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1 

Introduction 

When we look around, we see all kinds of appliances that are used everyday by men and women, 
by young and old. Take for example a telephone, a television, or a radio. These devices exist for 
more than 40 years now. Most people have them at home, and use them on a regular basis. It is 
hard to find a person who does not know what these devices are for. Hence, we would expect to 
see all persons learning to use new versions of these appliances quickJy. However, this is often not 
the case. Common complaints are the difficulty to find and use certain functions. Older persons 
in particular, seem to have more problems with a new version of a known device. Therefore, this 
study is especially concerned with this group. 

Users try to understand how to use a new interface of a known device as soon as possible. The 
interface of each new version has to facilitate this fast understanding and usage, otherwise the user 
keeps making mistakes when trying out, and gets confused. Here a phenomenon called learned 
helplessness plays a role [Norman, 1988). In situations in which people experience failure at a 
task, often numerous times, they decide that the task cannot be done, at least not by them. These 
persons will not be motivated to perform the task (to internet with the device) once again. Hence, 
it is important to design a new version of an appliance in a way that users comprehend before de
motivation starts. This study considers ways to shorten the amount of time and attempts needed 
to find out the possibilities of the device and to understand how to execute them. 

User-system interaction refers to the relation between a user of a system and the system itself. 
A purpose of studying user-system interaction may be to design interfaces that incorporate the 
user's natura! way of using a device. 

1.1 Focus 

The project "Cognitive modelling of technology related behaviour patterns of older consumers" 
aims to formulate guidelines for designing interfaces that correspond with the way generations 
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of users learn to use a device. Hence, the purpose of this project is to predict the optima! type 
of interface for the user. This will be done by identifying how the user deals with cognitive and 
interface aspects during skill learning. For this two types of analysis have to be executed. The 
first concerns the analysis of the type and amount of knowledge that the user is able to acquire 
during skill learning, predicting the user's learning ability. Secondly, the work load needed to use 
a certain type of interface has to be analysed as well. Comparisons of both analyses predict the 
user's optima! type of interface. 

1.2 Approach 

The approach of the project can be decomposed into three points of view that will be interlinked 
with each other; the user's cognition, the interface of the device, and the internction itself. Figure 
1.1 presents this approach. Cognitive aspects of the user that have to be taken into account are 
the processes involved during knowledge acquisition , the way they opernte, and the ability of the 
user to deal with these processes and thus, to learn to internet with a device . Interface aspects 
that trigger a user to internet with the device, concern first of all the objects of which the system 
is composed of. These objects are characterized by the modality in which they have to be used 
(tactile, visual , verba!), their way of use (movement), and their function within the purpose of a 
task. Foley, Wallace & Chan [ 1984] have defined these interface objects and their way of use as 
interaction techniques. De Vet & De Ruyter [ 1996] have classified these interface aspects more 
extensively. They defined the order in which a certain amount of internction techniques have to 
be executed, as the interaction structure. Designers describe purposes of interfaces in the form 
of system options, composed of primitive actions that can be executed by system and user. These 
options are specified as conceptual operations. In other words, an interface is composed of many 
types of conceptual operntions, of which each can be executed by using certain internction tech
niques by a specific internction structure. When each conceptual operntion is described in the 
types of techniques and structure it possesses, one talks about an interaction style. This categor-
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ization of interface aspects as described by De Vet & De Ruyter [ 1996], will be used in this project 
as well. 

A method to describe the interaction is a powerful way to link specific cognitive processes 
of the user with relevant details of the interface. Norman [ 1988] has been pioneer in describing 
task specific interaction. In his view, interaction can be decomposed into stages. The first stage 
considers the user's formulation of a goal, which is the notion of what is wanted. After this, in
tentions are specified, in which the goal is translated into specific statements of what has to be 
done. More specific action specifications are also needed to bridge the gap between the intension 
and all possible physical actions. Finally, the proposed action is executed. Some researchers have 
described methods to extract these kinds of stages during user-system interaction. Part of these 
methods will be used in this project to link the user's cognitive processes with the type of interface 
they are confronted with. 

1.3 Outline 

This document reviews the literature on ageing, experience and knowledge acquisition during 
user-system interaction. The outline of this document is as follows. Chapter 2 gives an overview 
of the cognitive processes that are involved during knowledge acquisition. Furthermore, Chapter 
3 argues the task knowledge needed during user-system interaction, and the methods available to 
analyse the user's knowledge acquisition. Chapter 4 discusses the influence of age-related cog
nitive changes on knowledge acquisition during user-system interaction. This document is con
cluded with Chapter 5, in which the main points of interest are summarized, and more is explained 
about the way research questions and hypotheses are made concrete in this project. 
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Knowledge acquisition 

Usually learning is defined as the accumulation of knowledge, but it involves more than the addi
tion of new facts to our brains only. Learning is also known as knowledge acquisition, which in
volves relating something new to what we already know in a psychological complex way [Barr & 
Feigenbaum, 1982]. Cooke [ 1992] mentions that learning is usually thought of in genera} terms. It 
is seen as a process that enables an individual to make the transition from novice to expert in a cer
tain field . The learning process itself is supposed to be for each individual identical, regardless of 
his or her experience and amount of prior knowledge in that specific field. This chapter describes 
the types of knowledge that can be distinguished during learning of skills that are necessary for 
user-system interaction. Fitts [1964] , Hayes-Roth [1977] and Anderson [1983], among others, 
have identified learning stages during knowledge acquisition. Explanations for these changes dur
ing learning will be discussed as well. 

2.1 Knowledge 

The term knowledge has a somewhat ambiguous meaning in skill learning, and therefore in user
system interaction. This term is often used to indicate both, knowing what has to be done to per
form a task, as knowing physically how to do it. Ryle [ 1949] was one of the first researchers 
who explicited these two different meanings of knowledge. He suggested the distinction between 
knowledge that, indicating knowledge that something is the case, and knowledge how, referring to 
the skill needed to perform a task. During the years many other researchers have addressed this 
issue. Kausler [ 1994] for example, explicits the distinction between skill and knowledge. The 
skills that have to be acquired during user-system interaction are procedural and motor skills, in
dicating respectively the sequences of the physical performed actions and the motor performance 
of the action. According to Kausler [ 1994], knowledge concerns only (mental) knowledge about 
the order in which a task has to be performed. This is also known as episodic knowledge, that is 
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stored in the episodic memory. Ho wever, episodic know led ge is just part of the type of knowledge 
needed to internet with a device. Anderson [ 1983] has specified solid types of knowledge during 
skill learning, known as declarative versus procedural knowledge that seem to cover all know
ledge needed for interaction. According to Anderson [ 1983], declarative knowledge consists of 
what we know about objects, events, statie relationships between concepts, and so forth. This also 
includes knowledge about how to do things, such as steps needed to start a car. Most researchers 
distinguish between episodic and semantic declarative memory [Anderson, 1985; Gagne, 1985; 
Squire, 1987; Tul ving, 1983; Tul ving, 1985]. Episodic memory refers to memory for specific 
past experiences or events in a person's life, including the environmental and tempora! cues as
sociated with these events. Semantic memory refers to genera! knowledge of the world, such as 
facts, concepts, and vocabulary, without reference to tempora} landmarks or particular contextual 
events . Procedural knowledge _is concerned with the physical way to perform various cognitive 
activities. Therefore, it can be seen as the dynamic process of operating on knowledge. Hence, a 
persen has the declarative knowledge of dividing fractions, invert the divisor and multiply, but the 
procedural knowledge must be demonstrated by actually performing the division of the fractions . 

Although declarative knowledge is often described as knowledge that and procedural know
ledge, as knowledge how, this distinction can be misleading. Declarative knowledge can include 
"knowledge about procedures", such as the proper steps needed to fixa flat tire, and is therefore, 
just a special type of declarative knowledge consisting of an ordered sequence of actions [Cooke, 
1992]. The distinction between declarative and procedural knowledge, as defined by Anderson 
[ 1983] will be maintained in this project. 

2.2 Learning 

Fitts [ 1964] has distinguished two stages during skill learning. In the first stage, the individual 
verbalizes and rehearses the information required to execute the skill, resulting into some desired 
behaviour. In the second stage, the individual detects errors of understanding and eliminates them 
gradually. This results into smoother performance and decreased verba! rehearsal. Also Hayes
Roth [ 1977] and Anderson [ 1983] have described learning stages during knowledge acquisition. 
They attribute the changes during learning to changes in the knowledge representation structure, 
which is available as a long term memory structure that provides the individual to store and ac
ti vate information in a certain way. This view will be discussed in the following section. 

2.2.1 Knowledge representation 

Norman & Rumelhart [1975], Collins & Loftus [1975], Hayes-Roth [1977], Anderson [ 1983] and 
Kintsch [ 1988] assume that knowledge is represented in a propositional network with nodes and 
links, that can be activated by a spreading activation process. Within such framework, two kinds 
of learning have been considered, namely the addition of nodes and links to present new inform
ation, and their strengthening to get beller access to existing knowledge. Collins & Loftus [ 1975] 
mention that the structural representation itself and the process by which the structure is activ
ated are unaffected by learning. However, according to Hayes-Roth [ 1977], learning does affect 
the structure and the process qualitatively. She has developed the knowledge assembly theory 
in which knowledge is initially represented in the network as low-level memory structures that 
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are activated in an all-or-none fashion. Learning strengthens these basic representations to the 
point of unitization, activating the entire configuration of representations in an all-or-none fash
ion. Thus, the memory representation of the knowledge stmcture progresses during learning hier
archically from a collection of independent but related parts, toa single, integrated representation 
of the stmcture as a whole. So, the behaviour pattern of an individual is composed of much larger 
chunks in the latter knowledge acquisition stage. 

Anderson [1983] attributes the changes during learning to qualitative changes in declarative 
and procedural knowledge in the network. According to Anderson [1983] the first stage is the 
interpretive stage, in which factual information or declarative knowledge, related to the domain, 
is learned and interpreted by genera] purpose production rul es. According to Anderson [ 1983] 
a production provides the connection between declarative knowledge and behaviour. The pro
ductions are domain-independent in the first stage. Therefore, general strategies are applied to 
interact, such as goal decomposition and backward chaining to the declarative knowledge. The 
verba] rehearsal observed serves to keep the relevant declarative knowledge in working memory, 
an instance in which incoming and retrieved information is kept and manipulated to serve the 
execution of the skill [Baddeley, 1986]. Interpreting knowledge in the declarative form has the 
advantage of flexibility. However, the process is slower, because of the time it takes to retrieve 
declarative knowledge from long term memory to interpret. Besides, this declarative knowledge 
has to be represented in working memory, imposing a large demand on the working-memory ca
pacity. This is also the case when memorizing the small steps of which the task is composed. The 
second major stage of learning is knowledge compilation, in which interpretation of declarative 
knowledge is changed into procedures that apply the knowledge directly. Knowledge compilation 
involves two subprocesses, composition and proceduralization . Composition combines a group 
of related single productions into one large production. This macro production can be thought of 
as a chunk of productions, which is similar to the explanation given by Hayes-Roth [ 1977]. The 
second subprocess, proceduralization, involves the direct embedding of domain-specific factual 
knowledge into a production mie. Here, Anderson [ 1983] indicates that knowledge changes its 
original form, and may therefore be inaccessible in the former form. The whole compilation pro
cess results in faster and smoother performance, due to specific facts that are proceduralized and 
integrated into macro productions, without replacing old productions by the new ones. Hence, 
compilation does not at all result into loss of declarative knowledge representation. Furthermore, 
verba! rehearsal drops out, because the need to hold long-term memory information in the work
ing memory is eliminated. However, Anderson's theory does not make clear, whether working 
memory is still be needed during the task, and in case it is, for what it is used. Anderson's third 
stage involves a fine tuning of the task-specific procedure. A generalization process increases the 
breadth of the production mies, whereas discrimination narrows the scope to which they apply. 
Strengthening results in increased activation of successful production mies and weakens activa
tion of unsuccessful ones. 

Also Schumacher & Czerwinski [ 1992] have described learning stages, similar to the stages 
as mentioned by Anderson [1983] . According to them, these learning stages influence the user's 
mental model, which is the image that the user composes during user-system interaction about the 
device and the way a task has to be performed. The acquisition of a well formed mental model 
during learning will be discussed in the next section. 
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2.2.2 Mental Model 

Schumacher & Czerwinski [1992] define a mental model as a collection of knowledge about a 
physical device, system or process. In human factors, mental models have been used to describe 
how people learn to use a computer system (e.g., citeNRumelhartNorman81) or interact with 
everyday devices [Norman, 1988]. Furthermore, a mental model provides a framework of think
ing about a device (e.g., Bower, Clark, Lesgold & Winzenz (1988]). Hence, the term mental 
model seems to be applied for many phenomena without a well constructed theory of what amen
tal model is and how it is formed in the user's mind. Schumacher & Czerwinski [ 1992] have de
scribed the mental model more extensively as a cognitive representation of a complex, physical, 
dynamic device, system or process that allows an operator to understand and explain system com
ponents and their interactions, and to predict system outcomes from system input. This domain
dependent cognitive representation is not assumed to be available as a whole in long term memory, 
but is thought to be constructed during the task itself, and derived from information, stored in long 
term memory. Although Schumacher & Czerwinski [ 1992] do not mention this, it is an important 
characteristic of the mental model. 

Schumacher [ 1987] describes three learning stages, the pretheoretical, experiential and ex
pert stage, which reflect the user's acquisition of a mental model of a device. In the pretheoretical 
stage, the understanding of the system performance centres on the retrieval of similar systems in 
the long term memory, which shares super.ficial similarities with the current system, relevant to 
the user's goal. Superficial similarities are those similarities that are irrelevant or secondary to the 
user's tasks, such as color and size. On the other hand the user will not pick up structural similar
ities which are directly relevant to the user 's task. The shared superficial features will support the 
interaction with the current system to the extent that the superficial features are correlated with 
the system 's structural features. When shared superficial and structural features are nihil or in 

. conflict, performance is reduced [Gentner & Toupin, 1986; Schumacher & Gentner, 1988]. This 
stage is seen as primarily a stage where mental models are a collection of experiences that are re
trieved from memory based on similarities to prior events. In the experiential stage, some under
standing of causa} relationships emerges even if this understanding is not supported by superficial 
features. Late in the experimental stage, the user may develop expertise with these specific parts 
of the system [Schumacher & Gentner, 1988]. In this stage they assume that abstraction begins to 
take place. Hintzman 's MINERVA model of memory Hintzman (1986] accounts for this notion 
of abstraction over time. Also Anderson [ 1987] argues that abstraction arises from recognition of 
common features across instances. The expert stage is reached when the user makes abstraction 
across various system representations. In this stage, the user easily recognizes systematic patterns 
of behaviour and retrieves old system knowledge. Knowledge can therefore be easily transfered 
across instantions of the system even with systems that are superficial dissimilar. 

2.2.3 Feasible learning stages 

Undoubtly, experience defines the three learning stages, as mentioned by Anderson [ 1983] and 
Schumacher (1987]. However, it is not clear what type(s) of experience influence the individual 's 
shift to the following learning stage. Is it the amount and extent of experience on one device, or is 
it the amount and extent of experience on more devices within one domain? Moreover, the con-
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crete amount and extent of practice will provide the gradations within these stages, which makes 
it more difficult to point out the transition to the following learning stage. Anderson [ 1983] has 
focussed mainly on the amount and extent of experience with one instrument. For the acquisi
tion of a well formed mental model, the first two learning stages depend mainly on the amount of 
prior knowledge about and experience with one device [Schumacher, 1987]. However, to reach 
the last learning stage (the expert level), a large amount of knowledge about and practise with 
various domain-related devices is essential. In real life however, most individuals will not reach 
this expert level during user-system interaction, because of the following facts. In each user
system interaction domain, a large amount of new devices have been developed over the years. 
Consequently, a large group of people follows trends and continues to buy new devices of a cer
tain domain, before reaching full understanding of the device each of them already has at home. 
Although these individuals may have reached a certain level of abstraction, they solely can be 
described as experienced in a ëertain domain of devices, but not as experts. Another group of 
individuals keeps using the same device year after year. However, this practice of user-system 
interaction does not necessarily lead to full understanding of the whole device. Using always the 
same device also means, that the new devices, developed later on, are not practiced at all. Because 
of the many differences between earlier and later versions, a large transfer of knowledge across 
instantions is not feasible. Hence, again, this group may be described as experienced in a certain 
device version, but not cannot be called expert. Kelley [ 1996) mentions a similar phenomenon. 
According to her, expertise in word processing is likely to be psychologically different from ex
pertise in other domains. Individuals that use word processors on a regular basis do not reach 
the same extent of active and deliberate practice as the experts, described by Charness, Krampe 
& Mayr [ 1996). According to this measure, the so-called experts of her study in fact are experi
enced but not experts. Also during a study with new tasks, participants never will reach the expert 
stage, as defined by Schumacher [ 1987), nor the tuning stage, as described by Anderson [ 1983]. 
Therefore, research within this project will focus only on the first two learning stages. 

As mentioned above, domain-related experience and prior knowledge is essential to reach 
the last learning stage fora well formed mental model [Schumacher, 1987). But how does such 
domain-related prior knowledge influence the individual's learning ability of domain-related, but 
new tasks? Next section will deal with this issue. 

2.3 Prior knowledge 

The effects of the degree of experience or prior knowledge on the individual's learning ability 
have been analysed mainly in expert-novice experiments. In these types of experiments, past ex
perience is measured by the years and extent of practice in the use of one instrument, that is used 
again in the experiment. Therefore results of these kind of experiments in fact reflect the compar
ison ofbehaviour patterns between individuals of the first and the third learning stage, as described 
by Anderson [1983). It is no surprise that researchers of these experiments have concluded that 
experience increases the speed of performance (Gentner [ 1988), enlarges the chunks [Adelson, 
1981 ], decreases the amount of mistakes [Glaser & Chi, 1988), and increases memory capacity 
[Cooke, 1992) and retrieval [Chiesi, Spilich & Voss, 1979) of domain-related information. 

In real life, individuals often have to learn to use new devices. Results of expert-novice ex per-
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iments do not explain the effects of related experience (domain-related prior knowledge) on the 
individual 's learning ability in these situations. However, Hayes-Roth [ 1977], Polson & Kieras 
[ 1985] , Singley & Anderson [1985] and Kelley [ 1996] have studied the impact of domain-related 
prior knowledge on learning ability, by analysing the individual's transfer of prior knowledge to 
new tasks. The following section considers their results . 

2.3.1 Transfer of knowledge 

According to Hayes-Roth [ 1977] transfer occurs whenever the developing memory representa
tion of a to-be-leamed task (T2) shares subrelations with the representations of one or more pre
viously learned tasks (Tl). Here the degree in which Tl has been leamed determines whether the 
representation of the two related tasks (Tl and T2) in fact share subrepresentations. Obviously, 
there will be no representation in memory, if T 1 has never been encountered. Therefore, T 1 can
not influence learning the related task (T2). However, Tl will be represented in memory, if it has 
been learned to some extent. Naw Tl can be valuable to transfer knowledge to T2, whether it res
ults into negative or positive transfer. According to Hayes-Roth, moderately learned Tl normally 
interferes with the performance of T2, indicating a negative transfer. Positive transfer of know
ledge occurs mainly when Tl is well learned. Polson & Kieras [1985] have analysed transfer of 
knowledge by identifying a set of rules within the first learned task, that would overlap a new, 
but related task. They have found that the learning time of the new task depends on the number 
of new production rules that have to be learned. Singley & Anderson [ 1985] have characterized 
transfer in the domain of Text Editing. They have tried to analyse the types of knowledge that 
are transferred during text editing tasks. Results show that bath the basic goal structure and the 
intermediate levels of the goal tree, are transferred to the new task. A positive transfer is seen, 
if these structures match with the to-be-learned task. However, a negative transfer is seen when 
these structures do not map with the structures of the new task. Later on Singley & Anderson 
[ 1987] have presented more detailed results. In their article they conclude that positive transfer is 
defined by the number of shared components of the two skills. Moreover, the degree of transfer 
is a function of the overlap in number of elements . It seems that even when the goal-structures of 
the tasks are not related, a lot of transfer occurs . In their experiment only one feature (delete key) 
was victim of negative transfer. This resulted in interference with the acquisition, but not with 
the execution of the new feature . Hence, negative transfer seems to be a minor problem. Also in 
other complex skill acquisition studies, negative transfer is very rarely found. When it occurs, it 
appears to be in situations in which one method prevents research participants from seeing that 
another, more efficient method exists in the new task. This was the case in the study of Singley & 
Anderson [ 1989]. They have found that negative transfer was found in the form of persistence of 
an inefficient method in the second text-editor, where amore efficient method is available. Polson, 
Muncher & Kieras [ 1987] also mention that they have found no evidence for interference. Hence, 
when people are experienced, mainly positive transfer will occur. Less transfer will be seen when 
individuals have learned the first task sub-optimal. 

When participants first switch to an unfamiliar software variant, intrusion errors are qui te high . 
However, the rate of intrusion errors almost drops to zero, while the reaction time increases . This 
increase is directly predictable by the amount of experience that participants have prior to the start 
of the study [Anderson, 1987]. Kelley [ 1996] has studied the differences in knowledge transfer 
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between experienced and inexperienced (computer) users more extensively. In her study, experi
ence was measured by the number of software applications that participants knew. This variable 
reflects the breadth of software knowledge prior to the start of the study. Results have shown 
that the extent of the disruption can be predicted by the amount of prior computing experience. 
Hence, paradoxilly a better formed mental model leads toa larger disruption (in the form of er
rors), due to change in interaction style. This result can be explained by Anderson's [Anderson, 
1982; Anderson, 1987] model of skill acquisition and transfer. According to his model, produc
tions gain strength each time that they are successfully applied. Moreover, general productions 
are strengthened each time any of their specializations are applied. Therefore, it is expected that 
experts have much stronger genera} productions than novices. Furthermore, when two produc
tions have identical rules, the mechanism used to resolve the conflict involves strength. It is sug
gested that a conflict situation may arise if one of the competing productions is much stronger 
then the other. The strongest production will fire, even though it is no longer appropriate. This 
will lead to an error. While errors will reduce the strength of a production, it may take a number 
of trials before the strength reduction is sufficient for the competing production to fire. People 
are unlikely to accept such a high error rate, and are likely to slow down their performance and 
wait until both productions have been selected before testing to see which is most appropriate. 
Here, the mental model of the experienced person will have more advantage over the inexperi
enced one. Consequently, the degree of expertise will also predict the learning ability to use an 
unfamiliar word processor. The participants who knew many software applications were able to 
learn the new word processor more easily than those who knew fewer applications. Thus, despite 
disruption on some aspects of word processing tasks, expert performance was still considerable 
superior to novice performance [Kelley, 1996]. 

Polson, Muncher & Kieras [ 1987] found that alteration of low-level execution components of 
a text-editing task does not hinder correct performance, whereas alteration of command sequences 
was found to be more disruptive. Also Kelley [ 1996] has found evidence across users, that altered 
generalized techniques cause more disruption than alteration of specialized techniques of low
order productions. 

2.4 Working memory 

According to Anderson [ 1983], working memory plays an important role during knowledge ac
quisition. Mainly in the first learning stage, a large demand is imposed on its capacity. Many 
theories about memory have argued the role and the impact of working memory in task perform
ance (e.g., Brown [1958], Baddeley & Hitch [1974], and Baddeley [1986]). Therefore, a histor
ica! review will be given in this section, to explain the changes in views about working memory. 
A recent theory of working memory [Ericksson & Kintsch, 1995] seems to be most suitable to 
explain the impact of working memory in user-system interaction. Therefore, this theory will be 
discussed more extensively. 

2.4.1 Historica) background 

Over the years there has been made a distinction between Long Tenn Memory (LTM) and Short 
Term Memory (STM) . Brown [1958], but also Peterson & Peterson [1959] have described LTM 
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as an instance with a large and durable storage capacity, but with a rather slow storage and re
trieval process. Newell & Simon [ 1972] estimated the retrieval speed about 1 second for familiar 
information, 5 seconds if a new memory trace has to be retrieved, and even 10 seconds for un
familiar material. STM is characterized as an instance for temporary storage, in which informa
tion is stored and kept available until the persen 's attention is diverted to another demanding task. 
Baddeley & Hitch [1974] have described working memory (WM) as a temporary storage, in which 
incoming and long term memory information is kept available for completion of the task. WM 
storage of and access to information required is rapid and reliable. These criteria could also have 
been met by STM as described by Brown [ 1958] and Peterson & Peterson [ 1959]. Therefore, in 
this period werking memory characteristics were similar to those of STM, although they stress 
different aspects. STM is supposed to explain the storage component, whereas werking memory 
the availability component. But, the scores they rely on are in fact the same. 

The capacity of STM and thus of werking memory has been assumed to be about seven chunks 
[Miller, 1956]. However, subjects recall only 50 percent of these chunks. Hence, the reliable 
working memory capacity has been assumed to be only about four chunks [Broadbent, 1975]. 
This capacity limit has been proven to be far too restricted to perform complex tasks . Many cog
nitive tasks, such as problem solving [Atwood, Masson & Polsen, 1980] and decision making 
[Payne, 1976] show that individuals are able to keep a very large number of products in STM 
or werking memory provided that they are skilled. Cooke, Atlas, Lane & Berger [ 1993] for ex
ample, have shown that highly skilled chess players can recall a substantial amount from up to 
nine different chess positions, presented in sequence at a fast rate of presentation. Also the digit 
span task proves that subjects are able to increase the reliable capacity of werking memory. In this 
task, subjects have to reproduce perfectly a list of digits presented at a fast rate. After hundreds 
of hours of practice, people manage to increase their working memory performance from around 
seven (novices) to over eighty digits [Chase & Ericksson, 1982]. Therefore, researchers such as 
Anderson [1983], have rejected the idea that werking memory has a limited capacity. 

In 1986, Baddeley has posed a different view on werking memory. He has described werking 
memory as a cognitive structure for temporary storage, which is composed of a set of special
ized short-term memory functions, also known as slave systems, and a centra/ executive, which 
regulates further processing of information . The two best described slave systems are the phon
ological loop and the visuo-spatial sketchpad. The phonological loop is a speech-based system, 
in which phonological information is kept and repeated during two seconds. The visuo-spatial 
sketchpad generates visuo-spatial images, and is seen as a system that comprises a visual and 
a spatial tempora} store. Visual information enters both stores, either through long term memory 
representations of the visual form of objects or through spatial information about a dynamic scene 
[Logie, 1995]. In user-system interaction the interpretation of incoming visuo-spatial information 
is of particular importance. Hence, a well functioning visuo-spatial scatchpad is essential to inter
act with a device. The centra! executive coordinates further rehearsal of information within these 
slave systems when active storage is required during a Jonger period [Teasdale, Proctor, Lloyd 
& Baddeley, 1993]. Baddeley [1986] compares the role of the centra! executive with the super
visory attentional system described by Norman & Shallice [ 1980]. Norman and Shallice assume 
that most actions are controlled by schemata, or chunks of actions, that are executed automatic
ally. At any given time, several such schemata may be operating. These schemata are controlled 
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by the supervisory attentional system, which biases the activation of schemata, favouring one over 
its rivals. Hence, the central executive can be regarded as a supervisor or scheduler, capable of 
ordening the chunks of actions, selecting strategies and integrating information from several dif
ferent sources. Here, Baddeley assumes that working memory provides the slave systems and 
the central executive enough capacity to complete processing during the task. Again, the capa
city needed to keep these working memory components functioning exceeds the working memory 
capacity as defined by Miller [1956] and Broadbent [1975]. However, Baddeley has let the work
ing memory capacity of his latest working memory model unexplained. Hence, even Baddeley's 
model does not explain how working memory can keep up with the increased demand for avail
able information required by skilled processing in more complex tasks. 

Anderson [ 1983] suggests that skilled people are capable to memorize so many relevant as
pects during a task, because of the fact that knowledge compilation eliminates the need to hold 
LTM information in working memory. Detailed experimental analyses of the superior recall per
formance often reflect storage in LTM. This assumes that experts are able to store information in 
LTM during explicit memory tasks. This idea has triggered Atkinson & Shiffrin [ 1968], Newell & 
Simon [ 1972], and Ericksson & Kintsch [ 1995] to question whether experts change from working 
memory use to direct long term memory activation and storage. According to Newell & Simon 
[ 1972] this cannot be the case, because LTM does not meet the criteria of storage and retrieval 
speed required during complex tasks. Atkinson & Shiffrin [1968] mention other problems. Ac
cording to them, information can be stored in LTM only after it has been stored in STM, and even 
then, storage in LTM is a probabilistic event. They have proposed that the probability of storage 
in LTM is a function of the time that an item was maintained in STM. Similarly, Anderson [ 1983] 
has suggested that the probability of storage is a function of the number of times an item enters 
STM. He also has argued that subjects are unable to control storage in LTM, partially because 
they cannot predict what information will be used later on, nor which information is supposed to 
be important during future processing. Schneider & Detweiler [ 1987] have argued that LTM can 
never be used as working memory, because of dissortion of all previously stored LTM informa
tion . The fact that LTM used as working memory would lead to distortion of stored information 
contradicts directly with the original meaning of the LTM function. 

Ericksson & Kintsch [ 1995] have shown that experts are able to store reliable domain-specific 
information in LTM and retrieve from it, in a much faster rate than novices. This has triggered 
them to develop a new working memory model to account for the greatly expanded working 
memory capacity of experts in skilled activities . Their view will be discussed in the next section. 

2.4.2 Short and long term working memory 

According to Ericksson & Kintsch [1995] working memory is composed of a Short Term Working 
Memory (ST-WM), that can be extended with a Long Term Working Memory (LT-WM). ST-WM 
accounts for working memory in unfamiliar activities, but does not appear to provide sufficiently 
storage capacity for working memory in skilled complex activities. Acquisition of domain spe
cific knowledge and memory skills will allow the individual to acquire LT-WM and thus to extent 
working memory fora particular activity. From there on, mental representations of the task will 
be generated in ST-WM, but elements of that representation will be linked both to parts of the pre
viously constructed task presentation, and to the subject 's LTM. This linkage creates a LT-WM 
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structure that provides direct access to relevant parts within LTM. Hence, LTM now turns into an 
easily accessible source of information. The durable storage of information in LT-WM implies 
that during an interruption of skilled activities, the information will remain in LT-WM. Access to 
it can easily be reinstated by cue-based reactivation. Once the task is completed, the information 
will be stored (again) in LTM. 

Prerequisite knowledge and prior practice are essential to acquire a LT-WM structure, and 
parallel to it, to construct an integrated representation in LTM. Memory is influenced directly by 
the amount of knowledge that the individual possesses about the genera} topic of the task. Lack 
of prerequisite knowledge impairs both encoding and storage in LTM and with that, the ability to 
generate links needed to create an integrated representation. The ability to encode successfully 
is related to the amount of domain knowledge and knowledge of related tasks acquired. Reliable 
and fast access to information within LTM is possible, provided that this information is relevant 
to the task, and is retrieved by a domain-specific LT-WM. Increase in working memory capacity 
is limited to activities within the specific domain. 

The expert's substantial memory of task-related information suggests that LT-WM is used by 
an expert as a normal mode. Hence, this ability to increase working memory is one of many skills 
individuals attain during the acquisition of skilled performance. However, LT-WM is nota gener
alizable capacity that, once acquired, can supplement ST-WM in any cognitive activity. LT-WM 
is acquired in particular domains to meet specific demands imposed by a given activity on storage 
and retrieval. LT-WM must therefore be discussed in the context of specific skilled activities. 

Thus, according to Ericksson and Kintsch capacity restrictions at the beginning of a learning 
period are due to the restricted amount of information that can be processed in a standard working 
memory, which is always used in novel situations. A more specialized buffer with a larger capa
city can only be acquired when a lot of domain-specific information is already available and linked 
in long term memory. However, working memory capacity restrictions of novices could also be 
due to the effort it takes for working memory to process novel information for execution of the 
task. In the line of thi s idea, expansion ofworking memory capacity can be explained by a change 
in the effort needed to process information by working memory. This Jatter idea is not worked out 
explicitly in a working memory model, but is suggested in an indirect way by Anderson 's model 
[ 1983). In the second learning period a lot of relevant information, stored in long term memory is 
also compiled and therefore less eff ortful to be processes by working memory. So, more inform
ation can be processed simultaneously (resulting in an expansion of working memory capacity). 
Also in this latter explanation the amount of relevant information kept in long term memory is of 
great importance. Another weak point in the model of Ericksson and Kintsch is the fact that the 
amount of increase of domain-specific working memory capacity is directly related to the level of 
the skill attained within the domain [Ericksson & Kintsch, 1995). This suggests that the increase 
of working memory is not resulted by the acquisition of a new and larger buffer, but because of 
a smooth change in effort needed to perform the domain-specific tasks. However, it still is for 
sure that expansion of working memory capacity is domain-specific. Therefore, measures used 
by Ericksson & Kintsch [ 1995] and their view about domain-specific working memory capacity 
is valuable in this project. A domain-related WM capacity instrument should be developed to 
measure the exact domain-specific WM capacity for each individual. However, such instrument 
has not been developed by Ericksson & Kintsch [ 1995]. This means, that it still is unclear how 
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large WM capacity can be in each knowledge acquisition stage when performing a user-system 
interaction task. Moreover, no prediction can be made about the WM-capacity by the individual's 
amount and/or type of domain-related prior knowledge. 

Although the WM-model ofEricksson & Kintsch [1995] shows weak points, their model tries 
to explain working memory phenomena that are typical for skill learning, which cannot be ex
plained by other models. Therefore, relevant parts of this model will be used to reconstruct weak 
parts of the two knowledge acquisition stages [Anderson, 1983] relevant in user-system interac
tion. Next section will discuss this integration. 

2.5 Reconstruction of knowledge acquisition 

As has been mentioned by Kelley [ 1996], the type of prior knowledge that an individual possesses 
bas a large influence on the learning speed and the types of errors that are made when learning to 
interact with a new system. Hence, in this project individuals have to be divided in the categories 
of individuals that posses domain-related prior knowledge, for example knowledge about: 

A. None at all. 

B. Only one system, which is hardly used. 

C. Only one system, which is used very often. 

D. Various systems, without making much use of them. 

E . Various systems, using them daily. 

The type of prior knowledge that an individual possesses (A- , B-, C-, D-, or E-type) bas to be taken 
into account to predict the impact of working memory on knowledge acquisition, and the speed 
of change from the first to the second learning stage. 

Anderson [ 1983] has al ready mentioned that indi viduals impose a large demand on working 
memory during the first knowledge acquisition stage. For all types of individuals the task will 
look unfamiliar at the beginning. The subject's working memory holds and manipulates incom
ing and retrieved information. Because of the restricted ST-WM capacity, verbalization of know
ledge, retrieved from LTM, is necessary to memorize relevant information for task performance. 
In this interpretative stage, WM retrieves declarative information from LTM to acquire executable 
actions (procedural knowledge). Hence, this first learning stage will be used as an orienting or 
screening stage, imposing a large demand on working memory. As soon as possible, individuals 
have to learn to pick up prerequisite information, relevant to the task. Here, differences between 
the types of individuals will show up. It is expected that the orienting stage is much shorter for 
E-types than A-types, because of the fact that E-types have the largest amount of relevant declar
ative information to hold on, and possess the mental model best formed. This will speed up the 
detection of prerequisite information and the interpretation needed to act. Thus, it is also expected 
that E-types are the fastest in acquiring sufficient prerequisite knowledge (by providing enough 
relevant declarative knowledge), and practice (by providing relevant procedural knowledge) to 
develop encoding and memory skills that allow them to acquire a LT-WM structure. The avail
ability of LT-WM will provide the individual a less demanding ST-WM. Now ST-WM will only 
be used to generate the mental task representation, whereas relevant declarative and procedural 
information will be retrieved from and stored in the LTM by LT-WM. The direct and rapid ac-
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cess to LTM, and the increased capacity of LT-WM eliminate the need to verbalize declarative 
knowledge, create the possibility to enlarge the amount of (declarative and procedural) inform
ation within one chunk, and therefore, increase the performance efficiency. While the speed of 
increase of LT-WM capacity depends upon the amount and broadness of the domain-related prior 
knowledge [Ericksson & Kintsch, 1995], E-types will show the fastest increase of LT-WM capa
city, and A-types the slowest increase. Figure 2.1 presents the role of LTM and WM during the 
two learning stages of user-system interaction, as could be interpreted by the model of Ericksson 
& Kintsch [ 1995]. 

Ericksson & Kintsch [ 1995] have based their model of working memory by analysing read
ing fluency, chess performance and other types of tasks with an effective experimental technique 
that differentiates ST-WM and LT-WM. These types of WM cannot be discriminated by mere ob
servation of normal skilled processing. Therefore, they induced an interruption during the task, 
and diverted the subject's attention suddenly towards another demanding, unrelated activity for 
some time. If the interruption has a sufficiently long duration, the information of ST-WM will be 
irretrievably lost and the interrupted activity cannot be continued. Information in LT-WM, on the 
other hand, will only become inaccessible and can be subsequently retrieved. Hence, if the sig
nificant information is stored in LT-WM, reactivation of the associated retrieval cues in ST-WM 
will resume the LT-WM information after the interruption. This experimental technique will be 
used in our project to measure the WM-type(s) that individuals use while learning to internet with 
a device. Moreover, the individual's genera! WM capacity (G-WM) will be measured by tradi
tional WM capacity measures, such as the backward digit span task. The individual's domain
specific WM capacity (DS-WM) will be measured by a, to be developed, domain-related WM 
capacity instrument. When the user uses only ST-WM to perform a task, the scores of G-WM 
and DS-WM will be similar. DS-WM will be significant larger than G-WM when the user has 
acquired a LT-WM structure. 
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Figure 2.1: Relation between the environment and the user's working memory and long term memory dur
ing the two learning stages of user-system interaction. 
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3 

Acquisition of task knowledge 

This Chapter is considered with instantiation of declarative and procedural knowledge required 
for user-system interaction. Part of this knowledge concerns task-related or higher order know
ledge. The other part concerns device-related, or lower order knowledge. Both types of informa
tion have to be maintained in working memory during a complex user-system interaction task, to 
perform it correctly. These types of information have to be specified and measured in this project, 
to understand the order in which knowledge is acquired. Researchers, such as Johnson, Johnson, 
Waddington & Shouls [ 1988], and Scapin & Pierret-Golbreich [ 1990] have developed methods 
that extract to some extent these types of procedural and declarative task knowledge during user
system interaction. These methods will be explained in this chapter as well. 

3.1 Initiation of task knowledge 

Researchers such as Anderson [1983], Norman [1988] , and Johnson, Johnson, Waddington & 
Shouls [ 1988] have studied the kinds of task knowledge needed for user-system interaction. Most 
of these researchers have focussed on task-related knowledge, whereas device-related knowledge 
has not been specified that well. Although none of these researchers has given a total overview of 
the relevant kinds of knowledge needed, integration of their views results into a good framework 
for it. Their views and the resulting framework will be discussed in this section. 

3.1.1 Higher order knowledge 

Anderson [ 1983] has analysed the Tower-of-Hanoi problem, to understand which higher order 
knowledge is necessary during task performance. Results show that goal activation increases the 
effort that goes into accurately matching conditions for the actions. Such a goal activation is con
sidered to be hierarchically composed in the form of a goal structure with a supergoal, subgoals, 
and final (sub)goals that can be solved by direct actions. The state of the user's declarative and 
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5P->C 

4P->B 5D->C 4P->C 

---------------
' 

3P->C 4D->C 3P->C 

Figure 3.1: Part of goal structure Tower of Hanoi according to Anderson [1983] . 
Task-related knowledge to solve the Tower of Hanoi problem, consists of one supergoal (SP->C), and sub

goals (such as 4P->B). Part of these goals (the goals drawn above the dotted line) are hold in working 
memory to be executed. After each action, other goals (beneath the dotted line) will enter working memory 

for further problem solving. 

procedural knowledge is considered at the point where it makes the first move. When a goal is 
satisfied, attention automatically goes to the next goal. When all the subgoals of a supergoal are 
satisfied, the supergoal pop up. Hence, the sequences of the following goals depend on the result 
of the farmer goal. According to Anderson, the goals are stored in memory as a sequentia! struc
ture, just as declarative and procedural knowledge is stored. The goal structure can be seen as a 
data structure in working memory. Attention is focussed on the current goal, which is maintained 
in working memory. Activation spreading from the current goal will maintain the most closely 
linked goals in working memory. Hence parallel to this fist subgoal, three to five other subgoals 
will be available in the working memory. Figure 3.1 presents the hierarchical goal structure at the 
point in which the first move is given by the data structure above the dotted line. The data struc
ture below the dotted line is provided by later expansions of goals [Anderson, 1983]. As men
tioned in the introduction, Norman [ 1988] has developed a framework to account for the type of 
task knowledge the user needs to passes during the interaction. This framework considers task
related aspects composed of a task goal, that can be decomposed into intentions. The structure of 
each intention is formulated in the form of action specifications, preparing the user for the final 
action. Many other researchers part from this framework. 
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Johnson, Johnson, Waddington & Shouls [1988] have extended Norman's framework into a 
user knowledge representation model, known as Task Knowledge Structure (TKS) . The focus of 
this model is to specify mainly declarative task knowledge during user-system interaction. TKS 
specifies task- as well as device-related aspects. Task-related aspects in this model consider,task 
goals, which are divided into sub goals, comparable to intentions as mentioned by Norman [ 1988]. 
Johnson, Johnson, Waddington & Shouls [ 1988] have explicited that the users represents the goal 
and subgoals hierarchically, to be manageable for them, just as Anderson [ 1983] bas indicated. 
The structure of the goal depends on the user's plans, whereas the hierarchy of the subgoals is 
related to the chosen procedures. Scapin & Pierret-Golbreich [ 1990] have developed a task ana
lysis method named, Méthode Analytique de Description (MAD ), focussing mainly on analysis of 
procedural knowledge. However, the theory bebind this method is partially similar to TKS. MAD 
also consists of a task goal that is decomposed hierarchically into sub goals. However, MAD spe
cifies two different types of subgoal structures. In MAD, a composite task is a subgoal, composed 
of a hierarchical structure. On the contrary, an elementary task is a subgoal that maintains a one
to-one relation with a lower order (device-related) aspect. The difference between hierarchically 
composed and elementary subgoals is directly related to the difference in chunking performance. 
The more chunks of intention are represented hierarchically, and the larger each chunk of inten
tion, the better declarative and procedural information (related to that intention) is stored in and 
retrieved from LTM. This gives the individual the opportunity to acquire a LT-WM structure, that 
results into a reduced demand on working memory load. Moreover, the more hierarchically com
posed intentions, the faster the individual will perform the task. Therefore, explicit specification 
of different subgoal types reflects part of the user's learning progress and difficulties. In MAD, 
plans and procedures are explicited in the form of constructs. 

All this higher order knowledge is maintained in working memory during a complex task. 
This knowledge helps the individual to encode incoming information into relevant lower order 
declarative and procedural information for storage in LTM. Moreover, it also triggers the user to 
retrieve this relevant lower order declarative and procedural information from LTM at the appro
priate moment. 

3.1.2 Lower-order knowledge 

Device-related knowledge is specified in TKS and MAD only into task-specific objects, which are 
indispensable to perform a task. Storage of representations of objects as declarative information 
concerns the meaning of use of that task-specific object, whereas storage of the representation of 
an object in the form of procedural information refers to real use of that object in a certain task. 

The interface categorization method of De Vet & De Ruyter [ 1996], which is not meant to be 
a task analysis method, proves to some extent that more lower order aspects are probably encoded 
as relevant declarative and procedural information for task-specific user-system interaction. De 
Vet and de Ruyter have specified Interaction Styles (IS) in which they have characterized the fol
lowing device- and task-related aspects of the interface. The device-related aspects that are of 
concern, are called interaction techniques [Foley, Wallace & Chan, 1984 ]. Important features 
within interaction techniques, are not only objects, or device types, but also the primitive oper
ation of a device type, which is the way the object has to be used during interaction (i.e. push
ing, turning). This aspect is not taken into account in the models and methods mentioned before, 
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whereas user difficulties during user-system interaction concern aften problems in this field. Task 
analysis techniques that specify only device-related aspects, such as Payne & Green 's Task Action 
Grammars (TAG) Payne & Green [ 1986], do specify representations of primitive operations. All 
relevant lower order aspects, as acquired by incoming information or retrieved from LTM, will 
be maintained in ST-WM during the first learning period. However, in the second learning stage, 
incoming device-related information, as well as device-related information retrieved from LTM 
will be maintained and manipulated in LT-WM. 

De Vet & De Ruyter [1996] also have discussed task-related interface aspects. The conceptual 
operations are task options available on the interface. Ideally, these task options match with the 
task goals and intentions of the user, as can be specified by for example MAD, and the task ana
lysis method of TKS. The interaction structure of an interaction style can be decomposed into the 
interactionflow and information type. The farmer, could be linked with the constructs of MAD, 
the procedures within TKS and the action specification as specified in SSAM. The latter specifies 
the kind of feedback/ feed forward that a conceptual operation is composed of. The following sec
tion discusses the impact of feedback and feed forward on the functioning of working memory in 
complex user-system interaction tasks. 

3.1.3 Feedback and feed forward 

Each activated object on a device, that is provided with a certain feedback has a significant im
pact on the interaction [Norman, 1988], and more specifically on the following subgoal that will 
be carried out [Anderson, 1983]. MAO nor TKS takes into account this phenomenon, although 
it is mentioned by Norman [ 1988] as an important aspect within user-system interaction. Also 
Powers [ 1978] confirms that these environmental aspects trigger the user to interact in a certain 
way. Feedback and feed forward are not aspects that will be integrated explicitly in the user's de
clarative and procedural knowledge about the task. However, their availability or absence have 
a direct impact on the role of working memory during user-system interaction tasks. 

When a system gives appropriate status feedback, it will help the individual to understand that 
his or her actiöns are still on the right track [De Vet & De Ruyter, 1996]. Information that is kept in 
ST-WM at that moment, and is solely meant for the specific action before the feedback, does not 
have to remain in working memory anymore. Instead, information necessary for the next action 
can now be kept in it. However, if no status feedback is given by the system, and the individual 
is not sure about his or her actions, the individual continues to hold particular information in ST
WM for revision of his/her actions. This imposes a larger demand on working memory. Mainly 
unexperienced individuals, those who do not have acquired a domain-specific LT-WM yet, will 
notice WM-restrictions sooner, resulting in performance breakdown and errors. Information does 
not have to be kept in working memory that long, when corrective feedback is given by the device 
to bring the user on track when an executed action was not allowed or meaningless. Formulation 
of the next goals and subgoals can be facilitated by feedforward, which guides the user through 
actions that have to be taken, by showing them what can be done. Now, the individual does not 
have to maintain a large amount of "possibly relevant" information in working memory. This 
gives unexperienced individuals the opportunity to encode relevant declarative and procedural 
knowledge needed without working memory overlaad, increasing the speed of LT-WM acquis
ition, as well. Besides that, it gives experienced individuals the choice to use working memory 
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capacity for other tasks or to speed-up their performance (provided that corrective feedback does 
not interfere with faster interaction). Hence, without feed forward, the individual has to figure 
out the goals on his/her own, imposing a much larger demand on working memory. 

Thus, mainly in the first learning period, feedback and feed forward will provide the user less 
working memory overload, facilitating the encoding of information into long term declarative and 
procedural information. This will result into faster acquisition of LT-WM. In the second learning 
stage, feedback and feed forward will give individuals the opportunity to strengthen the links to 
relevant declarative and procedural information in LTM (in the form of larger chunks). This res
ults directly into faster increase of LT-WM capacity. 

3.1.4 Framework 

All task knowledge that individuals (need to) memorize in the form of declarative and procedural 
information will be specified within one frame, called the Task Knowledge Framework (TKF). De
clarative task knowledge can be seen as the mentally represented TKF, whereas procedural task 
knowledge is the executed form of TKF. Part of the terms to express the aspects referred, will 
be derived from the existing frameworks of Norman Norman [ 1988], Johnson, Johnson, Wad
dington & Shouls [ 1988], and Scapin & Pierret-Golbreich [ 1990] and re-used in TKF. Thus, TKF 
consists of a task goal, with a goal structure composed of hierarchical ( HJE) intentions and/or ele
mentary (EL) intentions with a certain intention structure. These two types of intentions contain 
specific objects with a typical object structure and composed of objectfeed (S, C, or F). Table 3.1 
shows which TKF aspects have already been specified in the task analysis theory of SSAM [Nor
man, 1988]; TKS, which considers mainly declarative knowledge [Johnson, Johnson, Wadding
ton & Shouls , 1988]; and MAD with focus on procedural knowledge [Scapin & Pierret-Golbreich, 
1990]. Furthermore, this table compares task knowledge aspects with elements specified in the 
interface categorization technique IS [De Vet & De Ruyter, 1996], pointing out the possible links. 
Finally, Figure 3.2 visualizes the TKF-framework aspects. All these aspects have to be analysed 
per individual during their interaction with a (complex) device. 

3.2 Knowledge elicitation tools 

Some tools have to be used to elicit the TKF-aspects per type of knowledge while learning to 
internet with a device. Techniques available to elicit procedural and declarative knowledge will 
be described in this section. 

3.2.1 Procedural aspects 

Sellibotte [ 1995] has described trace analysis as a useful technique to obtain a concrete view of the 
operators' behaviour in real situations. lt is based on systematic observations of individuals while 
interacting with a device. Thus, such an analysis makes it possible to analyse procedural TKF
aspects observing the performance of the user during user-system interaction with a device in off
state, as well as in on-state. Both states are necessary to observe, to investigate whether the user 
really knows what has to be done, or is guided by feedback/-forward. Measures that will be used 
during observation are registration of frequencies (observed, omitted and repeated TKF-aspects), 
and the speed with which TKF-aspects are executed, to measure the chunking performance of 
users. Repeated aspects will not be worked out: only the last state of the repetition will be taken 
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Table 3.1 : Task knowledge aspects as defined in TKF and mentioned by SSAM, TKS, and MAO, and 
virtual links with IS . 

r-1 T-K-F----~11--ss_A_M_~_T_K_S_~_M_A_D-~11--1s-~ 

Task goal goal goal goal -
Goal structure - plan construct -
Intention intention subgoal subtask conceptual 

operation 
Intention (HIE) - - composite -

task 
Intention (EL) - - elementary -

task 
Intention struct (HIE) action procedure construct information 

specification flow 
Object - object parameters device 

type 
Object struct - - - primitive 

operation 
Object feed - - - information 

type 
Object feed (S) - - - status 

feedback 
Object feed (C) - - - corrective 

feedback 
Object feed (F) - - - feed 

forward 
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goal 

intention (HIE) 

intention (EL) intention (EL) intention (EL) intention (EL ) 

status feedback f eed forw ard none correcti ve feedbac 

Figure 3.2: Composition of Task Knowledge Framework 
The user 's Task Knowledge Framework for declarative and procedural knowledge consists of higher order 
knowledge composed of the task goal, that can be decomposed via a goal structure into intentions with a 
certain structure (hierarchical (HIE) and/or elementary (EL) intentions). These intentions are directly re
lated with lower order knowledge, consisting of objects with a typical structure. An implicit characteristic 
of these objects is whether they are presented with status feedback (S), corrective feedback (C), or feed 

froward (F). Tuis characteristic will be marked in the framework as well, because of its influence on the 
user 's learning ability. 
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Table 3.2: Techniques to measure procedural TKF-aspects. 

j TKF-aspect I observation during Il measure procedural component 

Object off-state touched object 
omitted object 

on-state touched object 
omitted object 

Object structure off-state way of hand movement to use object 
omitted movement touched object 

on-state way of hand movement to use object 
omitted movement touched object 

Intention off-state chunk by speed differences 
omitted intentions 

on-state chunk by speed differences 
omitted chunk 

Intention (EL) off-state chunk = 1 object 
on-state chunk = 1 object 

Intention (HIE) off-state chunk > 1 object 
on-state chunk > 1 object 

Intention structure off-state order of touched objects within one chunk 
on-state order of touched objects within one chunk 

Goal structure off-state order of chunks 
on-state order of chunks 

into account (which is a wrong or well performed TKF-aspect), and the aspect will be marked 
as having a "repetition background". Table 3.2 shows how each procedural TKF-aspect will be 
measured. 

3.2.2 Declarative aspects 

Declarative TKF-aspects have to be elicited through direct and indirect measures. Part of the de
clarative knowledge is easily to verbalize [Anderson, 1983]. Therefore, verbalization of what 
has to be done, in the form of a structured interview is considered as a relative powerful direct 
measure . However, the better the task is exercised, the harder it will be to formulate the steps that 
have to be done [Anderson, 1985]. In such a case, individuals are more likely to express what they 
mean by moving their hands in the way they would act during the task. Therefore, these move
ments have to be registrated as wel!. Furthermore, one has to be aware of the fact that declarative 
TKF precedes procedural TKF. Hence, observation of procedural knowledge by trace analysis 
with a device in off-state, corresponds with the user's declarative knowledge as wel!. Table 3.3 
shows how each declarative TKF-aspect will be measured. 
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Table 3.3: Techniques to measure declarative TKF-aspects. 

j TKF-aspect I analysis during Il measure declarative component 

Object interview mentioned object 
pointed out object 
omitted object 

off-state touched object 
omitted object 

Object structure interview mentioned how to use object 
way of hand movement to use object 
omitted explanation way use of object 

off-state way of hand movement to use object 
omitted way of use object 

Intention interview step mentioned 
omitted step 

off-state chunk observed 
omitted chunk 

Intention (EL) interview step = 1 object 
off-state chunk = 1 object 

Intention (HIE) interview step > 1 object 
off-state chunk > 1 object 

Intention structure interview order of steps within mentioned step 
off-state touched order objects within chunk 

Goal structure interview order of mentioned steps 
off-state order of chunks 
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Age-related changes 

This Chapter concerns the influence of age-related cognitive changes on (task) knowledge ac
quisition during user-system interaction. Besides, hypotheses will be formulated concerning the 
influence of age-related changes on the performance of ST-WM, the acquisition patterns of de
clarative and procedural (task) knowledge, the speed of acquisition of LT-WM, its functioning, 
and the extent to which prior knowledge can be transfered to new tasks. Finally, environmental 
support (feedback and feed forward) will be discussed in the context of a valuable mechanism to 
reduce age-related changes. 

4.1 Information processing 

J .E.Birren [ 1964] has demonstrated that there is a genera} slowing down of neural transmission 
with ageing, presumable attributable to an increase in neural noise with ageing. Also Birren [ 1974] 
has mentioned that there is a uniform slowing down of transmission of neural impulses across 
synapses. Furthermore, EEG's show that brain-activity slows down with age [Rice, Buchsbaum, 
Hardy & Burgwald, 1991 ]. This physical change in the brains with age has a large impact on cog
nitive performance of older people. According to Cerella [ 1985], increase of neural noise slows 
down the information processing rate of the individual, which means that more time is needed 
for the same performance. Hence, ageing results into significant less efficient information pro
cessing. Cerella also has shown that the slowing down of sensory-motor processes is less severe 
than that of higher order processes. However, he has only dealt with speed differences, and has 
left out accuracy differences that are responsible for loss of memorized information. According 
to Hultsch & Dixon [1990], there are age differences in the efficiency with which the working 
memory carries out the encoding process. According to Wel ford [ 1964] the fundament al age
deficit would be the decreased ability to memorize information, which results into slowing down 
of processing speed. Salthouse [ 1980] bas explained the phenomena of processing speed reduc-
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tion and loss of memorized information in the opposite way. Myerson, Hale, Wagstaff, Poon & 
Smith [ 1990] have offered a somewhat different explanation. They have shown that there is a sig
nificant age difference in the loss of information during each neural transmission, no matter how 
many time is given to transmit certain information. Hence, according to the Jatter theory, changes 
with age result into an information processing capacity reduction. In fact, changes in information 
processing due to age can be divided into (a) time limitations, in the form of rate of processing, 
or (b) space limitations, in the form of werking memory capacity [Salthouse, 1991]. Although 
the capacity as mentioned in (b) refers to the space available to process information, it is meas
ured by the amount of information that can be processed per time period. Time restrictions, as 
described in (a) also result into less processed information in werking memory per time period. 
In these circumstances, overload of werking memory will be reached sooner. Hence, inefficient 
information processing leads t~ capacity restrictions as well. Thus, substantially less information 
will be processed in werking memory per time period, due to ageing, whether time and/or space 
restrictions are the underlying deficits . This age-related effect probably has a large impact on the 
way older people acquire (task) knowledge during user-system interaction. 

4.1.1 Impact on working memory 

As mentioned in Chapter 2, the overall ST-WM and the acquisition of domain-specific LT-WM 
[Ericksson & Kintsch, 1995] are important instances for knowledge acquisition during user-system 
interaction. As ST-WM is domain-independent, and its functioning can be compared with werk
ing memory as studied by other researchers, it will show a decline with age as well. Thus, less 
information will be processed in ST-WM per time period. This will affect the performance of 
user-system interaction mostly during the time that the individual relies on ST-WM only. Hence , 
the largest age-differences are expected to be between inexperienced individuals that rely on ST
WM only. 

A decrease in the amount of information that can be processed in ST-WM, also has impact on 
the amount of information that can be transfered to LTM. Hence, when older and younger adults 
possess a similar amount of inexperience, there still will be found a significant difference in the 
amount of new information that is transfered to LTM per trial, and per task knowledge aspect (goal 
structure, intentions, intention structure, objects and object structure), resulting into a significant 
slower acquisition of the domain-dependent LT-WM. Moreover, it is very well possible that this 
decline in encoding performance is also due to a more specific age-related encoding deficit. Be
sides, werking memory and/or encoding problems may result in a somewhat different encoding 
preference. The next section will discuss these issues. 

4.2 Encoding 

It is questioned whether encoding of declarative and procedural knowledge is affected by age. 
Rabinowitz & Craik [ 1986] have shown that older adults need significant more repetitions than 
younger ones to memorize a list of words. On the contrary, the amount of memorized informa
tion fades away equally for young and old. These results would show that older adults are less 
efficient in encoding. However, this experiment does not indicate whether the problem lies in 
the amount of information that can be held in working memory, or in the encoding of informa-
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tion itself to transfer it to LTM. Craik [ 1986) has tried to prove the encoding failure, by analysing 
age-differences for memorizing organized versus unorganized material. To encode unorganized 
material, this information has to be organized before transferring it to LTM. Many results sug
gest that older adults do not spontaneously organize information. But again, the question arises 
whether older adults have problems to organize the information due to the reduced amount of in
formation that can be processed per time period, or because of an encoding deficit. Cohen [ 1988) 
suggests that age-differences in text memory are caused by an age-related reduction of processing 
capacity. This conclusion leads to the idea that the processing restrictions itself are responsible 
for encoding differences with age. Also Hultsch & Dixon [ 1990) have mentioned that differences 
in encoding performance are due to the inefficiency with which working memory carries out the 
encoding process. Thus, ageing leads undoubtly to significantly less transfer of information to 
LTM, whether it is due to an encoding deficit or working memory restrictions. The experiments 
of Puglisi, Park & Smith [ 1987) seem to contradict this assumption. They encountered that young 
and old adults produce similar semantic patterns. Balota & Duchek [ 1989] have demonstrated 
that they also show similar facilitative effects on processing related information. According to 
Salthouse [ 1991], these findings can be interpreted as that the encoding of semantic information 
remains intact across the adult years. This interpretation seems to be opposite to the results of Co
hen [ 1988), Hultsch & Dixon [ 1990), and others. Probably, the differences in findings rely on the 
fact that the tasks of Puglisi, Park & Smith [ 1987) and Balota & Duchek [ 1989) are constructed 
with familiar words. Here, working memory effort will probably rely mainly on LT-WM, which 
has a much larger capacity than ST-WM. 

The findings of Moscovitch [ 1982] and Maylor [ 1988) seem even more contradictory. They 
have found that longer term prospective memory tasks (knowing wat has to be done) in familiar 
real-life settings are better memorized by older adults than younger ones. However, if such future 
actions are mainly time-based, for example "remember to press the switch after 5 minutes", older 
adults fail significantly more often than younger ones [Einstein, McDaniel, Crenfer & Guynn, 
1992). The significant difference in the Jatter experiment could be due to the large demand that 
is imposed on ST-WM during the task. The former experiment relies more on knowledge stored 
as LTM information that can be easily retrieved by a domain-specific LT-WM, which is acquired 
over the years. This idea is similar to the remark of Charness & Bosman [ 1990) that older adults 
can perform more than adequate in most real world tasks, because they have acquired specific 
declarative and procedural knowledge that allows them to compensate for declines in raw hard
ware capabilities. Hence, only tasks in an inexperienced setting seem to be sensitive for encoding 
limitations. Hence, age-related differences seem to be mainly ST-WM restricted . 

Even important to know, is if the encoding reduction forces the individual to encode only spe
cific types of (task) knowledge. However, no research seems available on this issue. 

4.2.1 Impact on knowledge acquisition 

Until now, no consistent evidence is found that older people encounter a specific encoding deficit, 
which could not be due to ST-WM restrictions. It is hypothesized that older adults will encounter 
more problems to transfer information to LTM, and thus show less progress per trial on each task 
knowledge aspect, during the time that the individual only makes use of ST-WM. Mainly task 
knowledge aspects that are not supported by feedback/forward, that are not known and that im-
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pose a large demand on werking memory to be figure out, will fail to be memorized in the first 
few trials. In these circumstances, significantly less relevant information can be transfered to LTM 
per period to forma domain-specific LT-WM structure. Consequently, a domain-specific LT-WM 
structure will be acquired at a lower speed, due to ageing. However, if the older adult reaches to 
process the information in LT-WM, the progress is expected to be parallel to the younger ones. 
Now, ST-WM only has to maintain (part of) the task expectancies. 

4.3 Age-related experience 

It is questioned whether experience and acquired prior knowledge really provide the same facil
ities for younger adults as for older ones. The findings of Freudenthal 's study [ 1996] concem
ing age-related differences in exploration behaviour, shows that experienced adults (those having 
more computer experience) have more advantages over inexperienced subjects when exploring 
the use of CD-i. The former group presses significant more buttons than the latter group. Hence, 
experience gives both younger and older adults the opportunity to speed up their performance. 
Freudenthal also has shown that experienced older adults show less uninformative behaviour dur
ing the exploration. Thus, experience allows both older and younger adults to differentiate well 
between relevant and irrelevant task and interface aspects. These findings indicate that the use of 
a domain-dependent LT-WM, which is acquired by experienced individuals, has similar advant
ages for young and old. However, Freudenthal also mentions that experienced older adults do not 
show a significant increase in knowledge-based behaviour, which corresponds with a problem
solving style that imposes a substantial cognitive load on the individual. Moreover, the advant
ages of experience are similar for younger and older adults, when executing simple functionality. 
However, this is not true for complex functionality. Here it is questioned why experienced older 
adults are not capable to profit equally from the enlarged capacity provided by ST-WM and LT
WM together to process relevant information. Does LT-WM encounter the same restrictions as 
ST-WM, due to ageing? Or, is it the function of ST-WM itself that keeps encountering werking 
memory problems? Or, is there still a large difference between the experience and prior know
ledge acquired by older and younger adults? Hence, is domain-dependent LT-WM better formed 
in younger adults than in older ones? Thus, can we talk about age-related differences in prior 
knowledge and experience? 

Chamess & Bosman [ 1990] hypothesize that older adults can perform more than adequate in 
most real world tasks because of their equal experience as younger ones. But, when tasks push 
them to their limits, age-related decline in performance may be demonstrated, even in expert per
formance. In this view, ST-WM in function of LT-WM, and/or LT-WM itself encounters restric
tions that result into performance decline. Kelley [1996] has studied the relation between exper
ience and age for tasks in which prior knowledge has to be transfered. Results of a very detailed 
study show that the amount and extent of experience is a strong predictor for the user-system in
teraction learning ability. Many older adults do not use the same amount of word processors in 
the same extent as younger ones do. Therefore, older adults leam less rapid, but experience less 
difficulty (disruption) than younger adults when learning to use a new software interaction style. 

Kausler [1994] describes an experiment in which retrieval of names results to be somewhat 
generation-related. In this study, older adults have called significant more famous names of their 
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youth in the thirties, whereas younger adults have mentioned mainly names of the eighties. It may 
be possible that differences in retrieval of relevant user-system interaction information, relies on 
age- or generation-related prior (task) knowledge. It is furthermore questioned whether part of 
this age-related prior knowledge impedes use of domain-specific LT-WM. This means that older 
adults have to rely again on ST-WM only, as if they were inexperienced. 

4.3.1 Impact on speed of learning 

Age-related prior knowledge, that is not in line with the task to be performed, will impede the ex
perienced adult to use LT-WM. Now the experienced individual will have to rely again on domain
independent ST-WM, as if he/she would be inexperienced. Age-related prior knowledge that is 
similar to the task to be performed will show similar progress as experienced younger adults. 

4.4 Technology generations · 

In every day conversation, newspapers, radio and television programs the term generation is of
ten used as a metaphor, meaning "contemporaries" [Van de Goor & Becker, 1996]. Formally 
generation can be defined as a category of contemporaries that shares certain behaviour and/or 
restrictions that are caused by commonly experienced major events in its formative period. This 
implies historica} generations [Jaeger, 1977]. The concept of technology generation is defined by 
Sackman, Hüttner & Weymann [ 1993] as a group of people that was bom in a certain period and 
experienced the same situation when it comes to the presence and availability of certain techno
logy. They have identified four technology generations that differ substantially in the usage of 
technological appliances: the protechnical generation (bom before 1939), the household revolu
tion generation (bom between 1949-1963), and the digital generation (bom between 1964-1978). 
Figure 4 .1 shows for each age-group the types of products (protechnical, household, and digital 
products) that have been bought and are used in the household nowadays. Each cohort of people 
possessing the largest percentage ( compared to other users) of a certain type of product is defined 
as a technology generation. Van de Goor & Becker [ 1996] has defined technology generations as 
a group of contemporaries that in its behaviour towards technology shows effects of one or more 
major events experienced during its formative period. 

In our project, three levels of technology generations are expected to influence the user's learn
ing ability substantially. 

• Version-related technology generations: cohorts of people that can be distinguished by the 
difference in the version (of a device) they bought and use in the formative period. 

• Device-related technology generations: cohorts of people that can be distinguished by the 
types of devices (within one domain) they bought and used in the formative period. 

• Domain-related technology generations: cohorts of people that differ in the domains of 
devices they bought and used in the formative period. 

These generations can be analysed by taking into account respectively all bought and used ver
sions a device/ devices within a domain/and domains of devices. In case people can be distin
guished in terms of these (levels of) technology generations, it can also be distinguished by the 
specific prior knowledge each individual has obtained during its technology generation years. 
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Figure 4.1 : Technology generations as defined by Sackman et. al . [ 1993]. 

This period is thought to be the most critica! period for the formation of the user's prior know
ledge, because of the large amount of major events, and the large ex tent in which the user buys and 
uses new appliances. So, it is expected that version-related technology generations can be di stin
guished as well by their specific type of device knowledge. Device-related technology could be 
distinguished by their specific domain knowledge, and the domain-related technology generations 
differ in specific technology knowledge. This technology generation related prior knowledge will 
al so have a substantial impact on the user's learning ability of respectively a new (version of a) 
device . 

4.4.1 Version-related technology generations 

It is hypothesized that the formation of device knowledge (in breadth) is mainly obtained during 
the years of the user's version-related technology generation (and maybe, a small period before , 
and a certain period after these years). Buying new versions is somewhat related to device qual
ity. So, it is very well possible that toa certain extent members of one generation buy and use the 
same kind of versions, and thus form the same type of device knowledge. Technology generation 
related device knowledge can be analysed by measuring the versions that are commonly bought 
and used by all/most members within a technology generation. However, the amount of bought 
and used versions is expected to be related to other than technology generation related aspects. 
Technology generation related device knowledge has probably a specific but substantial impact 
on the user' s learning ability of a new version. The more resemblance there is between the tech-
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nology generation related prior knowledge and the knowledge needed to interact with the new 
version of a device, the faster the learning speed of the user. 

4.4.2 Device-related technology generations 

It is hypothesized that domain knowledge is mainly formed in the years in which the user buys 
and uses the largest amount of new devices within a domain. This period is expected to be during 
the years of the user's device-related technology generation (and maybe a small period before, 
and some period after these years). Probably this technology generation related domain know
ledge will influence the user's learning ability during the interaction with a new device. When 
knowledge needed to interact with the new device is closely related to the domain knowledge 
formed during that typical period, the user will learn substantially faster. Besides, division in 
device-related technology generations shows which device-related interests can be distinguished 
between technology generations. Marketing strategies should be aware of these interest differ
ences in devices (maybe even interest differences in tasks) between generations of users. 

4.4.3 Domain-related technology generations 

Distinction between domain-related technology generations indicates the specific interests of gen
eration of users in certain domains, measured by the domain-related buy and usage behaviour. 
Again , marketing has to be aware of these differences in interests between generation of users. 
Besides, weak versus strong buy and usage behaviour in certain domains of appliances has direct 
consequences for the user's formed prior knowledge about these domains. This will have a direct 
impact on the user's learning ability in known and unknown domains . 

4.5 Environmental support 

An individual processes information through self initiation, but also driven by external stimuli 
[Craik & Bosman, 1992]. External stimuli on the device, such as feedback and feed forward guide 
the user to store and retrieve relevant declarative and procedural information for user-system in
teraction. According to Craik & Bosman [ 1992], self initiation imposes a substantial larger cog
nitive load than guidance through external stimuli. Therefore, the latter can be described as en
vironmental support. As has been mentioned above, older adults process information significant 
less efficient than younger adults. Thus, complex user-system interaction imposes a substantial 
larger cognitive load on older adults than on younger ones. Therefore, environmental support is 
probably most helpful for older persons [Craik & Bosman, 1992]. In this context, the impact of 
feedback and feed forward on werking memory will be explained in the next section. 

4.5.1 Impact on working memory 

Appropriate status feedback will help the inexperienced individual to understand that his or her 
actions are still on the right track. So, information that is kept in ST-WM until the feedback, and 
was solely meant for the specific action before the feedback, does not have to remain in werking 
memory. This decreases working memory load. However, if no status feedback is given by the 
system, and the individual is not sure about his or her actions, he/she will continue to hold partic
ular information in ST-WM and store even more "possibly relevant" information in ST-WM for 
revision of his/her actions. This imposes a much larger demand on werking memory. Therefore, 
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without status feedback, inexperienced older adults will be confronted sooner with their ST-WM 
restrictions than inexperienced younger adults. Thus, age-related differences in learning ability 
of inexperienced users will be diminished substantially when status feedback is given. 

Corrective feedback provides the user device-related prerequisite information, that decreases 
the amount of irrelevant information kept in working memory. This results into a substantial de
crease of working memory load. Since, corrective feedback may prevent mainly inexperienced 
older adults to be confronted with their ST-WM limitations during an incorrect action, it is a very 
helpful mean. Again, age-related differences in learning ability will diminish significantly when 
corrective feedback is given . 

Feed forward provides the user task-related prerequisite information that reduces as well the 
large amount of "possibly relevant" information in working memory. This results into a substan
tial decrease in working memory load. Mainly inexperienced adults, and especially older inex
perienced adults will have significant more time to acquire relevant device-related declarative and 
procedural information for the acquisition of LT-WM. Besides, it gives experienced adults the op
portunity to use of working memory capacity for other tasks or to speed-up there performance, 
provided that feed forward does not interrupt with performance speed. 
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Conclusions 

Learning to internet with a device is based on the acquisition of relevant task knowledge. But what 
is task knowledge? There are two types of knowledge that are essential for user-system interac
tion: knowledge about what has to be done with what task aspects (declarative knowledge), and 
the executed form of it (procedural knowledge). Relevant task knowledge can be decomposed 
into higher and lower order declarative and procedural task knowledge. Higher order aspects 
refer to goal and intentions that the user has to have in mind, and the way the user has to plan 
(structure) these aspects to fulfill the task. Lower order aspects are the user's representation of 
specific objects of the device (e.g., mouse, button, icon) that are needed to perform a particular 
task and their way of use (e.g., pulling, pushing). All these aspects (goal, goal structure, inten
tions, intention structure, objects, object structure) that are specific fora task have to be learned 
during the period in which the user has the opportunity to internet with the new device. 

An individual is able to acquire knowledge because of its long term memory and working 
memory. Long term memory is composed of a network of nodes and links, in which lower-order 
information can be stored. Working memory holds and manipulates information during the task 
for execution. In working memory, higher order information (goal and intentions) is composed to 
extract relevant lower order information (objects and object structures) from long term memory 
and from the environment. A task will be performed correctly if sufficient relevant informa
tion (retrieved from long term memory and/or received from the environment) reaches working 
memory, and besides that, if working memory possesses enough capacity to transform all inform
ation into a correct execution. 

When a person interacts with a new device the first time, he or she does not possess sufficient 
information to execute the task correctly. However, during user-system interaction the user learns 
to pick up relevant environmental information and learns to store and retrieve all possibly relev
ant information from long term memory. According to Anderson [1983] the individual's way of 
learning can be decomposed into certain knowledge acquisition stages. He describes three stages, 
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of which the first two are relevant for our project. The first stage concerns the interpretive stage, 
in which the individual executes a task by merely interpreting information that is kept in working 
memory. In the second stage (knowledge compilation) sufficient information can be retrieved 
from long term memory and the individual is experienced enough to execute the task correctly 
and relatively fast. Working memory has a large impact during these two learning stages. Mainly 
at the beginning of a learning period, the individual experiences large working memory capa
city restrictions. Here capacity can be defined as the amount of information that can be hold in 
working memory and be executed during the task. The capacity restrictions could be due to the 
restricted amount of information that can be processed in working memory, but it could also be 
due to the effort it takes for working memory to hold and manipulate novel information for exe
cution of the task. The latter idea is not worked out explicitly in a working memory model, but 
is suggested in an indirect way by Anderson's model (1983]. The former idea is explained in 
Ericksson and Kintsch 's working memory model. According to this model a novice wil! hold 
environmental information and information retrieved from long term memory in a domain inde
pendent working memory (ST-WM). A major characteristic of this buffer is that its capacity is 
very restricted. Therefore this buffer is often confronted with more incoming information than 
can be processed. In this stage, the user wil! try to look for prerequisite information to execute 
the task correctly. Working memory wil! encode relevant incoming environmental information 
and link it to domain-related long term memory information. Now working memory can extent 
its capacity by acquiring another working memory structure (LT-WM) that facilitates activation 
of information within long term memory more easily and faster than could be done by ST-WM. 
Higher order task information (goal, goal structure, intentions, and intension structures) is com
posed by ST-WM, and lower order task information (objects and object structures) are retrieved 
by LT-WM. Thus according to this model a standard working memory (ST-WM) will be used for 
novel tasks and a domain-specific working memory (LT-WM) can be acquired and wil! be used 
when a lot of domain-specific information is already available in long term memory. However, 
expansion of working memory capacity could also be explained by the change in effort needed 
to process information in working memory for the execution of the task. This effort would be re
duced because of the amount of relevant information stored in LTM and compilated for execution. 
The fact that the amount of increase of domain-specific working memory is directly related to the 
level of skill attained within the domain, suggests that increase of working memory is not resulted 
by the acquisition of a new and larger buffer, but because of a smooth change in the effort needed 
by working memory to perform the domain-specific tasks. Therefore, also the latter interpreta
tion wil! be taken into account in our project. Irrespective of the interpretations, the expansion 
of working memory capacity continues to be domain-specific. Therefore, measures used by Er
icksson & Kintsch [ 1995] to analyse domain-specific working memory capacity will be used in 
this project. There wil! also be made a distinction between the user's working memory capacity 
in genera! (G-WM) (measured via traditional WM tasks) and the user's domain-specific working 
memory capacity (DS-WM) (WM task specific fora certain domain). When the user is a novice in 
a certain domain, its DS-WM wil! be similar to its G-WM. According to Ericksson and Kintsch' 
model, in this stage the user will only use ST-WM. The more experienced the user gets, the larger 
the distance wil! be between its DS-WM and its G-WM. This means that the user has acquired a 
LT-WM structure, or it takes the user's working memory less effort to process information. 
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5.1 Factors of influence 

Acquisition of task knowledge and the speed of learning can be influenced by a large number of 
factors. According to the literature, the following factors are of importance: 

• The user's domain-independent working memory capacity. 

• The user's domain-dependent working memory capacity. 

• Experience (prior knowledge) in depth. 

• Experience (prior knowledge) in breadth. 

• Age-related changes in working memory capacity. 

• Age-related differences in encoding information (probably as result of WM-capacity re-
strictions). 

• Age-related differences in prior knowledge. 

• Technology generation-related differences in prior knowledge conceming a specific device. 

• Technology generation-related differences in prior knowledge conceming a specific do
mam. 

• Technology generation-related differences in prior knowledge conceming technology. 

Device related factors that influence the acquisition of task knowledge and the speed of learning 
are: 

• the interaction style. 

• availability of status feedback/ corrective feedback/ feed forward. 

These factors will be taken into account during the observation of the user's acquisition of task 
knowledge between the first two learning periods that are specific for user-system interaction [An
derson , 1983]. 
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