT)s rather than
R(U(CTs)).

3 Models of the world

(3.1) User’s Existing Knowledge (UW)

This is the background knowledge an individual user brings to the task, and
which may influence the way in which they interpret information about the
system and interact with it. This is a highly individual, internalised model
which differs from UT in that it is general rather than specific. It is likely to

be distributed and dynamic.
(3.1.1) Designer’s Model of Users” Knowledge (D(UW))

Designers are likely to form an internalised generic model of the subset of
users’ background knowledge and experience which may be relevant to the
task and system. This model is likely to be distributed and descriptive. As
with the designer’s model of users’ tasks (D(UT)), there is a possibility that
the designer’s own model of the world (DW) might be used instead of the
user’s (D(UW)).

(3.1.2) Researcher’s Conceptualisation of Users’ Knowledge (R(UW))

This would differ from D(UW) in that it is likely to be externalised and

analytic.

4 Models of the user

(4.1) Researcher’s Model of Users (RU)

Research in psychology and related disciplines has produced a number of

theories and models of the working of the human perception, memory,

s \ : - eneric,
cognition and kinesthesia. These models are externalised, structural, generic

general, analytic and static.
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(4.2) Designer’s model of users (DU)

Designers might be using parts of RU, but are unlikely to be familiar with RU
in its entirety. To follow Tognazzini’s (1991) recommendations, they might
consult a researcher to select or interpret a relevant part of RU for them. If
this is not the case, they might draw on a their own, internalised version of

RU, which is likely to be distributed, generic, and descriptive.

Mappings

(M1) Conceptual Design (D(UT)+D(UW)+R(U) — DC — UC)

The design model should be based on the users’ task, and existing knowledge
and experience. When constructing the design model, the designer should
also incorporate knowledge about human perception, memory, cognition and
motoric skills. The resulting design model is expressed in the system image;
the user constructs a user’s model which corresponds to the design model as a
result of user-system interaction, and maybe training and instruction (D(UT)

+D(UW) + R(U) — DC — C+MC — UC).

(M2) Analogy (UC1— UC2)

Mapping an existing user’s model of one computer system onto a new
system. This requires, naturally, that the user holds a similar model which
can act as source of the mapping. The design model and system image would
incorporate the existing user’s model. The mapping would be expressed in
the system image, and the user would develop a new model through
interacting with the system (D(UC1) — DC — C+MC — UC2). Alternatively,
UC1 may be evoked and amended through instruction. Wozny (1989)
suggests that with increasing knowledge about computing, more users will be

able to use analogies when learning a new system.

(M3) Metaphor (UW — UC)

Mapping an existing model from user’s knowledge onto the a new system.
This requires identification of a suitable model, incorporating it in the design

model, and communicating it via the system image. In interaction with the
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system image, the user then develops a new model (D(UW) — DC — C+MC
- UQ).

(M4) Surrogate models (C — UQ)

Users who hold a mental analogue of the system they are interacting with can
predict system behaviour accurately, since they "run" a simulation of the
system itself when using that model. These internalised, instantiated and
specific models may be acquired through prolonged and regular interaction
with the system. DiSessa (1986) suggests that users develop a task-action
mapping of the system to start with, then develop a sense for the structure
underlying the functions, and finally discover the true amount of
functionality (DC — MC+C; (UT)+(UW)+(MC+C) — UC1; UC1+(MC+C) —
ucC2).

(M5) Task-action mapping (UT — UC)

Reduced models which account for the functionality of a system by reference
to the real-world task the user is performing are called task-action mapping
models (Young, 1983). Task-action mappings model a mental representation
of a direct connection between a task and the user actions required to perform
that task. In order to construct such a mapping the designer would select a
minimum set of task-action relationships (the core of the model), and channel
the remainder of the functionality through these core mappings (D(UT) — DC
— C+MC — UC).

(M6) Formal task-based mapping (R(UT)+R(U) — UC)

Tauber (1988) proposes that design models should be based on formal models
of the user’s task; models of human cognition which are based on theory and
validated by experiments should be added to the process (D(R(UT)+R(U)) —
DC — C+MC — UCQ).

(M7) Semantic mapping (R(U(WT) — U(CT)) — UC)

The mapping relationship proposed by YSS (Payne et al., 1990) states that the
U(WT) is mapped onto U(CT) via function called semantic mapping

L g
e
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(R(UWT) — U(CT)) —» UC). Semantic mapping is a proposed cognitive

mechanism — a general RU - applied to a specific problem.
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Appendix 2: Summary Principles from psychology
of thinking and mental models for user
interfaces design (Manktelow & Jones, 1987)

1. Thinking is not based on general inference rules, so competence on one
task will not necessarily generalize to others of the same logical structure.

2. Performance required can be low (that is, routine, response-based) or
high (that is, flexible, decision-based).

2.1 If the performance required is low, then performance will depend
on (a) heuristic processes, or (b) direct memories.

2.2 If the performance required is high, then performance will depend
on (a) existing schemata, or (b) new schemata.

3.  Heuristic processes are automatic response biases generated by attention
to salient task features (STFs). STFs are principally perceptual or
linguistic and involve the natural meaning of these cues.

3.1 If the STFs provide a clear task structure, performance will be
facilitated.

3.2 If the STFs are non-functional, performance will be impaired.

3.3 If the natural and the required uses of the STFs are different,
performance will be impaired.

4. Direct memories are automatic routines retrieved from the user’s
memory. Direct memories, existing schemata, and new schemata can be
with respect to (a) the system, or (b) the task. Use of direct memories,
existing or new schemata is a function of the user’s familiarity with (a) the
system, or (b) the task. Familiarity is a function of (a) assessment of the
user’s background, (b) the user’s self-assessment, and (c) level of use.

4.1 Highly familiar material cues direct memories

4.2 Highly unfamiliar material cues heuristic processes.
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Existing schemata are automatic transferable thinking procedures from
the user’s general knowledge.

5.1 Material at a level of general familiarity will evoke existing

schemata.

5.2 Existing schemata can be evoked by verbal examples (analogies).
5.3 If no familiar examples are available, new schemata are required.
54 Induction of new schemata requires practice.

Verbal instructions do not in themselves inculcate thinking skills.

6.1 If new schemata are required, verbal feedback can be used for their
evaluation.

6.2 Verbal material can be used to evoke existing schemata or direct
memories.

If when an analogy or metaphor is first introduced in a dialogue on
information is present to identify

7.1 those task domains in which it use is appropriate, and
7.2  those task domains in which use is inappropriate
then the power of the analogy or metaphor will be reduced.

If when an analogy or metaphor is first introduced in a dialogue no
information is present to identify

8.1 those structures and functional relations that are essential, and

82 those structures and functional relations that are incidental to the

analogy or metaphor
then the power of the analogy or metaphor will be reduced.

If no information is present in a dialogue when a structure or functional
relation in the system or subsystem departs from what is conventionally
the case [in the analogy or metaphor], then the power of the analogy or
metaphor will become a negative power for each occurrence of that case.



10.

11,

12.

13.

14.

15.

16.

17.

18.

19.

If the sentences used in a dialogue contain ‘marked’ words, then they are
read slower and less accurately than any root equivalents.

If the order of recall or the order of user actions is important, and the
order of presentation of words in a dialogue is antagonistic to that order,
then the probability of comprehending the dialogue will be reduced.

If the sentences used in a dialogue contain negatives, then they are read
slower and less accurately than comparable sentences phrased in terms of
affirmative.

If the sentences used in a dialogue are open to more than one
interpretation, then they are read slower and less accurately than
sentences that are open to just one interpretation.

If the sentences used in a dialogue contain referents that are not referred
to, or introduced elsewhere in the dialogue, then the probability of
constructing a single, coherent and plausible model will be reduced.

If the properties and relations ascribed to the referents of a sentence used
in a dialogue are incompatible with, and contradict those that are ascribed
elsewhere in the dialogue, then the probability of constructing a single,
coherent and plausible model will be reduced.

If the user is a novice user, and if (s)he has not completed an outline
tutorial programme, then the probability of constructing a single,

coherent and plausible mental model will be reduced.

If the item of information to be conveyed by the dialogue is left implicit,
or embedded within a sentence that is verbose, then the probability of

identifying that information as a separate item will be reduced.

If the referent common to two separate items of information is designated
in the two items by two different names, then the probability of
identifying the referent as common to both will be reduced.

If the number of referents, or the number of properties and relations
ascribed to the referents used in a dialogue exceed the capacity available
in working memory, then the probability of considering all the relevant

referents, or relevant properties and relations, will be reduced.



20.

21.

22,

25.

24.

[f sentences 1, 2, and 3 of a new screen of information do not explicitly
relate that screen to the previous screen of information, then the
probability of comprehending the dialogue will be reduced.

If the consequences of the possible user responses to any screen of
information are not given explicitly, in terms of the information to be
encountered on the next screen, the probability of comprehending the
dialogue will be reduced.

If the items of any screen of information are independent of one another
then the probability of comprehending the dialogue will be reduced.

If the scoring between a system’s dominant functional characteristics and
those of other systems is low, then the probablility of the user making the
correct assumptions about the dominant functional characteristics of each
of the major features and operations of the system is reduced.

If the probability of the user making the correct assumptions about the
dominant functional characteristics of each of a system’s major features
and operations is low, then the probability of ‘capture’ will be increased.
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Appendix 3: Initial interviews with subjects

Subject 1 (Greg - male, 38, Physical Education)

Q:

S

® D

Did you have any experience with computers before you came on this course?
Only as a keyboard - just typing in data.

Did you ever play computer games?

No.

Why did you come on this course?

It’s absolutely essential to know how to use them today. You need to type

a dissertation, do statistics, and you have to use a computer for all these.

Subject 2 (Steve - male, 19, Physical Education)

Q:

w0 PR

Did you have any experience with computers before you came on this course?
No.
Did you ever play computer games?

No.

: Why did you come on this course?

I thought it would be important to know about them. I want to have my
own business later on, running a sports centre or something like that, and

you should really use a computer to do the bookings and for accounts.

Subject 3 (Fiona - female, 19, German)

Q:

S:

Q:

Did you have any experience with computers before you came on this course?

No.

Did you ever play computer games?

A: No - when I was 12 or 13 we did something at school, playing games on a

computer, but I don’t remember any of it.
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Q:

S

Why did you come on this course?

It thought it would be interesting - it's not exactly what I thought it would
be - I thought it was going to be learning about programming - but it’s
important to have used computers today. Learning a language isn’t

sufficient to get a job today, you’ve got to have more of a background.

Subject 4 (David - male, 18, Geography)

Q:

o

® Q

Did you have any experience with computers before you came on this course?
Not at all. We had a Spectrum to play games.

Did you ever play computer games?

Space Invaders, that sort of thing, nothing eduational.

Why did you come on this course?

I thought I should know something about computers. Our group really
missed out completely at school. Now, a lot of junior schools have
computers, but they didn’t then. It’s important if you want a job, they're

bound to have computers.

Subject 5 (Tim - male, 19, Geography)

Q:

Did you have any experience with computers before you came on this course?

S: No.

P Q

e

Did you ever play computer games?
Yes, arcade games and space invaders and that sort of stuff.
Why did you come on this course?

Well, you really need it today if you want to go into management or
teaching, most things really. So I thought I’d try it here first, rather than

make a fool of myself in my first job.

Subject 6 (Michael - male, 19, Music)

% . B e
Q: Did you have any experience with computers before you came on this course:
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® Q

®

We've got one in the Music department, for compositions and things. But
I've never used anything else.

Did you ever play computer games?
No.

Why did you come on this course?

You can see that even in music there are more and more [computers]
around. And if you want to go into teaching, you need to be able to do

word processing and use other programs.

Subject 7 (Jonathan - male, 19, Geography)

Q:

s

Did you have any experience with computers before you came on this course?

No - we had a computer studies course in my 3" year at school, but it was
all punch cards and thinks like that, we never got to see a computer. I
haven’t got the faintest idea what that had to do with what we are doing

now.

: Did you ever play computer games?

I've played arcade games, but I've never used a home computer to play

games.

: Why did you come on this course?

I thought that I was a bit of a computer illiterate. Your job opportunities

widen once you've got experience with a computer.

Subject 8 (Caroline - female, 20, German)

Q: Did you have any experience with computers before you came on this course?

5t

No.

Q: Did you ever play computer games?

St

No, I’ve never been interested in that.

Q: Why did you come on this course?
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5:

I think because we're in a computer age, it’s just something you ought to
have. I've always had a phobia of computers, but they are supposed to be
useful, so I thought I'd try and see if I can manage. Anything you do
these days, you've got to be able to use computers, in accountancy or

admin. We have to write essays on a word processor soon.

Subject 9 (Peter - male, 18, Geography)

Q:

L 0 ¥ O

Did you have any experience with computers before you came on this course?

No - not at all.

: Did you ever play computer games?

No.
Why did you come on this course?

I thought it would be good in terms of employment afterwards. Also,
they seem to be everywhere these days and I felt a bit out of it, not having
a clue. It’s frustrating, there seems to be all these “experts” around, and
most of them aren’t exactly geniuses, either. It would be useful later, even

just be able to do word-processing.

Subject 10 (Cath - female, 20, Geography)

Q:

S:

Q:

Did you have any experience with computers before you came on this course?
I have used a computer at home before, but nothing like this.
What did you use it for?

We bought this home computer, and went through the book to some
extent, but mainly it was games after that. | have used a basic word

processor on it.
Did you ever play computer games?
Yes.

Why did you come on this course?
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Because computers interest me, and [ really want to learn something
about them. I don’t have a clue what I want to do when I graduate, but [

know people who have a geography degree and did some computing, and
it’s really helped them to find a job.

Subject 11 (Katherine - female, 19, Music)

Q:

S:

Did you have any experience with computers before you came on this course?

Well, I think it was one or two years at school, learning BASIC and things.

And we did some drawing on the screen - turtle graphics.

© Did you ever play computer games?

I've got a Spectrum at home, which I have used just for games, Space

Invaders and adventure games.

: Why did you come on this course?

It’s very useful, I don’t know very much about them. It comes in useful

with Music as well. And with doing jobs later.

Subject 12 (Sharon - female, 20, Politics)

Q:

© Q0 ©» P

Did you have any experience with computers before you canie on this course?
Well, not really - I worked for a year and typed a bit then. I worked at a
bank it was just correcting things.

Did you ever play computer games?

My brother’s got a small home computer - shooting men out of the sky.

Why did you come on this course?
Because I know nothing about it. And I read that it would be good for
when I leave, to find a job. And I when I was working with them, I was

always frightened, so I thought I had to overcome this fear.

Subject 13 (Judy - female, 19, General Honours)

. : N 3
Q: Did you have any experience with computers before you came on this course:
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Q:

Just to play games, and to draw graphs with it, in the 6™ form - we had
about 3 lessons. It was in Maths, but there were six or seven computers

between 40 students, so all we did get round to is pressing buttons.

Did you ever play computer games?

Space Invaders and that sort of thing, on a Spectrum at home. And a

tutorial for o’level chemistry and French.

Why did you come on this course?

: ‘Cos it looked interesting, and we were told that we should learn word

processing. There was this guy who talked at us for an hour, and it left
everybody confused. I'm scared of computers I thought it would be a

good idea to learn something. I’d have to do it sometime, and I thought
now would be a good time.

Subject 14 (Jane - female, 20 Music)

Q:

S:

Did you have any experience with computers before you came on this course?

Yes, for o’level, but it was all theory.

: What did you do?

We had to write a program in BASIC - mostly for storing files and

recalling the information.

Did you ever play computer ganies?

No.

: Why did you come on this course?

I'd like to use it for doing my dissertation and that sort of thing, word
processing especially. I think I probably have to use them later on ... I'd

like to teach ... not necessarily for music teaching, but in schools in general
they will be used a lot

Subject 15 (Mark - male, 18, Physical Education)

Q:

Did you have any experience with computers before you came on this course?
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Q

No. We had a computer to play games on.

Did you ever play computer games?

S: Yes, butI can’t remember what they were, Space Invaders.

D Q

Why did you come on this course?

I'm quite interested in computers, [ thought it would be useful in the

future, [ want to go into management, sports management.

Subject 16 (Angela - female, 20, General Honours)

Q:

w o @

®» O

Did you have any experience with computers before you came on this course?

No.

: Did you ever play computer games?

No, never.
Why did you come on this course?

I just wanted some experience, find out what you can do. I'm sure it

would be useful for anything I might do after my degree.

Subject 17 (Liz - female, 18, English)

Q:

5

€L 0

L0

Did you have any experience with computers before you came on this course?

We did a little bit of word processing at school, but not a lot. Just a couple

to hours, to show what it can do.

: Did you ever play computer games?

No.

- Why did you come on this course?

I have always steered clear of computers, but it’s so important now,
you've got to know what they do, otherwise you can’t do anything these

days.

228



Subject 18 (Sarah - female, 19, French)

Q:

Q

Did you have any experience with computers before you came on this course?

S: No, not at all.
Q:
S

: No.

Did you ever play computer games?

Why did you come on this course?

A: Well, computers are a thing of the future, so I wanted to learn about them.

I thought I’d have to at some time ... I just wanted to learn more ‘cos you

hear so much about them, find out how they are used.

Subject 19 (Claire - female, 20, Politics)

Q:

» 0 P® O

Did you have any experience with computers before you came on this course?

My dad’s got one at home, so I've done a bit of typing and playing games

on it.
Did you ever play computer games?

A bit, but it gets boring very quickly.

: Why did you come on this course?

Well, you really should know something about them for most things -
they’re anywhere these days, especially in the office. I would like to go

into journalism and you certainly have to be able to use them there.

Subject 20 (Rosemary - female, 18, Music)

Q: Did you have any experience with computers before you came on this course?

o

Q:

S

Q:

No.
Did you ever play computer games?

No - I did once, when I was about eight, I think.

Why did you come on this course?



S: 1 thought it would be useful. [ haven’t got any specific ideas now, but it
might turn out to be useful later. And felt T ought to learn something

about computers.
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Appendix 4: Prolog programme (study 4)

‘% person/2 read:

% person(Person, Sex).
person(annie,female).
person(eric, male).
person(jenny, female).
person(martin, male).
person(zandra, female).
person(norman, male).
person(carol, female).
person(rupert, male).
person(harry, male).
person(james, male).
person(kathy, female).
person(peter, male).
person(rosie, female).
person(sophie, female).

% parent/2 read:

% parent(Parent, Child).
parent(norman, harry).
parent(norman, james).
parent(norman, kathy).
parent(jenny, harry).
parent(jenny, james).
parent(jenny, kathy).
parent(martin, peter).
parent(martin, rosie).
parent(carol, peter).
parent(carol, rosie).
parent(zandra, sophie).
parent(rupert, sophie).
parent(annie, jenny).
parent(annie, martin).
parent(annie, zandra).
parent(eric, jenny).
parent(eric, martin).
parent(eric, zandra).

father(Father, Child):-

231



person(Father, male),
parent(Father, Child).
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