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Chapter 1. INTRODUCTION

This work is on human-computer interaction. It is the result of a long period of research, during

which several things changed. Technology developed along lines that hardly could predicted far in

advance. Application areas and user groups that were not commonly related to human-computer

interaction in the beginning of the previous decade, are reality in current educational situations and

professional life. The projects that are mentioned in this volume refiect the evolution of cognitive

psychological interest in the use of computers. Education has been a field of application of comput

ers for a long period already, but the first types of use were in “computer assisted instruction” in the

traditional sense: computers were a means to suppiement teaching activities by providing tutorial pro

grams and situations of “drili and practice”. Adaptation to individual differences was one of the pos

sibilities that was expected to be of much importance in this respect. The studies mentioned in

chapter 2 are collected in order to show the general relations that might account for success and

failure in this field.

Only with the arrival of personal “4th generation” systems computers became generally available

tools in office situations. Workers had to understand these tools in order to use them. Information

processing systems apparently have certain characteristics that make them different from traditional

office tools like typewriters and card-desks. The concept of mental models became of importance,

applied to this situation of human-machine interaction, in which the human user had to develop a

knowledge structure in order to be able to use the tool without being disturbed by the difficulties of

the handling of the tool itself. Chapter 3 shows a selection of some theoretical work on the concept

of mental model and related literature. The use of this concept in actual situations, triggered by the

availability of real life situations where field studies were friendly allowed, lead to empirical data

mentioned in chapter 4, which is complemented by some experimental research on comparable ques

tions. The results of these studies lead to the design of a method for getting measurements that

would refiect the mental representations, by means of a “teach-back” method, on which chapter 5

reports. A large scale field study was performed to validate the ideas on the relevance of mental

representations (and the method to define indexes for them), for which the growing use of personal

computers in secondary education inclicated a possible domain.

Gradually, cognitive psychological work on human-computer interaction focussed on design topics.

Both the user interface (in the sense of Software Engineering), and the application semantics became

a field of mutual exchange of knowledge and methods between Computer Science, Psychology,

Ergonomics, and other disciplines related to “human factors”. Work in interdisciplinary groups on

these topics was the origin of the ideas on user interface design which are presented in chapter 7 of

this work. The ideas of taking individual differences between computer users, and knowledge of

human learning, into account have been a focus of study during the whole set of projects mentioned.

These theoretical ideas and the related methods, originating from Cognitive Psychology, have been

applied to human-computer interaction situations, by developing new theoretical notions and methods

related to the field of application. This field of application includes both learning to use computer

systems, and the design of user interfaces.

Application of cognitive psychological notions, theories, models, and related methods, towards this

phenomenon may be called “Cognitive Ergonomics”. Some aspects of Cognitive Ergonomics will be
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treated by theoretical elaboration and empirical illustrations. The cognitive psychological entrance

of our approach is the analysis of cognitive functions and variables in relation to individual differ

ences. This analysis will be applied to different situations of human-computer interaction.

We will restrict ourselves to situations in which people use computers to solve certain domains of

problems, in which these users may be more or Iess professional, applying the computer system as a

tool only, and in situations in which people are in the initial phase of learning to interact with a sys

tem. These types of computer use will increasingly be of importance in the daily life of many people

in our society, ranging from school children to aduits. More and more people will spend a consider

able part of their professional life using word processors, searching databases, using graphical and

statistical tools, or communicating electronically with others. They all have to start as a novice, and

many will never reach the status of advanced system knowledge in which they might be called

experts in a certain application system, or even computer scientists. Individual differences in learn

ing to use a computer or a system, and individual differences in the use of a system are in any case

relevant for non-expert users. We will restrict ourselves to this type of computer users.

The main cognitive ergonomic approach that is illustrated in this book combines several viewpoints:

1 the phenomenon of individual differences and human learning;

2 the notion of mental models, and of the development of these in relation to analogies and meta

phors;

3 methods for the representation of a model of the user interface.

In our approach these viewpoints interact in the following way:

a. the mental model is an important cognitive aspect of the human-computer interaction (Norman,

1983);

b. teaching the interface presupposes that there is a conceptual model for the user interface (the

“virtual machine”);

c. the virtual machine may be described in a structure derived from the level approach Moran

(1981) elaborated in relation to his Command Language Grammar;

d. this conceptual model should be presented to the user, taking into account knowledge on human

learning and relevant individual differences.

In this chapter we will present a view on the discipline of cognitive ergonomics, and indicate which

part of this field will be considered in our work (section 1), elaborate the concepts of user interface

and user virtual machine, incorporating Moran’ s (1981) level approach (section 2), and present a

view on metacommunication that is relevant for teaching, documentation, and the design of the user

interface (section 3). In section 4 some methodological problems will be mentioned that are charac

teristic of the type of field research that will be reported in the next chapters. Section 5 contains

some clefinitions and descriptions of relevant concepts.

Chapter 2 will illustrate cognitive psychological notions on individual differences and human learn

ing in relation to human-computer interaction.

Chapter 3 will contain an elaboration on the concept of mental model, referring to an overview of

relevant literature.

In chapter 4 an overview will be presented of some small scale studies of the development of users’

representations of computer systems.
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Chapter 5 will describe a method to acquire knowledge on the user’s representation.

In chapter 6 we will present a large scale field study on the acquisition of representations of operat

ing systems in education.

In chapter 7 some ideas will be developed for applying the analyses and research findings from the

previous chapters in the area of design of user interfaces.

Chapter 8, finally, contains a summary and an integration of the main problem domains discussed in

the previous chapters, and presents some general conciusions.

1. Cognitive Ergonomics

The concept Cognitive Ergonomics refers to a branch of science that deals with cognitive psychologi

cal aspects of human-computer interaction. In some publications “human-machine” interaction is

indicated as the application domain we are referring to, but in that case the “machine” is nearly

always specified as an information processing device. Cognitive Ergonomics is located at the intersec

tion between Cognitive Psychology and Computer Science, and is related with other disciplines like

Ergonomics, Artificial Intelligence, and Computational Linguistics, from which it should be dis

tinguished. In current literature several indications may be found for this concept: “Software

Ergonomics”, “Cognitive Engineering”, “Ergonomics of Human-Computer Interaction”, or even

“Human-Computer Interaction”. The exact meaning of these terms varies between authors, but the

general meaning is to refer to the cognitive psychological basis for the study of human-computer

interaction and its application to design and analysis of interaction, inciuding aspects of human

learning in relation to information processing systems (Roe, 1985a, b; 1986). The relevant aspects

of the information processing systems will often be denoted with the concept “user interface”. We

will elaborate this concept in section 2. Whereas Cognitive Psychology functions as a theoretical

basis, the designer of the user interface and the interaction, and the teacher who presents the system

to the future user, are actually the applicants of Cognitive Ergonomics. Klix and Wandke (1987)

present an analysis of the relation of the contribution of Psychology and its application in design and

implementation (see figure 1.1 .).

usual process of asking for knowledge
4

implemented principles and results of -
methods and

human-computer design criteria applied theories of

interfaces of software- psychology basic research

________________

ergonomics in psychology

research and application process in human-computer interaction

Figure 1.1. Steps of psychological research in Human-Computer Interaction (Klix and Wandke,

1987)

The figure indicates on one side an influence from psychological theory and methods towards its

application for the ergonomic design of software, on the other hand a request from Software

Engineering and User Interface Design towards Applied Psychology. According to Wandke (unpub

lished lecture notes) the main areas of research in Psychology, applied to human-computer interac

tion may be structured as follows:
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a. Knowledge representation
- analyses and description of pre-knowledge (Wandke seems to mean “tacit knowledge”)

- application and acquisition of knowledge of task and problem domain

- training in knowledge acquisition

b. Mechanisms of human information processing

c. “Mental bad” in interactive work

A considerable part of the applications of Cognitive Psychobogy in the design and implementation of

human computer interfaces and of the development of education on interfaces is the product of work

by computer scientists, designers, and teachers of computer applications. The psychological aspects

of these efforts are oRen baseci on common sense notions and psychologicab models and theories that

are only partly understood. Designers and teachers cannot usually be blamed for this, especially as

cognitive psychology itself has not provided the basis in such a way that they may be understood or

readily applied without considerable psychological education. Mainly during the last decade there is

an increasing production of literature with exactly this goal (Card, Moran and Neweil, 1983;

Shneiderman, 1980; Norman and Draper, 1986). This type of literature oRen is an elaboration from

a selected viewpoint or from an area of research in the sense of Wandke, and this for good reasons.

On the other hand, especially those readers that do not have a psychological background, should be

aware of this restriction. In our own work, we are also aware of a restricted viewpoint, which we

will describe in section 1.2.

1.1. Some related disciplines

We would like to stress the interdisciplinary character of scientific theories, methods, and tools of

human-computer interaction, in which mainly Software Engineering, Ergonomics, and applied Cog

nitive Psychology participate.

Cognitive Ergonomics is not just Cognitive Psychobogy, and not even Applied Cognitive Psychology.

The application of the psychological theories and notions has to be integrated with knowledge and

methods from the domain of application (i .e. Software Engineering), and with the principles of appli

cation of technology to human dimensions and human differences regarding the use of this technol

ogy (i.e. Ergonomics).

a. Applled Cognitive Psychology
Certain approaches, theoretical notions, and methods from Cognitive Psychology (i.e. the areas

mentioned by Wandke, but also approaches focusing on individual differences, cf. Chapter 2,

and motivation, see Waern, 1989), complemented with a selection of theories and methods of

Organisational Psychology (Roe, 1985b) and with a link to other branches of “Cognitive Sci

ence” like Artificial Intelligence, may be applied to the design of application systems, user inter

faces, documentation or training. This will need knowledge of the domain of application, mainly

Software Engineering theory and methods, and it will also need the approach of Ergonomics in

providing guidelines, support, and frameworks for design.

b. Ergonomics
Ergonomics is a professional discipline that provides knowledge on behalf of experts in a different

field. The ergonomics of human-computer interaction may be seen as a applied to a domain that

is relatively separate from “Hardware Ergonomics”. Ergonomics may support a technical

designer. The ergonomist should be able to communicate in the language of the discipline con

cerned (e . g. Software Engineering). At the same time he might supply guideilnes and methods

on behalf of the designer.

c. Computer Science
Software Engineering is the main branch of Computer Science that focuses on theories and

methods for the specification, design, and impLementation of information processing systems.
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This inciudes methods of user-interface design, and the development and use of UIMSs (user

interface management systems). In this case the input of relevant cognitive psychological notions

and methods is needed in order to make the user interface really fits human users, and the

approach of Ergonomics may help the designer to actually ach leve this.

Each of these disciplines contributes specific theories and specialised methods. The integration of

these contributions will lead to new models and methods that are unique for the new application

domain of cognitive ergonomics (the label Software Ergonomics refers to a somewhat too narrow

concept: spatial and physical aspects of human-computer interaction need to be inciuded, mainly in

relation to perception and motor skill).

In the future, cognitive ergonomics may develop from an interdisciplinary specialism into a separate

faculty. The scientific research community already created a number of specialized international

journals of high standard (International Journal of Man-Machine Studies, Behaviour and Informa

tion Theory, Interacting with Computers, and Human-Computer Interaction). Organisations such as

IFIP, IEEE, and ACM have their own journals, bulletins, and conferences in this field. One can

hardly keep up with the number of international conferences and workshops, and with the stream of

literature.

Cognitive ergonomics should be distinguished from related fields of scientific research with which it

is sometimes mixed up:

a. Artificial Intelligence
This domain in mostly considered part of computer science, focusing on the analysis, description

and design of “intelligent” systems. This kind of systems may have a role in human-computer

interaction: intelligent systems may be designed to guide interaction with a human partner, in

order to reach cognitive ergonomic goals. The concept of “intelligence” in this domain indicates

the quality and level of adaptation of a system to new situations, which may be applied in certain

kinds of adaptive user interfaces. Artificial Intelligence as such does not focus on ergonomic

principles, nor on cognitive psychological concepts related to human computer interaction.

b. Ergonomics
In the traditional meaning of the concept, Ergonomics is a science aiming at the adaptation of

systems, apparatus, and artifacts to human characteristics. In the classical Ergonomics this con

cerns mainly physical characteristics. Applied to computers and related systems, this concerns

physical aspects of terminals (adjustment of height and angle of vision), visual displays (colour,

contrast, intensity of light), key-board layout, etc. (Grandjean, 1984).

Cognitive Ergonomics may be interpreted as a special kind of Ergonomics that focuses on the

interaction between systems and apparatus, and human cognitive processes like learning and

problem solving. Especially in the case of machines like computers and computer based applica

tion systems, this aspect of Ergonomics is relevant. These systems are information processing

devices, which means that for the human user of the system there are relevant processes going

on inside the machine that involve much more than just a stimulus-response like connection

between the user’s actions and the system’s reaction. This, in turn, strongly will effect human

use, learning, and motivation. For this reason, Cognitive Ergonomics needs a different basis

from the classical variant of this science.

c. Computer Assisted Instruction
The science of Educational Technology deals, among other devices, with information processing

educational tools like computer systems and computer applications. Computers may be used in

education for the goal of assisting education and learning. In a situation in which systems are

designed for the explicit purpose of assisting the educational process, it is of utmost importance to

provide systems that do not in any way obstruct the goal by imposing extra effort for using or
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learning the system. In this situation computers are only a tool. For the design of educational

systems, Cognitive Ergonomics may provide assistance, in order to prevent negative effects of the

introduction and use of tools of a complexity that may sometimes be outside the intellectual scope

of the students.

We need to be careful in distinguishing situations of Educational Technology in which a com

puter system is designed or applied with the primary goal of learning, and those situations where

somebody (who might well be a student engaged in an eclucational activity) is using a system for

any kind of task where teaching or learning is not the primary aim of the system. Users of

spreadsheet systems, word processors, statistical packages, or whatever application system, may

use the system for different goals, among them being educational goals (learning to keep a busi

ness administration, learning to write a paper, performing statistical inference as part of a thesis,

etc.). But in these situations, the intended use of the system concerned is not to educate or to

assist in education, but rather to provide an environment for administration, for authoring, or for

computation. For these applications, too, systems should be designed in such a way as not to

hinder interaction or distract attention from the primary task the user is applying the system for.

Cognitive ergonomics needs to be applied in the design process for these types of systems for gen

eral purposes as much as It should be in the design of systems in Educational Technology.

1.2. Cognitive Ergonomics and individual differences in learning - the focus of our approach

The cognitive psychological basis of the current volume is focused on individual differences, human

learning, and the development of mental representations, and as such a restriction of the cognitive

ergonomic approach. Of the areas mentioned by Wandke we consider mainly “application and

acquisition of knowledge”. A psychological basis may in principle be applied to different aspects of

human-computer interaction (task analysis, design of applications, of user interfaces, of documenta

tion and of teaching, evaluation, the development of guidelines, norms and standards, the design of

user interface management systems). The point of view represented in this work is applicable in at

least two situations, the design of user interfaces, and learning to use a system.

a. The design of user interfaces
For beginning users the human-computer conversation is often very embarrassing. The real

beginner is a novice in using a specific computer program. He will often be a novice in computer

use in general. Sometimes he may also be relatively new to the domain of the “primary task”

(for a definition of this concept, see the final section in this chapter). In such a situation prob

lems quickly reach a level at which an expert is asked for help and the user tends to blame the

program or the system for his failure to use the new facility.

In this dilemma there seems to be a straightforward remedy: if necessary, start with educating the

user in the task domain, secondly teach him everything about the facility, and thereafter admit

lijm to the computer. This, however, is only a theoretical possibility. Users will insist on using

the computer from the onset, 1f they intend to use it ever, and introducing a task domain without

giving actual experience with the system that is designed for the task is bad education. So the

cure will have to go in another direction. The designer of the tool will have to start from a

detailed “model of the user” and a “model of the task”. 1f he knows that the user is a novice

both on the task domain and on the system, he will have to take care of possibilities for learning

in respect to this combined novelty. In chapter 2 we will review some empirical studies were we

found striking differences in novice behaviour related to individual differences in competence on

task domains like mathematics.

1f the system designer is willing to apply this kind of research and knowledge, he will try to adapt

the interface to the intended task rather than to the system. The system should be made tran

sparent (unobtrusive) as far as anything but the intended task is concerned. Thereby the user’s
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double task, to delegate tasks to the system and to learn how to interact with the system, is facili

tated (later on in this chapter we will define the “user virtual machine”, which for the user

should consist of knowledge needed for the delegation of tasks to the system). The problem to do

both, develop a working system and design it in a comprehensible way of interaction in terms of

the intended task and intended user group, may be more than a single person (system designer)

can handle. Therefore the design of a user interface might be improved by teamwork, in which

human factor specialists have a proper role.

Contributions from Cognitive Ergonomics in the field of user interface design are applicable for
the specification of the interaction language and interaction style, for the definition of the func

tionality, and for the design of metacommunication. We will elaborate possible contributions of

our approach in these areas in chapter 7.

b. Learning to use a system
With respect to learning and problem solving users will differ in a number of relevant properties

that are to some extent stable characteristics. Individual differences are expressed:

- in the different ways in which users in a dialogue situation build up their mental model, or, in

other words, develop their individual understanding of the “user virtual machine”;

- in individual preference for methods and strategies of information processing in interaction

with computerized systems;

- in information processing capacity available for interaction with computers.

As far as we are unable to change or educate the user, we will have to adjust our system in such

a way that it will not prevent certain types of novices to become regular or experienced users, or

even ‘experts’. Cognitive styles and personality factors are user variables that are relevant to the

learning phase of human-computer interaction. They affect the development of mental models in

the user. The individual differences referred to in chapter 2 are especially relevant to the novice

and occasional user, as the variables will not be influenced easily within a short time period, and

hence cannot be changed by providing a computerized learning environment. Some of the van

ables are also important for expert users. Expenienced users will have an adequate mental model

of the systems they know (this is exactly why they may be called ‘experienced’). These well

established inental models will be an important source for the acquisition of analogous models for

new systems. But this does not preclude the effect of individual variations in strategies, styles,

and ability.

Education in the use of computer systems has to focus on the development of adequate mental

models. The acquisition of mental models may be based on the application of metaphors (Carroil

and Mack, 1985). These have to be chosen or introduced in such a way that they refer to avail

able knowledge. Individual differences in prior education and interest may be relevant deter

minants of the effect of the metaphors.

In fact, the goal of teaching will be more advanced than the development of a mental model of a

single system. Computer systems have a restricted span of life, and most users will have to be

prepared to learn several new systems during their professional career. These systems probably

will differ strongly, first of all in observable characteristics. But the underlying structure, too,

evolves between new generations of systems. Future computer users will need to develop stra

tegies and metaknowledge concerning the learning of new systems and the development of ade

quate mental models (related to Wandke’s notion on training in knowledge acquisition, we

referred to in the introduction to the current section).

Our own studies in this domain will mainly focus on the development of mental models in the

case of real novices in computing. This will be illustrated in chapter 4 and 6.
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The general message of our approach is that we have to consider individual differences in prior

knowledge, experiences and skill, strategies, styles, and abilities of future computer users, both in

the design of user interfaces, and in the design of teaching and metacommunication.

2. The user interface

Human-computer interaction is sometimes described as interaction between two systems or agents,

each of which in its behaviour applies some model or supposition of the partner (Oberquelle, Kupka,

and Maass, 1983, Oberquelle, 1984). In other sources (e.g. Rohr and Tauber, 1984), however, the

asymmetric character of human-computer interaction is envisaged, especially in relation to inten

tionality. A general concept in most analyses of human-computer interaction is a model of two

actors and a communication channel that is indicated as the user interface or human-computer inter

face. Another general notion is that at least the human partner in this interaction needs knowledge of

the other agent, the machine (often referred to as a model of the machine).

System designers often describe the user interface as the “outer layer” of the system, which is an

agent responsible for the actual interaction. This agent supports perceptible aspects (it inciudes

screen and key-board layout), the syntax of interaction, and metacommunication (help-functions,

error-messages, state information, mnemonic characteristics of the communication language). 1f the

machine is said to apply a model of its human partner, this model, too, is located in the user inter

face. Notice that in this conceptualisation of the user interface the application semantics are nor

mally not inciuded. In our approach we cannot neglect the semantics of the application. In terms of

Systems Design we also consider the “application interface” in our analysis. Task knowledge, which

is also relevant, will, however, normally not be available in any part of a system.

The Conversation Theory of Gordon Pask (1 980b), although in fact of a much more general scope,

is applied by Pask especially to situations of human-computer interaction. This, too, is a two partner

model, with the special restriction of situations in which one of the actors (normally the human

partner) is engaged in learning about the other partner in conversation. This partner has as his aim

to develop an “entailment structure” that is, in Pask’s terminology, equivalent to a complete

“knowledge state” of all relevant aspects of the other partner. Van der Veer and Van de Wolde

(1982) and Van der Veer and Beishuizen (1986) elaborated Pask’s approach and applied it to situa

tions of human computer users learning to cope with a system. In chapter 2 we will report briefly on

this research. The conversation in the sense of Pask consists of communication as well as metacom

munication between the user and a user interface (or, stated more clearly, the “user’s virtual

machine”, a concept we will introduce in the next section).

The language used in the interaction between a human computer user and a system may be con

sidered part of the user interface. The knowledge and mental representation that a user has of a sys

tem leads to expectations on the effect of his actions in the interaction language, and provides a base

for his interpretation of the “utterances” of the machine.

2.1. The user interface and the user virtual machine

There are many different points of view about what exactly the user interface is. In our analysis we

will elaborate this concept from two different points of view. When analysing human-computer

interaction from the point of view of Cognitive Psychology, we are interested in the user interface as

“relevant knowledge about the system”, in the sense of “objective knowledge”, which is, or may be,

represented externally. On the other hand, a central point in designing a human-machine system is

the definition and construction of the user interface as a distinct part of the system, with the function

of “location of communication and metacommunication”.
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In fact two disciplines approach the same phenomenon: Cognitive Psychology deals with relevant

knowledge about the system (ideal knowledge, that should be taught, and hopefully reflected in

actual knowledge of individual users); however, the designer of the user interface has to define and

describe (part of) a system that has to be built or has to be analysed. The designer’s concept of user

interface, which refers to a system component (as location of communication and metacommunica

tion) might be conceptualised in such a way, that it comprises all aspects and details of the system

that are relevant for the end-user. In that case, however, the designer should mention the application

semantics as well. That is to say, in this view the user interface will include more than the software

designer often comprises in this term: both the user interface in the traditional sense, and what is

often called the application interface (or, alternatively, the system’s functionality), will have to be

represented on behalf of the intended user. That representation will be equivalent to “ideal

knowledge” in the Cognitive Psychologist’s sense (but it cannot inciude knowledge at task level,

which is, as said before, normally not available in any part of the system).

definition:

user interface (in the restricted sense of software engineering):

a system component that manages the dialogue
between an application system and a user. It en
ables interaction on the delegalion of tasks to
the application system and It provides facilities
for metacommunication about interaction.

application interface: a system component that provides the ap

plication semantics. ii enables the user to
delegate tasks to the system by communi
cating about objects, attributes, and ac
tions on objects.

1f the computer is used as a tool for performing a set of well defined tasks (a task space), the user

needs a set of assumptions about the ‘virtual machine’. Van der Veer, Tauber, Waern, and Van

Muylwijk (1985) use the concept “virtual machine” to denote that only those characteristics of the

system are relevant, that are of importance for a certain group of users and a certain task domain.

Virtual means that the machine must be seen only in respect to the defined task space, in the way in

which the machine is able to perform these tasks and in the way in which the user can specify the

delegation of tasks to the system. This inciudes the functionality of the system for the user (related

to the task domain), i .e. the semantic aspects of the interaction.

The meaning of the concept “virtual machine” in our terminology includes more than in Computer

Science literature (e.g. Tauber, 1988, focuses on the semantics of the system only). For the non-

expert user it is not evident to make a dear distinction between the user interface and the semantics,

so we need a concept for the virtuality of the total machine. We choose not to introduce a new label,

but define “virtual machine” in a broad way.

defmition:

definition:

user interface (if not indicated: in Cognitive Ergonomic sense):
the complete and correct relevant knowledge of
the combination of the user interface in the res
tncted sense and the application interface.
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definition:

virtual machine: all aspects of the machine that are relevant for a
certain user group and a certain task domain.
This is equivalent with correct conceptual
knowledge of the system of an “ ideal user” in a
certain task domain.

definition:

functionality: the semantic aspects of interaction with a system
in relation to the task domain the system is being
used for. This refers to those tasks in the domain

that may be delegated to the system and to the
system’s objects, attributes and operations used
in task delegation.

In this view for the user the interface is defined as knowledge about the virtual system (this is in

contrast to the system designer’s usual definition of the interface as the part of the system which is

vis ible to the user and/or where the action of the user is located). From the cognitive ergonomic

point of view the interface must be regarded as a whole in a conceptual sense, as the representation

of the virtual machine. At the same time it is equivalent to the concept of “knowledge state” in the

sense of Pask’s Conversation theory. Part of that representation (the user interface) is a perceptual

component of the system. It is that part that is usually considered by des igners, cf. figure 1.2.

CONCEPTUAL INTERFACE
(the virtual machine)

PERCEPTUAL INTERFACE
(actions and perceptual part

of the system and commands
given by the user)

Figure 1.2. The conceptual interface (after Van der Veer et al, 1985)

The impact of the outlined ideas for the design of human-computer interfaces is that designers

should work out a description of the virtual machine as a first specification of the system. In order to

describe the system on behalf of the user (or communicate user-relevant aspects about it on behalf of

a designer) we need the idea to represent the virtual machine in a cognitive ergonomic sense. Nor

mally a system is representeci on behalf of a designer, on levels too low (too machine-dependent and

implementation related) to be relevant to users. Norman (1983, see chapter 3 of this book) intro

duces the term of “conceptual model” to this end. The aim is to describe the system on higher 1ev-

eis, in terms of user-relevant aspects rather than in terms of implementation. Norman is rather

vague about its clefinition, but he states the conceptual model should be consistent, cohesive, and

intelligible. In his analysis it is both a tool for teaching a system, and a base for design.
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definition:

conceptual model: a communicable eidernal model of the system,

which describes the structure and behavlour of

the virtual machine.

The conceptual model is intended to be a feasible target for the intended mental model of the user

(Rohr and Tauber, 1984). The next step would be the definition of the perceptual world and the

interaction component of the interface. Chapter 7 will provide a framework for the design of the user

interface, based on this viewpoint.

2.2. Moran’s level approach to the user interface

Moran (1981) proposed a representational framework in his ‘Command Language Grammar’

(CLG). CLG aims at the description of, on the one hand, the user interface (including the func

tionality), and the intended mental representation of the user on the other hand. Moreover, Moran

applies his framework to the interaction (or the interaction language) between the user and the sys

tem. The most important aspect in the CLG is the layering of the knowledge about the system. In

his paper, Moran distinguishes 6 layers, structured into 3 pairs. For our analysis the top 4 layers

are of most importance. In fact, the lowest 2 layers are hardly treated by Moran. These indicate

aspects of a system (or of interaction) that belong to the domain of “classical” ergonomics. The 1ev-

els are in a definite order and structure. One could ask whether this structure is hierarchical. The

work of Moran is not completely dear in this respect. We interpret the situation as foliows: if a sys

tem (a user interface, or an interaction) is consistently designed, each next level will be hierarchi

cally related to the previous one (starting with task level at the top). Any element at a certain level

may be either mapped onto one element, or decomposed to several elements at the next level, and so

on. 1f, however, an interface or an interaction is badly designed, the relation between the different

levels of representation of the system may be very unclear (Tauber, in press).

Tauber (in press) shows the relevance of Moran’s level structure for a systematic approach towards

user interface design (including the functionality). Van der Veer et al. (1985) show the value of the

levels in the analysis of communication and metacommunication. In chapter 4 and 6 of the present

study we will present several cases of empirical results that show the relevance of the level analysis

for the users’ representation of systems. We will give a brief overview (mainly derived from Van der

Veer et al) of the 4 highest levels of representation, which may be used for describing the user inter

face or virtual machine, the user’s representation of this, and the interaction between the user and

the system:

a. Task level
This level concerns the actual user tasks for which the system may be used, their relations, and

the integration of subtasks to be delegated to the system and subtasks delegated to other instances

or completed by the human user (the task space). The task delegated to the computer system is

defined by an object world (containing objects, object structures and the state of the world) and a

set of operations working on the object world (producing new objects, changing the state of the

object world). For an analysis of task-decomposition and a definition of different concepts related

to task delegation to the system, see the last section of this chapter.

b. semantic level
The semantic level of the human-machine interaction is based on the task space. This consists of

the representation of the object world in the interface, the representation of the operations pro

vided by the system to manipulate the system’s object world and of the relations between the

relevant objects, and the attributes of the objects. The semantic level is the description of the



- 12 -

functions of the system with regard to the task space. Semantics may be generalised for different

systems for the same task domain or different implementations or releases of one system.

Singley and Anderson (1985) showed strong positive transfer in learning a new editor with the

same semantics as a known one. There is a problem about the relation between task level and

semantic level however. The virtual machine’s objects and their relations cannot always be con

sistently analogue to the objects and relation in the user’ s task space. 1f the system is des igned

without sufficient reflectlon upon the user’s problems in developing a mental representation, the

structure of the semantic level may be incongruous with the structure of the task level.

c. syntactic level
System objects must be indicated and system operations must be evoked by the user. This linguis

tic component of the interface is captured by the syntactic level. It defines the commands and

their meaning (procedures or operations triggered by the command), the context in which corn

mands are valid, the descriptors for the objects, the ‘state’ variables (remembered by the system

between two commands) and the organisation of the output devices. The syntactic level is

strongly system dependent. However, if one has to use different systems, negative transfer may

result if the different syntaxes are built upon different kinds of structure, or even lack any kind of

consistency. The conceptual integration of knowledge on semantic level and syntactic level too

increases if syntactic rules reflect the structure of semantics. Inconsistency between different

commands with related semantics leads to a disadvantage for the user (Green, 1984).

d. key-stroke level
(In Moran’s terminology this level is called “interaction level”, but we prefer the label “key

stroke”, since interaction is often used to denote the entire human-computer interaction inciuding

all four levels.) On this level the commands must be specified by physical actions like key-strokes

or pointing activities, followed by perceptible system behaviour (e.g. sounds to indicate “illegal”

commands, locking keys in certain contexts, changes on the screen, reaction time of the system,

attention provoking cues like blinking of screen messages). This level of the user interface is to a

certain extent (terminal) hardware dependent.

The main point of the CLG is that each task delegation is described from four viewpoints, each one

related to a separate level. Several approaches towards analysing the user interface, the user’ s

representation, or the interaction show a structure of representation that is either in certain respects

derived from Moran’s approach (Card, Moran and Neweli’s key-stroke Level model and GOMS,

1983; Tauber’s ETAG, 1988; Kieras and Polson, 1985), or related to it (e.g. TAG, Payne and

Green, 1986). Green, Schiele and Payne (1988) provide an overview and propose a structure for

these types of representation methods.

3. Metacommunication

The main function of the user interface is to enable communication between the user and the system

on the tasks delegated to the system. As long as the user understands what is going on and feels

competent in his interaction, and the system is able to interpret the transactions initiated by the user,

the communication is successful. However, in most cases of human-computer interaction situations

will occasionally arise, in which one of the actors needs additional information, in order to continue

communication. Sometimes the user does not know how to express his intentions in a way that will

be accepted by the machine, or has doubts on how to interpret the system state, or wonders what

possibilities for continuation are available. Especially for novice users and occasional users this will

often be the case, and may even prevent the user from starting or continuing to use the system, until

more information is collected.

Alternatively, the system may detect incompleteness, ambiguity, or impossibilities to react on the

user’s actions. In this second type of interaction problem, the designer may have foreseen the situa

tion and des igned a remedial device.
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A third occasion for the need of extra information arises when both actors interpret the same situa

tion as a case in which the other actor is the one to make the next move (an “interactive deadlock”),

a situation in which interaction may be discontinued for quite some time until the user detects a pos

sible problem.

In all three types of situations indicated above, the solution is to be found in making available

relevant information for the user, and often in initiating communication on the interaction problems

between the user and the system. For these remedial forms of communication, we apply the general

concept of “metacommunication”.

Metacommunication refers to all activities aiming at communication about the man-machine interac

tion. The content of metacommunication is based on the comparison between the mental model and

the conceptual model of the system (Tauber, 1985; Waern, 1986). Examples of the purpose of

metacommunication are: to introduce a novice user to the system, to handle failures caused by the

user, to give reminders about system functions and commands, to inform the user about the current

state of the system, to give process history, or to give users the possibility to change the state of the

system.

3.1. Locus of metacommunication

Metacommunication activities can take place both outside the system and within the system.

Metacommunication outside the system consists of dovumentation about the system, educational pro

grams about the system, and the consultation of experts. Metacommunication within the system

consists of the system’s help and error messages, possibly as part of the learning environment a sys

tem provides.

In designing nietacommunication we must consider which medium may be most suitable for different

kinds of metacommunication. We must also deelde when to give metacommunication and how It

should be formulated (Van der Veer, Tauber, Waern, and Van Muylwijk, 1985). There is a consid

erable difference between the metacommunication to be handled outside and the kind to be handled

within the system.

a. metacommunication outside the system

Some types of metacommunication are most effectively carried out outside the system, by provid

ing documentation, by the availability of experts, or by teaching. For novice users there are eer-

tam topics that require such information sources. They need some knowledge to start with,

lacluding information on the kind of tasks to be delegated to the system, the kind of semantics

available for task delegation, and some vital information on the interaction, like how to enter and

exit the system, and how to consult the on-line help facilities.

A teacher or a manual may explain the different possibilities in interaction and in strategies,

stressing the relation to personal styles and preferences and to the amount of experience (e.g. to

the choice between menu and command mode).

Depending on the complexity of the system, and on the novices’ characteristics like experience

with other systems and learning styles, they might profit more from continued metacommunica

tion off-line, or alternatively start to explore the system, focusing on the detailed structure of the

system semantics, and the practice of syntax and key-stroke conventions. In chapter 4 we will

report experience with this type of metacommunication outside the system, describing some

courses des igned especially for the purpose, incorporating phases of on-line exploration.

b. metacommunication within the system

Some kinds of metacommunication may be efficiently handled within the system. Especially in

the case of sudden interaction problems the source of metacommunication needs to be at hand,
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and the system designer has the task to provide an adequate facility. In other circumstances the

system might well be the instance best suited for some types of metacommunication because of its

information processing capacities. This might, for instance, be the case when adequate help

depends on an analysis of the users’ actual attempts at solving a particular problem. Here it

might be difficult for a human adviser to follow a user’s sequence of commands, resuits, back

tracking and new attempts. A system may keep a ‘log’ of the user’s interactions, enabling the

application of “intelligent” diagnostic agents and related help modules (see chapter 7) to give

advice on the basis of the user’s failure to cope with the system’s peculiarities.

The self-explanatory facilities within existing systems, however, often show weak points. Help

facilities consisting of long lists of commands are not really helpful, not to mention messages that

are meaningless for a non-expert user, such as “fatal error in line 17” or “open mode”. What a

user might want is the possibility to indicate a goal and get a list of the existing methods to attain

that goal. Help facilities should thus be selective. Also, very few help facilities at present ack

nowledge that users may need help at different levels, as illustrated in one of the next sections.

Most help is directed towards syntax and key-strokes. Even there some very highly needed help

facilities are often missing, such as an “undo” facility or information about the present state of

the system (Nievergelt and Ventura, 1983).

In theory it would be possible to design a tailor made interface for every user, taking into

account his personal style and competence. In reality this would never be feasible, even if we

could classify users into a small number of relatively homogeneous groups. First of all users will

change in knowledge and competence. Secondly in all situations in which a system is not

literally a ‘personal’ computer, facilities would have to be multiplied in number. Allocation of

different systems to different users according to their style or personality is no realistic solution

in open shop situations, although it may be feasible in educational settings.

Metacommunication is a way to overcome interaction problems, and to help users develop an

adequate mental model. Metacommunication may be adaptive, providing different users with a

choice of help facilities, from global to specific, taking into account the “level” at which the diffi

culty is primarily located. The variability to be expected among users may be taken into account

in the design of this type of metacommunication. Users may be allowed to ask for examples or

explanation or just an overview of possibilities. Error messages might adapt to the level at which

the error arises, taking into account the apparent amount of expertise of the user (e.g. with the

help of a record of previous errors by this same user), offering a choice of detailed explanation

in case the user might expect to profit from this.

There are different possibilities to construct system metacommunication based on individual

differences. The user interface is the agent for dealing with this type of metacommunication. In

chapter 7 we will elaborate a framework for user interface architecture. This illustrates an

approach to the design of on-line metacommunication which may be adaptive, both to actual

interaction problems, and to differences between users.

3.2. Initiative for metacommunication

This aspect is relevant mainly for system metacommunication. This type of metacommunication

interrupts the “normal” interaction on the delegation of tasks. So we have to consider whether the

intervention should be active or passive. An active intervention prevents and guides, whereas a pas

sive is available on request only. Since users most probably differ in their acceptance of intervention

and needs for help, it may be necessary to enable the user to switch from active to passive or vice

versa, according to his cognitive style or personality.
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3.3. Metacommunication for different conununication levels

Metacommunication can be related to each of the different levels of the user interface, suggested by

Moran (1981). The content of metacommunication will differ depending upon the level concerned.

Different users’ requirements on metacommunication may differ too, depending upon the level. We

will therefore elaborate on the characteristics of different kinds of metacommunication at the dif

ferent levels.

a. task level
A so called “end user” always regards a computer system as a tool to perform a task. This

means that a user does not want a list of system functions only, but also needs to know how these

functions can be used in task delegation. The decomposition of the user’ s tasks to subtasks that

may be delegated to the machine on the one hand, and events of users’ decisions, judgements,

evaluations on the other hand, is the first type of knowledge a novice user should be able to

acquire. It seems most feasible to explain the task features of a system outside the system itself,

in forms of “traditional” teaching or in well designed documentation (in which case it is often

better to have a specialist in the task domain concerned assist in the composition of the documen

tation).

b. semantic level
The semantic level of the system refers to those functions which the system actually performs.

Hete the metacommunication concerns the functionality of the system, i.e. the system objects

and their attributes, and the operations provided on the object world. The user should be able to

collect information on how to operate the object world in order to delegate a certain task, and on

the effect of any operation on the object world. System answers may take the following form,

e.g.: “if you want to achieve x, then use the following functions of the system:...”. Or: “in

order to use function y, check that condition x is fulfihled”. The user interface may provide this

type of information from a representation of the virtual machine, build in to the interface.

Metacommunication outside the system could be designed from the same representation.

But apart from this kind of information, concerning the virtual machine in general, users might

want information regarding the actual state of the system during interaction, like the value of cer

tam attributes of objects, the existence of certain instances, and the relation between certain

object instances. In order to provide this information, the interface has to be designed in such a

way as to preserve a history of transactions.

It seems feasible to design facilities for help messages at this level within the system. Error mes

sages at this level sometimes require the inference of the user’s intention on sequences of basic

tasks, derived from log-information at key-stroke level. Chapter 4 will give some examples of

representation of semantics outside the system, for educational purposes, in chapter 7 we will

give an indication on how to design modules for on-line metacommunication at this level.

c. syntactic level
Metacommunication as to the syntactic level refers to how the user should understand the

required syntax of commands as well as how to refer to the different elements in a “command

sentence” (like indicating the object or objects the command has to act on, specifying the opera

tion, indicating attribute values). Depending on the interaction style (command language, form

filling, menu, direct manipulation, or a mixture of these) referencing the different elements may

have a different order (in commands, the operation mostly goes first, in direct manipulation the

object to be manipulated is indicated before the operation), or the order is free (in form filling

interfaces). The syntax of commands refers to the order of arguments as well as to the number of

arguments, the use of delimiters such as blanks, points, slashes etc.
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Wright (1981) shows that people are rather bad at reading and using written instructions at this

level. This might be due to the fact that it is difficult to write comprehensible manuals for all

users and user purposes (Wright, 1984). Instruction on syntax may be given by a teacher, but

for complicated systems a lot of practice will be needed. It is thus possible that questions about

syntax have to be answered by interactive help or error handling.

Problems with syntax may be the most common problems during interaction for novices. Syntax

often requires attention to details and rote memory of several seemingly unrelated pieces of infor

mation. People have limited capacity both regarding attention and rote memory.

d. The key-stroke level
The last and most detailed level of metacommunication concerns the actual physical behaviour of

the system and the user. At this point there are many details which the user must recognise and

where metacommunication may be helpful. The user needs to know how to select an item from a

menu (by using a sequence of presses of cursor keys followed by hitting the “enter” key, or by

consciously pressing a cursor key before “enter, or by pointing and clicking with a “mouse”). At

this level teaching without hands-on experience would require a lot of imagination from novice

users. Details seem to be best learned by doing.

In some cases the actual performance will show what is wrong. Like holding a single keyyyyyy

pressed longer than a fraction of a second. In other cases explicit help or system messages are

the only way to communicate about the interactive restrictions. This is the case for instance when

the system takes a long time to perform a certain action. The user easily gets impatient if he does

not know that the system is busy, and may infer the action is already completed, or, alternatively,

the system refused his command or did not understand his intentions. Indications of the need for

the user to wait are incorporated in many modern user interfaces that take the user into account.

When the output from the system is concerned metacommunication may for example indicate

where to look to find the result, by the application of colour cues, by blinking or “inverse video”,

or by providing a fixed location on the sereen for system messages that are crucial for the con

tinuation of interaction. This will be the more important if multi-windowing systems are being

used, which may really be a burden to the attention span of the user.

4. Some methodological problems

In the next chapters we will illustrate our approach with several types of empirical studies. Many of

our observations and of our data are collected in situations in which we wanted users to behave as in

real life situations. That is, we studied situations where the application of the computer was for the

sake of some task, not for learning the working of the computer system as such, or where the learn

ing of the computer system took place as part of “normal” education (as part of a regular school cur

riculum or as part of industrial training). These kinds of empirical studies often cannot be viewed as

experimental situations, and much of experimental control measures are impossible to be taken.

Moreover, we are interested in the users’ mental representations of a system, and this presents us

with additional methodological problems.

We consider it of vital importance to perform field studies, and especially in the case of some studies

reported in chapters 4 and 6, there would be not much choice for the collection of such type of data.

Black and Moran (1982) point to the fact that the resuits of research in the field of learning in the

case of human-computer interaction are strongly dependent upon the experimental situation and the

representativity of the tasks. They suggest all experimental results should “be checked in more realis

tic situations”. This section is directed to the special methodological problems that accompany this

kind of real life oriented research.
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In our field studies we start from a well known situation: a group of students receiving class teaching

about a certain human computer system. When novices are introduced to a computer application we

may distinguish two groups of “relevant” variables:

- individual differences between students or novice users,

- content of the education and teaching strategy.

The “dependent” variables in our fleld studies will be derived from the purpose for which the course

or education is designed,

- the introduction or the consolidation of skills and knowledge.

In relation to the three clusters of variables mentioned we will analyse the special character of

research in this kind of real life situations.

a. the novice user
In contrast to experimental research, in field studies on learning the student starts with definite

objectives. These may be derived from the general curriculum the student has chosen or is

appointed to by his employer, or from the intention the student has with the course may be

entirely defined by himself. So his motivation may be intrinsic or extrinsic (very often it will be

a mixture between obligation and real interest), but anyway the participation in an investigation is

only a side-issue. The student may agree, as long as he does not have the idea it interferes with

his learning, and he will be prepared to invest only a limited amount of time. Some participants

in a course are not willing to cooperate in a research project. Students should never get the idea

that a refusal to participate in an investigation would influences the attitude of the teacher

towards them, or in any way would effect their opportunities to profit from the teaching.

It is possible to include only certain sub-categories of novices in the study, provided there is an

opportunity to measure the variables on which one wishes to select these groups. In that case the

best strategy is to treat all students alike, and let nobody know that his behaviour is of no impor

lance to the observer, or that he is one of the few to be paid special attention to. With adult stu

dents it is mostly impossible to hide the fact that investigations are made. Of course some data

might be collected unobtrusively by recording the protocol of the human-computer interaction

inside the system, but designing the total study in this way, apart from ethical considerations,

will considerably limit the researcher in his possibilities to determine individual differences and

interactions in other respects than the terminal handling proper. Some individual differences are

really important variables in relation to learning about certain kinds of computer systems. These

variables have to be measured, for which we need the cooperation of the students both to invest

their time, and to take part in interviews, tests or experiments.

b. the teacher and his teaching
Nearly every teacher who is prepared to participate in this kind of investigations, will develop cer

tam expectations: the researcher is an expert on the subject of learning (at least in the view of the

teacher), and he has to be prepared to cliscuss the outline of the course (in fact he cannot omit

this, in order to design his study). The teacher will expect at least some powerful ideas to

improve his teaching strategy. Apart from the risk one takes in trying to come up to these expec

tations given the present state of the art, this kind of intervention may be incompatible to the

principle of the fleld study, if we intend to observe the phenomena in their natural setting,

inciuding a teacher who feels and is responsible for the teaching.

The measurements we wish to take are not allowed to take too much time, and we will constantly

have to adapt to ad hoc decisions of the teacher. Actually this means that planned occasions to

administer a test will be changed, because the teacher has to react to an unexpected delay, has to

insert remedial teaching or discovers that the students are faster in their work than he had
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expected. The order of the subject matter to be treated may be radically changed depending upon

the learning behaviour of the students. In the examples we will report, these kinds of changes

sometimes resulted in the loss of part of the Post test scores.

c. measurement of the “dependent” variables

The dependent variables in a field study are measurements indicating what has been gained as

result of the teaching. What kind of measurements have to be made is dependent on the goal of

the education. In measuring the knowledge that results from the course Moran’s distinction of

levels will be relevant: when the aim is to acquire an overview of a new system, knowledge at

task level and at semantic level is most important; when the aim is to educate users to become

experts on a system, the syntax level too is important. 1f the task of a user is to operate a termi

nal under supervision of an expert, key-stroke level and syntax level are most important.

1f education aims at increasing skill, measurements should cover speed and number of errors.

All measurements treated so far may quite naturally be part of an end test for a course.

In evaluating the intended changes in the cognitive system of the novice user we encounter the

problem of the observability of mental representations. Norman (1983) mentions “the scientist’ s

conceptualisation of the mental model”. In chapter 5 we will present our solution, consisting of

retrospective interviews and a “teach-back method” (asking the student to express for someone

else an overview of what he has just learned). This kind of measurement will, in most cases, take

place outside the scope of the course proper, asking for some extra time of the students.

Other dependent variables that may be of interest regard transfer of the knowledge and strategies

acquired: to other systems, to other levels of the conceptual modeL, and to a later phase in the

use of the system.

5. Task-related concepts

In Cognitive Ergonoinics, the focus of study is the interaction between a user and an information

processing system. Users interact with a system in order to accomplish certain tasks. So the concept

of task is a crucial one in studies on human-computer interaction. But the terminology used by dif

ferent authors is rather diverse, and definitions are not always present. When the performance of a

task is actually shared between the user and a machine, other concepts have to be applied, indicating

the single actions or units of behaviour of user and machine.

Starting from the point of view of the user, in many cases the computer is merely a tool for perform

ing tasks the user is interested in. This situation will be encountered if the computer is used as a

professional tool (e . g. for clerical employees, secretaries, process controllers, counter-clerks), as a

tool in education (here we aim at computer assisted instruction or in computer simulation; but not in

the case of education in computing), or as a tool in recreative situations (bookkeeping of a club,

database of cooking recipes). In that case the task of using the computer or of learning to us the

computer is not the primary concern of the user, although It is part of the complex of tasks he has to

perform.

definition:

primary task: a task the user wishes to perform, independent

of the specific characteristics of the tools he will

use.
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definition:

secondary task: an additional task derived from the application

of a specific tool (e.g. a computer system) in the
course of performing a primary task.

The primary tasks users want to perform vary in the degree of complexity. Sebilotte (1988) shows

the hierarchical character of primary tasks. In her analysis she indicates users normally are able to

decompose complex tasks in subsequent levels of refinement, until reach a level where they are

reluctant or even seemingly unable to decompose a task-element any further. Examples from Sebi

lotte are: sign a letter, mark a date, write down a name. Subtasks of this amount of detail are related

to the single commands available in computer systems. But, in most cases, they are not (always)

identical, and often for good reasons. Computer systems should be designed to be both usable (fit to

the users’ tasks) and learnable (contain not too many different commands - cf. Norman’s remarks on

the parsimonious mental model, referred to in chapter 3 of this volume).

Card, Moran, and Neweil (1983) introduce the concept of unit task, indicating the smallest task con

sidered by the user in planning his interaction with the computer (e.g. delete a certain word in a

sentence). Most often, the user has to perform several actions al the machine in order to perform

this task (e.g. locate the word, transport the cursor to this word, delete a row or characters).

According to Card et al. unit tasks can be detected by recording the pauses in the interaction. A

sequence of events between pauses is considered to indicate a single unit task. Bul this indication is

not vaild in cases where the character of the application requires some time-consuming actions in the

course of a unit task (like counting, reading, locating an element on a display full of elements).

definition:

user’s unit task: elementary primary task that may not be decom
posed into other primary tasks.

The actual unit tasks in a certain task-domain may vary between individual users. Some may be

interested in decomposing a task that is a unit task for other users. Still, an analysis of the type pro

poseci by Sebilotte seems to indicate a fair amount of generality among users of a homogeneous

group (e. g. secretaries of a certain level of expertise). In the terminology of Moran, unit tasks are

part of the descrjption al task level.

The system provides opportunities for users to delegate certain activities to the system. These, too,

may be considered tasks, but they will not always have to be pendants of user’ s unit tasks. Tasks that

may be delegated by a single command or equivalent user action will be called basic tasks (Tauber,

1988). In fact basic tasks are the only tasks which users can delegate to the system. Unit tasks that

can not be decomposed into basic tasks, cannot be delegated to the system.

definition:

system’s basic task: a task for which the system provides a sin

gle command or equivalent unit of delega
don.

Basic tasks are part of the system’s semantics. Examples of basic tasks are the display of the content

of a text file, the deletion of a directory, the copying of a file. The execution of a basic task is always

related to one or more events or to a state change. In delegating basic tasks, the actual user

behaviour may be decomposed into further detail. In order to issue a basic task, the user has to
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perform sequences of actions (prescribed by the syntax of the system), like indicating the action,

indicating the object or objects concerned, indicating the value of attributes. For the basic tasks just

mentioned, examples of possible decomposition into actions are:

basic task:
display the content of a file

actions:
indicate file name;
indicate operation “display”.

basic task:
delete a directory

actions:
indicate directory name;
indicate operation “delete”.

basic task:
copy a file

actions:
indicate name of source file;
indicate operation “copy”;

indicate name of new file.

All of these actions may be intermingled by reactions of the system (e.g. system prompts, a sound

signal indicating an input-error).

definition:

action: a single action performed by the user at the com

puter, that is not decomposable in parts that

have separate syntactic meaning.

Actions as such may be decomposed further: indicating an object might include typing the name of

the object (i.e. typing a string of characters) or, in another type of interface, pointing to a labeled

icon with the help of a mouse and clicking the mouse button. The elements in which the action is

decomposed, however, do not have a separate syntactic meaning in the sense of Moran (1981).

defmition:

reaction: a single syntax unut issued from the machine.

Reaction is a label to indicate system prompts and system actions that occur as a single event in

which the user is not able to influence the action without interrupting the system, thereby destroying

the original system action.

definition:

transaction: any action or reaction.

“Transaction” is a label to indicate a single element of interaction at syntax level, either an action or

a reaction.
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Chapter 2. INDIVIDUAL DIFFERENCES AND THE USER

INTERFACE

This chapter is a revised version of a paper published in Ergonomics (Van der Veer, 1989a). Atten

tion to individual differences in cognitive functions is relevant in mtroducing novices to computing.

The interaction between the user and the computer may be improved if these psychological charac

teristics are taken into account in the design of the user interface and in the design of introductory

courses. In section 1 an analysis will be made of individual differences and of the possibilities of

adaptation. The user interface will be described as an opportunity for adaptation. Methods of adapta

tion will be systematically related to the changeability of individuaL clifferences.

Illustrated by an overview of previous experimental work, some principles of adaptation will be

demonstrated in relation to individual differences on variables that are relevant in human-computer

interaction. Prior knowledge of mathematics has been shown to be related to success and failure in

learning a programming language, and to motivation for using computers. In section 2 ways to

prevent the course drop-out rate by structuring the teaching method are illustrated. Strategies of

information processing in the user interface, in relation to metacommunication and teaching, will be

described in section 3 as another example of an individual difference variable that may be attended to

in teaching, resulting in reduction of problem solving time. Some cognitive styles are related to suc

cess in programming. The choice of adequate educational examples may improve programming

habits, as will be illustrated in section 4.

1. Introduction

This chapter illustrates the appilcation of cognitive psychological notions to the field of human-

computer interaction. The psychological viewpoint for the examples is the way in which individu al

users of computer systems differ.

1.1. Changeability of user characteristics

Research into the possibilities of adapting interfaces and modes of interaction to individual users has

produced various resuits. At least part of these phenomena seem to be due to the fact that some per

sonality characteristics are easy to adapt to whulst others require educators to invest a lot of time and

effort in producing minor effects. Some traits even seem to resist any influence from the outside

world. In order to structure these observations, Van der Veer and Van Muylwijk (1984) introduced

a model of changeability of cognitive functions, illustrated in figure 2. 1.
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stable, resistant mainly determined by

to change influences from the outside world

personal

personality knowledge

factors: cognitive styles: strategies: structure:

Intelligence Field Heuristic/ Episodic

Extroversion/ (in)dependence systematic memory

introversion Visual/verbal Semantic

Fear of failure Operation/ Serialist/ representation

Creativity(?) comprehension holist Ru les

learning Skills

Figure 2. 1 .Dimension of changeability

The dimension of changeability represents an indication of the ease with which cognitive functions

may be changed. On the extreme left, personality factors such as intelligence,

introversion/extroversion and negative fear of failure are located. These are generally considered to

be stable features. It seems impossible, or at least very difficult, to change them without spending

years of education. Insofar as such stable personality traits influence the learning process, it is obvi

ous that adaptation of the learning environment is necessary. In the traditional educational situation,

organised by levels of ability, only intelligence has been treated in this way.

At the extreme right hand side, knowledge and skills are positioned. Production rules, schemas and

semantic nets are the result of influences of the environment and education (external conditions) in

combination with more stable personality characteristics (internal conditions). In this model any

cognitive faculty at the right hand side is determined by qualities that are more to the left, in combi

nation with outside influences. The development and adaptation of knowledge structures and stra

tegies are feasible short-term goals for education, provided individual differences in styles and abili

ties are taken into account.

In the middie of the dimension of changeability is the domain of cognitive styles such as the problem

solving styles elaborated by Pask (1 976a), and the domain of strategies like the search strategies

described by Beishuizen (1986) or the distinction serialism - holism. Strategies are conceived as

domain-specific and adjustable, cognitive styles as rather stable products of talent, education and

experience.

1.2. The user interface

A centra! aspect of designing a human-machine system is the definition and construction of the user

interface. 1f the computer is used as a tool for performing a set of well defined tasks, only certain

characteristics of the system are relevant. The concept “virtual machine”, introduced in the previ

ous chapter, denotes that the machine must be seen only in respect to the defined task space, in the

way in which the machine is able to perform these tasks and in the way in which the user can corn

municate with the system on the delegation of tasks.

In this view the user interface is defined as the relevant knowledge about the virtual system (this is

in contrast to the usual definition of the interface as the part of the system which is visible to the

user and/or where the action of the user is located). The language used by the user and the machine
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in communication about the delegation of the tasks is part of the user interface, as is the communica

tion between the user and the system about the interaction (i e. “metacommunication”, e. g. help

facilities, on-line coaching and error messages).

1.3. Adaptation

Adaptation in human-computer interaction is directed at adjustment to individual differences.

Optimal interaction is only to be expected if the user interface (inciuding the metacommunication)

closely matches the characteristics of the user and takes the user’s limitations into account. There

are situations in whkh matching is impossible, since the abiities needed to perform a certain task

are beyond an individual’ s potentialities. Selection of users (possibly self-selection) is the only way to

solve this problem. Matching means tuning the system and the user to each other. This process

may take two different directions:

a. Adaptation may take the form of an educational activity, taking care of individual differences

between users, their special wishes, abilities and pröblems, aimed at changing the human partner

and at improvement of the individual’s possibilities. In this way most users will have a fair

chance to learn to manage the system. This educational process, however, will demand a lot of

effort from the teacher or the teaching device.

b. The interface may react to the individual user in a flexible way. The designer will have to accept

the fact that the mode and quality of interaction will not be of a uniform nature for different

users. The resulting knowledge and skills will differ. The system may be constructed with a

built-in model of the user, adjusting in a flexible way to individual user behaviour. Systems may

be helpful in offering help, undo and renaming facilities, as well as documentation, and may be

tolerant and offer users a choice of interaction formats.

Often the optima 1 situation combines elements of both. The most successful way of adaptation is

determined by the possibilities and desirability of changing the user’ s characteristics and by require

ments of the task for which the computer will be used.

2. Mathematical background and learning to program

Learning a programming language is an example of human-computer interaction in which different

domains of variables interact. Striking differences are reported between subjects, often leading to

high drop Out ratios for courses in computer languages (Coombs, Gibson and Alty, 1981; De Hoog,

1985; Borgman, 1986). Characteristics of programming languages are a second source of variation.

2.1. Learning a simple language

Van der Veer and Ottevangers (1976) report a smail-scale study on the learning of a simple

language, constructed for experimental purposes. The language combines the simplicity of a syntax

similar to BASIC with some structural features reminiscent of PASCAL. It can only bé applied to

solve problems in mathematics, and it was designed to be used as part of an experimental curriculum

in secondary education. A lack of training in symbol manipulation and in the use of formal notation

on the part of the students had to be taken into account. Requirements were developed to which the

language had to comply as closely as possible. This list of requirements is, in itself, incomplete, and

there is no unique way to derive a language from it.

The university students who learned this language, differed in secondary school mathematical back-

ground. We expected learning difficulties for students without mathematics (we call them “non

maths”). These students, in fact, learned as quickly as students with some years of mathematical

education (henceforth called “maths”), although their programming strategy differed (non-maths

used abbreviations and single character identifiers, maths wrote “readable” programs). They

reported the task to be much more difficult and claimecl they learned only tricks, which could hardly

be applicable in other situations. The maths thought they had learned new ways to solve problems,
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and found this an easy experience. A dear distinction in behaviour and self report can be made

between those non-math students, who gained good marks on an introductory course in mathematics

(we called these “non-math+”) and those non-math students, who did not (“non-math-”). In table

2.1. an overview is presented of differences between groups, expressed in terms of the number of

students that made a certain remark or exhibited a certain behaviour.

group
(4 students each) non-math- non-math + math

prior experience littie training littie training experienced

bad resuits good resuits

solution time no difference between the three groups

self report:
difficulties 4 0 1

positive judgement 3 4 3

“interesting” 3 3 3

“more than tricks” 1 4 3

applicable in the future 1 3 3

programming style:
meaningful
identifiers

all 1 3 1

some 0 1 3

quick abbreviations 4 1 1

Table 2.1. Number of students in each group from which self report or programming behaviour was

recorded (Van der Veer and Ottevangers, 1976)

The resuits indicated some non-math- students have a preconceived opinion: “programming is related

to mathematics; the notation should be abstract and meaningless”. They behaved in a way which

conformed with their own expectations. In coding, they applied meaningless identifiers and abbrevi

ations and in this way decreased the readability of their products. Rohr (personal communication) in

experiments where novices were offered (pseudo) natural language interfaces, asked students why

they communicated to the interface in a non-natural pseudo “robot” language. Her students

explained that they expected the computer to understand this type of language more easily.

Apparently an aspect of these students’ mental model of a computer is a “non-human” or

incomprehensible way of communication. On the other hand, our math students aimed at writing

programs that are understandable, working with meaningful names when needed. The correspon

dence between the program and a verbal description of a process, and therefore the transparency of

the constructed algorithm, benefited. These same students stated that they had learned new ways to

attack problems. Our conclusion is that novices should be dissuaded from using abbreviations and

that one cannot put too much emphasis on using meaningful identifiers.
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2.2. Structured diagrams

The resuits of the foregoing experiment as well as other studies not reported here (Van der Veer and
Van de Wolde, 1983a) pointed to problems in learning a programming language for students without

a mathematical background. This led to the expectation that forma! symbolic notation and abstract

verbal problem solving tools are a handicap for novices without adequate mathematical education.
This expectation indicates a serious problem, since the application of computers has spread to many

task domains where the users lack any specialist education. But even for these casual users, many

applications provide, and even elicit, the possibility of writing simple programs or macros including
control structures Like loops and conditional choices. Graphical programming tools might be a solu
tion for this problem, enabling the program to be represented by graphical symbols defining the

structure of an algorithm. The objects and actions are verbally described. In our study we investi

gated a notation based on the structured diagrams developed by Nassi and Shneiderman (1973), a

rather exact method of notation, enabling an unambiguous translation to a diversity of higher order

programming languages. This language lacks the superficial resemblance with mathematical formal

ism and provokes the use of a quasi natura! language without allowing the novice user to indulge in

ambiguous structures.

For our experiments (Van der Veer, Van Beek and Cruts, 1987) a language was defined consisting
of elements that could be nested inside each other, and drawn serially underneath each other. They
represent the basic programming principles (Ackerman and Stelovsky, 1987) of sequence (serial cxe

cution of segments of the a!gorithm), selection (branching on the basis of a condition) and iteration

(repetition with a condition for termination). Recursion was deliberately left Out of the study, since it

would complicate the graphical notations considerably.

until end of queue until end of queue

unti! missionary \.issionary /‘

send to Y\.,/” no
deck C

— send to send to
deck M deck C

until cannibal

send to
deck M

nested iteration selection within iteration

Figure 2.2.Two alternative solutions for a ferry-boat version of the missionaries and cannibals prob
lem

Our main focus was on a class of problems that may be solved with alternative solutions, based on
either selection or iteration (see figure 2.2). This is the case if two actions interchange, depending
on a condition. In a selection algorithm, before every action the dependence of the choice on the

condition is explicitly indicated. The iteration algorithm, on the other hand, is based on the method
of repeating the same action as long as a condition remains to be true.

For these prob!ems the experimental language offers a freedom of choice. Our students had to solve
the problems by programming a solution a!gorithm. The “natura!” solution algorithms depend on
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the mental model the student develop of the process that they have to program with the help of the
graphical language.

2.2.1. First experunent

The expectation is that the difference in the time needed to learn a programming language, in atti
tudes towards programming, and in programming behaviour, between non-math students and math
students will vanish if students are confronted with structured diagrams as a programming notation.

Three subjects out of a sample of 28 failed to complete the first criterion problem, even after three
trials, and had to be left out for that reason. All three were non-maths. For the remaining group,
mathematical background had a significant effect on the learning phase: math students learned more
quickly than non-math students (the difference exceeded 20 %). In the additional problems the
difference disappeared. In this experiment the disadvantage of non-math education cannot be blamed
on the formu la-like notation, as was the case in the foregoing study. Even with structured diagrams
and a meaningful verbal indication of the actions and control structures, non-maths needed more
time.

After the experiment the students filled in a short questionnaire. The questiGns were intended to col
lect the same kind of information as we had collected in the interview in the study reported in 2.1.:
difficulties, motivation, usefulness and learning resuits. All students called it a pleasant experience.
Difficulties were mentioned by eight students, mainly at the beginning of the learning phase, all oth
ers denied difficulties. To the question about what the students thought they had learned, nearly all
mentioned logical analysis or reasoning, or systematic and schematic thinking. A few mentioned
programming, and one denied having learned anything (“1 already think logically”). Fifteen students
thought this method of notation could be of future use, six of them related this to programming or
working with computers, and one mentioned using it to explain complex structures to others.

Contrary to the resuits of the previous study, there was no relation between these answers and
mathematical background. With this kind of graphical representation of algorithms, non-maths no
longer reported the experience to be difficult, and they no longer thought they had only learned
some tricks, nor did they systematically doubt the usefulness of this method of problem solving.

2.2.2. Second experiment

The basic design of this experiment was identical to the foregoing. The notation of standard phrases
for conditions in the diagrams was made more dear (e.g. “repeat until missionary” instead of “until
missionary” for the iteration condition, “miss ionary?” instead of “missionary” for the condition in
the selection, see figure 2.2).

The results of the first experiment are somewhat confounded by the fact that some non-math students
failed in the learning phase, so their data were not available for statistics on learning time and on
performance on additional problems. In order to avoid the risk of again having to omit students
because of failure during the learning phase, the criteria for the last learning exercises were
lowered. After two consecutive erroneous trials the correct solution was explained to the student.

In the previous experiment we did not succeed in removing the disadvantages for non-math students.
A post hoc analysis of the instructional text revealed the use of phrases that might frighten students
with fear of mathematics, like “symbolic programming language”, “increase x with 1”, “until x=y”.
This kind of language was removed or replaced by sentences like “first add one to the number you
have in mmd”, and the students were reassured that knowledge of mathematics or programming was
not necessary for this experiment.
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The changes in design were apparently successful: of 27 students not one failed. The measures we

took in order to assist non-math students did not result in disappearance of the difference between

the two groups. Both in the learning phase and in the additional problems non-maths needed signifi

cantly more time for the problem solving process (15 % and 60 %) than did maths.

The same questionnaires were presented to the students as in the previous experiment. Again all stu

dents reported a positive experience. Two called the whole experiment difficult, 15 mentioned diffi

culties in the first part of the learning phase, the remaining 10 denied having had any difficuLty. The

students reported that they had learned logical thinking (mentioned in some way 16 times),

schematic thinking (9 times) or methods of analysis (6); 22 thought the structured diagrams would

be useful in future situations, but only a few mentioned computers. Only two students thought they

had learned nothing. As in experiment 1 we found no relation to mathematical background.

Comparison of the outcome of the second experiment to the first one revealed that the changes in

instruction, aimed at removing associations to mathematical subject matter and the introduction of a

more meaningful notation, apparently resulted in a general decrease in the time needed to solve the

criterion problems. Even math students profited from this, although they now made considerable

more errors during initial learning. This is difficult to interpret: maybe a hint of mathematical nota

tion is in some cases a better guide for these students, than a verbal description.

2.3. Evaluation

The resuits of the experiments on programming languages are valid only for real novices in pro—

gramming. We did not succeed in presenting a way to enable students without mathematical back-

ground to learn a programming language as quickly as students with some experience in mathemat

ics. Even structured diagrams made some extra difficulties evident for non-math students (compared

with their colleagues), although we apparently succeeded in removing some frightening aspects from

programming present with the use of the traditional abstract-verbaL programming languages. The

results of the interviews show that non-maths no longer thought they had failed to learn anything,

nor is the experience generally one of difficulty, as compared to the students of the study reported in

2.1.

The fact that we prevented non-math students from dropping Out during the experiment, by changing

the instructional strategy, is related to the observation that the difference continued to be present

after initial Learning. We will have to accept the possibility of a permanent difference in abiLity

between populations of students with and without mathematical education. In future studies we will

investigate the interaction between stable characteristics such as general intelligence and spatial abu

ity, and environmental effects of education, in relation to the learning of a programming language.

We expect that, although the educational effects may be compensated for by careful teaching of how

to program, the ability components will continue to influence programming behaviour.

An analysis of test data collected some months after the experiments from the subjects of both experi

ments referred to in 2.2, showed the intelligence components abstract-verbal reasoning and spatial

ability both to be significant determinants of solution time of the programming exercises and of

number of errors. These components, moreover, correlate significantly with mathematical back-

ground. The subjects who failed in the first experimental group especially got lower scores than their

more successful colleagues.
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3. Strategies of information processing

3.1. Searching strategies and coaching

The application of database systems is a relatively new form of computer use, which has already

found its way into educational settings. Beishuizen (1 984a) performed studies in secondary educa

tion on search strategies that students spontaneously developed. Working with a relatively simple sys

tem, students had the opportunity to isolate sets of records from the database with the help of key

words, and to combine sets with the help of logical operations.

Some students tended to start building a collection of separate sets with the help of keywords only,

that would, in a second phase, be combined by the application of the operations. Others preferred to

immediately combine newly defined sets with the foregoing set, successively restricting the number

of goal records right from the start of the search process.

In the experimental database system a computer-coach was developed, that guided the users to be

consistent with a model of the user (derived by calculating statistics from prior behaviour of the mdi

vidual user on a comparable database for a different domain) incorporated in the user interface. The

coach tended to suggest either the use of a list of keywords to define separate sets first, or the appli

cation of logical operations to combine sets as soon as possible. These suggestions were presented if

a user deviated from the strategy that the system expected to be used, according to the model that the

system applied for the individual user. The user, however, was always free to ignore these hints.

After the preferred strategy of 90 secondary school students was experimentally established,

Beishuizen allocated half of them to an interface that applied a model of the user that was in accor

dance with this preferred strategy. The other half were not coached. Although both strategies in

general tended to result in comparable performance on criterion tasks, matched coaching signifi

cantly increased the results. The interaction between user and system, if based on a consistent user

model, improved the success and precision of the search, although the speed onLy increased for one

coaching strategy, and decreased for the other.

3.2. Senalism-holism and computer based teaching

Being interested in individual differences in learning behaviour Beishuizen (1984b) looked at the

feasibility of the serialism-holism distinction. A “teach-back” procedure was derived from the work

of Pask and Scott (1972): university students were asked to reproduce the contents of a text about

night-jars, after the text was read for a fixed amount of time and removed from sight. From the tape

recorded reproduction the Spearman rank correlation was calculated between the order of the single

statements reproduced and the order of the corresponding single sentences in the original text. A

score of 1 .00 represents a perfect serialistic reproduction. The scores farthest away from this value

were considered to indicate holism. In the experimental situation many subjects showed a nearly

“perfect” serialistic reproduction, so the border between the two types of strategies was arbitrarily

drawn at the median value of .92.

Students, characterized in this way as serialists or holists, took part in a learning experiment in

which they were confronted with a tutorial computer assisted instruction program about syllogistic

reasoning. Of the 23 students that participated in this project, one group received instruction in a

teaching strategy that could be characterized as serialistic, treating one single logical operator at a

time and thereupon chaining this to the foregoing string of operations. The other group received a

holistic program, consisting of a treatment of all operators separately, followed by an integration of

all of these at once. Half of the students were taught in a way corresponding to their personal stra

tegy, the other half was treated with the contrasting method.
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Statistical analysis showed there was no overall difference between holists and serialists as to the time
needed to solve a number of criterion problems at the end of the learning session, nor was there a
difference in this respect between the two teaching strategies. But there was a significant interaction
between the two showing a better learning result if the strategies of learning and teaching matched.

1f the goal of the learning process is the mastery of an algorithmic ability in which partial operations
are sequentially organized, holistic students, preferring a global approach, seem to be better con
fronted with exercises of the total skill as soon as possible (after the individual part operations are
mastered). Serialists on the other hand appear to benefit most from a course in which the skill is
constructed step by step from the composing parts.

3.3. Evaluation

Information processing strategies of students who are interacting with computer systems, may be
influenced by the strategy incorporated in the user interface. 1f the trategy of computer initiated
metacommunication (in coaching) or of computer controlled teaching is consistent with the preferred
strategy of the human partner, the user will benefit. In order to establish a model of the individual
strategy of a user, the system has to be initiated with the right cues. Adult users might do this in
interaction with a user interface component constructed for this purpose. This component might
either directly ask users for their preferred strategy, or provide them with a sample task in order to
establish their preference by statistical analysis of their behaviour. In the case of children, the
teacher may have to provide the system with the necessary information.

4. Cognitive style and programming

The concept of cognitive style refers to individual differences in cognitive functions that are the pro
duct of rather permanent dispositions like intelligence and personality factors on the one hand, and
enduring cultural and educational influences on the other hand (Pask, 1980a). In the literature cog
nitive styles are often treated as discretely distinct ways of handling stimuli, analysing material and
solving problems. There is, however, in most cases a continuous variation between the extremes that
are labelled, e.g. between pure verbalisers and pure imagers, albeit that the distribution of individual
scores on a cognitive style dimension will not always display a central tendency. In practice it is use
ful to deal with the extreme cases first. Once an adequate adaptation to these is devised, the inter
mediate cases will not cause additional problems of adaptation. One complex of cognitive style van
ables will be elaborated to illustrate the effect of this type of user variable on human-computer
interaction, especially in the case of novices.

4.1. Learning styles derived from conversation theory

The different cognitive styles Pask defined in his conversation theory were devised with human-
computer situations in mmd. The three main styles he mentions are operation learning, comprehen
sion learning, and versatility. In a search for convenient devices to measure these styles, we
translated and revised the Smuggler test and the Spy Ring History test (Pask, 1976b, 1976c, 1977),
standardising the instructions and redesigning the procedure. Van der Veer and Van de Wolde
(1 983b) reported a validation study and, based on factor analysis of empirical data, developed scor
ing methods for three factors:

- Factor 1 - inclination 10 team, or to put effort into memorisation. Precisely as in the case of the
other factors, this factor does not indicate a capacity in the first place. The student is totally free to
either memorise facts or solve the problems posed in the test by reasoning or by creative
behaviour. The instructions do not suggest that one should memorise, but some students do so
spontaneously and consistently.

- Factor II - operation leamning. This consists of an inclination to deduce specific rules and pro
cedural details. This style resuits in the availability of tools to construct procedures when needed,
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and in consistency with regard to related details of the knowledge domain. This type of behaviour

seems relevant in coding algorithms and in executing circumscribed procedures at a computer ter

minal. This style is considered to be associated with a serialist strategy.

- Factor III - comprehension learning. This consists of an inclination to induce general rules and

descriptions, to trace relations between different, even remote, parts of the domain. With this

style one tends to reconstruct forgotten details on the basis of general structure and analogies.

The task level and the semantic level of human-computer interaction involve the decomposition of

specialised complex tasks into standard unit tasks. This behaviour will ask for comprehension

learning and problem solving competence. The strategy associated with this style may be described

as holistic.

For different groups of subjects the product-moment correlations between the scales varied from .15

- .55 (factor 1 and II), from .04 - .57 (factors 1 and III), and from .28 - .68 (factors II and III).

In Pask’ s original scoring system there is another index called versatilily. When one is able to corn

bine styles in an efficient way, chosing at will between operation learning and comprehension learn

ing depending on the demands of the occasion, this is called versatility. A certain amount of versatil

ity will be a prerequisite for users who wish to do everything, from analysis of the task to the actual

coding and terminal handling. In this respect versatiity is indispensable for becoming an all-round

expert. In our data we could not identify this style via an independently measurable scale.

4.2. Learning style and programming

Van der Veer and Van de Wolde (1982, 1 983a) describe a study on a group of 63 students learning

a simple computer language. The language used in this study, derived from experimental work of

Sime, Green, and Guest (1977), was designed for the manipulation of verbally stated relations, like

the assignment of animals to zoological categories on the basis of distinguishing characteristics.

After the language was mastered to some criterion, additional programming problems were solved,

like the construction of an algorithm for allocating means of transport for travellers depending on

their financial situation, the distance they had to travel, the weather, and the weight of luggage.

The three cognitive style factors described above, showed a significant correlation with the time

needed to learn the language, even if we partialed Out an indication of intelligence that happened to

be availabLe (Raven’s Advanced Progressive Matrices). These correlations are:

1 Inclination to learn -.50
ii Operation learning -.40

III Comprehension learning -.36

Factor 1 correlated significantly (partial correlations -.36 and -.52) with the time needéd to solve

these problems. In this group, factor II and III correlated rather highly, so we combined these

scores, by simple addition, to a new scale we cail “versatility” (Pask used this label for an ability to

indicate a relatively high value on both factors, but he calculated a separate index for this concept,

for which we could not find a statistical justification). Like Pask, we use this as an index of the abil

ity sorne people show of changing between operation learning and comprehension learning depend

ing on the circumstances. Subjects scoring highly on versatility defined in our way, showed a prefer

ence for holistic strategies and moreover turned Out to have less difficulties in programming abstract

and hierarchically complex algorithms, than did others (Van der Veer and Van de Wolde, 1982).

This difference disappeared if the problem was formulated in meaningful terms and familiar seman

tics (“rich” and “poor” instead of “a” and “b”, and “taxi” and “bus” instead of “x” and “y” in the

transport problem), even though the structure of the problem was identical to the abstract one.
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4.3. Evaluation

Cognitive styles are rather stable characteristics of individual computer users which result in sys

tematic differences in programming behaviour, e.g. in the learning speed for a first programming

language, and the amount of time needed to complete an algorithm. Sorne combination of style fac

tors (non-versatility) may lead to difficulties in solving abstract programming problems. Adding the

semantic connotation to the description of the problem equalizes the potential of versatile and non

versatile programmers. Versatility (in our application of the term) in that case is no longer crucial.

In constructing programming exercises for didactic purposes, the use of meaningful problems will

help this equalization without drawback for any type of style.

5. Conciusions

Cognitive psychological theories and methods may be applied to human—computer interaction. Intro

ducing novices to the use of office systems, computer assisted instruction, teaching programming

languages and developing programming tools, are examples of applications that may benefit from this

approach.

The user interface is a location of communication and metacommunication between a user and the

system. Semantics and syntax of computer languages, on line representation of the virtual machine,

and coaching of novice users, are located in this part of the system.

The examples presented in this contribution stress the effects of atiending to individual differences

between computer users. Individual characteristics are causes for success or failure in interactions

that take place at the user interface. The relevant psychological variables differ in their resistance to

change them.

Strategies may be influenced to some extent. Even in short duration experiments, students in interac

tion with computers may profit from matched coaching and teaching. This heips them to be more

consistent in the application of a strategy, resulting in a better performance at the task. Relatively

stable characteristics have to be adapted to by teaching with the help of adequate introductory tech

niques. Cognitive style differences like amount of versatility require adaptation of the semantics of

examples that are used in the introductory course. But even in the case of optimal introduction

methods, both categories of variables will result in differences in human-computer interaction. Spa

tial ability, too, is a cause for differences in behaviour at the interface. This has to be compensated

for by adequate metacommunication (teaching).



-
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Chapter 3. MENTAL MODELS OF COMPUTER SYSTEMS

In this chapter the concept of “mental model” (in a more neutral term “mental representation”) will

be elaborated in its relevance for human-computer interaction. Mental representations are a source

for interaction with information processing systems (in planning, execution, evaluation, and interpre

tation). We will discuss the literature on mentai representations, give arguments for our own choice

of conceptualization of this term, and elaborate on phenomena of learning in relation to mental

representations.

In the next chapter some empirical studies will be mentioned that illustrate the variety of representa

tions produced by beginning users of computer systems, showing the relation to some user variables

and some aspects of the system, and indicating the importance of teaching and the use of adequate

metaphors. In chapter 5 we will elaborate a method to collect information on the users’ representa

tion of systems, providing us with operational definitions for an instrument to be applied in the study

of chapter 6.

1. Mental representations of the “world”

The theoretical approaches dealt with in this section concentrate on the human side of interaction

between humans and the world, and, more specifically, the representation of (aspects or parts of) the

world that a human being uses in interaction. Within the framework of this book, we will apply

these theories mainly to situations in which a computer system or a computerized task is the focus of

representation. Johnson-Laird (1983) makes a distinction between three processes that may be dis

tinguished: (a) the translation of an external process into an internal symbolic representation, (b) the

derivation of new symbols from existing ones by an inference process, and (c) the translation of

these symbols in actions and in explanation and prediction of external events. This internal represen

tation is relevant for explaining human interaction with the world, as far as its structural relations

reflect the external process.

In many sources the notion “mental model” is used to indicate a cognitive structure that has the kind

of functions Johnson-Laird refers to. But the exact definition of the concept varies. Fokkema (1987)

mentions some general characteristics of the different definitions: (1) mental models are representa

tions of systems and states, (2) showing a relation structure that is partially isomorph to what is

represented, and (3) the subject is able to imagine changes (movements) with notions of cause and

effect in the system represented. These mental models generally are considered to enable the subject

to either envisage a whole system, or focus on a component. Mental models of a system develop by

acquiring knowledge and skill in working with a system.

From the cognitive ergonomic point of view the terminology of Norman (1983) is important, as it

provides a framework for the distinction and relation between several meanings of the term “model”,

and applies the notion of “mental model” specifically to the phenomena of human-computer interac

tion. Norman makes a dear distinction between a system, the conceptual model of the system, the

mental model of the system and the scientist’s conceptualization of the mental model:

a. target system
The actual thing, e.g. a computer systein.
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b. the conceptual model

A description of the system as far as the human-machine interface is concerned; an accurate and

consistent representation, that is invented or developed by teacher and/or designer. This refers to

both hardware aspects that are relevant to the user, and to application software as far as the user

needs to know its structure and working. In chapter 1 of this book we present a definition of

“conceptual model”, as an elaboration of Norman’s notions.

c. the mental model
The model from which the user predicts the behaviour of the system in interaction with his own

behaviour. This concept denotes the knowledge structure that the user applies in planning his

actions, in his expectations of the resuits, in guiding the interaction, and in interpreting machine

actions. All decisions of the user are made with this model in mmd, and each error on unex

pected event is the result of insufficient conformity between the mental model and the target sys

tem.

d. the scientist’s conceptualization of the mental model

This is the understanding and knowledge the psychologist or researcher has about the mental

model of the user. The concept denotes the fact that the mental model is mental, so it cannot be

observed directly. Therefor the scientist needs a way to conceptualize his knowledge or interpreta

tions of the user’ s mental representation.

2. The nature of mental models

In this section we will elaborate on the different conceptualizations of the concept of mental model

and of mental representations as are found in the literature. This overview does not pretend to be in

any way complete. The main reason for the selection of referred publications is to show the diversity

in viewpoints, and to provide a basis for the choice of our own conceptualizations regarding mental

models and mental representafion in human-computer interaction. Our own viewpoint will be ela

borated in section 3.

Several authors apply the term “mental model” or related concepts. Not all agree on the exact mean

ing, some indicating a variety, others using the term for one type of mental representation only.

Some elaborate the cognitive characteristics of mental models, others focus on the function of mental

models in human interaction with the outside world in general or with machines or information pro

cessing systems in particular.

2.1. Morny - the need for mental representations in human-machine interaction

Moray (1988, 1989) and Stassen, Johannsen, and Moray (1988) elaborate the need for the concept

of mental representation in studying situations of human-machine interaction. “For the correct

supervision of a plant, the human supervisor has to ... possess an INTERNAL REPRESENTATION

of the statics and dynamics of the plant to be supervised “(and of the tasks to be executed and of the

statistics of disturbances...)”. Like Norman (1983) they mention as an important issue the scientist’s

conceptualization of the mental model: “the researcher can construct an approximation to it (called

an INTERNAL MODEL) for use in a HUMAN PERFORMANCE MODEL.” In this case, how

ever, this model is constructed on the basis of logical and psychological analysis of the task-system

complex, not on any empirical data concerning human operators.

Operators of complex systems make use of mental models to control them (including predictive

behaviour), as simplified abstract representations of a real system. Moray applies this mainly to sys

tems, however, in which all atomic elements are observable and their “values” actually displayed.

But lie generalizes this concept of mental model to all human-machine complex systems, and, more

over, explicitly states the identity of mental models with “lattices” which were derived in the first

place as a scientists conceptualization of mental models in a special case.
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Moray et al. conceptuallze “mental model” as an internal model of the (environmental and task)

dynamics in space and time of variables relevant to the task, and of the costs and rewards associated

with different events and outcomes. This internal model controls behaviour towards the environment

(e.g. a system). In this view the internal model, however, is “not, by and large, accessible to cons

ciousness”. Le., they seem to aim at an aspect of skill (exemplified by eye movements in scanning

behaviour), or on one of the “other levels” mentioned by Jackendoif (1987, see also 1.6) as being

used in performance but not directly in planning and evaluation.

2.2. Gentner and Stevens - mental models as explanation of behaviour

“Men tal Models” is the title of a work edited by Gentner and Stevens (1983). The concept is

analysed in an interdisciplinary theoretical approach, based on Cognitive Psychology and the science

of Artificial Intelligence. The aforementioned contribution of Norman is in fact the opening chapter

of this book. According to Norman mental models are characterized by the following phenomena:

they are incomplete, they have vague boundaries (different systems with certain similarities are being

mixed up), they are instable over time (details may be forgotten), they contain aspects of superstition

(as a trade off for mental effort). Moreover, Norman mentions the restricted capacity available for

“running” the mental model, and the restriction in elaboration found in mental models (they are par

simonious, avoiding too much effort in learning at the cost of having to perform several simple

actions to reach certain goals that could otherwise be reached by single specialized actions). Nor

man indicates three functional factors that refer to both the mental models, and the conceptualization

of these:

a belief system
notions and expectations (as parts of the mental model) that develop by experience and instruction

have to be represented in the conceptualization.

b observability
both for the model and for the conceptualization there has to be a relation between the parame

ters of the model and their states, and the observable aspects of the system.

c predictive power
the conceptualization of a mental model should inciude a model of “human information process

ing”, in order to derive predictions from the mental model about the system.

Young (in the same volume) uses the term “conceptual model” referring to the concept indicated as

mental model in Norman’s chapter. Young provides an overview of the nature of this model, struc

tured in 8 viewpoints that partially overlap (he has no pretension that his list is complete), represent

ing different types of conceptualizations of mental models:

1 strong analogy
the model has sufficient resemblance to a system to be used as a representation of it.

2 surrogate
the model is a physical or notational analogue to the system, that may be used to answer ques

tions on the behaviour of the system.

3 mapping
the model is the kernel of a mapping relation between the user’ s behaviour towards the system

and the system as such.

4 coherence
the model is a (Bartlettian) scheme providing long term stability in memory as a base for skill

and knowledge in relation to a system.

5 vocabulary
the model consists of a collection of terms in which knowledge about the system is encoded.
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6 problem space
the model represents the space in which problems on the interaction with the system may be for

mulated.

7 psychological grammar
The model serves the same goal regarding the behaviour of the user towards the system, as does

a grammar for natural language.

8 commonality
the model is constructed by observing and deriving a common data structure at which all

behaviour regarding the system is directed.

Young lists criteria for the evaluation of a type of mental model, indicating which phenomena may

be explained by this type of model:

a performance
choice of method, details of behaviour, characteristics of errors.

b learning
generalization and overgeneralization, what is remembered or forgotten, what is distorted in long

term memory.

c reasoning
the prediction and explanation of the system’s behaviour, the derivation of methods.

d design
the possibilities for the derivation of design criteria.

Young’s contribution deals specifically with surrogate models and task-action mapping models. The

first type is biased towards logical reasoning: prediction, explanation. the derivation of new methods.

The latter fulfllls most of the criteria, providing an overall description of the system enabling the

orientation of the user’s behaviour. Mapping does not indicate the learning process involved in the

acquisition of the model. But it provides a basis for design criteria: the system should be designed in

such a way that it enables a simple and consistent mapping relation.

Larkin, in the same work, describes the role of mental models in problem solving. The experts’

representation of problems are characterised by powerful attributes, constructed during the learning

process. Novices’ naive representations are constructed from directly observable elements. After

learning, the representation contains formal abstract elements and relations. Larkin presents a corn

parison between representations of novices and experts (illustrated in the domain of physics):

Novices represent generally known units with vague characteristics, they reason via a simulated tem

poral process unrelated to physical principles, and organize their sources of inference in simple tree

structures. Experts represent physical units with precisely described characteristics, they reason via

characteristics that are closely related to physical principles, and apply a graph structure with redun

dant sources of inference. Expert behaviour shows inference rules that are time independent and

feature technical units. The learning of these principles provides an adequate mental model that

makes problem solving behaviour considerable more efficient.

Gentner and Gentner (ibid.) show that the inferences based on a mental model proceed along the

analogies the model consists of. These analogies concern the correspondence in relation between

objects, not in characteristics of objects. This is illustrated by applying water as an analogue to elec

tricity, with concepts like pump (battery), pipe (wire), narrow pipe (resistance), water pressure (vol

tage) etc. They show alternative possibilities, like a crowd as an analogue, although in that case the

concept of battery does not have an adequate counterpart. The authors refer to experiments illustrat

ing the phenomenon that different analogies, spontaneously built by different subjects lead to dif

ferent solutions for problems in a certain domain. Different analogies that are explicitly presented to

subjects by the experimenter, however, do not give rise to such large differences in solutions.
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2.3. Johnson-Laird - mental models and other types of mental representations

In his book “Mental Models” (1983) Johnson-Laird introduces the theory of mental models as an
alternative for theories of “mental logic”. According to the theory of mental logic, thinking proceeds
following logical rules that are learned analogous to grammar rules, by valid reasoning. Johnson
Laird illustrates the importance of meaningfulness in solving logic problems (which is in accordance
to some of our own experimental resuits on the comparison of solutions to abstract problems and
meaningful identical problems, reported in chapter 2). Some relevant observations mentioned by
Johnson-Laird are:

a. human problem solvers show illogic inferences;

b. there is no evidence for the character of logic formalisms in human reasoning, but there seems to

be evidence for reasoning with the help of propositions;

c. the content of premises influences human reasoning. A domain relevant mental model of the con
tent of the premises improves the validity of reasoning;

d. subjects tend to build a causal model of events, instead of logica! predicates.

Johnson-Laird’s theory describes deductive reasoning by a way of repeatedly constructing and
improving representations of premises in one or more spatial arrangements (the models), in such a
way, that a valid conciusion can be attained in a “natural way”.

Three different kinds of representations are distinguished, mental models (structurally and syntacti
cally analogue to the represented world), propositional representations (mental representations of the

content of a verbally expressible proposition, strings of symbols corresponding to natura! language),

and images (perceptual correlates of a model from a certain point of view). Models and images are

specific, and thus differ from propositional representations that concern concepts and classes. John
son illustrates his evaluation of these different representations by the remark “an image is worth a
thousand words but a proposition is worth an infinite number of images”. His experiments show a
tendency to construct a mental model 1f a precise description is available, but to construct proposi
tions in other situations. A model is more structured and elaborate, and will be remembered better.

Johnson-Laird, Byrne, and Tabossy (1989) apply this theory to logica! reasoning situations. They
state that mental models in this domain are constructed in the form of mental tokens in a structure,
either in the form of a visual image, or in other forms that are sometimes not directly accessible to
consciousness but stil! are applied in the process of reasoning. The recent paper illustrates the
superiority of this theory over other theories of reasoning (manipulation of abstract forma! rules, or
of content-specific ru!es) in this domain. A premise, however, is that all subjects app!y the same kind
of reason Ing mechanism.

Anderson (1983) and Anderson, Farrell, and Sauers (1984) also mention different representations in
memory: tempora! strings (characterised by a strict linear ordering of elements), spatial images (con
figura! information, featuring distance, direction, and overlap of elements), and abstract propositions
(preserving semantic relations and showing degree of connectivity by set over!ap). According to
Anderson’s ACT theory problem so!ving instructions are original!y stored in a declarative form.
Prob!em solving behaviour requires the derivation of procedures from the production rules (they can
not be taught directly), to which end the knowledge represented in production rules has to be
transferred to “interpretive procluctions”.

2.4. Lakoif - the imaginative character of cognitive models

Lakoif (1987) stresses the imaginative character of thought, by stating that “those concepts which
are not direct!y grounded in experience emp!oy metaphor, metonymy, and menta! imagery - all of
which go beyond the literal mirroring, or representation, of externa! reality. It is this imaginative
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capacity that allows for “abstract” thoughts and takes the mmd beyond what we can see and feel.
Conceptual structure can be described using cognitive models that have the above properties.”

He makes a distinction between four types of cognitive models:

1. propositional models, consisting of elements, their properties, and relations between elements;

2. image-schematic models;

3. metaphoric models, which are mappings from a propositional or image-schematic model in one
domain to a corresponding structure in another domain;

4. metonymic models (also called “symbolic”), of one or more of the above types, used in reasoning
with the function of one element to stand for one or more others (a kind of prototyping effect).

The first two types characterize structure, the other two characterize mappings that make use of
structural models.

In Lakoif’s analysis cognitive models derive their meaningfulness directly from their ability to match
up with “preconceptual structure”. Basic-level preconceptual structure arises as a result of gestalt
perception, mental imagery, and motor movement. Besides this type of preconceptual structure he
mentions image-schematic structure. The direct matching between preconceptual structure and cog
nitive models provides a basis for knowledge. In domains where there is no preconceptual structure
available from experience, such structures are “imported” via metaphors.

2.5. Holland, Holyoak, Nisbett, and Thagard - induction and the flexibiity of mental models

Holland, Holyoak, Nisbett, and Thagard (1989) refer to Gentner and Stevens, and to Johnson-Laird.
The notion of mental model is centra! to their analysis of problem solving and induction. Humans
(“cognitive systems”) construct models of the problem space that are then “mentally” run, or mani
pulated to produce expectations about the environment. A cognitive system represents the world with
which it interacts by mental models, constructed from rules and organised into default hierarchies.
In assembling a mode! the system combines existing rules. Mental models make it possible for the
system to generate predictions. Models are refined as additional information is acquired.

Model construction is described as a trade off between accuracy (addition of specialized rules) and
efficiency (general rules). The authors mention three types of reactions to model failure: (1) discard
a radically invalid model (most often in the initial learning phase) (2) specific modification for sys
tematic exceptions (3) accept a certain degree of uncertainty and error (in later stages of learning).
Mental models are “transient, dynamic representations of particular unique situations .... built by
integrating knowledge in novel ways in order to achieve the system’s goals”. These representations
consist of components that can be flexibly constructed and interrelated. The most important building
block is a condition-action rule: ... 1F ... THEN ... (C-A rule). This type of rules is well suited for
making predictions. For efficient operation a processing system must have its rules organized in rela
tion to each other: “rules and rule clusters can be organized into default hierarchies ... inherent in
the notion of a default hierarchy is a representation of the uncertainty that exists for any system that
operates in a world having a realistic degree of complexity. In general, birds fly - but only in gen
eral”

Analogy is used in problem solving to generate new rules applicable to a novel target problem by
transferring knowledge from a source domain that is better understood. In this case one is less
directly focussed on the current problem situation than in applying other generative mechanisms.
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2.6. Jackendoff - semantics in mental representation

According to Jackendoif (1983) to study semantics of natural language is to study cognitive psychol

ogy. He presents a generative linguistic theory in order to describe human knowledge and human

ability to interact in natura! language. One of the constraints mentioned by Jackendoif is that there

must be levels of mental representation at which information conveyed by language is compatible

with information from other peripheral systems (e. g. vision, non-verbal audition).

Of central importance is his conceptual structure hypothesis: there is a single (level of) mental

representation, conceptual structure, at which linguistic, sensory, and motor information are compa

tible (onto which and from which all peripheral information is mapped). This conceptual structure

must contain the concepts (“major ontological categories”) [OBJECT], [PLACE], [PATH],

[ACTION], [EVENTJ, [SOUNDJ, [MANNER], [AMOUNT], NUMBER], as well as possible oth

ers such as [PROPERTY], [SMELLJ, [TIME] (Jackendoif, 1987). “Semantic structure” and “con

ceptual structure” denote the same level.

In Jackendoif (1987) the concept “computational mmd” indicates the mmd as an information pro

cessing system. In this work he elaborates other levels of representation that underly the semantic

level: for language (a) phonological structure, and (b) syntactic structure. This are independent

intermediate levels between sound (acoustic & motor information) and meaning (= semantic / con

ceptual structure). All these levels are constructed in the course of sentence perception and produc

tion, in STLM (short term linguistic memory). Jackendoif tries to perform the same analysis for

other psychological faculties involving input and output functions, e.g. vision and music. E.g. in

vision, for the greater part following Marr (1982), he mentions the levels: retinal array, prima!

sketch, 2 1/2 D sketch, 3 D model, and conceptual structure.

2.7. Pask - mental representations and conversation with computer systems

Conversation theory as a theory of learning is applicab!e to prob!em solving situations in human-

computer interaction. Coombs and A!ty (1984) show that Pask’s theoretical notions may be fruitful!y

applied to represent learning and problem solving in human-computer interaction, inc!uding the

notion of metacognition like the human !earner’s know!edge of his own learning strategies.

A learning situation is described by Gordon Pask as a conversation between two instances. Accord

ing to the various publications of his “Conversation Theory” (Pask, 1976a, 1977, 1980), these

instances may be located inside the mmd of the !earner (the teacher process and the learner process),

invo!ved in developing meta-procedures, that may be employed in structuring knowledge in a certain

domain of prob!em solving. In alternative applications of conversation theory, the two partners in

conversation are a learner and a tutor. In human-computer interaction situations the role of the

tutor may be al!ocated to a computer system. Examples of dedicated computer systems for the study

of !earning, cal!ed CASTE, INTUITION and THOUGHT STICKER are described by Pask and

Kopstein (1977). in all cases the essential characteristics of the partners in communication are their

representation of knowledge or “mental organisation”.

Aim of the conversation in the learning process is the attainment of understanding, or the ability to

reconstruct. This is reached if the learner has at his disposal an entailment structure (Pask, 1979)

in which each concept may be derived from other elements, and about which both partners in the

conversation agree. This implies that conversation theory as a theory of !earning is app!icable on!y

to learning material for which a more or !ess complete entailment structure may be constructed.

This inciudes problem solving situations in human-computer interaction. In the course of !earning

the knowledge representation is cal!ed an entailment mesh, a know!edge structure under construc

tion, which is shaped via pruning and abduction, processes in which the manipulation of analogies

between known sub-structures and new elemeuts is an important activity. In this behaviour Pask
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distinguishes between several learning strategies and learning styles (Pask, 1976b, 1980b), which
have been mentioned in the previous chapter.

3. The concept of mental representation in our approach

The volume edited by Gentner and Stevens (1983) focuses on the role of mental models in explain
ing human behaviour, at the same time presenting a variety of elaborations and applications of this
concept. Although Young in this volume mentions different viewpoints, he does so in the sense of a
“scientist’s conceptualisation”, not saying these differences exist as separate types of men tal models.
Johnson-Laird (1983) restricts the concept of mental model to a certain type of men tal representa
tion, similar to the distinctions of Anderson (1983) although the latter does not use the term “mental
model” to indicate one of these types, like Lakoif (1987) who in his analysis comes to a related
though not completely equivalent set of cognitive model types. The work of Jackendoif (1983, 1987)
is relevant in making the distinction between the conceptual structure and other “levels”. His seman
tic analysis has proven fruitful for the analysis of mainly conceptual models (in the sense of Nor
man, 1983) in the work of Tauber (1988).

In applying concepts like these to human-computer interaction, we propose to behave pragmatically.
Any type of mental representation that enables and facilitates interaction with a system, may be con
sidered equivalent from the point of view of the interaction. In the next parts of this chapter we will
show that several representations may be used by individual subjects for identical interaction situa
tions. From the point of view of Cognitive Ergonomics, it is not useful to limit the name “mental
model” to only one type of representation.

The existing variety in theorizing about representations is important, especially if it might be related
with the functions the representations should exercise. The analysis of Holland et al. (1989) shows
the importance of flexibility - a characteristic that does not seem to be unique for one type of
representation. The work of Moray on the one hand seems to stress the importance of the concept of
mental model in human-machine interaction. On the other hand, he seems to identify the concept
with what Jackendoif names “other levels”. Because Moray focuses on systems that are completely
observable in all relevant aspects, his concept is too narrow for appilcation on interaction with infor
mation processing systems, and hence, for general application in the field of Cognitive Ergonomics.

We agree with Norman (1983) in that establishing a mental model is the goal of metacommunication
between a user and a system, of documentation, and of courses on systems. Teachers and designers
of systems will need to direct their attention to conceptual models. Designers will have to work from
a notion of the conceptual model, that is, they will have to provide in their system, and especially in
the metacommunication about the system, elements that are constructed to clarify the intended con
ceptual model. Norman mentions three design criteria: learnability, functionality and practicality. A
well designed system will be transparent and consistent in its self references, and a teacher will try to
expose the sarne conceptual model, and to check whether the mental models of the students conform
to It.

Students will develop mental models. In our modern society we have to expect that most students
enter a course having already a mental model (although this may be very fragmentary and incon
sistent) of the system they are going to study. Since these “naive” mental models have developed
during the individual history of the students, there will be a tremendous variation in completeness
and in applicabiity of the initial models. It is the task of the teacher to help adjust these different
models and have them evolved into adequate images of the conceptual model.

The mental model evolves during interaction with the system, especially in the initial learning phase,
by interaction with the target system. This kind of learning may be described by Pask’ s conversation
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theory. Understanding in the sense of conversation theory means that the predictions based on the

mental model are consistent with the behaviour of the user interface of the target system.

4. The development of mental models

When users have to interact with a computer system, it may be assumed that they need a dear and

consistent knowledge structure of the system they interact with. This knoWledge (the mental model

in the terminology of Norinan, 1983) only concerns those aspects of the system, that are directly

relevant to the task delegation by the user to the system. This model is considered to be the source of

the expectation the user has about the effects of actions towards the system. It will guide his plan

ning of the interaction, and it will help the interpretation of the system’s reactions (Norman, 1983,

1986). An adequate mental model will be consistent with the user interface, or, to be more precise,

with the virtual machine (cf. Chapter 1). A regularly perceived deviation of the system’s behaviour

from the expectations will lead to an adaptation of the mental model.

The learning process that leads to a mental model evidently has to start somewhere. Often the system

to be learned will be used for a kind of application, of which the user has some prior knowledge,

even 1f this knowledge concerns a non-computerized variant of the task domain. Building a new

mental model for the computerized situation will be based on available knowledge of situations and

systems. New models are built by analogy with existing models.

Teaching a computer application for non-computer specialists requires a general strategy, starting

with the analysis of the user’ s virtual machine and the definition of the conceptual model of the user

interface. On the basis of these descriptions, in Interaction with knowledge of relevant user variables

and analysis of the task domain, the teaching strategy and the content of the course have to be

designed. Well chosen analogies, representations, and metaphors will help novices to grasp the prin

ciples of the functionality and interaction with the system, although the actual representation for

mats, and the metaphors presented are not the ultimate subject of the teaching, so these are not

necessarily to become part of the resulting mental models after the initial learning process.

4.1. Metaphors

The development of cognitive representations of computing systems or user-interfaces is a process in

which structures in semantic memory are built or changed. The process of acquisition or change of

mental representations is generally considered to be strongly based on analogies: known concepts

and structures are related to the new situation. This process can be activated if the teacher, or any

form of metacommunication (communication concerning the interaction and the human-computer

interface), refers to existing semantic knowledge and schemes. Metaphors may be used to activate

knowledge and act as analogies. These metaphors shouLd be presented as such, not as actual

representations of the new system (Simons. 1980). The choice of appropriate metaphors is crucial

for the development of adequate mental models (Carroll, Thomas, 1982; Carroli, 1983; Clanton,

1983; Houston, 1983). In generating metaphors it should be kept in mmd that the capacity of work

ing memory is restricted to a limited number of chunks (units of meaning that may be handled as

one item and are only to be expanded when necessary). Metaphors that are too rich in composition

distract too much attention and may obstruct the learning process. These have to be broken down

into manageable elements when presented to the student.

Metaphors are often propagated as a way to establish an adequate mental model of computer systems

or of computing. A metaphor in principle consists of concepts already well known to the student,

that is activated to be used as an analogy to a new concept or situation. With the help of its seman

tic relation already present, this should organize the thinking and learning, hence the name

“advance organizer”. Foss et al. (1982) present the already traditional example of the filing cabinet

applied to learning an editor. Peelle (1983) describes different categories of metaphors and related
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approaches to be used in education about computers. Lawson (1982) presents elaborate examples of

some metaphors, intended for a first introduction to computer systems, which have been the basis for

the analogies used in the course we will present as an example.

Halasz and Moran (1982) pointed to dangerous aspects of this approach, especially when leaving the

student alone and encouraging him to reason analogically. In using a single analogy, the teacher

will soon discover that he has to adjust the metaphor, adding new (and often bizarre) features to it

or, alternatively, combining various metaphors that are not normally associated. Galambos et al.

(1983) and Douglas and Moran (1983) presented examples of difficulties with tbe typewriter meta

phor for the purpose of introducing text editor systems.

On the other hand metaphors might still be useful as analogies to the conceptual models to be

taught, according to Halasz and Moran (1982), if the student is clearly aware of the fact the meta

phors are only valid in respect to certain aspects of the system or process to be modelled. In that

case, several distinct metaphors might be referred to for the same conceptual model, each illustrating

a few aspects of the new system to be learned. The teacher has to be active in directing the associa

tions of the students, and in drawing the analogies, at the same time pointing to the limits of applica

bil ity of each metaphor.

Kieras and Bovair (1984) report empirical studies showing that only a certain type of metaphors may

improve learning and performance. This type of metaphor they cail “device models”, that illustrate

the system’ s topology (i .e. that “relate control to components of the system, and reveal the possible

paths of power flow”). Clanton (1983) gives a further distinction between different sub-types of this

category of metaphors that will be mentioned in the next chapter and will be the basis for some field

observations.

4.2. Metaphors at task level and semantic level

The learning process may be facilitated by providing adequate metaphors. There are ana logies to the

system to be learned, borrowed from previous experience or knowledge of novice users. The non

computerized variants of human to human communications and of work situations are “natural”

analogies for computer applications and can be used as helpful metaphors, for task level and seman

tic level (in the terms of Moran, 1981).

The choice of representation mode cannot be made without considering the levels of interaction

derived from Moran’ s analysis. For the task and semantic levels, functional metaphors may refer to

known situations, systems and structures, or may be constructed by combining known concepts and

schemes.

Both the level of the description of human-computer communication and the mode of representation

are important for the choice and construction of an adequate metaphor. Pictorial schemas and

graphs are useful in representing structures and semantic relations, animations may illustrate

processes, verbal descriptions are helpful in explaining task analysis and task delegation.

4.3. Representation of syntax

The syntactic level of human verbal communication is often not appropriate as a metaphor for

human-machine communication. For the syntactic level one will often need to construct a dear

description that represents sequences, conditions, and parameters. It may be better not to call this

construct a metaphor, but rather a “description” in a formal grammar, state transition diagram, a set

of production rules, or natural language. An example of this type of representation will be shown in

the second field study reported in the next chapter. A useful representation for education at this

level will often be closely related to the actual appearance and physical characteristics of the
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interface, e.g. the Iay-out of the screen, and the spatial layout of the user’s manipulations at the ter

minal.

For systems with alternative ways of interaction this may lead to contradictory descriptions. In the

spreadsheet system that is the topic of the second field study of chapter 4, the naive user will be

happy to let the interaction be guided by a menu, displayed in the first line of the screen. The line

immediately below the line of menu options often shows the sub-menu that will be offered if the

option that is “blinking” at that moment is chosen. This very often “naturally” leads to a representa

tion of a syntactic model as a top-clown tree of menu choices.

The other interaction style that is possible in this user interface is the typing of commands (in fact

composed of the first characters of the menu items in the order of the menu hierarchy). Novice

users will always (have to) use the menu. Gilfoil (1982) and Chafin and Martin (1980) report that

after 20 to 60 hours of on-line use of this type of systems most users turn to the alternative possibil

ity of typing commands (except for seldom used commands, for which they will return to the menu

mode). This is (at least sometimes) accompanied by an internal model of the syntax consisting of

the commands (or their first character) structured in a horizontal tree, top-left.

Offering novices one of these representations on paper will either support the original “natural”

mental representation or the one that may be found after soine experience with the system.
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Chapter 4. SOME OBSERVATIONS ON USERS’

REPRESENTATIONS

Users will differ in their mental models, dependent upon their a priori knowledge of the external task

domain and of related systems, and dependent upon their preferred style of representation of infor

mation, e.g. verbalizing or visualizing. On the other hand, the kind of teaching or metacommunica

tion offered during introduction of a new system may be expected to have a strong influence on the

mental representation. The learning process that leads to the mental model will be based on analo

gies to known situations and systems, and these analogies may be supported by providing adequate

metaphors.

The goal of the metaphors, analogies, and representations provided, is the induction of a mental

representation of the virtual machine. The conceptual model of the user interface and the task the

system is used for, or, in other words, the virtual machine, should be taught to the user, taking into

account relevant characteristics of human learning and user variables.

In this chapter we wijl report a few smali-scale studies on the development of users’ representations

of computer systems. First we will elaborate some issues related to teaching and the evaluation of the

results of learning (section 1). In section 2 we will present a smail-scale study of 10 students in

industry who learned to apply an integrated office system by means of a course designed around spe

cially des igned metaphors. In section 3 another field study is reported on learning to use a

spreadsheet system. Here, again, metaphors were explicitly provided for the students. Section 4

reports on an experimental study on learning to work with electronic mail systems. In that case, no

metaphors were provided, but the study is a relevant example, showing the effects of systematicaily

different user groups on the one hand, and the effect of systematic differences in the user interface

on the other hand, on the resulting representations that develop during learning and practice. The

final section (5) will overview the results of these small-scale studies.

1. Teaching and evaluation

Application of metaphors for the introduction of a system to a novice asks for a strategy of teaching

and evaluation. One important point in this strategy is the identification of relevant user characteris

tics (Van der Veer, Tauber, Waern and Van Muylwijk, 1985). A well chosen set of metaphors

should appeal to knowledge, strategies and abilities of the intended user group. The teaching should,

moreover, cope with individual differences between users that are relevant for the ability of grasping

the relevant aspects of the system with the help of the metaphors and exercises offered.

1.1. The design of metaphors

Van der Veer, Felt, Van Muylwijk, and Van Biene (1987) propose a general strategy for the dealing

with the problem of helping the users to adequately represent the system they are using. The

approach starts from the analysis of the system the user has to learn, focusing on the conceptual

model of the system. For commercially available systems, this is no trivial task, since often the avail

able documentation does not cover all levels of description, or presupposes knowledge of the underly

ing system covered by the user interface (Van der Veer and Feit, 1988). Once the conceptual model

is described and the user interface identified by this description, the next step is the definition of the
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user’s virtual machine, which is a specification of the conceptual model as far as it is relevant for a
certain user group and a specified task domain. The third step is the choice and elaboration of
appropriate metaphors intended to induce adequate mental models for the users. Different aspects
will contribute to this choice: the expected knowledge of the users of the task domain, relevant user
characteristics and individual differences, and the structure of the user interface as analysed in levels
of human-computer interaction (Carroil, 1983; Carroil and Thomas, 1982; Houston, 1983). Several
distinct metaphors might be referred to for the same conceptual model, each illustrating a few
aspects of the new system to be learned (Rumelhart and Norman, 1977).

Clanton (1983) refers to metaphors specially in relation to the design of systems. His distinction in
different kinds of metaphors is also relevant in teaching existing systems:

a. functional metaphors
Functional metaphors are chosen in order to reveal the relation between the system’ s functional
ity and the user’s task perception. A spreadsheet is a traditional example of this kind of meta
phor, enabling the user to structure his task delegation and the objects and actions referred to
analogous to tools and methods in a traditional office environment.

b. operational metaphors
This type of metaphors aims at referring to actions in such a way that the user’s “natural” expec
tation of the meaning and resuits are confirmed. Like functional metaphors, they may be incor
porated in the user interface. Object manipulation is a well known example. They may also be
constructed especially for teaching purposes, as will be shown in the second study where we
applied this type of metaphor for process dynamics.

c. organizational metaphors
Organizational metaphors show how notions on location and structure of information in the sys
tem may be used for planning and application. In section 3 we will illustrate this type for the
representation of semantics of a spreadsheet system.

d. integrating metaphors
Integrating metaphors represent the integration of system components and subsystems, in relation
to the accomplishment of complex tasks. Clanton’s description of this type seems to overlap the
previous type. In integrating metaphors, however, the representation of complex structures is a
characteristic feature. In section 2 we will illustrate this type of metaphor, applied for an
integrated office system.

1.2. Evaluation

Evaluation of the effects of teaching and experience with a system might be approached via an experi
mental situation. Especially the characteristics of the task and the intended user group, however, are
in some cases not easily simulated in an experimental sample. A field study may be preferred for the
validity of this aspect, although this is paid for by a loss of control and the impossibility of manipula
tion of variables. In the next two sections we report on field studies, as the opportunities were
offered to us. We had the opportunity to measure relevant user characteristics, to analyse the system
and influence to a certain extent the design of the course and the metaphors, and finally to observe
the actual course and to measure and record relevant effects.

Evaluation asks for the planning and design of various kinds of indications of effects. In this type of
studies a problem results from the fact that an important aspect, the individual user’s mental model,
is in principle not available for direct observation: a method must be developed to establish a
“scientist’ s conceptualisation” of the mental model (Norman, 1983). The mental model that results
from the teaching can only be investigated in an indirect way. Actual performance during and after
the course provides an indication of the adequacy of the mental model and related skills and
knowledge. A teach-back method gives an impression of the user’s mental representation inciuding
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completeness and correctness. An inventory at the end of the course may ask for users’ preferences

for metacommunication (asking help from an expert, reading the course material, exploring the sys

tem).

In the series of studies reported in this chapter, we were developing and using methods to collect

information on the mental representation and knowledge structure users employ in thinking on the

interaction with a system. Chapter 5 will provide a method for establlshing a conceptualization of

relevant aspects of users’ representations employing a teach-back method based on these studies.

2. A first observation - learning an integrated office system

In this section some observations are presented that have been collected during an introductory

course on a new office management system. The students were all well acquainted with traditional

office environments and the course intended to draw upon this experience.

We generated theoretical notions on the relation between course structure (the kind of metaphors

used, the modes of presentation), relevant student characteristics (preferred style of mental represen

tation), and the resulting mental models of the system. Experimental design was impossible in rela

tion to the length of the course and the expensiveness of the time of subjects. We had the opportun

ity to observe a complete course on this new system, from the start of the preparations by the teacher

(who himself did not know this system before). The aim of this course was the induction of concep

tual knowiedge (a mental model) of the system, to such a degree that the students (managers of dif

ferent divisions of a large concern) could afterwards in a justified way take decisions about imple

mentation of this system and organization of their co-workers’ tasks. It is important to know that

this kind of system covered large areas of the task domain of these groups, so the implementation of

this system would have substantiai effects on the internal activities of the groups. See Van der Veer,

Feit, Van Muylwijk, and Van Biene (1987) and Van der Veer and Feit (1988) for details on this

study.

2.1. The conceptual model of the system

In order to design the course, a conceptual model of the system had to be present. The only docu

mentation available was an installation man ual (a heavy set of books that were only readable for

expert users) and a quick reference guide (a small booklet containing lists of tools, functions, corn

mands etc., each with a two- or three-line description). The manual contained introductory descrip

tions and the same type of lists as presented in the guide.

It took the teacher and his assistant three man-months to collect enough information and experience

with the system for the specification of a conceptual model. The general idea of the approach was to

externally represent the impressions they collected about the system, and to subsequently test all

empirically testable implications of these representations, until no more discrepancies could be found

between the collected representations and the behaviour of the system. We will only briefly mention

the general structure and the most important concept. Actually, the virtual machine was analysed in

much more detail, along the structure of the levels we derived from Moran (1981). The system is

intended to present an integrated set of interactive sub-systems (“tools”) for office management tasks.

The package consists of seven tools:

- spreadsheet,
- (relational) database manipulation,

- graphics,
- editor (text entry and formatting),
- record manager and information retrieval,

- emulator for communication with a mainframe,
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- generator for individual system profile
(colours, names, configuration, passwords),

of which the first four are the primary tools, related directly to the office tasks. The latter three are
used for administration and communication between the tasks.

The inpu’ mode allows the input of information, the command mode is automatically changed into
the edit mode when an incorrect command is issued. In the same way an automatic change to the
point mode occurs if that is feasible for certain commands.

There is a series of commands which may be used in all tools (e.g. COPY, DELETE, FORMAT,
GOTO, HELP, INFO, INPUT, PRINT, OPEN, SAVE), but the syntax is not always uniform.
Some of these commands communicate between the tools, others between a tool and different types
of objects (like documents, pictures, graph ranges, data tables etc.). The commands may be typed,
chosen from a menu or in some cases issued with a function key.

The use of functions is possible in spreadsheet and database tools. Procedures are defined by exam
ple.

Metacommunication consists of error and warning messages from the system, and a HELP request
from the user. The system telis the user to “WAIT” when an action takes more than a fraction of a
second. Only some of the tools display information about what percentage of a time-consuming
action is accomplished.

2.2. The educational metaphors

In order to induce an adequate mental model, association to existing semantic knowledge was the
goal of the metaphors that were constructed. In order to transfer the complex structure of the system
to the students, integrating metaphors (see 1.1) were chosen as a teaching aid. The metaphors
appealed to the available schemes and knowledge of the traditional office tasks and office structure.
Since the teacher was well aware of the relevance of individual differences between verbalizers and
imagers, metaphors were developed that combined verbal and pictorial elements. In fact, this
development went on parallel with the formation of the conceptual model (this kind of course
development is characterized by strong time pressure). The final metaphors will be described along
with some remarks about their evolution.

a. a metaphor of the task space
This metaphor is designed in order to induce a mental model at the task level. On the one hand,
it refers to existing knowledge of the domain of tasks the system is designed for, on the other
hand, it refers to knowledge of task-delegation in general. The core of the metaphor is the
management of an office, with delegation of the sub-tasks to different people. The most important
among them (The head of the typing pool, the draughtsman, the calculator and documentalist)
are referred to as individuals. Apart from this there are people from the communication services,
from the safety department, people from the record-office and a group of elderly men nicknamed
“Decent Old Style” (DOS), who do almost anything for you, provided you ask them precisely.

Although the metaphor was mainly verbally presented, some visual elements were deliberately
included, such as pictures of the most important people (in fact representing actors in a well
known television series). Imagery was called on by referring to the spatial structure of the
concern’s main building.

b. a visual-spatial metaphor of semantics
The goal of this metaphor was to present an image representing the semantic structure of the sys
tem during the work. Starting with several trials of abstract overall schemes, portraying data flow
or communication channels within the package, and of figures representing parts that were
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analogous to other parts, the final solution consisted of one total view of the system (see Figure

4.1), consisting of a small number of visual metaphors (icons), in which colours gave some

redundant information about the difference between tools and different types of objects. Corn

munication channels that may be chosen with the commands are represented with tubes, valves

depict choices of destination associated with some of the commands. The command names and

the names of the tools and objects are indicated in the picture.

Figure 4. 1. Visual-spatial metaphor of the whole system

Figure 4.2. Visual-spatial metaphor of a single tool
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The image constructed is too complex to be comprehensible in any detail. Therefore, four sub
pictures were constructed (e .g. Figure 4.2), each representing a view of the system from the
reference point of one tool: that is the tool actually activated at that moment. These separate
views may be interpreted fully, since the number of chunks is not too large.

2.3. Design of the course

The course took 3 days. One half day was devoted to the introduction of the metaphors (making the
students aware of this teaching aid) and the presentation of an overview of the system, each of the
main tools was treated in another half day, and the last afternoon an example of the use of the total
system was presented.

The concepts treated were illustrated with a demonstration of their actual use with a video projector
connected to the terminal of the teacher. After some of the most important concepts were covered,
the students were asked to explore the tool, with only some global directions and examples of tasks
for which the system could be used.

2.4. The subjects

The first possibility to collect observations was during a course in which the participating students
were managers. There were 10 students. A few days before the course took place an interview was
held with each of them to get an idea of their prior knowledge, to get an impression of their intention
in joining the course, and to measure an aspect of their cognitive style (preference for mode of
representation). During the course, observations were made of student-teacher interaction, and of
the students’ cooperation. At the end of the course the students were given a questionnaire to estab
lish an indication of their mental models.

We learned that all students either had personal experience with batch oriented systems, or did have
staff members whom used these. Most of them were responsible for the integration of information
processing into the work of their group, and some of them designed the allocation of tasks between
human resources and computers for their own office. Experience with interactive systems was less
general. A few had used them to different extents. All had some knowledge of functions of personal
computer applications, like text editing or spreadsheet programs, but no one had any experience with
an integrated system like the one taught in the course. Some had learned one or more computer
languages, but most had not used one during the last years. All students had at least some typing
skill.

The students needed to know the general principles of the new system, in order to take decisions
about the implementation of this or a comparable system in the work structure in their group, or in
the group they advised. Most of them considered using such a system themselves, although the
actual need varied. For all participants time was very scarce (in fact most would have preferred to
take the course during the evenings) so the investment of three days was an indication of their
motivation.

In order to establish the individual style of information processing that is relevant to the mode of the
metaphors presented we applied a procedure described by Van der Veer, Van Muylwijk and Van de
Wolde (1978), that gave an indication of the extent to which one prefers to store an image represen
tation, an abstract representation or a verbal episodic representation. These representations are in
general evenly distributed in investigations on adult groups. In this group, 5 students turned Out to
have a preference for image representations, the other five displayed a mixture of the other possibili
ties. Since the group is so small, we decided to take this second category together and label them
non-imagers. The teacher was not given any information on individual students until after the course
had taken place.
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2.5. The students’ knowledge and representations after the course

A questionnaire was designed to get an impression of the resulting knowledge and mental representa
tions. The topics covered by the questions can be grouped into four aspects: the use of analogies to
existing knowledge, the quality of knowledge of the semantics of the system, the preference for
modes, and the kind of representation. For each of these aspects we give an indication of any differ
ence we found between the “imagers” and the “non-imagers” among the students. This is solely an
indication of possibly interesting relations. The small number of participants does not allow any sta
tistically significant assertion to be made.

a. analogies of semantics
The analogy between one of the possible ways of installation of tabulations and margins in an
editor, and the actions on a conventional typewriter, was correctly perceived by all imagers, but
only 2 of the 5 non-imagers.

The analogy of the a priori semantics of the concept “undoing a delete operation” and the corn-
mand UNDELETE was perceived correctly by all but one (a non-imager). In fact this command
could be used for other things apart from undoing an error, like copying and transport of frag
ments within an object, and students knew this at the end of the course.

b. correctness of semantics
One of the questions asked for the difference between some related format commands. The
responses contained the correct semantic distinctions for all imagers, and for one non-imager.

A question about the function of a list of commands and their relation to the different tools
resulted in a reasonable description at the semantic level for all, except one non-imager.

The representation of the relation between the objects and the modules or tools varied. Only
some non-imagers were able to display a (very fragmentary) relation, whereas all imagers gave
either indications of all relations or a semantically annotated structure.

c. preference for modes
In some of the tools of the system one has the possibility to choose a mode, e.g., input the coor
dinates of a range of celis, versus pointing at the screen to corners of the range. All imagers and
two of the non-imagers preferred pointing.

d. representation of the mental model
In order to get an idea of the representation the students use of the mental model of the system, a
teach-back procedure was used: The students are asked to give an overview of the interaction with
the system to accomplish a circumscribed task, in such a way that this overview is understand
able for a colleague who has either only knowledge of the traditional office procedures for this
task, or, in another question, has experience with separate systems like editors or database tools.
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All imagers and three non-imagers delivered some kind of representation for at least two of the

three situations. The resulting representations are illustrative of the types of models that the stu

dents use. One student represents images at task-level only (Figure 4.3).

Figure 4.3. Image representation at task level

One other explains the solution in terms of the verbal component of the metaphor of the task
level (Figure 4.4).

SPREADSHEET DATABASE

declare
ranges

x X
X )(

)‘ )<

EDITOR

determine
TITLE,
SCALE,
TYPE OF GRAPH,
etc. and “save”

TEXT “-

PICTURE
VIA REFERENCE

TEXT

The calculator says which parts of the worksheet are important for the draftsman.

These data are put on a separate sheet of paper (RANGES) and are sent to the draftsman.

The drafisman makes, from that paper (RANGES), a drawing and places this drawing
in the typists tray.

The typist types the notes and puts the drawing in the location indicated.

Figure 4.4. Verbal metaphor at task level
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Four of the students display a list of commands, with semantic annotations (e.g. Figure 4.5),

that may be interpreted as a program.

Figure 4.5. Command list with semantics

open worksheet with SPREADSHEET

2 copy 4 view with SPREADSHEET

3 cali “view” from GRAPH with assistance
from ?-statement 4 “range”

4 build with assistance of GRAPH/time series

“PICTURE” (reference sheet)

5 build report-text with “input”

6 insert “PICTURE” (reference sheet) with
EDlTORJinsert

One uses a flow-chart at the semantic level (Figure 4.6).

Figure 4.6. Flow-chari representation with semantics
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One student uses a representation at key-stroke level (semantically annotated, see Figure 4.7).

This student explicitly states that he is unable to represent anything that would be understandable

for a colleague without experience with computerized tools (which seems reasonable with his

style of representation).

enter the
following: IN

(go to folder of choice with arrows)

OP.’,

TO ED OP (here name of document that
must be opened, and thus
must be in the buffer)

F2 WO OP (here name of spreadsheet

1’ that is to be input)

F4 indicate range with arrow

TO ED indicate where spreadsheet
must begin

hereafter save everything and close
or work further

Figure 4.7. Key-stroke representation

2.6. Discussion

Research on teaching in real life situations has to cope with the restricted opportunities. Observation

is often the only way to collect data necessary both for the development of theory, and for evalua

tion. In this we wished to know more about the kind of mental models developed as the result of a

course structured around explicitly designed metaphors. In the study it was possible to get an

impression of the mental representation. These representations reflect the different levels that

Moran introduced in his CLG. In the products of this small group only a purely syntactical

representation could not be detected.

The number of students in this field study is too small to get more than a first impression of rela

tions between individual differences and resulting mental models. The preferred mode of representa

tion of information measured on the dimension imager/non-imager seems to be relevant for the qual

ity of the resulting mental model. In the first course only one kind of metaphor was used. We have

an indication this induced the kind of semantic knowledge that is intended, for students that may be

called imagers.

After this study was finished, the teacher decided to apply other methods to take care of the learning

styles of the other studeats (the “non-imagers”). After the introduction of the metaphors at task level

and at semantic level, an example was handed out that shows different successive phases in the
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processing of a real life ask performed with the system. The different semi-products (in fact images

of objects created and handled in the system during the process) are each shown separately, in the

order in which they are produced. Alas, we did not get an opportunity to collect systematic observa

tions in order to compare this variant of the course with the first setup.

3. A second field study - learning a spreadsheet system

In this section we describe another fleld study, analogue to the previous one, but with more subjects,

and with a different variable of individual differences. For a well known spreadsheet system, a field

study was performed with 54 office workers who attended a two day course on this application for a

PC. Visual-spatial metaphors (inclucling animation) were developed, as the structure and dynainics of

the system were too complicated for a two diniensional visual description (as was in fact provided by

the user interface of the system). We had the opportunity to participate in the design of the meta

phors for the first course that was given on the subject in the company.

Novices in this kind of application systems often start in a position of being an expert on the task

domain, at the same time having no experience whatsoever on the use of computers. The introduc

tion of a new system will make them occasional users, spending only part of their working time in

direct interaction with systems. We had the opportunity to study an introductory course in this type

of application, and will use this course as an illustration of our approach. For details on this study,

see Van der Veer and Wijk (in Press). The way in which users develop a mental model seems to be

related to individu al differences, as the study reported in section 2 suggested.

The current system has as an important characteristic that the relevant objects and their structure (a

large 2 dimensional table with structure information most of the time hidden under the surface layer)

is always only very fragmentarily visible, and thus difficult to survey for the user at the terminal.

This is a characteristic of both the spreadsheet as a place for objects, and of the command structure.

Spatial ability is therefore a potentially relevant user characteristic that might influence the resuits of

the course. Some empirical findings of other studies point in the same direction. Egan and Gomez

(cited by Rothkopf, 1986) found that spatial ability was related to users’ different amounts of success

for both storage and retrieval of patterns for changing texts in applications of text processors. Van

der Veer, Van Beek and Cruts (1987, reviewed in chapter 2 of this volume) mention a relation

between spatial ability and the use of a graphical programming language.

3.1. The conceptual model

We started with the analysis of the available documentation and tried to build a complete and correct

conceptual model of the system by comparing the impression the documents offered with our own

findings in exploring the system. A diary was kept of these efforts, showing a kind of step by step

unfolding of the conceptual model. Every notion derived from the text was first recorded, then

evaluated for the actual system, and revised if necessary. The revision was again recorded and argu

mented. Sometimes a notion needed several revisions before it could finally stand further testing.

Contrary to our intentions, we noticed that this method, guided by the available documentation led to

the formation of a conceptual model at syntax and interaction level. For the semantic level of

description a lot of revisions were needed. In fact the documentation hardly contained any relevant

details regarding the system’s functionality. There were often implicit hints in the choice of corn-

mand names and in the structure of the command hierarchy, but in these “sources of knowledge” a

lot of inconsistencies were incorporated that in fact misguided the usage as we found in a prelim

inary study on users who had learned the system from available docurnentation (Wijk, 1987).
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3.2. Educational representations and metaphors

The user group in the case of this study consisted of employees of a large insurance company, whose

daily jobs inciuded a lot of calculations in relation to databases of a relatively simple nature. The

relevant functionality of the system for this group may be characterised as the use of the basic

spreadsheet functions without too much application of advanced database functions. Van Wijk (1987)

reports on the frequency of use of the different facilities of this system by 11 employees of the same

company, who Jearned the system from available documentation and applied it regularly in their

jobs. From interviews with these users, we concluded a multi-layered model of the spreadsheet

would be relevant, showing layers representing (from inside to outside) the formal definition of the

content of ceils, the actual value of the content, and the formatted appearance of the cell on the

screen (see figure 4.8).

/ + Al #A2j

Figure 4.8. Multi-layered model of spreadsheet

Another aspect of the system that is relevant for this type of occasional users is the way in which the

issuing of commands is enabled by the user interface. The system in this study offers the users a

choice between menu selection of (hierarchically structured) commands, or typing the first charac

ters of the consecutive menu choices. This leads for many experienced users to a skill in typing

character strings that each represent one complete action, in the sense of a basic task. In view of

the fact that the novices in our study might be expected to become experienced users, we choose to

offer them the representation of which figure 4.9 is a fragment as an organizational metaphor of syn

tax.

BA
1 /io..

L 20.1

730.5

30470

/

— Default

A(.,.)

Figure 4.9. Fragment of the syntax of basic tasks

PrefixCurrencY____Sin_j
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The overall structure of the semantics of the system was illustrated using an organizational metaphor
(see 1. 1), illustrated in figure 4. 10. In analogy to the tree structure of the syntax, the semantic rela
tions between the main tools in the system are represented by trees with a common root structure.
The different facilities within the spreadsheet proper (the largest tree) are represented by main
branches, grouped together on the base of their semantic relation. Information transfer between the
facilities and between a facility of the spreadsheet and another tool are denoted by falling appies,
indicating the direction of the information flow. The actions are labeled with their keywords, indicat
ing the path in the tree structure they will activate.

Figure 4. 10. Organizational metaphor of semantics (main tools and facilities)
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Figures 4.11-4.13 show organizational metaphors iHustrating some detailed semantic features. In
Figure 4. 11, illustrating the graphic facilities, the attributes that are requested in the action of defin
ing the graph are written alongside the icon we chose to represent the actual information object (the
apple). The possibilities to either ask for a preview at the screen, or for the storage and subsequent
output on the printer, are represented with images indicating the actual orientation of the resuit.

ViEW

v

r’rf’rf’1’((((((Hfl

TYPEiINE

\, - —Z FIRST TITLEIJSJES
A 1 FIFNn-(()RNmos
8 LEGENDCHQCOS

‘—,‘ ..< Y AXIS TITL.E:AANTAL
NAUEUNEGRAF

SAVE

PRINTGRAPH

L>

1

.1
Ij

Figure 4. 11. Metaphor of manipulation of graphic objects
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The semantics of the command pair SAVE and RETRIEVE ask for the notion of the storage of an
unknown number of different information objects, that may be retrieved in a random access mode.
The typical fruit case illustrated in figure 4.12 represents this type of storage location.

FLE

1
c3

L
TT

pFY)
Figure 4. 12. Semantic metaphor for storing and retrieving files
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F
Special attention was given to the semantics of the command PRINT. Apart from the “natural” in-Of t
terpretation, iHustrated with a denotation of the attributes of the information package written at themetap
side of the icon for the information object, there is a totally different meaning of this command: aa sin
special kind of storage action, on which occasion again the printing attributes are requested from thecrosse
system. This connoted information is thereupon saved for future occasions, at which the Dutch pro-1
verb APPELTJE VOOR DE DORST (“an apple for a thirsty moment”) hints, which, alas, has to be

cin
translated with the proverb “a nest egg” (figure 4. 13).

meani

last lii

/

PRINT

PRINTER FU.E
—

___

-___

APPELT1JE
VOOR

DE DORST
AUGN

en
GO

Figun

3.3. >

The c
detaih Figure 4. 13. Metaphor for printing actions
of trei

deleg
task l( The application of logical operations in a database is a problem for most users in the intended user

group (who will not have any experience wiih formal logics and notation). Definition by example
For ti will be an adequate metaphor, which is in fact provided by the user interface of the system, like the
object spreadsheet idea itself.
the e
organ
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3.4. The students

All students might be characterized as professionals, who had to learn the system for application in
their current job. Some were sent by their boss, others voluntarily applied for the course. The age
varieci between 18 and 63 years, there were 13 women and 41 men. More than half of all students
had at least some experience with other applications at a PC.

In order to measure relevant user characteristics, we applied the DAT Spatial Relations test (Ben
nett, Seashore, and Wesman, 1959), and we asked the students to fl11 in a questionnaire on experi
ence with other systems.

3.5. The students’ knowledge and representations after the course

After the course a questionnaire was administered on knowledge about the system, representations of
the system, and preference for types of metacommunication. The resulting knowledge on the system
was measured by separate questions 0fl task level, semantic level, syntax level, and key-stroke level
of the system. For details, see Wijk (1987). Students’ preference for metacommunication after the
course was measured via systematic written self reports on preference for different sources (on-line,
documentation, experts, colleagues, course material and representation of the metaphors). For an
impression of the students’ mental representation we applied a teach-back procedure as in the previ
ous study.

a. Knowledge of the system
As we measured the users’ knowledge of the system with separate questions aiming at the dif
ferent levels of description we derived from Morail, we were able to calculate the relation
between the correctness at these levels. Table 4.1 shows only the Spearman correlations that
were significant (p .05).

semantic syntax key-stroke
level level level

task level n.s. n.s. n.s.

semantic level .68 .52

syntax level .68

Table 4.1. Correlations between the different levels of knowledge, n = 54

The results indicate a clustering of knowledge at semantic, syntax, and key-stroke level,
apparently unrelated to knowledge at task level. We interpret this as two different dimensions, (a)
knowledge of the actual system and (b) knowledge of external functionality; the first one indicat
ing the insight of users in the system itseif, the other indicating their general knowledge of the
task and the role of a spreadsheet system in relation to the task. It should be noticed that
knowledge of a system does not automatically imply skill to use it in actual situations. The situa
tion in which this study took place did not enable us to measure actual ability to apply the sys
tem, however.

b. Representations of the system
The users’ mental models were investigated using a teach-back method, that provided us with an
insight in the different representations users built of the system. The representations collected
were mainly correct. A major source of difference was the level of representation. More than
half of them could be identffied as semantic level descriptions, although we found individual
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representations at all different levels and at several combinations of levels. Figures 4. 15-4. 19
show several examples. The metaphors presented in the course were not found often. Figure
4.20 illustrates a rare case.

has the possibility to select from a database
(is a group of data regarding similar information,
e.g. members of your aerobic dance group. For
each person data are recorded like name, address,
city, telephone number, age etc)

1f you want to find members from a certain age
group, then you write down which class (e.g.
between 40-250 years) and **** will check all
persons. if it finds such a person falling in the age
group, it copies all data concerning this person to
a different place, presenting you with the request
ed overview. In case of a group of 10 members,
you may do this outwardly, but with a large so
ciety the computer is much quicker.

Figure 4. 15. A user’s representation at task level

make a graph with command “Graph”
1 Graph
X Range
YRange
Titles First
Titles X-axis

Y-axis
Name

View

Figure 4. 16. A user’s representation at syntax level

put the data for the figure in columns, ordered in
horizontal and vertical data, take care for the gra
duation of the axes. Choose the relevant columns
via Graph, choose titles and descriptions, and
view in between as often as possible the results via
View.

Figure 4. 17. A user’s representation at semantic level
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- go to Graph in the menu
- indicate the kind of graph (Type);
- indicate Range of X;
- indicate Range of A (if necessary up to F);
- if necessary indicate Legend;
- mark on Graph menu level View

- if to be kept, “save” for later print
with PrintGraph.

- Quit

Figure 4. 18. A combination of semantics and syntax representation

G(raph)
T(ype)
L(ine)
X C8. .F8

Figure 4.19. Key-stroke sequence with syntax indication

database kind of card desk
important to know how and where

1) how notated
3) input data

2) where it should go

database
how where

e.g.:
field name NAME ADDRESS record

field
actions: / = backslash

F = file
r = retrieve, put in database (external)?

Figure 4.20. Teach-back protocol representing course metaphor

c. Preference for metacommunication
Part of the questionnaire the students answered after the course, concerned their preference for
sources of help in situations where their knowledge of the system would fail. The answers
showed a variety in preferred sources, but documentation and exploration of the system were
both mentioned by the majority of the students. Only a minority mentions colleagues or experts
(who are in fact available in the company). “Active” help by the system is a potential source for
about 10 per cent, and the course metaphors score only 20 per cent. Obviously most students
think they are abie to solve problems without any active help.
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The sources of help may be classified as internal to the system and external to the system. In our
student group, there was no correlation between preference for internal metacommunication and
preference for metacommunication outside the system.

Our data show both a significant correlation (p .05, n=54) between knowledge of external
functionality and preference for metacommunication outside the system (.27), and between
knowledge of external functionality and preference for internal metacommunication (.35). There
is a significant correlation between knowledge of the actual system and preference for internal
metacommunication only (.44).

d. Spatial ability
Spatial ability was investigated in relation with the scores on the knowledge questions. It was sig
nificantly correlated to both knowledge of external functionality (.29), and knowledge of the sys
tem (.56).

3.6. Discussion

As in the first smail-scale study (section 2) there was no experimental variation in metaphors. All
students received the same instruction. In general, the metaphors used in this course were sufficient
to guide most participants to understanding the functionality of the system and to acquire ski!! in
interacting with the system. The resulting mental models showed striking individual differences in
mode of representation, inciuding descriptions af the different levels of Moran (1981). It turned out
that for this user group knowledge of the external functionality was not significantly related to
knowledge of the system (see 3.5 .a). Spatial ability was strongly related to knowledge of the system
af the end of the course, and on on a lower level to knowledge of the external functionality (3.5.d).

4. An experiment - differences in user groups and user interfaces for electronic mail

The experiment we will report took place as part of a research project subsidized by the European
Commission, in the COST-1 1-ter action. The working group “Human Factors in Te!ematic Systems”
studies the design of user interfaces, illustrating its interdisciplinary approach, with examples of elec
tronic mail systems (Van der Veer, Guest, Haselager, McDaid, Oestreicher, Tauber, Vos, and
Waern, 1988).

An experiment was performed in different European countries, in which, for a given application
functionality (an electronic mail system), the user interface was systematically varied in a single
aspect: only of the lexicon (part of the syntax level in the sense of Moran, 1981) we constructed two
different versions. All other aspects of the application (both semantics and key-stroke leve!) were
identical. The two lexicons differ in such a way that analogies to known situations were either
stressed by metaphorical mnemonics (designed for this experiment), or just kept implicit (using a
world wide available standard interface - for an e!aboration of the approach see Innocent, Van der
Veer, and Waern, 1987).

a. As a first step in our approach, the existing system was formally described af semantic and syntax
level. Parallel to this we investigated the experiences in using the mail system, for incidental and
expert users, in order to identify areas of prob!ems in learning and applying the system. The
main prob!em of the system investigated seems to be the lack of correspondence between the
user’s unit tasks and the system’s basic tasks. This problem seems to be aggravated by the incon
sistent naming conventions for the commands and the absence of indicative system prompts
(Innocent, Tauber, Van der Veer, Haselager, McDaid, Oestreicher, and Waern, 1988).

b. The next step concerned the definition of an alternative user interface. For this experiment we
decided to investigate the effect of varying the lexicon, i.e. the set of command names and system
prompts only (a next series of experiments will consider redefinition of the application functional
ity). The user interface of the experimental alternative interface differed from the original one
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only in the lexicon. The command names and system prompts were redesigned according to our

analysis of the semantics of the mail system (Van der Veer, 1989b). All other aspects of the vir

tual machine (the semantics, the structure and form of metacommunication, the screen Iayout)

were identical for both variants.

c. The alternative interface was constructed on top of the existing mail system, and both systems

were emulated for use in an experimental setting, enabling the collection of time stamped logs

and the simulation of mail arriving at the experimental user’s mailbox (Guest, Van der Veer,

Haselager, Innocent, McDaid, Oestreicher, Tauber, Vos, and Waern, 1988).

d. The last step of our approach is the investigation of the effect of the alternative user interfaces

(for detailed reports on mental bad and mood, see Waern, 1989; for results on performance, see

Groenendijk, 1988 and Waern, van der Veer, Guest, Haselager, Hjalmerson, Innocent,

McDaid, Oestreicher, Sviird, and Tauber, 1988; for an elaboration on users’ representations, see

Van der Veer, 1989b).

The resuits on users’ knowledge and representafions of the system show the effect of cultural differ

ences, of metaphoric content of the user interface, and of individual differences in spatial ability.

4.1. Procedure, experimental design, and subjects

Because of differences in the actual experimental design, we will compare only data from experi

ments in England and in the Netherlands. In both countries half of the subjects learned and used the

original mail system, the other half applied the system with the new user interface. Otherwise the

treatment of the subjects was completely identical.

We will mainly report on the teach-back protocols collected after the subjects had two periods of half

an hour’s experience at the experimental mail system with one of the two alternative user interfaces.

This experience covered both guided exercises and free exploration. Both before the first period of

experience, and in between two half hour sessions, a written instruction on the system was read by

the subjects. The instruction was carefully constructed, covering all levels of the interaction, and

turned out to be sufficient to guide most subjects through the exercises to a status of understanding

most aspects of the mail interface.

Mailbox systems confront the user with a structure of objects (the mailbox, being a list of messages)

that in most cases may not be made visible in its entirety on the screen. In previous sections we

already mentioned the effect of spatial ability in relation to behaviour in interaction with systems with

this characteristic. For this reason we measured the subjects on this variable prior to the experiment,

using the DAT (Bennett, Seashore, and Wesman, 1959). At the end of the second period of half an

hour’s experience, we collected teach-back protocols. In fact more measures were collected, but

these will not be reported in this volume.

Teach-back protocols were scored on completeness (1 or 0, denoting respectively the representation

of all or not all basic tasks. Correctness was scored in three levels (0, .5, 1) denoting, respectively,

the general failure to represent the system, a partial correct representation, and a mainly correct

description respectively. The representation was judged on the appearance of descriptions on the 1ev-

eis of Moran’s analysis: task, semantic, syntax, and key-stroke. Different combinations of one to

four levels were found, some protocols were so restricted in content that we did not score any level.

The representation mode was characterised as either an algorithm (with indication of temporal

order), production rules (without any indication of sequence or temporal structure), or a graphical

representation. More than one mode of representation could be present in a protocol. One subtask

mentioned in the instruction of the teach-back procedure was not considered in scoring, since it

referred to an odd characteristic of the system, that turned Out to be unintelligible for most subjects.
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The subjects in these experiments were aduits, varying in age and occupations. Many of them were

university students in different faculties. We selected only those subjects with no prior experience in

electronic mail, and no experience in computing apart from commercially available computer games.

The Dutch sample consisted of 22 subjects, the English sample counted 20.

4.2. Results

a. General observations
For both variants of the system, the user’s unit tasks do not match the system’s basic tasks. In

teach-back protocols we collected after the first half hour session, we found regularly indications

of problems with the internal semantics of the system. However, in the experiment we did not

vary this aspect. We only tried to clarify the problem by means of alternative command names

and system prompts. The new user interface with the alternative lexicon did not result in

improved user’s representations (for in irnproved performance on the task. For a study on per

formance measures in this experiment, see Waern et al., 1988).

Some of the characteristics of mental models mentioned by Norman (1983) may be clearly illus

trated from the representations we found in the teach-back protocols. Users are aware of the frag

mentary nature of their mental model. They regularly use metacommunication, i.e. they use the

on-line help facility, and they often explicitly mention this. Certain phenomena of incomplete

ness are very frequent in the teach-back representations in this experiment, mainly as a result of

the system’s bizarre functionality: subjects are often unaware of the fact that the system automati

cally ends the mail program after actions on the oldest letter in the mailbox. Many of the other

wise correct descriptions failed at this point. From the logs we noticed that users in actual

interaction simply entered the mailbox again and continued their work any time this happened.

In relation to the vagueness of boundaries of mental models the following observation is illustra

tive: some users mix up their model of the mail system with their (very restricted) knowledge of

the UNIX shell in which this system was actually implemented. In the logs we find many occa

sions of users trying to issue mail commands outside the mail system (in the UNIX shell). This

confusion is not evident from the teach-back protocols, since these mostly refer to actions within

the mail system only.
J t 14,4

_______

‘-‘

Sweden

England ‘,‘-/

the Netherlands

Figure 4.21. Icons denoting the return key, as normally found in users’ representations, charac

teristic for the location of the experiment

For this kind of system and interface, only one form of “iconic” representation was spontane

ously applied by the users, always indicating the “return” key. A systematic difference in this

aspect turned Out to be related to differences in apparatus used in the different countries (the

inscriptions on the keyboards of the terminals used in the experiment). Figure 4.21 shows the

typical icons found in the protocols. This figure covers also some data from the Swedish
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experiments, which are not reported otherwise in this chapter, for reasons mentioned before.

b. Users’ representations in relation to spatial ability
Spatial ability, as measured by the DAT test, did not differ systematically between the samples
from the two countries. We divided the subjects in two groups according to the median score
(scores 45 are labeled “low spatial ability”, scores > 45 are labeled “high spatial ability”).

Spatial ability turned Out to be a predictor for correct and complete representations in the teach
back protocols. Incompleteness of representations was recorded more often for subjects with low
spatial ability (5 out of 22 protocols), than for subjects with high spatial ability (1 Out of 20).
Correctness was less frequent for subjects with low spatial ability (4 of 22), than for subjects with
high spatial ability (14 of 20).

c. Users’ representations in relation to lexicon
The only systematic difference we found in relation to the distinction between the two different
interfaces was an effect on the incompleteness score: the system with the new lexicon (with
mnemonic command names and system prompts that referred to the semantics) resulted in 5 out
of 21 subjects scoring incomplete, the system with the standard lexicon of the existing mail sys
tem (where the command names and system prompts implied incomplete or partially incorrect
connotations in relation to the semantics) in 1 out of 21. So the introduction of a more consistent
new lexicon (all other components of the system being unchanged) did not result in an improve
ment, even though the mnemonics referred clearly to a metaphoric description of the semantics.
(In fact this experiment was designed as a study to find out whether the notorious shortcomings
of this widely used user interface would ask for radical redesign or just some obvious repairs at
the syntax level. In the next experiment of the COST working group the semantics will be
redesigned, and, moreover, visual-spatial metaphors will be designed to illustrate the structure of
the virtual machine and the structure of the information traffic in this type of mail system).

d. Users’ representations in relation to location
Studying the background information on the experimental subjects in the Netherlands and Eng-
land (experience in computing, educational level) we did not find any indication of a systematic
difference in any variable. But stili we found a number of differences in levels and mode of
representation. Whereas all levels occur regularly, often in diflèrent combinations of adjacent
levels, we scored more representations of task level and of semantics in the Dutch group, than in
the English, as is illustrated in table 4.2. This table also shows that graphical representations
were only found in the Dutch group (the scoring of the protocols was done by the same pair of
experimenters for both groups).

the Netherlands England

number of teach-back
protocols scored 22 20

representations
at task level 8 1

representations
of semantics 17 10

graphical
representations 3 0

Table 4.2. Representation in relation to country
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e. Levels of representation
Independent of the groups and variables mentioned before, we found a lot of variety in represen
tations. Table 4.3 shows all combinations we found in the teach-back protocols. Only adjacent
levels were represented in the same protocol. The most common combinations of levels of
representation were syntax and key-stroke level as a pair or in combination with semantics or
even with task level.

level combination frequency
(in 42 protocols)

no 2

tlse/sy 2
t/se/sylk 7

se/sy 2
se/sy/k 16

sy 4
sy/k 9

Table 4.3. Levels of representation (t = task, se = semantic, sy = syntax, k = key-stroke)
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Figure 4.22 shows a teach-back protocol, translated from the original Dutch manuscript, preserv
ing the original layout. This protocol is an example of a combination of all four levels. Figure
4.23 shows a transcription of an English protocol, featuring representations at semantic, syntax
and key-stroke level. Figure 4.24 (from a Dutch original) is mainly on syntax and key-stroke
level.

Split the task in parts
each part represents 1 command to the computer.
1 command relates to the code, you have to type in the computer
After each code, type “enter”

The codes are:

mail -+ enter mailbox
n(ext) -* next letter
b(ack) 4 last letter
D(elete) 4 destroy
p(ut)D(elete) fredmail 4 save message without title

in file “fredmail”
m(ail)D(elete) john 4 send message to John
q(uit) 4 leave mail box
q(uit)C(hange) 4 leave mailbox, execute prior commands.

With qC the previous commands pD, mD and D are also executed.

N . B. -The letters appear in order, the most recent one first.
-$ means outside mail box
-the codes may be typed in completely or abbreviated

Figure 4.22. Transcription teach-back protocol: description at task level, semantic and syntax
knowledge and key-stroke notions
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Type “mai”

Each letter is identified by the top line which gives the
date and name of correspondent. Move through the letters by
pressing “n “to go to the next recent letterr

or “b”to go back to the next oldest letter.

When letter is headed by “from tom” or “from dick”,
underneath “command:” type “D[”.

Do this for every letter from Tom or Dick.

When letter is headed by “from fred”, underneath “command:”
type “pD fredmailJ”.

When letter is headed “from Harry”, underneath “command:”
type “mD John,j “.

1 stili don’t know how to delete the oldest message.

Figure 4.23. Protocol with representation at semantic, syntax, and key-stroke level

Mail.J -

d tom%j
d dirk.j
w fredmai1.I
+ till harry is found
m johi

tili last message

q.

Figure 4.24. Transcription teach-back protocol (algorithm, syntax and key-strokes)
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f. Structure and temporal order in representations
Of the total of 42 teach-back protocols, 15 could be characterised as collections of production
rules, that did not seem to imply any temporal order. Figure 4.25 gives an example. 28 protocols
showed an algorithmic representation, implying sequence, loops or branches, of which figure
4.26 is an example.

examine your mail type mail return

after that always type + for the
consecutive letters.

delete any messages from : type D at the top of messages from tom or dick.
Tom or Dick

Save any messages : type w ( fredmail) at the top of all messages
from Fred without their titles, from fred.
in the file fredmail

forward any : m (john) at the top of all messages from harry.
messages from Harry
to John

delete the oldest message : via - you arrive at the oldest letter
type D at the top of these.

Figure 4.25. Transcription teach-back protocol (production mies)

TYPE MAIL,J This shows last letter to have
arrived

1f letter is from Tom of Dick
Type d

1f letter is from FRED type w FREDMAIL
1f letter is from Harry type m John

Continue in this way typing +J to arrive at
the previous letter.

1f in doubt type ?,j This gives
help information.
1f you have “goofed” type MAIL this allows

a restart
Ç’at end type q

L After last +.Jtype ÇJ this deletes last
letter

Figure 4.26. Protocol of algorithmic nature
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g. Graphical representations
Representations of a graphical nature are rare in this experiment (compared to the findings of the
study for complex integrated office systems mentioned in a previous section in this chapter). We
find icons for the return key regularly (indicating the differences between countries in inscription
on the keyboard, as mentioned above), and some graphic representations of the mailbox structure
(Figure 4.27 shows fragments of both an English case and a Dutch protocol).

A

$
MAIL

press

_____________

- (letter)

B
ENTRANCE in system by typing “mail”

1 ]15-7 —

T 114-7
1 j 13-7
j 112-7 +
1 111-7

-_110-7

Figure 4.27. Graphical representations of the mailbox, transcribed from an English (A) and a
Dutch (B) teach-back manuscript
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Only some Dutch protocols show elaborate representations resembling flowcharts. Figures 4.28

and 4.29 present examples.

Type mail + read letter and act as follows
1f letter is from Fred type

pDjredmail
1f letter is from Harry:

mDjohn
1f letter is from Tom or Dick:

D
1f letter is oldest: (last letter)

D
= space

Figure 4.28. Protocol incorporating both an algorithm and a graphical representation
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Figure 4.29. Transcription of fiow chart representation

5. Conciusions

From the studies reported in this chapter some conciusions may be drawn. These are the sources of

inspiration for designing a method for the systematic scoring of teach-back protocols (see the next

chapter), and for the design of the study to be reported in chapter 6.

5.1. The field studies

Given the restrictions inherent to these type of studies, investigation of the students’ represenlations

of a system after an introductory course will give an iinpression of the mental model. The relation

between teach-back representations and individual differences indicate the importance of these differ

ences for the development of users’ representations and hint to a possible relation between charac

teristics of teaching (like the choice of metaphors) and the resulting representation and knowledge.

In the first, smali-scale, field study the dijnension imager/non-imager seemed to be relevant for the

adequacy of the metaphors (we used integrating metaphors, in the terminology of Clanton, see sec

tion 1.1) to help the development of mental model. In the field study on teaching a spreadsheet sys

tem the metaphors were apparently sufficient for the students to acquire an adequate mental model.

The resulting representations again showed striking individual differences in mode of representation,

including descriptions on the different levels of Moran. Remarkably, the metaphors used in teaching

were seldom refiected in the users’ representations after the course.

no

4,
yes —j from fred7
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The approach of analysing the user interface of an existing system, describing the conceptual model

and defining the user’s virtual machine, and designing organisational and operational metaphors (see

section 1.1) for teaching, has proven to be successful for a spreadsheet system. Users knew most of

the relevant aspects of the system (the UVM) after 2 days of teaching. Although we are unable sup

port this statistically, we have the impression that in the group that attended our course we did not

find the problems in understanding the system that were found in interviews with another group of

occasional users, who learned the system just from documentation and trial and error (see Wijk,

1987).

The users’ knowledge at the end of the course could be differentiated in knowledge of the system and

knowledge of the general functionality of spreadsheet systems. Knowledge of the system at semantic,
syntax, and key-stroke level were strongly related. It turned out that for this user group knowledge
of the external functionality was not related to knowledge of the system.

Preference for sources of metacommunication after the completion of the course indicate that users

generally estimated themselves competent enough to find Out for themselves, using documentation or

actively exploring the system. The more a user knows of the actual system, the more he relies on the
system as a source of metacommunication. The more a user understands the general functionality of

spreadsheet systems, the more he prefers metacommunication sources both inside and outside the

system.

5.2. The experiment on electronic mail

The difference between the two user interfaces is only a matter of lexicon. The functionality of both
systems is identical. This functionality in itself is far from ideal from the point of view of the end
user and his “normal” way of thinking in unit tasks. In this respect this system is no exception, nor
an extreme example. Too much positive effect of “improving” the user interface, only in modifying
the lexicon may not be expected. The way we adapted the command names, systematically refiecting
the semantics of the underlying system, turned Out to be no improvement. In fact we initially
designed different sets of names, some of them systematically varying in the number of characters to
be typed. In our final choice for this study we decided to strive for semantic consistency at the cost

of key-stroke complexity. The extra effort to remember and produce the multiple key-stroke corn

mands may easily have outweighted any small effect of just improving the lexicon. The main positive
result in this respect is for the next experiments of the COST working group, aiming at improving
the functionality: any success is not likely to be the result of just choosing meaningful tokens for the
user interface.

The representations we found in two countries differ systematically. Since the experimental design
does not reveal any reason for this type of difference, we can only conclude there are some unidenti
fied cultural differences between the groups that are relevant for the first stage of development of

mental representations. English novices are less inclined to build mental representations at higher
levels (task and semantics) as a first step in developing a mental model, compared to Dutch novices,
for this kind of computer application. The English novices seem to be less inclined than the Dutch to

apply image representations for the structure of interaction (a mode of representation that generally
seems to be rare for this application).

5.3. Representations

a. mode of representation
Some users are inclined to represent in their teach-back protocols the temporal or sequence
dependent aspects of the interaction with the system, by indicating some kind or control fiow on
transaction elements, in the form of a algorithm or program. Others represent the interaction
with a set of seemingly unordered production rules. Still others represent characteristic elements



- 77 -

of the virtual machine like objects and operations and their relations. Combinations of these will

sometimes occur. All these teach-back representations may either be written down in the form of

verbal statements, or drawn in the form of images and flowchart-like schemes, or both may be

combined. Both in verbal statements and in images the single elements may be denoted by verbal

labels or by simple pictures of the type of “icons” (pictograms).

These observations throw some light on the discussion on the character of mental models, as

reported in chapter 3. Some representations are indeed images, but others are completely verbal,

though serving the same purpose, and often equally complete and correct. Some representations

take the form of programs (a characteristic that would be required if a user would be able to

“run” his mental model, as Norman implies), others are formulated as a set of production rules

(most of the time without any indications of control structure). Stil! other representations (again,

sometimes verbal, in other cases purely images) describe the system in its structural relations

between components, strong!y reminding one to the concept of “entailment structure” as intro

duced by Pask. From the latter kind of representation knowledge of the system can be “recon

structed”.

The observations seem to suggest that different kincis of representations may be applied in identi

cal situations of human-computer interaction, without one being clearly superior to another. We

should keep in mmd that we are only analysing the representations we were able to collect, which

are the traces users are willing and able to leave on paper. It might be that the mental representa

tions users apply in guiding their interaction differ strongly from what they show us in the teach

back situation. We are sure, however, that the representations produced by the users in our stu

dies are to a large extent individual utterances, not prescribed by the kind of teaching or the kind

of user interface. A main source of variation has to be attributed to the user’s individual

knowledge, style, and mental representation. This variety of representations is spontaneously pro

duced by the users, and different types seem to be equivalent in their validity for guiding the

users in the interaction with the system.

b. levels of representation
The four highest levels Moran (1981) applies for the analysis of human-computer interaction all

may be encountered in the representations used by naive users. All levels are present in the pro

tocols, in many different combinations, and as single leve! representations. Combinations of two

or more adjacent levels are generally found, mostly syntax and key-stroke descriptions. The “pre

ferred” combinations of levels seem to be related to the actual (kind of) system studied, as the

patterns we found for novices studying a spreadsheet or an office system differed from the ones

most common in learning electronic mail.

5.4. Individual differences

In the first study described in this chapter we found an indication for the importance of the style

dimension “imagers” - “non-imagers”, bul the number of subjects is too small to draw strong con

clusions. Moreover, the measurement procedure we applied for this variable is too complicated to

use in large scale studies, so we decided not to follow this line for the present series of studies. Spa-

tja! ability is an important source of individual variation in coping with computer applications. The

studies reported in this chapter confirm the evidence of Rothkopf (1987) and Van der Veer, Van

Beek, and Cruts (1987). In learning a spreadsheet system spatial ability turned out to be a signifi

cant and strong predictor for knowledge of the actual system (semantics, syntax and key-stroke level)

after the course, and, to a much lesser extent, for knowledge of the general functionality. In the

electronic mail experiment we recorded the effect of this variable on correctness and completeness of

users’ representations. Special features might be designed in the interface in order to improve the

possibilities of grasping the spatiaL structure and localizing the actual transactions in this structure,

for users who need this kind of help (Rothkopf, 1987).
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Chapter 5. “MEASUREMENT” OF USERS’ REPRESENTATIONS

A main point of interest in the analysis presented in chapter 3 is the concept of mental model. The
small scale studies reported in chapter 4 and the large scale study that is the subject of the next
chapter have as a centra! theme the development of the user’s mental model of a computer system or
a computer appllcation, during the phase of initial learning about the system. However, the mental
model, in itself, is not available for direct observation in the sense of empirical data collection.
Referring to this problem, Norman (1983) introduced the concept of “the scientist’s conceptualiza
tion of the mental model”.

In the small scale studies we approached this concept in several ways. We measured knowledge of
users on aspects of the system, in such a way that we collected indications related to individual levels
of the interaction, by constructing separate questions. We also in some cases collected samples of
user behaviour in interaction with the system (logs) that indirectly indicated (a lack of) knowledge on
some aspects of the system. The teach-back method seems, however, in our small scale studies to
show best of all what may be the character of the representation that is present in the user.

In this chapter we will elaborate on the teach-back method, the aspect of interpretation of the proto
cols, and an operationalisation of the scoring. This will provide us with an instrument for measuring
users’ representations which we use in the large scale study reported in the next chapter.

1. A teach-back method

Our solution to the need to study the user’s mental model is to apply a technique to provoke the user
to externalize his representation(s) of the system. Pask’ s technique of “teach-back” developed in the
framework of “Conversation Theory” (Pask and Scott, 1972) is the basis of our method. We are
aware of the fact that this method is in principle only of use for getting information on knowledge of
which the user is aware, and which can in any way be represented in writing or drawing. In our
elaboration of the teach-back technique we ask the user to consider the performance of a coherent set
of unit tasks, in interaction with the system the user has learned to apply. We ask the user to
describe the task delegation to the system, in his own preferred mode of representation. We explicitly
indicate the target reader of the description, as either someone who is professional in the task domain
only, or someone who is also experienceci in using other computer systems applied to the same task
domain. Figure 5.1 presents an example of a teach-back task as actually applied in the last small
scale study mentioned in chapter 4 (on electronic mail systems).
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Using diagrams and/or words show how you
would explain to someone who has never used an
electronic mail system how to perform the follow
ing task:

Examine your mail, deleting any message from
Tom or Dick, saving any messages from Fred in
the file ‘fredmail’ without their titles, forwarding
any messages from Harry to John and deleting the
oldest message in your mailbox.

Figure 5. 1. Example of a teach-back task

The example of figure 5. 1 illustrates some of the problems encountered in this method: the last unit
task mentioned in this example will normally not be an element of a coherent set of user tasks. We
included it since we expected information on a special feature of the functionality of the system con
cerned. Actually, the protocols in our study showed that users often could not cope with this sub
task, but did find ways to represent most or all of the other “normal” transactions addressed in the
question. Our conciusion is that unusual elements should not be asked for in teach-back tasks.

The general structure of the teach-back instruction should consist of the following elements:
a. An indication of a coherent user task, that in turn should be decomposable to a set of unit tasks.

The task should for the user appear to be a normal task, consisting of subtasks that would all
make sense in relation to the task as a whole. Since we are mainly interested in the representa
tion of task delegation to the system, the subtasks (unit tasks) concerned are actually mentioned
in the instruction.

b. An indication of the frame of reference available to the imaginary reader of the teach-back proto
col. The main variants that make sense are the intended reader as a professional who never used
computers (or systems with comparable functionality), and, alternatively, the intended reader as a
colleague who uses another system with roughly the same functionality. In case of the first alter
native, the idea is that the user may be sure that the external task domain is known, but that
there may not be assumed knowledge on any aspect related to the system. In the second case,
however, the user may presume there is knowledge both on the external task domain, and on the
general structure and contents of the semantics, so he might take that as a starting point for his
description of the system. In some studies (e.g. Brazier and Beishuizen, 1988; and the first
small scale study reviewed in chapter 4) two teach-back questions are employed about identical or
comparable user tasks, but each hinting at one type of imaginary reader. In the resuits we have
seen so far, this variation, however, does not make too much difference, so in other cases we
used only the first type of reference in order to be sure the user would not skip relevant parts of
his representation of the system.

c. An indication on the way the user should write down his representations. In fact, we try just to
let the user know that any type of teach-back representation is fine. The actual wording of this
aspect will have to be adjusted to educational level and age of subjects.

d. In recent versions of the teach-back method, the actual question is preceded by a statement on
the goal of the method, in a phrase like : “We are interested to know in what way you represent
the system yourself. For that reason we are asking you the following question”. This is done
after Brazier and Trimp (1988) found that some subjects (who happened to be student teachers)
tended to focus at a teach-back representation that would be didactically elegant, in stead of writ
ing down their relevant knowledge as directly and completely as possible.
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2. Interpretation of the teach-back protocols
The interpretation of the teach-back protocols, and the quantification of indices related to teach-back
representations, require some methodological considerations. We do not pretend to be able to meas
ure mental models. The data we collect are comparable to the think-aloud protocols used in research
methods like Newell and Simon’s work (1972). The method of interpretation and scoring aims at
collecting information on the representations users overtly apply in referring to a system. It is obvi
ous that the users are able to think about the system in terms of these representations, but it is in no
way certain that these would be the only mental representations, or that this would reflect the com
plete mental model. We interpret them as aspects of the total mental model. The indication of the
imaginary reader of the teach-back (see the previous section) might urge the user to elaborate certain
aspects of the representation in particular (e.g. syntax in the case of an imaginary expert on a corn
parable computer system, semantics and task level if the imaginary reader has no computing experi
ence). But even in situations of different types of imaginary readers the teach-back protocols will
show representations that reflect aspects of the same total mental model.

In order to achieve understanding of the total mental representation of a user, It is necessary to
analyse the available observations (e.g. answers to teach-back questionnaire) in its aspects (e.g.
Moran’s CLG levels (Moran, 1981)). These aspects can then be classified and scored. It is impor
tant to understand that it is a descriptive method, that does not provide explanations. The teach-back
technique and the related interpretation method have been applied in different previous studies of
human-computer interaction (The different small scale studies referred to in this chapter; Brazier
and Beishuizen, 1988). These studies showed that users’ representation of systems varied in different
aspects, that as such could be measured separately.

a. The levels of description users apply show a striking resemblance to the top four levels Moran
(1981) distinguishes in his CLG approach. Certain users preferably describe interaction with a
system at task level, others refer to semantics like objects, attributes and actions. Some represen
tations show the syntax, or explicitly refer to syntactic rules, other representations denote in fact
strings of key-strokes. Nearly all possible combinations of more than one level (task, semantics,
syntax, key-stroke) may also be found in the collection of protocols.

Some users may describe the system correctly at task and semantic level, but fail at syntax and
key-stroke. This can be accredited to their inability to actually perform interaction with the sys
tem. On rare occasions clear-cut key-stroke descriptions are encountered, sometimes combined
with the subject’s claim that it is impossible to explain the task delegation to someone who has
not had any experience with related systems.

b. The mode(s) of representation applied vary considerably. Related to the actual system described,
we may find a distinction between users who apply verbal descriptions only, and users who use
visual representations (either in combination with text, or in a form resembling flowcharts or net
work drawings)

Apart from this distinction, some common forms of description are program-like representations,
with an indication of temporal order of transactions (inciuding loops and branches), to be dis
tinguished from representations resembling production rules without an indication of order (and
as far as we can analyse the user’s meaning, no intention to specify this).

c. Descriptions of the system and of interaction in relation to task delegation vary in both the
amount of correctness, and the amount of completeness.

In the small scale studies mentioned in the previous chapter, we did not find too much differences
between protocols aimed at different imaginary target readers. We will not consider this source of
variation in the study described in the next chapter, and we will keep this factor constant.
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3. Scoring teach-back protocols

Teach-back protocols are scored on 4 different aspects, style (1), level (2), completeness (3), and
correctness (4). The first two aspects are given qualitative scores, the last two are assigned numeri
cal scores. Style indicates at least one of the five style components distinguished, some of which
overlap, and, moreover, in a single protocol several fragments may be rated to indicate different
styles. The levels of representation refer to the top four levels of representation analysed by Moran
(1981). We exclude the physical component of spatial layout level and (hardware) device level. More
than one level could be present in any individual representation. The scores for completeness and
correctness provide extra information on the quality of the representation. We will discuss the scor
ing method for each aspect separately, below.

3.1. Style of representation

The representations that subjects produce on the teach-back tasks vary greatly. Several style charac
teristics may be found within a single protocol. The style characteristics distinguished are: verbal
deseription, visual-spatial image, use of icons, set of production rules, and programs. Each style is
scored 1 if it occurs anywhere in the teach-back protocol, otherwise it is scored 0.
a. verbal description

Any representation which is completely or partially composed of language fragments that may be
considered sentences in natural language, is scored in this category. These sentences may be
incomplete, words may have been skipped, abbreviated or misspelled. Nevertheless, the verbal
statements will have to be longer than one word. Examples of verbal descriptions:

how to copy: insert source disk and destination disk, give copy command, check whether
file is now on second disk

the file should be in a directory, and copyrng will result in an identical file, with a new
name or in a different directory or on a different disk

b. visual-spatial image
Any drawing or scheme that depicts at least two elements of a representation and at the same time
indicates a spatial relation between the two is scored as a visual spatial image. The elements may
be task elements, semantic units, syntax (lexical) units or elements representing actions (key
board, screen, mouse, disk). The spatial relation may indicate a location / position of an element
relative to another, or a flow of information, or a flow of control. Examples of visual-spatial
images:

image of a keyboard connected to a screen

any item (icon, verbal label, prompt symbol) located on a drawing of a screen

images of a mouse and screen, and an arrow pointing from one to the other

a character string representing a command, connected to the image of a disk by an arrow
c. use of icons

Icons are graphical representations of azy element in the description, that are drawn in such a
way that no relevant structural details are visible. Icons may appear instead of words in a verbal
representation, or as atomic elements in a visual-spatial image. Strings of alpha-numeric symbols
that represent transaction elements at key-stroke level (see further) are not scored as icons. Sym
bols representing the return key (j ) are considered icons, as are framed strings of alpha
numeric characters. Icons always are means to represent elements in a representation. They will
never be used to supply a complete representation, so the use of icons is a different type of style
characteristic from the other styles listed in this section. Examples of icons:
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a drawing of a disk, a drawing of a screen that is not filled with details that may be iden
tified as relevant details, a drawing of a keyboard without dear indication of individual
key-functions.

a command string surrounded by a frame

a box containing the label of a key

a box with one or two buttons (indicating a mouse)
d. set of production rules

A set consists of at least two rules. A rule is, in this context, defined as containing two elements,
a header and a body. The header explicitly refers to a task (either a user’s task or a system’s
basic task), or an action (at syntax level or at key-stroke level, see further), and is clearly marked
or separated from the body, e.g. by underlining, or by a colon. The body indicates how the task
of action are accomplished, or provides a decomposition. An important characteristic of a set of
production rules is the fact that no control structure or order is explicitly indicated (apart from
the order in which the rules are written down). However, a body of a rule can in itself be a frag
ment of program (see next en try). Examples of production rules:

how to copy: insert source disk and destination disk, give copy command, check whether
file is now on second disk

how to print: connect the printer, check paper, press “ScrPrt”

how to display: give command “type” and give file name
e. programs

Programs are representations of tasks or actions, in which the flow of control, is made dear for
example by spatial layout, arrows, flow-chart like notations, or by verbal constructions such as
“after that”, “if .. then .. else”, “for .. do” “repeat .. as long as” or the equivalent of these in
natural language. Even if the notation of the flow of control is primitive, incomplete, or unclear
for the reader, it should be scored a program as long as explicit indications are present. Exam
ples of programs will be found in the previous chapter, figures 4.26 and 4.29.

3.2. Levels of representation
A representation produced by a subject can be analyzed and scored as being on one or more of the
levels derived from Moran (1981): task level, semantic level, syntax, or key-stroke. Combinations of
levels occur, often between adjacent levels. A single statement or a single diagram may sometimes be
scored as a combination of levels. Each level is scored 1 if it occurs anywhere in the teach-back
protocol, otherwise it is scored 0.

a. task level
In a teach-back protocol the users’ unit tasks are explicitly referred to (e.g. the tasks mentioned
to the subjects in the instruction for the teach-back procedure copy a file from one disk to
another) and decomposed into system’s basic tasks. A basic task is equivalent to the task level
aspect of a single command, or a singleuser action between single commands (users’ decision,
users’ rating of a situation, users’ evaluation of an outcome, users’ actions like connecting a dev
ice or inserting a disk).

In some systems some unit tasks are so closely matched by the system’s basic tasks, like “copy a
file” in many disk-operating systems, that they could be described as accomplished by issuing just
the copy command, indicated as a single command. Alternatively, such a task could be decom
posed in a sequence containing e.g. loading the disk, locating the source file, actually issuing the
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copy command, and checking the content of the destination disk after copying - all of these or
any of them indicated as a unit of delegation (a command) or a transaction. The element or at
least the most important elements in which the unit task is decomposed should explicitly or
clearly be indicated as commands or transactions, not just be specifled by the physical action of
typing or pointing and clicking.

The following example shows a task level description, clearly indicating the unit task, and decom
posing this to several transactions inciuding a command:

you can use this system to copy files from one disk to another: insert source disk and
destination disk, give copy command from the source disk to the destination disk, check
whether file is now on second disk

The next example cannot be scored at the task level because the decomposition does not indicate
any element as a transaction or a command, but only specifies the act of typing and the specifica
tion of a file:

how to copy: after a> type copy a:<file> b:

b. semantic level
A description is at semantic level if it refers explicitly to semantic items like system objects (files,
directories), their attributes (dates, file names, length of a file, type of file (text file), and struc
ture of different objects (file in a directory)), and / or actions on objects that may effect objects
and their attributes or their relations, or effect output to the user. Only in cases where more than
two semantic items are mentioned in relation to each other is a protocol considered to be at
semantic level. References to physical devices (disks) are not considered to explicitly indicate
semantic objects.

The following example is scored at semantic level description, since several semantic items are
mentioned (file, directory, copying, name) in relation to each other (“.. should be in ..“,

“.. will
result in .

the file should be in a directory, and copying will result in an identical file, with a new
name or in a different directory or 011 a different disk

The next examples are not considered semantic level description, since the semantic items that
are mentioned (copy command, file) are not related to each other, but only to pbysical devices
(disks):

how to copy: insert source disk and destination disk, give copy command, check whether
file is now on second disk

how to copy: after the prompt first give the copy command, then indicate the file name
and the floppy to copy the file to

c. syntax level
A syntax level representation explicitly shows how a single command has to be issued by a
sequence of user’ s actions. The representation may be completed by indications of the system
reactions. The user’ s actions generally may be called “specifications”. The user indicates that he
has to specify the command, the object or objects involved, the attributes concerned, or locations
related to the command. In the case of certain interaction styles, the termination of the action
sequence that comprises the command (e.g. end_of line) also should be specified for reasons of
completeness, although the user will often omit (forget to mention) this when specifying only the
syntax level and possibly “higher” levels. The main indication of syntax level in the protocol is
the explicit notion of sequence of actions (and reactions), where the actions as such may be mdi
cated in several ways. Users will sometimes indicate these by giving key-stroke level representa
tions. Crucial to the syntax level representation is that at least some of the actions or reactions
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are explicitly denoteci as units (that are separated from each other, and might be exchanged for
other instances)

Example of pure syntax level description (where no indication is given of how to physically act in
order to specify the elements of the command):

how to copy: after the prompt first give the copy command, then indicate the file name
and the floppy to copy the file to

Here actions are indicated by labels like “command”, “indicate”, and a system reaction is
referred to by the label “prompt”.

An example of syntax level description mixed with key-stroke level representation (the latter mdi
cated by literal references of the type “a>” or by indications of physical actions like “type

how to copy: after a> type copy a:<flle-name> b:,,j
The next example will not be scored at syntax Level, since only Literal references and physical
actions are mentioned):

how to copy: a> copy a:john b:
d. Key-stroke level

A representation that explicitly mentions the use of hardware devices for accomplishing an action
(in the sense of the syntactic units) and how to manipulate them for this action, or that actually
represents the physical / perceptual aspects of users’ actions or system reactions (system prompt,
a “beep”), is scored as a key-stroke representation.

Examples of pure key-stroke level description:

how to copy: a> copy john b:

move mouse to icon, dick onicon, drag icon to new disk icon, release mouse button

hit key F4, type in file name, type b:, hit return key
Example of key-stroke level description mixed with syntax:

how to copy: after a> type copy a: <file-name> b:

3.3. Completeness

There are several ways to score completeness. The most easy approach is to rate incompleteness:
how much of what may be expected beforehand is in fact present in the protocol. 1f the elements
presupposed are mentioned, either explicitly or implicitly by decomposition or reference to tasks or
actions that are clearly a part of one of them, the element concerned is considered to be treated. 1f
an element is mentioned in a sentence like “how to print 1 have not yet learned”, or “1 presume
printing will go in a way analogical to displaying on the screen”, this will be scored as present.

1f the teach-back instruction inentions e.g. 4 elements, as will be the case in the study reportecl in
the next Chapter, the score may vary from 0 to 4.

3.4. Correctness

Correctness is sometimes difficult to rate in a consistent fashion. This is the case if we apply the
scoring method to representations that may refer to different systems or different user interfaces, as
will be the case in the study described in the next chapter. For that situations we will score this van
able using an ordinal scale in the following global way:
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1 In principle correct, if there are no striking incorrect elements mentioned, and if those parts of
the tasks that are represented are represented in most of the important parts (regarding the
level(s) of representation applied by the subject). 1f, e.g., the representation is at task and seman
tic level, the decomposition of the task and the semantic units should be mentioned, possibly with
the omission of minor parts, as long as the most important ones are present.

2 Partially correct, if there is a mixture of correct elements and some clearly wrong elements, or if
some important parts are rnissing although other important parts are mentioned.

3 Incorrect, if only unimportant parts are correctly represented, or if incorrect notions are the
majority of represented knowledge.

4. Some notes 011 reliability

Scoring teach-back protocols is an activity that requires a rater who is able to interpret the protocols
on the aspects mentioned in the previous section. The rater bas to read a protocol, mark each of the
five style components (all of which may occur in any combination, with the exception that no one
protocol may be labelled both a program and a set of production rules), and mark the occurrence of
the levels of representation. The completeness has to be judged in relation to the scope of the user
task indicated in the teach-back instruction presented to the user. Correctness may only be scored by
comparing the user’s representation to valid descriptions of the system referred to in the teach-back
procedure, to which end the rater needs correct and complete knowledge of (parts of) this system.

Raters will need considerable training before their scoring is expected to be sufficiently reliable. The
two raters on which our reliability indexes are based, scored the protocols in the study described in
the next chapter, but started by interpreting sets of protocols from the different studies mentioned in
chapter 4. Subsequently, they were trained by scoring over 100 protocols from different groups of
the study in the next chapter, (all collected with identical teach-back instruction, but differing in age,
type of education, and type of operating system described). All cases of differences in scoring
between the two raters were discussed between them, and all problems were solved with the help of
the scoring rules. After this amount of experience they both considered themselves able to indepen
dently score subsequent protocols. We suggest for researchers who intend to use this procedure, to
work in pairs (or even larger groups, if available), starting with a sets of protocols from different
types of users and systems. E.g. the studies referred to in chapter 4 provide some material, and in
the publications to which we refer more protocols and protocol fragments are published. Discussion
between the raters and the use of well documented examples will help raters to establish sufficient
experience to arrive at reasonably reliable scoring.

4.1. Data sets for reliability estimates

In order to calculate valid estimates of reliability coefficients we need a homogeneous data set that is
sufficiently large, 50 it might not be sufficient to use the collections of protocols from chapter 4.
Moreover, we need to consider that not all sets of teach-back protocols will be of the same quality.
Our experience bas proven teach-back protocols of aduits to be ensier to interpret and to score than
protocols produced by secondary school children. The adult subjects in the studies reported in
chapter 4 differed from the student subjects of the studies to be reported in chapter 6 in the following
way: aduits in our studies write much more legibly than do secondary school students, they express
themselves more clearly, they write more complete sentences, and they make more precise drawings.

Since we intended to apply the teach-back method in the study reported in the next chapter, with
school children in the age of 11 to 18 years, we needed an indication of the reliability of scoring
protocols for this age group. The reliability coefficients collected from this data may be considered
an estimate of the lower limit of the same indexes applicable to adult user protocols. For that reason
we decided to collect information from secondary education students, aiming at both a large sample,
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and a not too heterogeneous group. In the course of the study reported in the next chapter, we were
able to collect teach-back protocols for many students in the first half of secondary education.

After the training phase of two raters, as mentioned above, a sample of new protocols was selected
for the calculation of reliability coefficients. Seven classes, in total 188 first, second, and third form
secondary school students, were confronted with a standard teach-back question (identical to the one
described in chapter 6). All students responded to this question after having received their first 10
one-hour lessons in the use of a personal computer, in which the operating system was introduced
with the use of some applications like simple text processing. In all cases these 10 lessons were part
of the normal curriculum of the students. Most of the time during the lessons was spend by gaining
hands-on experience with the system in groups of two students to a computer.

The protocols were scored independently by the two raters. The reliability coefficients to be reported
in the next paragraph are calculated on these 188 protocols. The two raters could not provide data
for the reliability index for correctness, since one of them was not confident he could score correct
ness (because of lack of knowledge of the system) correctly. For the reliability index for correctness
we refer to the study by Waern et al. (1988), in which teach-back protocols were collected for a sam
ple of university students.

4.2. Reliability coefflcients

Since the data on the 5 aspects of style of representation and on the 4 levels of representation may all
be considered true dichotomies (for any of these styles and levels either an indication is present, or it
is not) we will apply the phi-coefficient as an indication of the correlation between the two ratings,
and hence of the inter-observer reliability. In table 5.1 reliability coefficients for style of representa
tion are given. The reliability indices we collected for levels of representation are listed in table 5.2.

style characteristic phi coefficient number of observations

verbal description .86 188
visual-spatial image .86 188
useoficons .89 188
set of production rules .73 188
program .82 188

Table 5. 1. Reliability coefficients for style characteristics

level of presentation phi coefficient number of observations

task level .82 188
semantic level .73 188
syntax level .66 188
key-stroke level .70 188

Table 5.2. Reliability coefficients for levels of representation

In general we consider the reliability of scoring style characteristics sufficient for using the index in
this kind of research. Sets of production rules seem to be most difficult to detect. The reliability
coefficients for detecting levels in the protocols is low in comparison with the style aspects. Mainly
syntax is evidently problematic, and task level is the easiest concept to handle in this group of proto
cols.
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For the estimated reliability of the completeness and correctness of the protocols, a Spearman rank

correlation coefficient is calculated (corrected for ties). Reliability coefficients for completeness and

correctness are presented in table 5.3.

quality of protocol phi coefficient number of observations

correctness .70 20 *)

completeness .83 188

Table 5.3. Reliability coefficients for correctness and completeness
*) see Waern et al. (1988)

Completeness may be scored reliably, correctness might offer some problems. This latter coefficient,

however, is calculated on a rather small sample.

4.3. Improving reliabiity of scorrng teach-back protocols

Although the teach-back procedure and the resulting scores are used for research methods in which

groups of users of systems or groups of students in courses are compared, other types of research

may require more reliability of scores for individual subjects. The estimates we collected, when

applied to adult computer users, however, may be considered lower limits, since the protocols col

lected so far for adult groups show far less problems in interpretation.

There are several measures to improve reliability of establishing indexes. The first method, which

has been applied by Waern et al. (1988) and by Brazier (in preparation), consists of asking two

(trained) raters to score the protocols independently, after which they discuss all cases for which dif

ferent interpretations were reached. With the help of the scoring rules and a collection of examples

with approved scoring, they will have to reach an agreement. This method of “consented rating”

will be applied to the data in the study in chapter 6. It may be expected (it is not tested yet) that the

consensus method will improve reliability, it is unlikely that reliability will deteriorate because of this

method.

Another way for improving scoring may be derived from considering the numeric value of the

indices mentioned in the previous paragraph. The low coefficient we found for production rules as a

style characteristic indicates a problem of recognizing these types of rules as a set that comprises

most or all of the protocol (as far as any description of actions and tasks is concerned). Raters

should take care to identify the general structure of this style, which is characterised in our defini

tion (see the previous section) by rules with at least some formal distinction between a header and a

body, in which the header explicitly refers to a task or an action, and the body shows a diversity of

characteristics in describing or decomposing the elements of the task or action.

In the case of levels of representation, the detection of syntax offers most problems, although seman

tic level and key-strokes, too, need careful analysis. Raters have to study the examples from our

scoring rules and refer to them in all cases of doubt, mainly when a single statement or element of

representation might be considered on more than one level. Often a statement has to be interpreted

as a combination of semantic and syntax knowledge, or a combination of syntax and key-stroke level

representation. The previous section shows examples of these combinations, and for new types of

systems to be described in teach-back protocols it might be wise to search for some dear examples of

these combined levels to act as standard examples for scoring.
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The scoring of correctness may certainly be improved by forcing raters to gain expertise in the sys

tem concerned. They will have to be alert for different methods of using the system that will lead to

resuits that are equivalent from the point of view of the user’s task.
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Chapter 6. ST(JDENTS’ REPRESENTATION OF OPERATING
SYSTEMS

Chapter 3 provides a theoretical framework regarding the importance of mental models for working
with computer systems. Chapter 4 illustrates the way mental models are being developed as a func
tion of the system, the metaphors provided during teaching, and some individual difference variables.
Some examples of small scale field studies are discussed illustrating these principles. In the current
chapter we will report on a large scale field study. in which we investigated the effect of a systematic
confrontation of students with different types of operating systems. Approximately 20 primary and
secondary schools pariicipated (over 700 students between 11 and 18 years old), in which one of the
two common used types of systems were used exclusively. These systems differ in that one is based
on a desk-top metaphor used in a direct manipulation interaction style, and the other on a character
display with a verbal command language interaction style. In some of the schools that used a system
of the command language style, the teacher applied a standard (graphically presented) spatial
representation of the semantics of the operating system.

We studied the relation between the type of operating system (and the accompanying representations
of metaphors), the students’ spatial ability (as measured prior to the first systematic confrontation
with any system), the characteristics of the resulting individual mental representations of the operat
ing system. We will analyse students’ representations of operating systems, using the teach-back pro
cedure elaborated in chapter 5. We will test hypotheses regarding the effect of providing a spatial
representation of the virtual machine, and will investigate the effect of different operating systems on
the resulting mental representations. As found in previous research individual differences in charac
teristics like spatial ability may influence the relation between the way students are taught to work
with a system and the resulting mental representation or user performance. We will take this van
able into account in our design.

1. Introduction

Unlike the previous studies on users confronted with a certain application system, we will now focus
on the operating system. Unless a user is in a very dedicated environment from the point of view of
computer use, he will always need some knowledge of the basic system on which the application is
implemented. He needs to know how to start the system and the application program, how to locate
data he worked on in a prevlous session, and how to transport or duplicate certain objects, like data
files or text files. These kinds of tasks are the domain of the operating system. From this system the
user will have to build a mental representation in order to operate the machine successfully. The vir
tual machine of the operating system is the focus of his learning in this respect.

In the current Dutch situation, students come in systematic contact with an operating system for the
first time in their lives during secondary education (or, in some cases, the highest levels of primary
education). Most of the time the systems are small systems, often called “personal computers”, for
which the operating system is strongly based on the use of disks, hence the name “disk operating
system” is used for some of them. Personal computers are becoming a common tool in education.
The government is now trying to introduce them both in primary and in secondary education, with
the aim of confronting all students with some general applications like database systems,
spreadsheets, and text processing. An important choice for educational authorities and sponsors con
cerns the operating system with which the students are to be confronted.
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The information processing characteristics of this new technology creates a new kind of learning
situation in schools. Students will regularly spend some time behind a computer or terminal as part
of their educational experience. In some cases the machine may be applied as a tool in the class
room, used for purposes that are in principle not related to the special nature of information technol
ogy. They may act as a replacement for a teacher, or as an electronic book, in which the student is
only allowed to read some material, and then is asked to respond to questions, or take some simple
actions. But even in this case, the student has to learn how to use the system, how to plan and per
form his actions and how to interpret unforeseen reactions of the machine. More and more, how
ever, computers and computer applications are the subject of education, in situations in which mas
tering computer applications or skill in using the operating system is itself part of the curriculum.
Students in the last years of primary education, or in secondary education, are learning to communi
cate with a machine that processes information, and in this way provides a tool that is much more
powerful than any other devices hitherto available to them.

1.1. Differences in operating systems
In all levels of secondary education, both general preparatory and professional education, we will
find the students trying to cope with operating systems of mainly one of two distinct types, to which
we will refer as “Direct Manipulation” and “MS-DOS” respectively, which are applied in task
domains like text processing, database, spreadsheet, and office systems.

Jackendoif’s (see chapter 3) semantic conceptualization of human communication is based on the
idea that hurnans tend to represent semantic meaning by means of spatial concepts, like places and
paths, that relate concepts of objects, attributes, and actions. In the studies reported in chapter 4 we
found many examples of spatial representations of the system or of the interaction produced by
novice computer users. Tauber (1988) argued that it seems appropriate to analyze and represent the
virtual machine by the same type of conceptualization. Actually, the user interface itself is the pri
mary agent to communicate to the user on the semantics of the task delegation and the interaction.

User interfaces of operating systems vary in this respect. Generally speaking, two types of systems
widely available in educational situations may be identified. Both have comparable functionality for
most tasks for which the operating system is used, inciuding the heavy use of disk drives, file han
dling, and a hierarchically structured file space. They differ, however, strongly in syntax and
interaction style of the user interface.

a. Direct Manipulation
This concept, elaborated by Shneiderman (1983) indicates a highly graphical interface. It
features a desk top metaphor for the spatial relations of the semantics of the system and the appli
cation. Interaction is in fact of a mixed style: It includes the metaphor of object manipulation via
mouse actions mapped to screen movements for some basic tasks, and metaphors of. menu puli
down and menu choices by “pointing” to objects and to operations by mouse actions for other
basic tasks. With regard to the lexicon object types are mostly represented by icons, object
instances are often denoted by verbal labels. Feedback and representation of resuits and of system
states are regularly made visually available, e.g. indications that the system is working, so the
user has to wait. The physical basis of the interaction is mainly situated in the use of a mouse.
Several manufacturers specialize in producing systems of this type, in which case the virtual
machines may be considered equivalent, at least for the user group and the task domains that are
relevant in this study.

b. MS-DOS
This label, derived from a commercially available operating system that will run on hardware sys
tems of numerous different manufacturers and types, may be characterized by a verbal interface,
that does not show much metaphoric flavour. The semantics of the dialogue are “hidden” (i .e.
have to be derived from the interaction, from the lexicon and from the syntax). There is,
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however, one systematic interaction style consisting of the input of commands via the keyboard,
complemented by question answering in rare occasions of “risky” basic tasks like deleting all
files in a directory, and in some cases in the start-up procedure for entering date etc.). One
might say the interaction style is based on a typewriter metaphor, but this is not strongly ela
borated in the interface, and, moreover, this metaphor will fail in text processing (Waern, 1986).
The lexicon is completely verbal (many elements are abbreviated mnemonics, hinting at the
semantics, although not always clearly, like “t” for “type” for displaying an object on the
screen). The system displays littie or no feedback and provides unclear or no indications of sys
tem states. Redundancy in the interface is avoided. This type of interface does not refer to the
spatial relations of the system’ s semantics.

In our sample, in rare occasions, versions of this system were adjusted for use in school situa
tions by providing menu facilities. In other occasions, some classes performed nearly all tasks via
the interface of an application system (e . g. a text processor), sometimes in command style, some
times in menu style. In all these cases, the original operating system had to be used for locating
and starting the application.

These two types of operating systems differ strongly in relation to the type of metaphors presented to
the user, and in the perceptibility of the virtual machine. Especially in the case of students learning
to use an information processing system for the first time in their life, the learning situatiott for both
types is dramatically different. One type suggests metaphors for the conceptual level of the system
and its applications, the other leaves the development of the student’s mental model to the teacher’s
skill and the student’s previous knowledge, focusing on a sober, systematic interface without any
redundancy. In the terminology of Clanton (1983, see chapter 4 section 1.1) Direct Manipulation
interfaces combine “operational metaphors” (via the object manipulation and menu choice type of
interaction style) with “organizational metaphors” (the desk top idea represents the location and
structure of information in the system). Only in cases where the user interface is provided with a
menu facility in the MS-DOS environment does this system show just some traits of operational
metaphor (this, however, was a rare occasion in the study reported in this chapter). Direct manipu
lation interfaces are becoming somewhat more common, even as a user interface on top of MS-DOS
like systems (e.g. X-Windows). On the other hand, in the Dutch school situation the Direct Manipu
lation type system are seldom used in higher levels of education.

Van der Mast (1990) states that the advantage of direct man ipulation interfaces is that the bad of
easlly forgotten syntactical knowledge and “irrelevant” semantic knowledge of the computer domain
is decreased. His analysis suggests this type of system might relieve users of the need of maintaining
an elaborate mental model of the system, enabling them to focus on the application they are using
the system for, the primary task (see chapter 1 for our definitions of task related concepts). MS-DOS
systems seem to require users to understand semantic aspects of the virtual machine thit are nor
mally invisible during operation, and to learn a number of command names and the related syntax.

There is much literature strongly advocating both types of interfaces, but the evidence provided up
til now hardly ever seems to con vince supporters of the alternative system. Also, reports on corn
parative research on this topic are rare. Halio (1990) reports a comparison study with (American)
university students who had to perform primary tasks in the domain of text composition. This was a
field study, in which the use of any text processing system was part of the curriculum. The students
worked in 20 different classes, half of which used systems of each of both types of operating system.
The amount of training on text processing was carefully kept equivalent for both systems. The data
collected in this study showed a strong difference in quality of performance on the primary task. The
use of a Direct Manipulation interface, compared to MS-DOS interface, was related to what the
author and staff of the writing program of the university concerned, considered a less sophisticated
writing performance. This was indicated by both the choice of lower level content for the essays
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students had to produce, a much more simple style of writing, and a inferior score on a “readability”
scale. Halio’s interpretation of these resuits points in the direction of the MS-DOS interface forcing
the students to take their communication to the system more seriously, and to be less distracted by
redundant features than in the case of the Direct Manipulation interface. In any case, her subjects
in the MS-DOS situation seem to have learned much more in the domain of the primary task, com
bined with possibly more system knowledge (the secondary task), as MS-DOS seems to require.
From the description of Halio’s study it is unclear whether students had a choice to join a group
working with a system they preferred, or whether they were allotted to a system type. In the first
case the data from the study would leave room for different interpretations.

1f Halio is right, her results seem to be contrary to Van der Mast’s analysis. Halio’s study does not
go into detail about the students’ knowledge of and skill in employing the operating systems. In the
field study reported in this chapter we focus on that aspect. We will compare students who are learn
ing an operating system as part of a school curriculum, for the first time in their life. We will focus
only on the secondary task of developing a mental model of the operating system, while the curricu
lum as such aims at acquiring knowledge and skill in application situations like the one studied by
Halio. We will compare the students’ representations of the operating systems for the two types men
tioned before.

The difference between the two operating systems may work out in different directions, as the
analysis of Van der Mast and the field study of Halio suggest. In fact, both systems show some nice
features combined with aspects that might as well hinder the development of adequate mental
representations or lead to inefficient use of the system. Focusing on the secondary task of learning
the operating system only, we prefer not to formulate hypothesis, but to pose questions.

question 6.1: Is there a difference in student representation on
any levels, in retation to the operating system
used?

The MS-DOS system might force students to develop a more complete representation of syntax and
key-strokes, since the interface is of no help in this respect, and according to Van der Mast the same
can be expected at the level of semantics. On the other hand, the interface of the Direct Manipula
tion systems is much more dear at these levels, offering metaphors explicitly designed for the pur
pose.

question 6.2: Does one of the systems lead to more complete
ness or more correctness?

For the very reasons mentioned in relation to the previous question, arguments may be found for
predictions in both directions.

The direct manipulation system provides metaphors, icons, and image representations as part of the
interface. Advocates of the system often state this will improve users’ representation of the system.

question 6.3: Does the Direct Manipulation interface result in
users developing more images, and more iconic
elements in their mental representations?

The MS-DOS type of interface seems to be somewhat more systematic in interaction style, and to
provide less redundancy in information displayed.
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6.4: Do students of the MS-DOS system show a need
to be more systematic in developing their own
representation, resulting in more representations
of the type of program or production rule?

1.2. A visual-spatial piece of metacommunication for MS-DOS
One of the main advantages of the Direct Manipulation type systems is the clarity of the spatial rela
tions of the system semantics. It might be worth while to provide some comparable representation for
MS-DOS systems. This system does not show in any way to the user what information transport is
going on during interaction, nor does it represent in any way the structure of information inside the
system. Without redesigning the interface, the only possibility for this is to provide an off-line
source, being an example of metacommunication outside the system (see chapter 1). Although this
type of metacommunication is not integrated in the interaction, it might stili help to develop a mental
model, even though it may not illustrate dynamically what is going on during a dialogue.

Figure 6.1. Visual-spatial representation of information transport and information structure of MS
DOS type operating systems

For the MS-DOS types of system we designed a visual-spatial representation of information transport
and information structure (see figure 6.1). This representation is intended to help students in
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developing a mental representation. It focuses on the primary aspects of the MS-DOS operating sys
tem, mainly spatial relations at the level of system semantics, although fragments of the lexicon (a
syntax aspect) are also represented (naming conventions), as well as some aspects at key-stroke level
(e. g. function keys). The picture was designed explicitly to be complementary to the user interface
as provided by the system (which is mainly verbal, and does not indicate any spatial representation of
either events on information, or of information structure). System dynamics, although not mapped
during interaction like in Direct Manipulafion interfaces, are graphically represented by suggestive
arrows. It might be an exaggeration of terminology to cail the figure a metaphor, but in terms of
Clanton (1983, see chapter 4) it certainly has traits of both an organizational metaphor (it is
intended to represent the location and structure of information in the system), and an integrating
metaphor (it represents the integration of components and subsystems in relation to relatively com
plex tasks like the system initialization procedure, and issuing commands for copying files). How
ever, this type of off-line help will not be guaranteed to compensate lack of feedback or indications of
the system’s state during interaction.

We decided to present the visual-spatial representation to groups of MS-DOS users, and to compare
the resulting students’ representations to representations of groups who have to learn to work with
the same type of system but are not confronted with this piece of metacommunication. The presenta
tion would have to be part of the course, 50 it would have to be done by the teacher when considered
appropriate. We decided to ask him to present the metaphor using an overhead projector, to ela
borate the meaning of the picture as far as he thought this to be relevant for his course, and to pro
vide each student with a paper copy of the picture that might be used at the students discretion dur
ing the course. As we chose to perform a field study in normal school situations in which the use of
the system was incorporated in the curriculum, we knew beforehand we would have to envisage the
methodological problems listed in chapter 1. We would not have any means to force the students to
cooperate, and we would have to be careful to avoid situations in which teachers put constraints on
student behaviour they consider noncooperative. We had to accept that teachers are totally free to
organize their teaching, and to apply any means they liked. Many of the teachers in our study actu
ally provided lecture notes, sometimes with graphic illustrations, sometimes with (verbal) metaphors,
although not with semantic content comparable to figure 6.1.

Regarding the availability of a visual-spatial representation we formulate the following hypotheses:

hypothesis 6.1: A visual-spatial representation provided durlng
the primary phase of a first course on applying a
MS-DOS system will help to develop mental
representations at the levels concerned (seman
tic, syntax, and key—stroke).

This prediction does not refer to task level since the representation does not indicate any relation of
users’ unit task to the system’s structure or to basic tasks.

hypothesis 6.2: The visual-spatial representation will help to
develop representations of different style (im
ages, verbal, and with icons as elements).

We have no predictions regarding the structure of representations in the sense of production rules or
programs, since the representation shows a static picture of information paths, only hints to the
dynamics of information flow.
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hypothesis 6.3: The students’ representations will be more com
plete and more correct as a result of providing
the visual-spatial representations (which will help
to structure and organize the mental model).

1.3. Some user vanables

Since the best opportunity to do this study is in situations at the highest levels of primary schools,
and at several levels of secondary education, we have to take into account the effects of age. We will
have to ensure that comparisons between different types of operating system, or between the MS
DOS system with extra visual-spatial representation and the MS-DOS system without the extra
representation, will not be confounded by systematic differences in age. As we found systematic
effects of spatial ability in previous studies of users learning application systems (see chapter 4) we
will also have to be sure this variable will not differ between the groups to be compared. Whether
spatial ability in fact is related to the quality or characteristics of the users’ representations, is some
thing we have to find out. All relations found with spatial ability so far regard application systems, in
which the system objects of interest to the user (spreadsheet, database, text, electronic mail box)
were generally not completely visible because the size of the objects is often much larger than the
area of the screen. For the operating systems in this study there is no strong analogue to this type of
system objects, so there are insufficient arguments to state a hypothesis regarding the effect of spatial
ability.

question 6.5: Is there a relation between spatial abiity and
the correctness and completeness of users’
representations of an operating system?

Since the teach-back procedure provides us with an estimate of the correctness and completeness of
the student’s representation, these variables could be compared to other indices related to students’
knowledge of the system. Teachers may be asked to rate the competence of individual students in
using the system. However, since the lessons in our study will not be focussed on teaching the
operating system in the first place, teachers might have problems to rate students on this skill, so we
are not very sure of the validity of their rating of skill to provide an independent estimate of the
underlying knowledge on the operating system.

question 6.6: Is there a relation between teacher rating of a
students’ competence in using the operating sys
tem and correctness and completeness of stu
dents’ representations of an operating system?

In order to investigate these questions and hypotheses regarding the relation between type of operat
ing system and users’ representation, and the relation between the visual-spatial piece of metacom
munication provided and the users’ representation, we have to define a course with the following
characteristics: it will have to be a part of the curriculum for which the mastering of the operating
system is a secondary task, and we have to be able to measure the resulting users’ representations at
a level at which complete mastering of the system has not yet been reached. We performed pilot stu
dies prior to the main study, in order to elaborate a feasible design, to formulate instructions to
teachers and students, and to define the exact content of our measurements. We also tried Out some
ways of actual observations of students and student-teacher interaction during the courses, but we
decided that this type of data collection was too time-consuming in relation to the reliability of the
type of information to be acquired.
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2. Method

2.1. Subjects

In order to locate schools where one of the two types of operating systems were used in a regular
course, we approached Dutch representatives of the most important manufacturers of hardware
involved, to provide us with lists of schools with a relatively large number of systems. Additionally
we collected other lists of potential schools via organizations of people interested in educational
software for certain types of operating systems. We collected over 130 names of schools, mainly of
different types of secondary education. All schools were approached, they were asked to participate,
and information was collected on the types of courses and the teachers in charge. We ended up
locating about 25 schools that were willing to participate in the study. These schools organized regu
lar courses, starting shortly after the beginning of a school year, in a frequency of 1 hour a week, in
which one type of operating system (either MS-DOS or Direct Manipulation) was used as part of a
course focussed on one or more types of application. The most common curriculum inciuded text
processing as one of the first applications practised. Some of the schools provided a very special type
of education that did not enable a comparison to students of other schools. We had to leave these
schools out.

Figure 6.2. Map of the Netherlands, showing the dispersion of schools participating in the study

Our final group consisted of 17 secondary schools, providing introductory computer classes for sta
dents of the first year of general secondary education (“brugklas”), for students of the 3th year, or
for students of the first year of secondary professional education (“MBO”). We started the actual

.

.
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data collection with 29 classes, but one of the teachers had to stop the course, and one course had
drastically been changed, so we had to take out two groups from the study. These two groups have
been left out of all statistics mentioned in this study. We found only one primary school that could
fit in the design and was able to participate. Figure 6.2 shows the dispersion of the schools over the
country.

Table 6.1 presents an overview of the number of students available for testing in the participating
schools at the start of the courses. The students in primary education were all pupils in one class,
the secondary education group consisted of 27 different classes.

type and level number of operating
of education students system

primary education 22 Direct Manipulation

secondary education 147 Direct Manipulation
first year: 164 MS-DOS
LBO, IBO,
LBO/MAVO, HAVO

sec. cd., 3th year: 76 MS-DOS
HAVO, VWO

secondary professional 268 MS-DOS
education (MBO)
ist year, 2nd year

total secondary 655
education

Table 6. 1. Number of students present at the measurement session at the start of the courses

At the end of the first part of the courses, when we administered the second set of measurements,
some students had dropped out, or where not available because of illness. The group of students in
primary education was still complete (n — 22), in secondary education groups a total of 607 students
remained.

The study reported here is in fact part of a larger project, undertaken in cooperation with the Depart
ment of Economics at the Free University, Amsterdam. Data on the effect of teacher background
and students’ private experience in computing (outside the school) will be reported elsewhere. Effects
of type of operating system on a change in students’ attitudes and a change in computer literacy will
also be reported separately.

2.2. Design

In this section we will provide some details on (a) our instructions to the teachers, (b) the time
schedule of the study, (c) the measurements and observations prior to the courses, (d) measurements
at the end of the period investigated, and (e) the selection of groups for answering research questions
and testing hypotheses.

a. instruction to teachers
Before the first visit to the schools, teachers had fihled in a form indicating the organisation of the
courses. This questionnaire was used to decide whether a school would offer a relevant situation
for inclusion in this study. Appointments to visit the classes and to administer questionnaires and
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tests to students were made by telephone and confirmed in writing. At the start of the first session
we asked the teachers to fl11 in a form concerning their own education and experience both in
using computers and in teaching computing. Resuits of this data will not be elaborated here.

At the second test session, teachers answered a questionnaire concerning the amount of time they
had spent on teaching the operating system, and, if appropriate, how they had dealt with the
visual-spatial representation we had provided. Teachers reported to have spent between 10 and
30 percent of the time focusing their teaching and the students’ practice on the operating system.
Most teachers in the groups that had been asked to use the representation reported to have shown
it to the students, to have elaborated on it for between 10 and 30 minutes, and to have given a
copy of the picture to the students, either in the first or in the second lesson. However, in four
groups the representation was not used (due to a misunderstanding between the teachers of the
group and the management of the school with whom the agreement had been made). For that
reason, these groups had to be considered MS-DOS groups without the visual-spatial representa
tion.

All teachers were asked to estimate the students’ competence in using the operating system after
the second session, by marking this on a nine point rating scale labeled from “bad” (2) to “excel
lent” (10) in a way which in the Netherlands is common practise for marking students’ perfor

mance on exercises.

b. time schedule
All classes were visited before or during the first lesson. None of the groups had had any formal
training in the use of computers before. However, individual students may have been in the same
form in the previous year, or they may have used computers in non-school situations. These facts
were registered and will be elaborated in a separate study. In most cases the first visit took place
at the beginning of the school year.

A second visit took place after the class had had 10 hours of teaching on the use of computers,
which invariably inciuded a large number of lessons mainly devoted to hands-on experience. In
rare occasions, it turned out that due to various reasons like illness of teachers the group had had
only 9 lessons. We tried to avoid this by checking the appointments one day before, but some
times we were not precisely informed.

We should be aware of the fact that 10 lessons is normally less than half a course. A longer
period between first and second visit, however, was avoided since we might expect much more
drop out of both individual students, and classes. Moreover, we learned from the first question
naires answered by the teachers before the actual courses that they planned to have very divers
programs for the continuation of the course after the introductory part. For most courses the first
10 lessons would inciude a general introduction in working with a computer and some experi
ence exploring a first application, nearly always text processing. In all cases the students might
not be expected to have learned enough of the operating system (or an application) to be called an
expert, but they should have enough ideas of the system to know what they were trying to master,
and to guide their explorations.

c. measurements at the start of the courses
The first session was devoted to the measurement of spatial ability, using a subtest of the Dutch
version of the Differential Aptitude Test (Fokkema and Dirkzwager, 1960). The test was admin
istered under standard conditions, but the time limit had to be reduced to 20 minutes. In the
same session we administered a Dutch elaboration of the Computer Attitude and Literacy Scale
(Bamossy, Van der Meer, and Van der Veer, in press), on which will be reported elsewhere.
The total duration of the first session (which was not allowed to exceed the time span of one les
son) was 50 minutes, inciuding the introduction of the project to the students.
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d. measurement of resuits
The second session started with the presentation of a teach-back question to the students, using

the following instruction (translated from Dutch).

We would like to know how you see the computer syslem.
For that reason we ask you the following quesüon.

Explain to a friend who did not follow computer lessons how.

to look for a texi that is present on one of the disks, to display
this on the screen, to make a copy of ii on ariother disk, and
to make a hard copy on the printer.

Use whatever you like: words, drawings, or schemes. 1f needed you may
con tinue on the following page.

The instruction was both read aloud, and printed on top of an otherwise completely empty page,
followed by another empty page, which was handed out to the students. In some cases students
needed some encouragement, which was provided by the experimenter in a standard way. Only
in rare cases a student was unable to provide an answer to this question. After 10 minutes, those
students who were stili working on the question were given another 5 minutes. Those who
thought they were finished were asked to start answering a second version of the Computer Atti
tude and Literacy Scale, which was identical to the scale administered in the first session, apart
from the fact that questions on prior experience were removed and some questions on experience
gained during the course were added. Students normally finished this questionnaire in 25 to 30
minutes, after which the experimenter suggested to have a second look at the teach-back ques
tion. The teach-back protocols were subsequently scored according to the rules formulated in

chapter 5 by two independent raters. All scores that showed a difference between the two raters
were discussed by them and a common decision was taken regarding the final interpretation of
the protocol.

e. grouping of subjects for analyses
For the analysis of our results with regard to question 6.6 as formulated in section 1 .3 (relation
between correctness and completeness of students’ representation on the one hand, and teacher
ratings on the other hand) we will treat the different classes as units of analysis, because it is
impossible to compare teacher ratings between classes.

For the data analyses in relation to the hypotheses 6.1 to 6.3 (regarding the comparison between
groups that used the MS-DOS operating system but differed in respect to whether a visual-spatial
representation of the system was provided) we need to ensure these groups are optimally compar
able on other aspects. The only groups that provide a basis for comparison on this factor are stu
dents in the 3rd form of general secondary education and students in secondary professional edu
cation. For both groups we had a detailed look at the amount of variability of education, which
resulted in the decision to exclude one “VWO” type class in the 3rd form group, and to exclude
the single 2nd year class from the professional education group. Table 6.2 shows the numbers of
remaining students in these groups. The hypothesis testing with data from the 3rd form groups
will have to be interpreted with some care because of the small number of students in these
groups.

We subsequently compared these groups on age, spatial ability, and gender distributions. Gender
distribution might be a relevant secondary variable, since Bamossy, Van der Meer, and Van der
Veer (in press), working on data from the same group of students, found a striking systematic
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difference in attitudes between male and female students. Female students tend to be Iess positive

and more afraid on nearly all attitude questions from the scale used in the study. For the profes

sional education group the gender distribution was disproportionate between the two groups to be

compared. Since we have a relatively large number of male students in one of these groups, we
applied a random sampling procedure to select only part of the male students in the group

without the representation. Table 6.2 shows the numbers before and after sampling, and the

statistics of the secondary variables age and spatial ability for the resuhing groups.

For answering the questions 6.1 to 6.4 we have to define two groups that differ only in the
operating system used. The first year general secondary education is our only source for this part

of the analysis. Table 6.2. shows the number of subjects in the two groups that were presented at
the second session. Here, again, we found a difference in gender distribution in the two groups,

which we equalized by random sampling from the relatively large number of male students in the

Direct Manipulation group and from the relatively large number of female students in the MS

DOS group.
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type and level operating system and visual-spatial representation (VSR)

Direct Manipulation MS-DOS-no-VSR MS-DOS + VSR

primary school 22 (1)

last year

present at all

second session

secondary school, 118 (5) 105 (5)

first year, (“brugklas”)
LBO, LBO/MAVO

present at 2nd session 1 14 100

gender distribution (m/v) 72/42 37/63

random sampling 84 74

to equalise m/v 42/42 37/37

age (group mean) 12.4 12.4

spatial ability (group mean) 21.3 21.5

Secondary education 29 (1) 21 (1)

(HAVO), 3rd year

present at 2nd session 24 20

gender distribution (m/v) 16/8 9/1 1

age (group mean) 14.1 14.1

spatial ability (group mean) 44.4 47.7

Secondary 173 (6) 67 (3)

professional education
(MBO) 1 St year
(all different courses)

present at 2nd session 159 57

gender distribution (m/v) 94/65 25/3 2

random selection, 106 57

to equalise mlv 5 1/65 25/32

age (group mean) 16.8 17.0

spatial ability (group mean) 39.1 41.8

Table 6.2. Groups in the design: number of students in the first and second session (between brack

ets: number of classes), gender distribution, if necessary, random selection to equalize gender distri

bution, group mean for age and spatial ability for the resulting groups

For answering question 6.5, regarding the relation between spatial ability and completeness and

correctness of users’ representations, we will use statistics calculated for each of the groups

described in table 6.2, since these groups may be considereci relatively homogeneous regarding

operating system and representation provided, age, and type of education.
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3. Resuits

In 3.1 we will present an overview of the representations found in this study by applying the teach

back method. In 3.2 we will try to answer the questions formulated in the introduction to this

chapter, and in 3.3. we will test the hypotheses. In most cases we will refer oniy to data collected

from different groups in secondary education. Only in the case of age related comparisons will we

refer to the small number of primary school data.

3.1. Representation of opera(ing systems

From students in secondary education we collected a total of 607 teach-back protocols. Table 6.3

presents an overview of the percentage of protocols that were scored in the different scoring

categories. Both style of representation and level of representation may be scored in more than one

category (but by definition a program can not be a set of production rules).

aspect of percentages of protocols

representation (n = 607)

style:
verbal description 91
visual-spatial image 25
use of icons 28
set of production rules 6
program 34

level:
task 8
semantics 30
syntax 49
key-stroke 78

completeness:
4 (all aspects mentioned) 22
3 27
2 19
1 16
0 (no aspects mentioned) 17

correctness:
correct 9
partially correct 41
incorrect 51

Table 6.3. Percentage of teach-back protocols rated in the different scoring categories. Secondary

education, number of protocols = 607

a. style of representation
Most protocols contain verbal elements (descriptions of the system or of interaction with the sys

tem in the form of sentences, however fragmentary these may be). One fourth of all protocols

consist at least partly of visual-spatial images, representing structural relations in the system,

structural aspects of interaction, or structural relations of the information processed (e.g. files in

directories or in folders, the relative position of objects on the screen). Over one fourth of all

protocols contain elements of iconic character, small and simple images that indicate objects

(e.g. disks, text files), user actions (key-strokes, mouse clicks), or elements in a program (e.g.

the printing phase). Representations often have a program-like structure, indicating a causal or
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temporal relation between events. A production rule structure is a rare feature in this group of
protocols.

b. level of representation
A representation of knowledge on unit tasks is only rarely found in these teach-back protocols,
and semantic knowledge is shown in less than one third of the cases. The lowest levels from
Moran’s level structure are most commonly found in this set of protocols. Students normally
describe the system and the interaction either by rather pure key-stroke representations (just list-
ing literally what they think has to be typed in or how often to dick and where to point the
mouse, often completed by a literal transcription of what they expect to appear on the screen), or
by an integration of syntax and key-stroke indications. In the latter case, some eLements of
interaction are not represented literally, but indicated by their category, e . g. ‘a> copy b: name
of text a: “. We also found a considerable number of protocols that contained fragments of
“pure” semantic descriptions, and other fragments of syntax representation.

c. completeness
In these data all levels of completeness occur in about equal proportions. One fifth of all students
at least implicitly mentions all aspects asked for in the teach-back instruction, just less than one
fifth does not mention any of aspects required. In this set of protocols we had to score this van
able carefully, since very often we had to deduce from the description of an action or of a system
characteristic, which of the elements of the question was intended to be described, whereas the
description was often partly incorrect. The reliability coefficient we found (see the previous
chapter), calculated on a subset of this data set, showed that this could be scored reliably after
sufficient training.

d. correctness
As might be expected (almost totally) correct representation was a rare event. Students had just
finished 10 lessons, less than half of the course, spent mainly in exploratory activities at the sys
tem, focussed at the primary task of coping with an application like text processing. Most stu
dents in this group were not yet able to produce a reasonably valid description of the operating
system. Half of the protocols contained a lot of incorrect knowledge in relation to the secondary
task related to the operating system. Many students obviously were aware of this fact, stating they
had never performed certain actions (although the teacher sometimes told a different story), or
suggesting the teacher or a book would help to complete their fragmentary knowledge. Often stu
dents were unable to generalize from knowledge of one basic task (e.g. copying a file) to another
(printing a file), although there were exceptions, where completely reasonable semantic analogies
were drawn and syntax and key-strokes were correctly guessed.

Two of the indices scored from the teach-back protocols collected in this study may indicate some
competence in representing the operating system. Both correctness and completeness of the represen
tation of the system knowledge we asked for may be considered an indication of correctness and corn
pleteness of the mental model, and as such of the ability of the students to use the system. In fact
correctness and completeness may well be related. However, both aspects will be strongly dependent
on the operating system used, on teaching (e. g. on the correctness and completeness of the teacher’ s
knowledge, and of the teaching material), and on the actual local particularities of the operating sys
tem and the type of applications used. In order examine the relation between the two aspects, we cal
culated for each class the Spearman rank correlation coefficient between the teach-back scores on
correctness and cornpleteness, corrected for ties. The groups differed in size from 8 to 37. Figure
6.3 gives an overview of the frequency distribution of these coefficients. In most groups the relation
is positive, although there is a considerable variation in strength.



-106-

5
4

frequency 3
2

0

Spearman
rank Cor.

Figure 6.3. Frequency distribution of rank correlation coefficients between correctness and corn

pleteness of representation of the operating system, as scored from the teach-back protocols. Number

of groups = 23

3.2. Answers to the questlons

We will first answer questions 6.6 and 6.5, regarding the relation between certain indices of stu

dents’ representation (correctness and completeness) and other student variables: competence in

using the system (as rated by teachers) and spatial ability. Subsequently we will answer questions

6.1 to 6.4 regarding the relation between type of operating system and several aspects of students’

representations.

3.2.1. Relation between students’ representation and rated competence

Although we asked all teachers to provide ratings of the students’ ability in using the operating sys

tem after the second session, we were not able to collect data for all classes. Some teachers said they

could not give a reliable rating, others promised to send them to us but did not. Some teachers con

fronted their students with exercises that could be marked systematically, in order to provide reliable

marks, some others had to give ratings hile looking at photographs of the students, since they did

not know their names (they could have to teach as many as 18 different classes in a week). So

teacher ratings will not all be equally reliable, and, besides, they vary considerably in standard and

in the teacher’s interpretation of “competence” on this topic.

We will give just an idea of the relation between the scores on the teach-back protocols on complete

ness and correctness on one hand, and the teachers’ ratings of competence in using the operating

systern on the other hand. Since all three variables are on the level of an ordinal scale, we calculated

Spearman rank correlation coefficients, corrected for ties. For reasons stated before, we did not want

to combine teacher ratings for different teachers, nor would there be any reason to combine teach

back scores of different age groups or different operating systems in calculating relations to teacher

ratings. For each class we calculated separate rank correlation coefficients. To give an indication of

the correlations found between correctness of representation and teacher rating, flgure 6.4 presents

an overview of the frequency of correlations of different sizes. This distribution is based on correla

tions calculated for 18 classes. Figure 6.5 presents a similar overview (based on 20 classes) regard

ing the correlation between completeness of representation and teacher rating. In general we found

both correctness and completeness of a studeht’ s representations of the system on teach-back tasks to

be positively related to the teacher’s rating of the student’s competence in using the operating sys

-.2 -.1 0.0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

tem.
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Figure 6.4. Frequency distribution of rank correlation coefficients between correctness of represen

tation of the operating system (as scored from the teach-back protocols) and teacher’s rating of stu

dent competence in using the operating system. Number of groups 18.
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Figure 6.5. Frequency distribution of rank correlation coefficients between completeness of

representation of the operating system (as scored from the teach-back protocols) and teacher’s rating

of student competence in using the operating system. Number of groups = 20

3.2.2. Spatlal abiity

As stated in question 6.5 formulated in the introduction of this chapter, spatial ability may be

expected to be related to user’s performance in using a system, and to certain qualities of the user’s

mental representation. Especially correctness and completeness of the representations found in the

teach-back protocols may show a correlation to the spatial ability score.

In order to avoid any confounding from this kind of effect, we carefully matched the groups we

intended to compare in our analysis on this variable. But the individual students within. the groups

stili differ on spatial ability. In order to identify the effect we calculated the Spearman rank correla

tion between spatial ability and both completeness and correctness of representation, for each of the

groups in our comparison design. All correlations we found were either statistically not significant,

or very tow (maximally .23, n= 114, for correctness; and .14, n= 100, for completeness).

We draw the conciusion that in these groups, homogeneous in age, type of education, and operating

system used, spatial ability is not a strong determinant of the quality of mental representations

developed by the students, so there is no need for statistical control for this effect in calculating corn

parison statistics between groups, as will be done in the following paragraphs.
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3.2.3. Effect of operating system type

In table 6.4 the frequencies are listed of the teach-back indices collected for the two groups who stu

died different operating systems in the first year of general secondary education. Both groups are

comparable in school type (LBO first year classes and classes that may be considered preparatory for

both LBO and MAVO second year education), age, spatial ability score, and sex distribution. The

operating systems compared are Direct Manipulation and MS-DOS taught without the visual-spatial

representation we provided for some other groups.

aspect of Direct Manipulation MS-DOS

representation (n = 84) (n = 74)

style:
verbal description 78 71

visual-spatial image 30 36

useoficons 31 41
set of production rules 0 3
program 17 28

level:
task 8 3
semantics 10 6
syntax 32 21

key-stroke 62 69

completeness:
4 (all aspects mentioned) 4 5
3 10 21
2 23 16
1 34 20
0 (no aspects mentioned) 13 12

correctness:
correct 2 0
partially correct 23 25
incorrect 59 49

Table 6.4. Teach-back scores for two operating system groups at first year general secondary educa

tion. Numbers indicate numbers of protocols showing the feature concerned

In order to gain some insight in the relations we calculated chi-square statistics. In the case of 2 * 2

tables we corrected for continuity. Only resuits that are significant at 5% level will be itientioned.

Question 6. 1 regards the relation bet’ween type of operating system and levels of representation. We

found a significant relation for key-stroke level only (X2 = 9.16, df = 1), indicating more key

stroke representations in the case of MS-DOS systems.

The difference between the two systems regarding completeness and correctness (the topic of ques

tion 6.2) could not be answered in our data because of statistically insignificant results. In any case,

this indicates there is no strong relation.

Question 6.3 addresses the relation between the graphical aspects of Direct Manipulation interfaces

(in comparison to MS-DOS) and the appearance of images and icons in the users’ representations.

Contrary to the expectations we formulated, MS-DOS students used signiflcantly more icon represen

tations (X2 = 4.71, df = 1), but there is no difference between the groups in number of image

representations.



- 109 -

As was formulated speculatively in relation to question 6.4, MS-DOS students showed significantly

more program-like representations (X2 = 5.15, df = 1), indicating a need for structure in individual

representation if the user interface does not provide one. Production rules were never or very seldom

used in both groups.

3.3. Testing the hypotheses - a visual-spatial teacher representation of MS-DOS

The hypotheses 6.1 to 6.3 concern the difference in students’ representations as an effect of the avai

lability of a visual-spatial representation (see figure 6. 1) of information transport and information

structure of the MS-DOS operating system. Table 6.5 and 6.6 present frequency data for the teach

back scores for two relatively small groups (3rd year general secondary education) and two larger

groups (1 st year secondary professional education), each pair differing in that one of the groups

learned to work with the MS-DOS system without the visual-spatial representation, and the other

group was explicitly instructed (be it for a relatively short amount of time) on the meaning of the

visual-spatial representation. The larger groups of first year secondary professional education were

fairly comparable on all secondary variables considered in this study: spatial ability, age, and gender

distribution. For the smaller groups we could not afford any measures to equalize gender distribution

differences.

aspect of no representation representation

students’ provided by teacher provided by teacher

representation (n = 24) (n = 20)

style:
verbal description 24 20

vis ual-spatial image 5 1

use of icons 5 3

set of production rules 4 4

program 14 12

level:
task 2 0

semantics 18 8

syntax 21 15

key-stroke 24 20

completeness:
4 (all aspects mentioned) 9 3

3 8 12

2 5 5

1 2 0

0 (no aspects mentioned) 0 0

correctness:
correct 8 2

partially correct 12 11

incorrect 4 7

Table 6.5. Teach-back scores for 3rd year general secondary eclucation groups using MS-DOS with

and without visual-spatial representation provided by the teacher. Numbers indicate numbers of pro

tocols showing the feature concerned
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aspect of no representation representation

students’ provided by teacher provided by teacher

representation (n = 116) (n = 57)

style:
verbal description 88 57

visual-spatial image 8 5

use of icons 9 11

set of production rules 9 3

program 36 13

level:
task 12 9

semantics 41 22

syntax 47 37

key-stroke 67 45

completeness:
4 (all aspects mentioned) 24 24

3 26 31

2 16 6

1 10 5

0 (no aspects mentioned) 40 2

correctness:
correct 10 2

partially correct 30 31

incorrect 66 24

Table 6.6. Teach-back scores for first year secondary professional education groups using MS-DOS

with and without visual-spatial representation provided by the teacher. Numbers indicate numbers of

protocols showing the feature concerned

Hypothesis 6.1 predicts more representations for students who learned to use MS-DOS with the help

of the visual-spatial representation at all levels except task level. For the small groups of 3rd year

general secondary education, however, we found only one significant relation in the other direction

(X2 = 4.18, df = 1) showing that the class with no representation provided by the teacher more fre

quently had a semantic level representation. For the larger groups of students in the first year of

secondary professional education our predictions were supported for syntax level Q(2
= 8.2, df 1)

and key-stroke level (X2 = 6.6, df = 1). In general we consider our expectations to be valid: a dear

representation of system aspects (mainly spatial relations) which are not shown by the traditional

interface, will help users to form a mental representation of the lower levels of the system and

interaction.

The style of representation would also be affected by the availability of a well designed teacher

representation, as was stated by hypothesis 6.2. We predicted to find more images, more iconic ele

ments, and more verbal representations in the group confronted with the specially designed image of

the system structure. The Hypothesis was confirmed for the larger groups, for frequency of verbal

representation (x2 = 14.7, df = 1) and for frequency of icon elements (X2 = 3.91, df = 1). For

image representations no difference could be detected.

Hypothesis 6.3 stated that the availability of the teacher representation would increase both complete

ness and correctness. In the case of the two small groups no difference could be recorded, but in the
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large sample both completeness and correctness significantly increased by providing the visual-spatial

representation during the course (X2 = 23.9, df = 4, and X2 = 6.7, df = 2, respectively).

4. Conciusions and discussion

In 3.1 an overview of the indivklual differences found in students’ representations of operating sys

tems was provided. This is an indication of the variety of mental representations that exist as a

result of a first course (in fact of the first 10 lessons). The reader may find an elaborate illustration

of typical representations in Appendix 1, where we will reproduce examples of protocols showing all

different styles or representation and combinations of styles, and representation at single levels and

at combinations of levels. Correctness and completeness are related positively in most classes of stu

dents, although the actual numeric value of the correlation coefficient varies considerably. A consid

erable number of protocols contained both fragments of “pure” semantic descriptions, and fragments

of syntax representation. It might be the case (we did not test this) that students tend to represent at

semantic level if they think they are unable to produce a correct key-stroke sequence.

In 3.2 we analyzed the data in respect to the questions formulated in the introduction to this chapter.

Questions 6.5 and 6.6. concern characteristics of individual students in relation to the quality of

their representations. Teachers’ rating of competence was in most cases positively related to both

completeness and correctness of students’ representations. However, the coefficients generally were

very low, and from the teachers we learned some of them had serious problems to provide a reliable

rating. The relation between spatial ability and representation was even less strong, and in this case

this can not be a reliability problem. Apparently, spatial ability (within the rather homogeneous

groups regarding education type and level, and operating system used) is less important than may be

the case when the system to be learned is of a certain type characterized by the size of important sys

tem objects that will generally not fit on the screen, like previous studies showed for spreadsheet sys

tems, electronic mail systems (see chapter 4), or text processing systems (Rothkopf, 1986). This is

in accordance with our statement that the operating systems offered in this study do not pose the

probiem of asking users to cope with important system objects that are of such a size that these may

not be represented entirely on the sereen. An exception in this case might seem to be the situation of

browsing through a large “directory”, but the directories students work with tend to be not very ela

borate, and, moreover, the type of “forward paging tool” available is both sufficient, and very sim

ple. Several of the studeuts actually represent this, invariably correctly, but we did not count the

omission of it as either incorrect or incomplete.

The difference between the representations developed by users of the two different operating systems

were the topic of questions 6.1 to 6.4. We found MS-DOS students to represent more at key-stroke

level, to use more icons, and to use more program type structure in their representation, than do

Direct Manipulation studeuts. There is no indication of difference in correctness or completeness of

representation between the two types of systems. The general explanation is that MS-DOS type

operating systems lead students to invest more in developing representations in various respects.

MS-DOS type systems forced users to develop more key-stroke representations than did Direct Mani

pulation systems. Apparently the lack of perceptible relation between the user’ s actions and the sys

tems reactions may lead to a requirement for this knowledge. MS-DOS students also showed more

icon representations than did Direct Manipulation students, although the former were confronted

with an interface that showed no graphics whatsoever. Apparently some students have a need for this

type of representation, which will be fulfilled by developing and using their own icons 1f the interface

does not provide them. Moreover, students in the MS-DOS group showed a stronger need to produce

representations of a program like structure, possibly compensating for the lack of structure provided

by the representation at the interface. To summarize, we conclude that the teaching of computing

with a MS-DOS interface, even if presented without special visual-spatial indication of structure,

both urged students, and enabled them, to represent more (in terms of lowest level of representation,
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in pictorial format, and in a form that indicated temporal and causal relations). The rich metaphoric

character of the user interface of Direct Manipulation systems either makes it unnecessary for begin

ning users to build “rich” mental representations, or does not enable this in the same way as MS

DOS does.

The hypotheses we stated regarding the effect of providing a systematic visual-spatial representation

of information transport and information structure were supported. A systematic teacher representa

tion of this type, even if used only sparingly, helped students of MS-DOS systems to develop

representations that were superior to the representations developed in learning situations where no

such teacher representation was offered. Using the representation in teaching MS-DOS and its

applications increased the frequency of students’ representations at lower levels, stimulated the con

struction of verbal representations as well as the use of iconic elements in representations (although

there could not be detected any effect on image representations), and lead to both more complete and

more correct representations of the operating system. A combination of organizational and integrat

ing metaphoric aspects in metacommunication (even outside the system) enables MS-DOS novices to

considerably improve their mental representation of the system.
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Chapter 7. USER INTERFACE DESIGN

Users of a computer application need a dear and consistent knowledge structure of the system they

interact with. This knowledge only concerns that part of the machine, that is directly relevant to the

task delegation to the system by the user, the user virtual machine.

The cognitive ergonomic approach that has been illustrated in the previous chapters combines

methods for the representation of the virtual machine, with the concept of mental model. Our main

focus has been on phenomena of initial learning and on individual differences. This directed our

empirical work towards a restricted class of phenomena. The relations we illustrated, however, are

also relevant to other aspects of human-computer interaction. In this chapter we will relate our ideas

on learning, metacommunication, and mental models, to design issues. In the first section we will

present some arguments for the relevance of relating our approach to issues of user interface design.

In section 2 a design approach will be elaborated that is based on work done in cooperation with the

COST-l 1-ter working group “Human Factors in Telematic Systems” (the group that initiated the

electronic mail experiment reviewed in chapter 4). Section 3 presents a framework for user interface

design that enables collaboration between Cognitive Ergonomics and Software Engineering on

matters related to the viewpoints presented in the previous chapters.

1. arguments for design

There are several reasons for designing a new system, or redesigning an existing system (by chang

ing certain parts of it while keeping others intact).

a. Designing a new system will be necessary if no system is available that provides at least the func

tionality needed for the task domain. This reason does not need any further elaboration.

b. 1f a system does exist, however, there may be good reason to consider redesign. The analysis

and description of the virtual machine often reveals inconsistencies in the user interface from the

point of view of a naive user (see 1. 1), or the interface needs improvement from the point of view

of learnability or usability (see 1.2).

c. Metacommunication, as has been elaborated in chapter 1, is of great importance for users with

all levels of experience. As far as it is dealt with outside the system, we refer to the studies

reported in previous chapters. There are, as shown in chapter 1, several reasons. to include

metacommunication facilities in the user interface. This will in some cases be the main reason

for redesign (we will elaborate this in 1 .3).

d. A last aspect that may lead to the need for (re)design is the need for adaptation to individual

differences (see 1 .4).

1.1. inconsistencies in the virtual machine

Inconsistencies in the virtual machine may be due to the fact that the system has been assembied

from a set of originally independent tools, combined with new facilities that were designed on behalf

of the integration. Other reasons for inconsistency are bom from the designer’s model of the user

(quite common, the designer does not consider this at all, or simply takes himself or his colleagues

as prototype end users). The inconsistencies will be especially evident for syntax details of corn

mands in relation to the semantics, for naming of objects and actions, and for texts supporting
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metacornmunication. 1f we are unable to redesign the system, or at least provide a better user inter

face, the documentation or a teacher would have to solve this problem (The teachers in the first and

second field study in chapter 4 were in precisely this situation). One may deliberately define a con

sistent “teacher’ s conceptual model” which deviates from the actual virtual machine. In that case

one needs to indicate clearly all occasions of mismatch between the conceptual model presented and

the actual user virtual machine, telling the students that these occasions are exceptions, or even

naming them bugs in the design of the system.

A better solution, from the user’ s point of view, to this situation would be to choose a “better” sys

tem, or, 1f that is more feasible, to (re)design one. In this type of situations the design effort will

mainly be focussed to the design of the interaction between user and system, whereas the application

semantics might be left untouched (the electronic mail experiment mentioned in chapter 4 shows

such an effort, although this was, for experimental reasons, restricted to redesigning the lexicon of

the interaction language only).

1.2. Learnabiity and usability

The field study we reported in chapter 6 illustrates the issue of learnability of two types of user inter

face for systems with comparable functionality. Although the results provide some idea on learnabil

ity (for novices) it did not cover the issue of usability. It is possible the MS-DOS interface (that was

learned best) might be learned because using it required a considerable amount of knowledge from

the beginning user. The experiment mentioned in chapter 4 in fact aimed at verifying empirically the

effect on both learnability and usability, of systematically varying the lexicon only. In this respect

that experiment failed, but the design illustrates the case: variations in user interface for the same

computer application might affect the ease of learning and the validity of the resulting mental

models, and, on the other hand, might influence the amount of attention and mental effort spent in

performing the secondary task (see chapter 1) of handling the system, while the user is in fact aim

ing at performing a primary task of completely different character.

The concept of usability indicates aspects of the system that are relevant for actual use of the system:

the availability of on-line information and help facilities if is delegation of the primary task is inter

rupted by actual problems, the availability of an interaction style and interaction language that does

not ask for mental effort or attention which might distract the user from the primary task.

Experimental studies or empirical evaluation featuring existing systems will only parily answer ques

lions concerning learnable and usable systems. It would be very efficient to acquire some indications

of these characteristics of a system, from the information already available during the design phase.

To this end, the design specifications are in principle the main source. 1f they are stated in a formal

language, and if the description represents aspects of the design that are relevant for, the future

users, there certainly are possibilities. Boeijink (1988) shows a method to derive indices for func

tionality, learnability and usability from an ETAG description (see section 2.1. in this chapter),

which is in principle applicable in design phases where not even a prototype is implemented. Indices

of the type proposed by Boeijink may serve for comparison between alternative versions of an inter

face (in the cognitive ergonomic sense, i.e. including the semantics of the virtual machine, see

chapter 1).

1.3. Metacommunication and the user interface

By using the system users build up and change their mental model of the virtual machine. Van der

Veer, Tauber, Waern, and Van Muylwijk (1985) present a “feedback model” for metacommunica

tion inside the system, based on the assumption of a “concept driven” user. A slightly modified ver

sion of this model will be shown here in order to elaborate the role of metacommunication in rela

tion to communication in the user interface:
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a) The user has the intention to perform a complex task.

b) The user develops a plan decomposing the task into unit tasks. Some of these he considers for

execution by means of the system, decomposing these further into basic tasks that can actually be

delegated to the system. These plans are based both on the user’ s original intentions, and on the

user’s mental model of the system.

c) This plan is the basis for the user’ s actions to specify the basic task for the system.

d) Unexpected system reactions cause the need to change the mental model.

This sequence describes the regular stream of user actions and system reactions governed by the

mental model of the user. This stream may be interrupted by two further events:

e) The user is not able to derive a successful plan; he does not know how to continue, or he is not

sure how to continue. The problem may be located at task level (the user is not sure 1f it is feasi

bie to delegate a certain unit task), at the level of semantics (the user has questions on the

decomposition into basic tasks and the relevant conceptualisations), at syntax level (the lexico

graphical structure of the actions that comprise issuing a command), or at key-s troke level (the

physical aspects of actions). In this situation the user needs metacommunication.

t) The system is unable to interpret the specifications given by the user. The system in this case

starts metacommunication by providing error messages to the user.

In both cases metacommunication between the system and the user concerns aspects of the virtual

machine. In case of the normal communication process, described by the simple feedback model a)

to d), there is also some “implicit” metacommunication available, by means of observable aspects of

the interface and their self explaining quality. “Self explanation” refers to the disciosure of aspects of

the conceptual model by means of the actual wording of commands or choice of icons (see e.g.

Rohr, 1984; Rohr and Keppel, 1984).

The concept “implicit metacommunication” refers to the role of perceptual aspects of “regular” corn

munication that have some of the functions of metacommunication, i.e. help the user develop an

adequate mental model, although It is, in itself, not “communication” in the proper sense. The syn

tax and interaction (command phrases or names and icons) can be designed in such a way as to sug

gest the relation to the semantic structure. Van der Veer et al. (1985) present some examples, like

improving transfer possibilities through indicating analogies by naming conventions and interaction

paradigms. The Heidelberg Icon Set (Tauber, 1987) was designed to help users grasp the semantics

of a command through systematic reference in the icons to operations (e . g. by the use of arrows that

indicate path functions), objects (boxes), places on objects that have to be specified (double boxes),

and existential operations (e . g. a cross for “delete”). Figure 7.1 shows sorne examples of this type of

“implicit metacommunication”.
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Figure 7. 1. Heidelberg Icon Set (Tauber, 1987)

The aspects of metacommunication within the process of communication with the system are mdi

cated in figure 7.2 (from Van der Veer et al., 1985).

specification (commands)

reaction (resuits), and implicit

metacommunication (by perception

of transactions of the interface)

metacommunication about the

specification (e.g. help reuests)>

metacommunication about the

specification (e. g. error messages)

Communication to the user about the conceptual model is a central design principle. This should be

integrated in the user interface. Each metacommunicative conversation between the system and the

user should be based on the explicit conceptual model. Two kinds of reference may be dis

tinguished:

a) the conceptual model in general, describing the virtual machine in its structure;

b) the actual state or aspects of this (inciuding the resuits of previous transactions on instances of

elements of the virtual machine), explained in terms of the conceptual model.

1.4. the user Interface and adaptation to mdividual differences

There is a large amount of research on learning in relation to human-computer interaction and user

interface design. Ideas on individual differences in cognitive functions in relation to user interface

design have a relatively long tradition. Pask et al. (Pask, Kallikourdis and Scott, 1975, Entwhistle,

1978) describe issues such as knowledge representation, strategies and cognitive styles, in relation to

learning, resulting in the design of dedicated computerised environments and user interfaces.

Recently, Hammond and Allinson (1988) describe individual differences in knowledge and choice of

different available search facilities.

1 1

EBEII II

user’ S

mental
model

interface system

Figure 7.2. Communication with the system
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Studies on the effect of individualization in human computer interaction tend to go into the direction

of designing adaptive user interfaces, not towards design of dedicated interfaces for different user

types. Ackermann (1986), Ackermann and Ulich (1987), and Greutmann and Ackermann (1987)

present empirical studies illustrating possibilities and effects of flexibility in human-computer dialo

gue design. Clowes et al. (1985) and Benyon et al. (1987) show effects of adaptation in the user

interface on changing needs of the user, and give some ideas of the application of user profiles to

this end.

Benyon (1985) presents a prototype seif-adaptive user interface, aiming at the needs of users and

their changing requirements over time. The emphasis in this study is on the large and thus far too

much neglected “intermediate” class of users, in between novices and experts, who stili need a lot of

attention (cf. Cooper and Hockley, 1986, Gardiner, 1986).

Most commercially available systems do not take variations in user behaviour into account, in order

to react adaptively. Systems may in practice be either very difficult to learn or, alternatively, very

simple to start with, but boring to the experienced user by aiways presenting redundant information

or asking confirmation of commands issued routinely. Adaptation of interaction to level of experi

ence would comfort users in all phases of experience. Another type of adaptation that will often be

worthwh iie is to individual styles and strategies. Some systems in fact enable users to choose freely

between different interaction styles (e.g. choosing from a menu vs. typing in commands, as in the

system used in the second field study in chapter 4). This seems to be a better solution than to design

different versions of a system with different user interfaces coupled to identical semantic kernel sys

tems (e. g. the two database systems compared by Brazier and Trimp (1988), who reports individual

differences in preference for users who worked with both systems).

2. a design approach

Designers of the user interface and the application should be aware of the fact that the future users

of their systems will have to learn and understand the system. To this end, this chapter contains an

investigation of the representational problems and possible solutions in an interdisciplinary approach

to the design aspects of human-computer interaction. We try to provide solutions to the problem

users face when confronted with a system they do not know in all its details (and which they may

never be able to know completely), by the foilowing method:

a. 1f there is already an existing system to start with, describe the conceptual model of the user

interface and the application, in the sense of representing the virtual machine.

b. 1f the system has to be (re)designed, start from the functionality of the goal system (from task

analysis and description of task related “natural” semantics), in order to define the virtual

machine and hence a conceptual model for the user interface and the intended computer appilca

tion in such a way that it is acceptable from cognitive ergonomic viewpoints, thus taking care of

interactions at the user interface, individual differences, and learning processes. This will

inciude the construction of metacommunication and the development of metaphors and represen

tations for inducing valid mental models.

c. With the help of feasible definition languages for user interfaces, construct a user interface

according to the conceptual model as defined, providing mechanisms for adaptation to user differ

ences.

The question of how to represent systems, interfaces, and models of systems will be analysed from

two different aspects, the Cognitive Ergonomic approach and the Software Engineering approach.

Figure 7.3 (revised from Van der Veer, Guest, Haselager, Innocent, McDaid, Oesteicher, Tauber,

Vos, and Waern, 1988) presents a schematic representation of the clifferent concepts and their rela

tions in these two domains.
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domains:
Cognitive Ergonomics Software Engineering

visual and verbal
metaphors;

Moran’s levels;
ETAG
EBNF

Figure 7.3. Relations between concepts and representations in different domains
Legend:

A4- — —B
A is intended to represent B 4
with respect to some aspects analogical mapping transport of information

2.1. The domam of Cognihve Ergonomics
The main concepts that are relevant forour design approach in this domain are the mental model,
the conceptual model (in the sense of Norman, 1983; see chapter 1) or the user’s virtual machine
(UVM, in the sense of the definition in chapter 1), and the target system (the “real machine”). The
relation between the target system and the conceptual model may be defined as follows: The concep
tual model describes the target system with respect to its relevance for users of the system. The
UVM is the conceptual knowledge of the target system for a specified task domain and a certain user
group. The mental model, in turn, is intended to represent the virtual machine for one individual
user (in his own style of representation, and determined by relevant personal knowledge and experi
ence).

In order to analyse and defme the virtual machine, and to analyse the mental representation of
users, representation methods are necessary. The aim of this representation is scientific analysis, not
direct communication to the user. For that last goal, a translation of scientific representations to
metaphors and user-tailored descriptions has to be made. From the point of view of Cognitive
Ergonomics it is irrelevant to give any description of the target system beyond the virtual machine.

The representations applicable for concept in the domain of Cognitive Ergonomics will diffèr,
related to the goal of the representation. Metaphors are a vehicle for representation for both the vir
tual machine (in order to represent this to the user), and for the mental model, as has been shown in
the studies reported in chapters 4 and 6. As was also shown in these studies, the four levels of
Moran’s “Command Language Grammar” (CLG) provide a framework for analysis of both the
(externalized representation of the) mental model and the virtual machine. The analyses that will be
used in the case of the mental model, can in fact only be applied to the external representation as
derived with the help of methods like the teach-back procedure.

some possible representations:

visual and verbal
metaphors;

Moran’ s tevels; UIMS

EBNF

any language
(C or Fortran)

EBNF BNF
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As a design tool, Moran’s original representation method CLG failed, according to Browne, Sharratt
and Norman (1986), because it did not provide slots for heuristics at the semantic level, needed to
design adaptive interfaces. Later on Sharratt (1987) replaced parts of CLG by a prototyping tool.
Tauber (1988) elaborated “Extended Task Action Grammar” (ETAG) for this purpose. Based on
Jackendoff’ s semantic analysis (1983), related to Moran’s levels, and to the task decomposition
method of “Task Action Grammar” (TAG, see Payne and Green, 1986), this method seems to be
applicable both as a tool for analysing existing systems on user relevant aspects, and for design of
systems (as far as user relevant aspects are concerned). Tauber’ s method describes the semantics of
the virtual machine, the syntax (inciuding the lexicon of the interaction language and the interaction
style), and the key-stroke level.

For the lower levels of description of the virtual machine (the syntax and key-stroke level) a method
is needed to represent transactions (see chapter 1) and sequences of actions and reactions. In this
case a multi-party grammar might be useful, and exactly this will help to bridge the gap towards
Software Engineering notations. For an example, which is in fact an extension of the BNF notation
(EBNF), see Innocent et al. (1988).

The conceptual model or UVM may originate from two different sources: either an existing system is
described with respect to its relevance to the user or a conceptual model is defined from the analysis
of the task domain, the needed functionality, and the required interaction style. In both cases
“metacommunication within the system” (see chapter 1) is part of the virtual machine to be con
sidered. This denotes the communication between the user and the virtual machine, on how to
interact with the system. It inciudes on-line help facilities, error handling, and possibly on-ilne
coaching. Design of metacommunication will require knowledge of the user group and of relevant
user variables, and has to take into account human learning mechanisms. The metaphorical aspects
of the intended metacommunication will have to refer to existing semantic knowledge and schemes.

2.2. The domain of Software Engineering

In this domain the components of the system to be designed or to be adapted are considered from the
point of view of systematic design methods. 1f we approach the design task in view of the intended
user (inciuding the cognitive ergonomic notion of mental model, and related notions on human
learning and human computer interaction) there are certain components of the system that have to
be considered in detail.

On the right of figure 7.3 the user interface and the application interface are drawn as separate sub
systems. The main relevant components of the design are linked by lines of information flow.
Depending on the design methods used, these components may exist as independent processes or
groups of processes, or the components may be combined in a single process. But Cognitive
Ergonomics needs to be able to communicate to the software engineer about different functions of
the system to be des igned, independent of the actual implementation.
a. user interface

The user communicates only directly with the user interface, in this case defined in the restricted
sense, as described in chapter 1. The user interface incorporates both facilities for metacommuni
cation “within the system”, and implicit metacommunication aspects of mnemonics and tokens.
One of the aims of metacommunication is to adapt the user interface to the user’s needs. User
interfaces may be designed that contain a special module for advise giving or coaching. In the
next section we will elaborate a framework for user interface design, focusing on adaptive
metacommunication faciities.

b. application and application interface
The application interface inciudes all communication between the user and the application
regarding task delegation. Information is communicated between the user and the application
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interface, in terms of the system’s objects and operations on objects. All communication
between the user and the application interface goes through the user interface, where the user’s
input language is transformed into information formatted for the application interface, where the
application’s messages are prepared for display to the user, and where tokens and mnemonics
may be transformed on behalf of implicit metacommunication.

c. the underlying system
The user interface and application(s) are implemented on a computer based system. Functions
like data storage and retrieval are processed by the host system. Such functions may introduce
time delays at the application interface, and hence at the user interface. Information may come
from different system layers following strict protocols, finally arriving at the application layer.
Some information may relate to the state of the system, the application interface, or the user
interface. For example, if a network breaks down, “higher” levels are informed, and so is ulti
mately the user. Communication between the system and the user is normally through the user
interface, but may in certain cases bypass the application interface (e.g. if the system received a
network message for the user).

For every component of a software system the designer needs methods for description. An interface
description method (Guest, 1986) will be needed for the user interface (inciuding metacommunica
tion). A multi party grammar like EBNF (Innocent, 1982) may be used both for the application
interface (including communication about the task delegation by the user to the application), and for
the user interface in the restricted sense. Several languages will generally be available for defining
the system. It should be noted that an interface description language like SYNICS (Guest, 1982),
presenteci as a “user interface management system” (UIMS) has EBNF as a subset of its pattern
matching. This can provide the ability to implement the application interface and user interface in an
environment that facilitates rapid prototyping.

2.3. Relation between the two domains of representation
There is a complete, analogical mapping of the conceptual model (and the UVM) in the domain of
Cognitive Ergonomics, to the user interface and the application interface of the domain of Software
Engineering, and vice versa. In fact they represent exactly the same aspects of the system, although
from different points of view. A description of the UVM will include an elaboration of the semantics
in terms of a conceptual framework that is relevant for human interaction, like Jackendoif’ s ontologi
cal categories, referred to in chapter 3 and Jackendoif (1987). This is exactly the aim of representa
tion systems like ETAG (referred to in section 2.1). On the other hand, a definition of a user inter
face and application interface will focus on flow of information and control of information, on the
structure and format of information transferred, and on the style of interaction. The complete defini
tion of user interface and application interface will completely specify all aspects of the system that
are relevant for task delegation to the system and interaction with the user, which is precisely whatthe UVM is representing. These aspects are in fact also the aspects of the system and interaction that
were (broadly) represented for MS-DOS in figure 6.1 for the comparative study reported in the pre
vious chapter.

Depending on the case, transfer of knowledge between the two domains may start from the systems
designer describing his products on behalf of the users, or from a human factors specialist defining
an intended UVM or a conceptual model of a system as input to the design process. EBNF notation
may bridge the gap between the two disciplines, enabling them to communicate relevant knowledge
on a system in a uniform and unambiguous way.

Since the mental model is intended to represent the virtual machine for an individual user, it may beseen as an endeavour to describe the user relevant aspects of the total of the user interface and appli
cation interface.
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The target system is a concept from the domain of Cognitive Ergonomics, that refers to everything in
the domain of Software Engineering, inciuding implementation details and physical aspects of the
underlying computer system.

2.4. Adaptation and the user interface

Adaptation in human-computer interaction is directed to adjustment to individual differences.
Optimal interaction is only to be expected if the user interface (inciuding the metacommunication) is
tuned closely to the characteristics of the user. There are situations in which tuning is impossible,
since the abilities needed to perform a certain task are beyond an individual’s potentialities. Selection
of users (possibly self-selection) is the only way to solve this problem. Tuning the system and the
user to each other may take two different directions:

a. Adaptation may take the form of an educational activity, taking care of individual differences
among users, their special wishes, abilities and problems, aiming at changing the human partner
and at improving the individual’s possibilities. The educational activity can take place either
within or outside the computer system. Within the system, education can take the form of a
tutorial, separated from the main activity (in fact creating a new application part, with new func
tionality), or, alternatively, it may consist of adaptive help- and error-messages, related to the
user’ s secondary task, thus comprising real metacommunication (located in the user interface),
aiming at adaptation of the user’s knowledge (his mental representation) and skills towards the
requirements for adequate communication with the system.

b. The interface may react to the individual user’s task delegation in a flexible way. The system
adapts itself to the user. In this case the designer will have to accept the fact that the mode and
quality of interaction will not be of a uniform nature for different users. To accomplish adapta
tion, the user interface must be constructed with a built-in model of the user, tailored to the
relevant characteristics of each individual user. The required data about the user can be obtained
by asking the user himself (before the session is started, or on request during the session) or by
diagnosing the user during the session.

The adaptation of the interface can then take place either by the user himself (customization), or
automatically by the system. Customisation should be preferred in order not to confuse users
about the characteristics of the user’s virtual machine. In customization different options are
offered to the user, for instance for interaction style (menu choice versus typing in commands),
help (verbose or concise), undo-facilities (a “silent” undo possibility versus asking confirmation),
on-line documentation (e.g. a choice according to the four levels discussed in chapter 1) and
renaming facilities.

Automatic adaptation is sometimes advocated in case the system detects simple, recurring errors
in the user’s interaction behaviour. A user who consistently writes “flie” instead of “file”, for
instance, could be helped by a system which understands what he means and does not ask every
time the misspelling occurs, provided the user interface is equipped with sufficient standard feed
back, and even then automatic adaptation should never include the execution of irreversible basic
tasks.

Often the optimal situation combines elements of both directions. The most successful way of adap
tation is determined by the possibilities and desirability of changing the user’s characteristics and by
properties of the task domain.
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3. A framework for user interface design

The research reported in the previous chapters shows the relation of user interface characteristics to

human learning and individual differences in the resulting mental representations and, hence, in the

possibilities of efficient use. In recent Literature indications of the importance of knowledge on user

differences is increasingly indicated. Aliwood and Eliasson (1986) study text editing in relation to

individual differences. Mayes et al. (1987) investigates the effect of cognitive styles and prior com

puting experience on the user behaviour at user-driven adaptive interfaces. Heim (1987) illustrates

possibilities to design an application generator in such a way as to decrease the negative effects of the

lack of special abilities of users learning a 4th generation application.

Design of user interfaces and of human-computer dialogues should in some way be accomplished by

applying not only software engineering knowledge and methods, but also knowledge of human infor

mation processing, of human learning, and of the impact of individual differences between future

users. Attention of software engineering is turning to the design of application systems and user

interfaces in relation to individual differences. In most cases the aim is to provide a flexible user

interface (Tauber, 1988), not a variety of different systems for different users.

An interdiscipLinary approach is indispensable in this domain (Baecker and Buxton, 1987). The

framework we propose should enable designers of a user interface and human factors specialists, to

communicate about design guidelines, and about design rules for a generalised user environment

(Monk, 1985). This communication between the two disciplines should be the basis for the design

architecture and the content or functionality of the modules. In section 3.1 we will mention issues

of representation. Some notes on the general control structure of a user interface will be found in
3.2. In section 3.3 examples will illustrate the use of the framework. In Appendix 2 some examples
will be elaborated in more detail.

3.1. Concepts and notations

The framework for user interface design (elaborated in the scope of the COST-1 1-ter working group
mentioned before, and in collaboration with Brüning and Milbredt, 1988) is based on the idea of

describlng the user interface in a modular structure. It presents the idea of separate machines or

“acting agents” (i.e. distinguishable functions in the domain of cognitive ergonomics) working on

circumscribed collections of data, also called “channels” or “descriptions” (i.e. sets of knowledge
representation, that are relevant to be distinguished from a cognitive ergonomics point of view).

a. The acting agents, represented graphically by rectangles, may be called machines defined only by
their functionality from the point of view of cognitive ergonomics (communication on task delega
tion, metacommunication, coaching, diagnosis, help, inference of user plans). All aspects of act-
ing agents that are not defined in this way, are to be elaborated by the software engineer, who
will base his decisions on available system components and on his design method.

b. The channels, indicated by circles, denote collections of knowledge the acting agents will have to
use (a model of the individual user, knowledge of external task domain, semantics, syntax, lexi

con, history of the transactions). Channels of this type enable agents to store and retrieve infor

mation in an order that is free to the choice of the agent. These descriptions have the function of

sources and sinks of information. The content will have to be provided, dependent on their char
acter, by human “acting agents” like teachers, external task domain specialists, psychologists,
and designers of the application interface. Some types of descriptions may be provided by acting
agents inside the user interface (e.g. a log analyser producing a user model). The structure of a
description (indicating e.g. the order of the elements in the description, or their relations) has to
be distinct from its content (the “value” of the elements). The structure (or script) has to be
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defined by an acting agent, as a special activity that might be called an existential event (which
indicates the “birth” or transformation of a description type). In many occasions these existential
events are produced by a human agent. E.g. a designer or a human factors specialist.

Some of these objects can be materialised in different languages, depending on who is defining
them. E.g. a communication module may be described (“designed”) by a cognitive ergonomist in an
ETAG formalism (see section 2.1) and subsequently be implemented (again: “designed”) by a
software engineer with the help of a user interface management system like SYNICS or any state
transition diagram implementation (see section 2.2). A diagnostic module for inferencing a user’s
current unit task from the list of key-strokes (the “log”) may be defined by the cognitive ergonomist
in a verbal description at semantic level (possibly using visual-spatial metaphors), to be implemented
in PROLOG, applying ETAG descriptions extend to include unit tasks, to parse the log.

In our framework for user interface design, information transport between the modules and the locus
of initiative for information transport are issues of concern from the point of view of cognitive
ergonomics. In the design framework it may be denoted by solid arrows, indicating the architectural
properties of the channels concerned.

c. A single solid arrow between an agent A and a channel C may either indicate the sending of
information by the agent, or the derivation of information, where A 4 C means that A may send
information to C, and where A <— C means that A requires input from C. Several agents may
transport information to the same channel, and several may collect information from it.

d. In cases when two acting agents exchange information via a simple channel of the type first-in-
first-out (i . e. a description without a structure or script), we expand the notation by a arrowed
circie A1 —o—-’ A., indicating that A sends information to A. (this expilcitly denotes that from
the point of view f cognitive ergonomics the structure of th information transferred does not
need to be described in any level of detail).

e. Existential events may be graphically denoted in our framework by a separate icon, e.g. a dotted
arrow, to distinguish this event from information transport. They should, however, never be
mixed with information transport notation in relation to the same channel, since the framework
does not inciude any notation for real time dependencies in an actually implemented user inter
face. This notation, its meaning and its restrictions, is elaborated by Brüning and Milbredt
(1988) and will not be applied in this chapter.

A last element in the framework for user interface design concerns the initiative for information tran
sport between the modules in the user interface. Acting agents may be defined to initiate information
transport towarcls themselves, or towards a channel, or from a channel towards another agent. Since
we will only give a global idea of the framework, we refer to Brüning and Milbredt (1988) for ela
borations of this concept.

3.2. Control structure of a user interface

For the general control structure related to the user interface different solutions might be proposed
(e.g. Winston’s chapter on control metaphors, 1984, and ANSA architecture guidelines, Herbert
and Monk, 1987). These solutions have to be elaborated by software engineers in relation to techni
cal development and architecture of systems and networks. A fundamental requirement will be the
preservation of modularity, to enable separate design decisions on aspects of the user interface that
are relevant from the point of view of cognitive ergonomics. This will enable considering different
solutions for relevant design problems. It will provide possibilities for the exchange of acting agents
or descriptions, for reasons of prototyping, research, improvement, and application to new task
domains, or, for the same task domain, to new target systems.


