Chapter 7. Models of the User
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Context

Whenever something is built — be it a bridge, handheld Web browser or a new workflow application
— models are likely to be involved. Models are used both to evaluate a design (have we made the
right choices?) and in the construction process itself (i.e. helping us to generate designs and other
artefacts). Models areimportant in interactive systems design and evaluation. In thisunit you will ook
models and modelling techniques that focus on users. The unit begins by looking at user requirement
modelling and continues by considering two example cognitive models (GOMs and KLM) that are
used to capture and evaluate user information processing behaviour.

Review Question 1

Why are modelsimportant in the design process? Consider what advantages there are to using models.
In what ways do models contribute to the design process?

Answer at the end of the chapter.

Review Question 2

Both user centred requirements analysis and cognitive modelling employ models. Consider what the
fundamental differences between the two approaches use models.
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Answer at the end of the chapter.

Objectives

At the end of this unit you will be ableto:
 Understand the key concepts concerned with modelling.
» Explain why and how models are used in interactive systems design.

» Explain why user-centred requirements modelling is more effective for interaction design than
traditional methods.

 Describe several user-centred techniques that can be used to capture user requirements (e.g., Soft
Systems Methodology & participatory design).

» Explain what is meant by acognitive user model, give an overview of the range of modelsavailable
and indicate the usefulness of such models

« Distinguish between the high-level (GOMs) and low-level (KLM) cognitive models.
* Produce GOMs and KLM analyses of simple user tasks.

» Show how GOMs and KLM can be used to analyse an existing system or proposed design.

Models of User Requirements and Context

There are typically severa interested partiesin the design and construction of systems. These include
the clients who commission the development, the designers and devel opers who design and build the
system, and their management who look after the running of the project. These people are primarily
interested in what the system should do — its functional requirements. An important set of people
who are often forgotten about are the users who will actually end up using the system. In order to
build systems which users will find usable we need to consider their needs rather than exclusively
concentrating on functional requirements of the system. These non-functional requirements include
issues such as the usability of the system and how acceptable it is to the users. Without such
considerations systems may be produced which have been designed without considering whether they
would be acceptable to users e.g. theintroduction of an automated ordering system at arestaurant may
not be acceptable to the users (waiters) if it requires them to spend a large proportion of their time
interacting with it rather than interacting with restaurant goers. Clearly, if users do not find a system
acceptablethey will bereluctant to useit and so extensive redesign or user retraining may be necessary
costing large amounts of time and money.

The rest of this section looks at approaches which are considered user centred. That is, they focus
their attention on the user and their non-functional requirements rather than concentrating solely on
functional requirements.

Socio-technical Models

Socio-technical models consider the users within the organisational context that the system will be
introduced into. The particular focusis on theinterplay between the social and technical issues- hence
the term socio-technical. One such approach is CUSTOM which concentrates on identifying who will
be involved with the new system, and what their requirements are (not just functional regquirements).
Once these have been identified the designers of the system should have a better grasp of the non-
functional user requirements as well as the organisational structure itself and how this relates to the
design. Taking these requirements into account should help designers develop more acceptable and
efficient systems.
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CUSTOM refers to the people who would in some way be involved with the new system as
stakeholders who can be classified in four ways:

* Primary —the people who will use the system e.g. the waitersin arestaurant.

» Secondary — people who produce input for the system, or receive output from the system, but do
not directly use it e.g. the restaurant goers who are presented with a bill produced by the system
at the end of their meal.

» Tertiary — people who are touched by the success or failure of the system, but are neither primary
nor secondary stakeholders e.g. the owner of the restaurant chain.

 Facilitating — the people involved in the system’ s design, development, and maintenance.

Once the stakeholders have been identified their characteristics are analysed to develop user centred
requirements for the system. Dix, in his 1998 book, summarises this process of stakeholder analysis
in terms of the following questions:

» What does the stakeholder have to achieve, and how is success measured? E.g. waiters have to
ensure diners are served at appropriate times and are happy with the level of service (not too intense
or too disinterested). One way to measure awaiter’s success may be the size of their tip.

» What are the stakeholder’ s sources of job satisfaction? What are the sources of dissatisfaction and
stress? E.g. for a waiter this may be the pleasure of serving food and providing a pleasant eating
atmosphere. They may be stressed by angry customers or a large humber of customers to keep
happy at the same time.

» What knowledge and skills does the stakeholder have? E.g. a chef has extensive knowledge of
cooking which the waiters may not.

» What is the stakeholder’s attitude towards work and computer technology? E.g. the owner of a
chain of restaurants may be atechnophile whilst a chef may be atechnophobe. This may well cause
conflict in the introduction of new technology.

» Are there any work-group attributes that will affect the acceptability of the product to the
stakeholder? E.g. is there something about people who become waiters that will affect how well
they accept the product?

» What are the characteristics of the stakeholder’s task in terms of frequency, fragmentation, and
choice of actions? E.g. a busy waiter will typically have to perform many fragmented tasks with
high frequency in order to keep the diners happy.

* Does the stakeholder have to consider any particular issues relating to responsibility, security, or
privacy? E.g. waitersmay need to be discreet with regular dinerswho dine each night with adifferent
partner, and may need to ensure that credit card payments are dealt with securely.

* What arethetypical conditionsin which the stakeholder isworking? E.g. the chef of the restaurant
typically works in a hot and dangerous environment whereas the owner of the chain of restaurants
may work in a conventional office environment.

Note how little is asked about the technology and the functional requirements of the new system. The
intention is to understand users’ working context and their possible attitudes towards the new system
so that it will hopefully be more acceptable.

Activity 1 - CUSTOM

A bank has asked a systems development company "Cash Machines R Us"' to introduce new cash
machines into one of their branches. Use the CUSTOM approach to socio-technical modeling to
identify who the stakeholders are in the introduction of a new cash machine.
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A Discussion on this activity can be found at the end of the chapter.

Soft-Systems Methodology

Soft-Systems Methodology (SSM) takes a broader view than socio-technical approaches by
considering the organisation as a whole. From this perspective the stakeholders and technology are
components of the larger context. Aswith other user centred approaches, the intention isto understand
the context of the peopleinvolved with the system rather than making explicit design decisions. These
models of the situation are instead used to inform design and help designers understand the context
in which the final system will fit.

SSM involves the development of three kinds of models to help understanding the organisational
context. Thefirst kind of model isreferred to asthe rich picture which provides a detailed description
of the problem situation. This includes details similar to the models of stakeholders developed in
socio-technical approaches discussed previously — who the stakeholders are, what groups they work
in, and what tasks they perform. In addition the organisational structureis modelled where it impacts
on stakeholders work. As this model provides the context for further models it should be clear and
informative for designers. It could be developed from interviews with people in the organisation,
observations of their work practices, or more interactive approaches such as workshops in which
stakeholders act out situations in order to help explain their work context.

The next stage moves the focus of analysis from the real-world situation to the development of
definitions of what stakeholders perceive to be the activities taking place in the organisation. These
definitions are referred to as root definitions of the system. There may be severa different root
definitions — representing different stakeholders' perspectives—which need to be reconciled at alater
stage. Root definitions model the following aspects:

 Clients — people who benefit or accept output from the system e.g. in our restaurant example the
clients may be the diners who benefit from the restaurant nutritionally and receive output from the
system by way of abill.

» Actors — stakeholders who perform activities in the system e.g. the waiters and chefs in the
restaurant.

e Transformations —what changes the system performs on things in the environment e.g. a system
which produces hillsin arestaurant transforms diners' requests for food (conveyed by the waiters)
into hills by the end of the meal.

» World view — how the system is perceived by a client e.g. a waiter may perceive an automated
billing system asbeneficial asit reducesthework they haveto doin maintaining thebillsfor multiple
diners.

e Owner — who the system belongs to, and who can alow changes in the system e.g. the owner of
the restaurant chain owns the automated billing system.

» Environment — what factors influence the system e.g. a restaurant has to abide by certain health
and safety standards.

Finally a conceptual model is constructed which details what the system has to do to meet the root
definitions. Themost important part of theroot definitionsarethetransformationswhich areused inthe
conceptual model to define what is achieved, and how it is achieved. These achievements are usually
modelled hierarchically to provide different levels of detail — much as tasks are decomposed in task
analysis (see Unit 8). For example, the overall achievement of serving a diner includes successfully
finding out what the diner wants, serving them, clearing the table, and ensuring that the food is
paid for. Considering the hierarchic structure, achieving payment for the food involves severa sub-
achievements such as producing the bill, collecting the money, and possibly producing a receipt.

The conceptual model is used to identify differences between the real-world situation and the model
of how the stakeholders perceive the system. These differences can then be used to inform change and/
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or development of appropriate systems. The key outcome of the whole SSM approach isfor designers
to have a better understanding of the context in which developed systems are to be placed.

Activity 2 — Soft Systems Methodology

For theexamplein Activity 1 construct aroot definition for the new cash machine from the perspective
of abank customer who wants to withdraw money.

A Discussion on this activity can be found at the end of the chapter.

Review Question 3

Discuss the similarities (and differences) between socio-technic and soft systems methodology
approaches to understanding user requirements , what sorts of things do they look at, and how can
this provide input into design?

Answer at the end of the chapter.

Participatory Design

The two approaches we have looked at so far develop user centred models which are typically used in
the early stage of system development. In contrast, participatory design aimsto keep thewhole process
of developing a system user centred. Thisisachieved by including usersin the design team rather than
treating them as subjects of analysis who remain outside the core design situation. The motivation
for thisis that users are essentialy experts on their work situation — they know full well what work
they do, how the organisation works for them, and who they need to work with — and so including
them in the design processis essentid if the new design isto fit well into their context. Moreover, the
introduction of new systems typically changes the work context. For a new system to be acceptable
these changes in the work context also need to be acceptable. Having users in the design team should
help ensure that these changes do not overly disturb other users.

Participatory design has three main characteristics:

1. Work focused — design concentrates on improving the workers' environment and tasks they
perform rather than focusing on the system requirements.

2. Collaboration — the designers and users collaborate on the design so that the users can contribute
at every stage.

3. Iterative — design does not just happen once, the emphasis of participatory design is on several
design and evaluation stages which build to afinal design.

As participatory design focuses on the collaboration between users and designers it needs to employ
various techniques and models to communicate ideas between them including:

» Brainstorming — sessions in which users and designers generate a range of ideas which are
devel oped without judgement. Theseideasarethen fed into other techniquesto be devel oped further
or dropped.

» Storyboarding—aroughideaof auser’ sactivitiescan be presented viaastoryboard. The storyboard
models user activities as a series of drawings— alittle like a comic strip description of the activity.
They are simple to develop and help users communicate with the designers about what they do,
and how they doit.

» Workshops—these provide aforum for discussion in which designers and users can ask each other
about their perspectives and so establish common understandings of the design issues as well as
focusing their views of the design. Typically they are used to fill in gaps in understanding about
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the situation. As such the designers usually enquire about users' work environment, and the users
ask about technological possibilities.

» Pencil and paper activities— this provides amore interactive way of talking through designs than
storyboards. Typically, rough designs are drawn (i.e. possible designs are model ed using pencil and
paper) and then users consider how they would use it by moving through the design step by step.
Problems with the design can then be identified from trouble the users have as they move through
it. These problems can then be addressed in the next iteration of the design.

Participatory design was developed in Scandinavia where it has been widely accepted. However, the
timeand effort it requires, and reliance of less hierarchically structured organisations (where designers
and users are treated equally), has meant that its use is less wide spread outside Scandinavia.

Activity 3 — Participatory Design

For the example in Activity 1 construct a storyboard of a customer withdrawing money from a cash
machine. Imagine that the cash machine has severa pages of information which it displays. For any
operation the first page allows the user to enter their PIN (Personal Identification Number). If this
is correct for the customer's card the machine shows the next page which allows the user to select
one of several services on offer. If they select the withdraw cash service they are presented with a
page from which they can select a predetermined amount of cash, or can select an option to alow
them to determine how much they want. If they select this option they are then presented with a page
which alows them to enter a value up to £250. Once the amount of money has been entered (either
by selecting a predetermined amount or entering their own amount) the machine returns the card and
then the cash to the customer.

A Discussion on this activity can be found at the end of the chapter.

Review Question 4

How does participatory design relate to approaches such as socio-technical and Soft Systems
Methodology. Concentrate on what they aim to do, and what sort of models they use.

Answer at the end of the chapter.

Summary of User Requirements Modeling

This section looked at models of user requirements. These are representations of the users' world
which are used to inform the understanding of non-functional requirements such as whether the
developed system would be acceptable in the workplace. We looked at socio-technical models which
consider who the stakeholders in the development of a system are. We then considered soft systems
methodol ogy which takes a broader view asit also models the organisation in which the stakeholders
work. Finally we touched on participatory design which includes usersin the design process and uses
models to help designers and users understand each others' points of view. All of these approaches
involve extratime and effort than simply defining the functional requirements of a system. However,
systems need to be developed which take into account users needs and work context otherwise
they may be unusable or unacceptable to the intended users. It is the effectiveness of user centred
approaches to take this into account that makes them attractive to devel opers.

Cognitive Modeling

Aswe discussed at the start of this unit, amodel is a representation of something that we can easily
work with. In the previous section we looked at models of user requirements — essentially models of
users’ context. In contrast, this section considers models of users’ cognitive abilities. That is, rather
than looking at the context in which users work we will consider models of how people behave.
These cognitive models areimportant because they provide away of understanding peopl€’ s cognitive
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abilities which can be used to inform design and, as we shall seein Unit 9, to evaluate systems. In this
section we look at two cognitive models: GOMS and ICS.

GOMS

GOMS uses an explicit model of cognitive processes developed from studies of users. GOMS itself
stands for Goals, Operators, Methods, and Selection rules. This core set of concepts describes the
tasks that users perform, and how they achieve them. GOMS is more than just away to describe tasks
though, it provides a family of modelling techniques which can be used to generate predictions of
the time to complete tasks given descriptions of the tasks and the user interfaces to be used. These
predictions are based on a simple model of cognition called the Model Human Processor (MHP) and
have an absol ute accuracy of between 10% and 20%. The basic assumption of GOMSisevident inits
name—that usersunderstand their goals, GOM S considersthe actionsto meet such goal's. Having made
this assumption GOMS can give us feedback on the coverage and consistency of the user interface.
By coverage we mean whether the user interface contains the necessary functionality to support the
tasksit was designed for. Consistency refersto whether similar tasks are performed similarly with the
user interface. Moreover, GOMS can give an indication of whether frequent goals can be achieved
quickly using the given interface.

Model Human Processor

Thecentral part of GOMS (Card, Moran, and Newell, 1983; see Chapter 6 of Dix 1998 for asummary)
is the Model Human Processor (MHP). This is a simplified view of the psychological processes
involved in human cognition which can be used to make approximate predictions of user behaviour.
Card et al. based this model on empirical evidencei.e. psychological studies of users. Even though it
is based on psychological evidence and theory the motivation for the MHP isthat is should be usable
by non-psychologists e.g. designers and evaluators. The MHP is consists of:

* set of processors— systems which process information and may make decisions
 set of memories— areasin which information is stored in various forms by processors

» set of principles of operation — these guide the operation of the processors and are crucial to a
realistic account of human behaviour

The MHPitself isdivided into 3 interacting subsystems: the perceptual system, the motor system, and
the cognitive system. Each of these subsystems has their own memories and processes and works on
different kinds of information asillustrated in the following diagram.

1. Perceptual system - input from the eyes and ears are stored symbolically in visual and auditory
image storeswhich go on to be processed in working memory by the cognitive system, and possibly
stored in long term memory for later access. E.g. the sound of acar hornis coded asaloud warning.

2. Cognitive system - processes information from working and long term memory to make decisions
about how to respond. E.g. processing the fact that there is a loud warning noise, recalling that
evasive action should be taken in such situations, and deciding to run to the pavement.

3. Motor system - executes responses to decisions made by the cognitive system. E.g. running to
the pavement.
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Each component of these systems has parameters which are used in the generation of behavioural
predictions. Each memory system is defined in terms of its storage capacity (how many pieces of
information can it hold at one time), and the decay time of an item (how long is it before an item is
forgotten). Similarly, each processor is defined in terms of processor cycle times— how long it takes
to process one piece of information. Card et al. (1985; see Johnson, 1992, for a summary) defined
approximate valuesfor these parameters based on psychological research which arelisted below. Note
that these values assume skilled (errorless) performance and only predict time for responses to stimuli
—not for self initiated actions.

Table7.1. Memory parameters

Memory type Storage capacity Decay time
Auditory 4 letters 1500 msec
Visual 17 letters 200 msec
Working memory 7 chunks of information 7 sec

Long term memory Unlimited Never

Table 7.2. Processor parameters

Processor type Processing cycletime
Processor type 100 msec

(eye movement) 230 msec

Cognitive 70 msec

Motor 70 msec

So, we have described the MHP, but we need to return to the core of GOM S —the goal's, operators etc.

— before we can see how these parameters are used to make predictions.
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Goals

Goals are something that the user wantsto achieve e.g. go to airport, delete afile, or create adirectory.
They have a hierarchical structure — that is they are composed of many sub-goals which need to be
achieved to meet thelarger goal. Theseare similar to the goal sidentified in Task Analyses (see Unit 8).

Operators

Operators are elementary (can not be decomposed into smaller operations) perceptual, motor or
cognitive acts which are necessary to change user’ s mental state or environment. As such they arethe
lowest level of a GOMS analysis. Using GOMS a user’ s behaviour can be recorded as a sequence of
operators as operators can't occur concurrently. They are a similar level of description as actions in
task analysis (see Unit 8).

For example, to move afile to a different folder the user might perform the following operations:
* Move cursor to item

» Hold mouse button down

* Locate destination icon

* Let go of mouse button

Methods

From operators we build up methods which are sequences of steps that accomplish agoal (and so are
like tasksin atask analysis (see Unit 8)). As with goals these methods can include other (sub) goals.
A fundamental assumption in GOMS is that methods are learned and routine (so no problem solving
involved), and that there is only one way a user stores knowledge of atask.

For example, auser moving afileto adifferent folder could be described in GOMS as:
» Goal —movefileto adifferent folder
* Method —movefile

» Operators - Move cursor to item, Hold mouse button down, Locate destination icon, Let go of
mouse button

Selection Rules
If there is more than one method to accomplish a goal, the Selection rules tell you which method to

use. Again, as with methods, they assume error-free performance (so the user does not selected the
wrong method by accident). They arewritten asIF ... THEN statements as below:

| F <condition> THEN acconplish <GOAL>

For exanpl e:

| F <restaurant accepts credit cards> THEN <pay by credit card>
ELSE

| F <restaurant accepts cheques> THEN <pay by cheque>

ELSE

<pay by cash>
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Activity 4 — GOMS

For the example in Activity 3 construct a GOMS model of a customer withdrawing money from a
cash machine.

A Discussion on this activity can be found at the end of the chapter.

Keystroke Level Model

The lowest level of GOMS analysis is called the Keystroke Level Model (KLM). This produces
guantitative predictions of the time it would take a skilled operator to complete a task. Again, it
assumes error-free performance by the operator.

Execution of atask is described in terms of

5 physical-motor operators:
1. Tk: (k)eying—how long it takesto press akey (including using modifiers such as the shift key)
2. Tp: (p)ointing —how long it takes to move the mouse (or other such input device) to a target

3. Th: (hyoming —how long it takes to change between input devices e.g. changing between mouse
and keyboard

4. Td: (dyrawing —how long it takes to draw aline using an input such as amouse

5. Th: click (b)utton —how long it takes to click the mouse button
» Tm: (m)ental operator —how long it takes to perform the mental processing for the task
e Tr: system (r )esponse operator — how long the system takes to respond

Therefore, executiontimefor atask isdescribed in termsof the sum of the operators used. For example,
suppose we had typed the sentence the quick fox jumps over the lazy dog. Now we want to insert
brown just after quick, using aword processor, and assuming that the current point is at the end of the
sentence, we need to perform the following steps:

1. move hand to mouse

2. position mouse just after quick

3. move hand to keyboard

4. formulate word to insert - brown

5. type brown

6. reposition insertion point at end of sentence
In terms of the KLM the following operators are needed for the above steps:
1. H (mouse)

2. P,B

3. H (keyboard)

4. M

5. K (b) K (r) K (0) K (w) K (n)

6. H (mouse), M, P, B

So, intotal the execution time for thissimpletask is3Th + 2Tp + 2Tb + 2Tm + 5Tk (assuming there
is no significant response time for the system). Card et al. derived values for the time to complete

10
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these operators from empirical studies. These are listed below (for an expert typist), and give a total
executiontimeof 1.2 +22+ 0.4+ 2.7+ 0.6 = 7.1sin this case. Aswe shall seelater in Unit 9, these
quantitative predictions of execution time can also be used to compare designs.

Operators Time(s)
Tk 0.12
Tp 1.10
Th 0.40
Td 1.06
Th 0.20
Tm 1.35

Activity 5 — KLM

Carrying on with the examplein Activity 4, imagine that customers could withdraw money using their
personal computer. In this case data entry would be via the keyboard, and selection of options would
be done using the mouse. Using KLM, work out the execution timefor the activity of withdrawing £10
assuming that both keyboard and mouse are to be used, that the PIN is 1234, that it takes the system
10sto return the card and cash, and that £10 is one of the predetermined amounts listed.

A Discussion on this activity can be found at the end of the chapter.

Summary of GOMS

GOMS provides away of making predictions about the time an expert user would take to complete a
task using agiven user interface. Furthermore, as GOM S modeling makes user tasks and goals explicit
these descriptions could be usefully re-employed in the devel opment of an on-line help system. These
descriptions can additionally be used to suggest questions users will ask and the answers in terms of
actions needed to complete tasks and meet goals.

However, as mentioned several times before, the tasks must be must be goal-directed, that is the user
must have a specific aim in mind. Some activities are more goal-directed than others, but it could
be argued that even creative activities contain goal-directed tasks. Furthermore, GOM S assumes that
tasks involve routine cognitive skill as opposed to problem solving, and that no errors occur, which
ishardly redistic.

Review Question 5

GOMS is a cognitive modelling approach. What does it model, and how?

Answer at the end of the chapter.

Interacting Cognitive Subsystems

ICSis an elaborate framework which assumes that human perception, cognition, and action can be
analysed in terms of discrete, inter-linked, information processing modules. In contrast to GOMS, ICS
isamuch richer way of modelling human cognition as we shall seein this section.

Subsystems

Each subsystem of 1CSisindependent and operatesin a specific domain of processing of which there
are three main components:

» sensory —visual and auditory stimulus
* representational — representations of information

« effector — body movement

11
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Although each subsystem operatesin different domains, and on different kinds of information, they all
share a common structure as illustrated in the following diagram. Each subsystem has an input to its
left, and one or more outputsto itsright, aswell asits own memory record and aset of transformations.
All information which isinput to the subsystem is stored in the memory record (and can at alater point
be used as an input to the subsystem). The outputs depend on the transformations which transform
information from one form to another. In the example we have three transformation which transform
the input information into three different codes— X, Y, and Z.

Wermory

Il Copy %0 memony Chutpusts

Traredomm to X
Translom to Y
Trarsloom 16 2

An ICS Subsystem

As mentioned previously, ICS models human cognition in terms of several of these subsystems
linked together. We shall come to the complete network later, but let’s start to understand the ICS
framework by considering the operation of one subsystem. A good point to start understanding ICSis
by considering the visual subsystem (illustrated below) which forms part of the sensory domain. This
takes input from the eyesin the form of sensory representations with information about edges, angles,
shades, contrasts, hues etc. (here the person is looking at the pentagon to the left of the diagram) and
transformsit to object representations with information about depth, position, orientation, shapes, etc.
(here the object representation describes the image as a grey pentagon). Note that a copy of the visual
representation is stored in the memory record for later use. Note also that the clarity of the visual
representation alters the success of the transformation to an object representation. It is important to

remember that these two representations (visual and object) are both mental representations, but at
different levels of information.

Memory
Input Copy % memony Culputs
Transioem ta Q8 *Grey pontagan®
l :
The Visual Subsystem

The key to using ICS is the inter-linking of the subsystems. Below is a diagram of the complete ICS
framework —the VIsual Subsystem (V1S) just described can be seen in the bottom left of the diagram

12
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in the sensory domain i.e. input from the sense. We need to further process information to extract
meaning and make decisions e.g. we may need to interpret the grey pentagon as a fifty pence piece
and then use it appropriately.

ICS can be used to describe auser’ s mental processes whilst performing atask. Such descriptions can
then be used to assess the relative amounts of cognitive resources (the numbers of transformations)
needed to complete taskswith different interfaces. Inthe example auser isrevising sometext in aword
processor. Whilst reading the text they notice a particularly difficult sentence and decide to rephrase
it. In an ICS description of the cognitive processes involved in achieving this task we might start by
considering what the sensory inputs are. As the user has read the text from the screen they are using
their visua sensory input. So the first subsystem involved is the Visua Subsystem which transforms
the visual representation into an object representation (VIS ® OBJ). This transformation produces
information about what |etters are being viewed. As the output is in OBJ form it is then processed
by the Object Subsystem which performs the transformation OBJ ® MPL. This morphonolexical
representation encodes the surface structure of the sentences in a speech based code which discards
the surface structure of the wordsii.e. it encodes what the words are, rather than what letters they are
composed of. The MPL representation is then processed by the Morphonolexical Subsystem which
performsthe transformation MPL ® PROP producing a representation which encodes the meanings of
theindividual wordsin the sentence, and the rel ationshi ps between the words. From this representation
the Propositional Subsystem transforms it to an implication representation (PROP ® IMPLIC) in
which the meaning of the sentence itself is identified. Several different meanings of the sentence
may be identified in which case there may be severa iterations of PROP ® IMPLIC (Propositional
Subsystem) and IMPLIC ® PROP (Implicational Subsystem) to arrive at a satisfactory understanding
of the meaning. At this point the representation needs to be transformed into a form suitable for the
Limb Subsystem so that the correction can be made. Thiswould involvethe following transformations
by Subsystems: IMPLIC® PROP (Implication Subsystem), PROP ® OBJ (Propositional Subsystem),
OBJ® LIM (Object Subsystem), LIM ® MOT (hand) (Limb Subsystem —transforms LIM into actual
hand actions).
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The ICS Framework

Erit Merwaik

Of course, there is plenty more processing involved in locating the text on the screen, positioning
the cursor, reading the menu bar etc. but this description gives and idea of the processes involved.
The sequence described can be summarised as follows (P indicates external input or output, ®
is a transformation, » indicates data transmitted across the data network, and {} enclose a set of
transformations which may occur several times):

PVIS®OB] »
» OB ® MPL »
» MPL ® PROP »
{» PROP ® | MPLI C »
» | MPLI C ® PROP »}
» PROP ® OBJ »

» OB) ® LIM »
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» LIM® MOT(hand) b

Summary of ICS

ICSisintended to provide a detailed description of the cognitive resources needed to use and learn
a system. As such it is far more powerful than GOMS, but a'so much harder to use and to interpret
theresults it produces. Even trained psychologists would find it hard to consistently determine which
Subsystems are involved in users attempting to complete tasks. One approach to alleviating this
problem isto devel op some sort of software toolset to help evaluators use the framework. This might
support activities such as determining which Subsystems are used, and which representations are

appropriate.
Review Question 6

| CSprovidesadetailed model of human cognition which can be used to determine how much cognitive
effort a user will have to employ to complete a task. How does this differ to GOMS in terms of its
model of human cognition, the intended users of the model, and the kinds of assessmentsit can make?

Answer at the end of the chapter.
Activity 6 - ICS

ICS is notoriously difficult to use. How would you develop a tool to make its use easier , what
functionality would it have, and how would that make using ICS easier?

A Discussion on this activity can be found at the end of the chapter.

Summary of Cognitive Modeling

In this section we looked at models of human cognition which are intended to help designers
understand how users would behave with their systems. Both models have a computational feel
reflecting their roots in cognitive psychology. Furthermore, both models can be quite difficult to use,
especialy for large systems

Summary of User Modeling

Thetwo approaches discussed in thisunit —user requirements modelling and cognitive modelling—are
very different uses of models. The first models the situation in which users work and the constraints
their environment places upon them, and therefore new systems, whereas the second tries to give
designers some understanding of the working of the human mind. They may be radically different
models, but the reason for their existence is the same — to ensure that designs take account of users.
Thisisreferred to asuser centred design and is an important departure from the conventional approach
to design which concentrates on functional requirements of the system. The aim isthat by considering
the user (either from the point of view of their work context, or their cognitive ahilities) the devel oped
systems will be successfully deployed in the workplace and accepted by the users.

Discussion Topics

There are many new concepts in this unit. If you want to discuss with your colleagues or make
comments about the concepts to them, use the on-line facilities.

Discussion topics:

» User centred requirements analysis increases the effort of developing systems —what benefits can
such approaches bring.
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» How would you convince the company you work for to adopt user centred approaches?

» How can some of the more complex approaches (e.g. GOMS and ICS) be made more accessible
to evaluators?

Answers and Discussions

Answer to Review Question 1

Models provide us with a representation which is easier to use and manipulate than the thing we are
designing (that the model represents). This means that it is easy to test out different designs to see
which isbest for agiven purpose. We can also use modelsto model asituation e.g. the social situation
in which the thing we are designing will be placed. This helps us to understand how the new system
will impact on the current working situation. Finally, we can use model s to provide approximations of
human behaviour which can be used to determine whether our designswill be difficult to use, without
involving users.

Models contribute in two main ways— generative or evaluative. Evaluative allow usto assess whether
the final product will meet some criteria. Generative models provide input to design — it should be
noted that most models have some generative aspect to them.

Answer to Review Question 2

Use centred requirements analysis employs models to represent a typical user’s work environment.
This ranges from representations of the stakeholders and their perspectives to considerations of how
systemsinfluence the social and organisation situation. Cognitive models, on the other hand, provide a
simplistic view of how user might react to situation, and in turn, how they might use anewly designed
system.

Answer to Review Question 3

Both socio-technic and SSM model the stakeholders involved in the development of a new system.
These models give designers a grasp on the context of who are involved in the development of the
new system, and what impact this will have on their working environment. The primary difference
between socio-technic and SSM approachesisthat SSM takes awider view of the context. Thismeans
that it provides a model of not just the stakeholders, but also the environment in which they work.
Providing such a wider view allows designers to get a grasp on the wider picture, but does involve
extra effort on the designers and analysts' part to develop and understand the models.

Answer to Review Question 4

The crucial difference between participatory design and socio-technical and SSM approaches is that
participatory design is a design philosophy in which users are considered central and are included
on the design team throughout the stages of development. Socio-technical and SSM approaches are
concerned with establishing models of user requirements (as opposed to necessarily including themin
thedesign process). In contrast, model sused in participatory design are used to support communication
between designers and users e.g. storyboards which model typical user interactions.

Answer to Review Question 5

GOMS uses a Model Human Processor to model human cognitive processes. This is used in
conjunction with models describing Goals, Operators, Methods, and Selection rules to determine
execution times using a Keystroke Level Model. This provides predictions of task execution time for
tasks that involve no user errors or problem solving.
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Answer to Review Question 6

GOMS' model of human cognition isreferred to asthe Model Human Processor. Both models assume
that there are interrelated information processors, but ICS model is much more complex. Essentially
the representational domain of 1CS (containing 4 subsystems) is the cognitive processor of GOMS.

GOM S attempts to make quantitative predictions of task execution time by expert users. Thistakesno
account of errors, learning, or problem solving. ICS, on the other hand, can model theseissues, but does
not give simple quantitative predictions. As such ICS is intended to be used by expert psychologist
evaluators, whereas GOM S was intended to be used by trained evaluators.

Discussion on Activity 1

The following is a definition of the stakeholders concerned with the introduction of a new cash
machine;

Primary — people with cash cards, employees of the bank who have to service the machine e.g.
fill it with money.

Secondary —peopl e such as accountantswho receive recei pts from the machine, peoplewho receive
money from the machine in payment e.g. shop keepers.

Tertiary — managers of the bank and the directors of the bank.

Facilitating — the employees of ‘Cash Machines R UsS who are involved with the design,
development, and later maintenance of the cash machines.

Discussion on Activity 2

Clients—bank customer, bank clerks, bank manager, bank’ s board of directors.
Actors—bank customer, bank clerks.

Transformations — for withdrawal of money — transforms a customer’ s request for cash into cash
and possibly areceipt.

World view — for a bank customer — makes it quick and easy to withdraw money at any time of
the day.

Owner —owned by the bank, change may be authorised by senior people in the bank such as the
board of directors, or maybe the head of information technology for the bank.

Environment —the cash machine must be secure, robust enough to withstand all weather conditions
and vandalism, and at a height that is convenient for most customers.

Discussion on Activity 3

A storyboard for this activity is as below:
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Step 1: Find- - working cash machine

Step 3: Ender PIN Step 4. Select withdrawal service

&

Step 5: Select amount Step 6: Take card: & cash

Discussion on Activity 4

Goal - withdraw cash.
Met hod - Enter PIN
Qperators — press-1st digit of PIN, press-2nd digit of PIN, press-3rd digit
Met hod - Sel ect withdrawal
Qperator — select ‘withdraw cash’
Met hod - Sel ect anount
| F <anpbunt is shown> THEN <Cperator - select anpunt>

ELSE
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<(perators - select ‘other anpbunt’, press-1st digit of amount, press-2nd
IF <3 digit anpbunt of cash> THEN <Operator — press-3rd digit of amount>
Met hod - Col Il ect card & noney

perators — take cash, take card

Discussion on Activity 5

GOMS Operator Time(s)
Goal —withdraw R100.
Method - Enter PIN

Operators — press-1, press-2,|4xTk 0.48
press-3, press-4

Method - Select withdrawal

Operator — select ‘withdraw |[Th+ Tp+ Tb 1.70
cash’

Method - Select amount

IF <amount is shown> THEN|Tp+ Tb 1.30
<Operator - select amount>

ELSE

<Operators - select ‘other

amount’, press-1st digit of
amount, press-2nd digit of
amount>

IF <3 digit amount of cash>
THEN <Operator — press-3rd
digit of amount>

Method - Collect card & money
Operators —take cash, takecard [Th+ Tr 10.40
Total(s) 13.88

Discussion on Activity 6

One approach would be to explicitly model each subsystem of ICS and connect them via data
pathways. Analysts could then feed in different kinds of information to the sensors, indicated which
subsystems they think might be used, and then observe how the data flows around the network. This
would reduce the burden of working out how the data flows around the system.

A more comprehensive approach would be to use an expert system (a system which contains alot of
knowledge about an area, and some artificial intelligence) to help work out which subsystems might
be involved in processing information. This helps reduce the problems of deciding which subsystems
and representations are likely to be used.
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