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Abstract 
Up until the eighties, domestic appliances were composed of a single-layer in

terface that organizes objects in breadth. Later, a large expansion of functionality 
forced designers to develop multi-layered interfaces that hide less relevant function
ality. Adults often complain that applainces today are less easier to use than earlier 
products. Learning problems may have arisen because of three aspects. (1) In com
parison to single-layer interfaces, interfaces today provide users less direct feedback. 
It is expected that people have to put more effort now in memorizing relevant in
formation to succeed. Therefore, devices composed of a single-layer interface are 
easier to learn than multi-layered devices. (2) Speed of information processsing and 
memory aspects change with age. This may affect older users when working with a 
new device. Since a layered interface forces users to rely more on memory, the gab 
between younger and older users will then be even larger. (3) The generation that 
grew up with single-layer devices only (single layer interface generation lacks trans
ferable experience from earlier in life to current interfaces. Therefore, this technology 
generation may not use layered devices efficiently. Three age-groups were compared 
in learning behaviour when interacting with a simulation of a single-layer and a two
layered videophone interface, using a counterbalanced block design. Younger people 
(part of the multi-layered interface generation) were found to encounter fewer interac
tion problems than older persons (part of the single-layer interface generation). Each 
of the three age-groups showed a different learning curve. In general, the single-layer 
interface was found to be easier to use than the two-layered interface. 

1 Introduction 

Although many domestic appliances have been known for more than 40 years now, their 
appearance and functionality have been modified a lot. Nowadays, many adults seem to en
counter difficulties when learning to use a consumer appliance [Stewart, 1992; Freudenthal, 
in press]. Which factors contribute to these learning difficulties? 

Before the eighties, all functionality on domestic appliances was directly visible for 
the user. Later, due to a large expansion of task options, this single-layer style was not 
feasible anymore. Therefore, nowadays interfaces are organized in such a way that they 
hide less relevant functionality. Concerning hidden information, the device is supposed 
to indicate what information can be found beyond which control. However, most multi
layered domestic appliances do not give that much feedback. This may impose a larger 
demand on the user's reasoning and memory capacity. 
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Particularly older persons seem to have learning difficulties when using domestic ap
pliances of today. Maybe age-related factors play a role. Research on ageing shows that 
adults process less information per time period [Welford, 1964; Salthouse, 1980] and need 
to rehearse new information more often [Rabinowitz and Craik, 1986] as they get older. 
These cognitive changes may decrease the efficiency1 with which adults learn to execute 
sequences of actions correctly. 

Prior experience with the functionality of a device and its interaction style benefits the 
learning process of users [Polson and Kieras, 1985; Singley and Anderson, 1985; Kelley, 
1996]. On the other hand, it may also cause disruption of performance (negative transfer) 
if the organization of the prior task does not map with the organization of the new one 
[Singley and Anderson, 1985]. In the same line it is expected that users will have little 
benefit from their past experience with domestic appliances when they grew up with in
terfaces that were organized in a different way than interfaces of today. In this paper, the 
effects of age-groups and interface layering will be investigated. 

1.1 Interaction styles 

Research concerning human-computer interaction has shown that the interaction style of 
software interfaces has a large influence on the user's learning efficiency [Rauterberg, 1992; 
Kelley, 1996; Wiedenbeck and Davis, 1997]. Although the term interaction style is used 
often in human-computer interaction studies, there is no agreed definition. 

According to Colbert [1997] an interaction style comprises a specification of re-usable 
application controls, a specific selection and design of these controls, and general design 
principles. This definition is too vague to be able to link differences in user behaviour to 
differences in interaction styles. Therefore, in the literature (see for example Wiedenbeck 
and Davis [1997] and Colbert [1997]) interaction styles are furthermore extended with the 
concept of directness of manipulation. The direct and indirect manipulation styles serve as 
extremes. A direct manipulation style refers to interfaces that allow the user to carry out 
operations as if they were working on the actual objects of interest in the real world. Here, 
the gap between the user's intention and the action to carry it out, is small. This leads 
to feelings of directness in a system [Hutchins, Hollan and Norman, 1985]. Clicking with 
a mouse on buttons is considered as a direct manipulation style. In contrast, command
based interfaces are operated by the user typing a command string within the vocabulary 
and syntax requirements of the system. The burden of remembering the commands is 
on the user, as is the burden of carrying out sequences of actions correctly [Davis and 
Bostrom, 1993]. Therefore, a command-based interface is described as the most indirect 
manipulation style. 

Domestic appliances can be described in terms of directness of manipulation as well. 
However normally, two different interaction styles differ from each other in many more 
interface aspects. Consequently, it is not clear which characteristics within each style are 
really responsible for the learning difficulties. 

1 In this paper, the term efficiency is used in terms of the amount of time spent in order to reach the 
goal. A less efficient person spends more time to fulfill the task than an efficient person. 
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The way De Vet and Ruyter [1996] have defined interaction styles of audio products 
seems to serve as a more controlled way to look at differences in styles and their impact 
on learning. According to them, an interaction style supports generic user task options 
(conceptual operations) organizing such options according to a specific operational pro
cedure (interaction structure) using specific interaction procedures for input and output 
devices (interaction techniques). For example: a mouse pointing device is used (= in
teraction technique) to select a file ( = a conceptual operation) by pressing several icons 
(=interaction techniques) via a hierarchical menu composed of a fixed dialogue flow ( = 
interaction structure). All interface aspects can be described in these terms. The impact 
of each aspect on the user's behaviour can now be analysed by manipulating the types of 
conceptual operations, interaction structures or interaction techniques. 

1.2 Cognitive capacities 

The interaction structure plays a key role in the user's acquisition of procedural knowledge 
during user system interaction. Over the past years this interface aspect has evolved from 
a single-layer to a multi-layered style. The latter style hides part of less basic functionality 
to avoid information overflow. However, most multi-layered appliances are implemented 
without direct feedback on the layer that is directly visible to the user. They often fail 
in giving direct feedback about the meaning of each control and the status of information 
beyond it and do not give a direct overview of the functionality available. This may impose 
a larger demand on the user's working memory. 

Figure 1 depicts the role of working memory. Working memory can be described as 
a temporary storage in which incoming information, acquired from the environment and 
the person's long term memory, is kept available for the completion of a task [Baddeley 
and Hitch, 1974]. Working memory is composed of a set of short term memory functions, 
also known as slave systems and a central executive that regulates further processing of 
information [Baddeley, 1986]. One of the slave systems is called the visuo-spatial sketchpad 
that comprises a visual and a spatial temporal store for visuo-spatial information [Logie, 
1995]. The central executive coordinates further rehearsal of information within the slave 
systems if active storage is required during a longer period to finish the task successfully 
[Teasdale, Proctor, Lloyd and Baddeley, 1993]. Besides, it coordinates the execution pro
cess [Baddeley, 1986]. According to Hultsch and Dixon [1990], it also initiates the encoding 
process to store information in long term memory. 

In the present study it is supposed that learning problems with layered interfaces arise 
as follows. Normally, status feedback helps the user to understand that his or her actions 
are still on the right track [De Vet and Ruyter, 1996]. Without this type of feedback on 
multi-layered interfaces, inexperienced users will hold information much longer in working 
memory in order to reason and evaluate correctness of executed actions. Even a larger 
demand is imposed if most information is displayed through a central display that does 
not link information directly to its corresponding control. Inexperienced users will have to 
rehearse visuo-spatial information more often in order to capture and encode the spatial 
position of information. Since pressing a control wipes out information displayed previ
ously, the user never gets a direct overview of the hidden functionality. Again, this will be 
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=Central Executive 
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= information flow from environment to slave systems 
= information flow from Long Term Memory to slave systems 

= rehearsal of information within slave systems 
= rehearsal regulated by Central Executive 

: - -l>- =execution of action 
~ - -~ = flow of encoded information to Long Term Memory 
'--------------------------------------------------------------~ 

Figure 1: Role of working memory during cognitive tasks. 

most problematic for inexperienced users. Therefore, it is expected that learning from a 
single-layer is easier than learning from a layered interface as implemented nowadays. 

In this study a layered interface will incorporate marking features as described above 
to study the impact of this type of interaction style on the user's learning behaviour. 

1.3 Impact of age 

Research has shown that cognitive changes may occur with age. Older adults often make 
more errors and show a lower speed of performance during cognitive tasks than younger 
persons. But which cognitive processes are susceptible to age-related changes? Cognitive 
processes as depicted in figure 1 are intimately related with each other. Therefore, it is not 
obvious which processes are responsible for performance changes with age. In the literature, 
speed versus capacity reduction are mentioned as possible explanatory factors. Working 
memory and the encoding and retrieval processes are described as processing stages that 
may change with age. Figure 2 depicts these stages. Also the overall change in processing 
speed, that cannot be visualized, is mentioned in the picture. 
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Figure 2: Factors that may explain age related cognitive change. 

Welford [1980] and Hultsch and Dixon [1990] mention that age differences in cognit
ive functioning are caused by difficulties to hold information in working memory. Many 
studies did not report age differences in the Digit Span Task, a task that is considered as 
a measure for working memory capacity. Older adults perform well within the margins 
of Miller's "magical number seven" for working memory capacity [Kausler, 1994]. Ac
cording to Salthouse and Skovronek [1992] and Howard and Howard [1997], age-related 
working memory restrictions are not due to passive storage capacity as measured in the 
digit span task. According to them, it would be due to the processing capacity reduction 
of working memory. Age differences arise when subjects execute tasks that place a greater 
emphasis on the role of working memory in mental processing and manipulation (for ex
ample during calculations). The difficulty is not attributable to one particular step in the 
procedure. Difficulties show up when combined storage and processing requirements exceed 
the capacities of working memory. Working memory restrictions are noticed sooner during 
complex tasks that involve: (1) a large number of processing operations, (2) an increasing 
amount of information temporarily stored and (3) large numbers of exchange between, or 
coordinating steps of, storage and processing [Salthouse, 1991]. Due to this less efficient 
processing, older adults have less working memory capacity available to process all these 
aspects. Other researchers have explained age-related memory effects differently. 
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Rabinowitz and Craik [1986] explain performance differences as an age related disab
ility to encode information efficiently. Younger and older adults differ in the amount of 
repetition needed to memorize information. Besides, younger adults exhibit greater im
provement than older adults in overall performance across successive trials involving the 
same materials [Query and Megran, 1983; Crook and West, 1990]. On the contrary, older 
adults do not show any difference in the amount of information that fades away after 
information has been memorized [Rabinowitz and Craik, 1986]. Although the explana
tion sounds plausible, it is still not clear whether the encoding deficit is the source of the 
problem or just a consequence. 

Anders and Fozard [1973], Strayer, Wickens and Braune [1987], and Puglisi [1986] 
have observed that older adults retrieve information slower than younger adults. Again, 
it is difficult to understand the source of this age difference. Is it an inefficient retrieval 
system or is it the consequence of sources of deficit as described above? This question has 
been investigated by manipulating retrieval requirements. However, minimizing retrieval 
demands implies a reduction of processing demands [Salthouse, 1991]. So, more than one 
aspect would be manipulated. Therefore, studies concerning this aspect have not reached 
a firm conclusion about retrieval of information as the source for age-related differences in 
performance. 

Since most knowledge acquisition stages seem to be affected by age in some way, Salt
house [1991] has concluded that the performance can be explained in terms of an overall 
decline in speed of information processing. This view captures the theories described above. 
Hence, slower information processing results in slower rate of perceiving, accessing and in
tegrating new and stored information (see for example Birren and Riegel [1962], Cohen 
[1979], Salthouse and Kail [1983] and Stine, Wingfield and Poon [1986]). It also explains 
the slower alternation between simultaneous activities [Talland, 1967; Talland, 1968], less 
elaborated encoding of information [Salthouse, 1980; Wingfield and Stine, 1989], and slower 
rate of scanning or retrieval (see for example Anders and Fozard [1973], Strayer, Wickens 
and Braune [1987], and Puglisi [1986]). According to Cohen [1979], Craik and Rabinow
itz [1984], Rabinowitz and Craik [1985], slower rate of processing should be minimized 
by allowing older adults more time to respond. However, younger adults would have even 
more benefit from this manipulation while it allows them to process even more information 
[Salthouse, 1988c]. According to Salthouse [1991], it is not plausible that all processing 
components would be affected by such a time manipulation. In our opinion, this remark 
suggests that the theory of an overall processing speed reduction solely does not explain 
the cognitive changes observed with age. 

Studies on memory for spatial information have reported that the average performance 
of older adults is lower than for younger adults There are age differences in the accuracy 
of recognizing and producing geometric designs [Dustman and Beck, 1980; Cowart and 
McCallum, 1984; Rybarczyk, Hart and Harkins, 1987], but also in measures of spatial 
location [Light and Zelinski, 1983; Bruce and Herman, 1986; Park, Cherry, Smith and 
Lafranza, 1990] and in reproduction of positions of target cells in a matrix [Schear and 
Nebes, 1980; Salthouse, 1987a]. However, no study has investigated well the underlying 
processes that are responsible for differences in spatial memory [Salthouse, 1991]. 
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Undoubtedly, age-related effects of (spatial) memory and recall have a large impact on 
the subject's knowledge acquisition during user-system interaction. Therefore, it is expec
ted that the efficiency with which a user learns to use a new device changes with age as 
well. This age-related aspect will have the largest impact when the interface of the new 
device is composed of a multi-layered interface without direct feedback, since it relies more 
intensively on the user's working memory capacity, on active encoding efficiency and on 
spatial memory. Also Craik and Bosman [1992] mention the importance of environmental 
support for older people when interacting with external stimuli. Consequently, older sub
jects will be expected to encounter more difficulties in understanding and memorizing the 
interaction structure as implemented on a multi-layered than as presented on a single-layer 
interface. 

1.4 Impact of generation 

People's learning behaviour could also be viewed in the context of the generation theory. In 
a sociological perspective, generations of people emerge as a result of effects of discontinu
ous macro-changes on individual behaviour during their formative period [Becker, 1992]. 
According to Becker and Van de Goor [1997], the formative period lies between the age of 
ten and twenty five. In this period people try to master a number of crucial transitions in 
their life course, for example from school to work, from parental home to living independ
ently. In this phase, people acquire important values, norms, and skills that influence the 
way they behave during their further life course. 

In the context described above, the formative period is also found to be crucial in 
learning to handle technological appliances and information technology. Sackman, Hiittner 
and Weymann [1993] have shown that people, who experienced the availability of the 
same types of domestic appliances during their formative period, show a similar usage 
behaviour nowadays. Such a group has been indicated as a technology generation. In their 
theory, different technology generations behave differently with respect to technology, due 
to differences in experience with technology during their formative period. 

Much research shows that prior experience with a device and its interaction style be
nefits the learning process of users [Polson and Kieras, 1985; Singley and Anderson, 1985; 
Kelley, 1996]. According to Singley and Anderson [1987], the degree of transfer is a func
tion of the overlap in number of elements of the prior and present task. However, prior 
knowledge may also cause disruption of performance [Singley and Anderson, 1985]. Kelley 
[1996] has shown that the extent of disruption can be predicted by the amount of prior 
experience. Paradoxically, users with a better formed conceptual model of the function
ality of the system show a larger disruption (in the form of errors) when working with 
an unknown interaction style. On the other hand, these experienced people are able to 
recover errors much quicker than inexperienced persons. Thus, despite disruption on some 
aspects of new tasks, expert performance is considerable superior to novice performance. 
Therefore, the amount of experience with system functionality and interface styles predicts 
the user's learning ability when using an unfamiliar appliance [Kelley, 1996]. 

In this study it is hypothesized that cohorts of people that did not experience similar in
terface styles in their formative period will differ in learning behaviour. Birth-cohorts that 
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have experienced only single-layer appliances during their youth will encounter more learn
ing difficulties in using multi-layered devices nowadays than cohorts who have experienced 
the introduction of multi-layered interfaces during their formative period. 

But, how can be defined which birth-cohorts experienced in their formative period solely 
single-layer interfaces, and which cohorts mainly multi-layered appliances? The period in 
which multi-layered interfaces were widely introduced is operationalized at the point in 
which more than twenty percent of the population possesses a device with a multi-layered 
interface. This percentage of diffusion is also used by Rogers [1983], Baudet [1986] and 
Sackmann and Weymann [1992]. At this point of diffusion, it is likely that persons who do 
not posses such a device have been in touch with multi-layered devices via family, friends, 
at work or at school. 

Videorecorders, televisions, telephones and radios were developed firstly in a single-layer 
style. As from the eighties, domestic appliances appeared at the market in a multi-layered 
style. In the literature the diffusion of appliances is not mentioned per new type. Therefore, 
it is not known how many and which people bought the multi-layered style [personal 
communication with F. van der Kaaden]. Thus, another indicator for the introduction and 
diffusion of multi-layered interfaces in general had to be found. 

The Compact Disc Player serves here as a good indicator, since it is one of the first new 
devices that has been introduced to the market from the beginning with a multi-layered 
interface. In 1988, twenty-five percent of the population in the Netherlands possesed a 
CD-player [Hansman, 1996]. It is striking that in that year most CD-players were possesed 
by the group of 25 years of age. Therefore, it is concluded that birth-cohorts in 1988 of 
25 years of age or younger experienced multi-layered interfaces in their formative period 
[personal communication with A. van de Goar and F. van der Kaaden]. These birth-cohorts 
will be grouped in this study as the multi-layered interface generation. This means that 
birth-cohorts born before 1963, did not experience the presence and availability of multi
layered interfaces in their formative period. In this paper, this latter group will be called 
the single-layer interj ace generation. It is expected that this generation encounters more 
difficulties in using a multi-layered interface than the multi-layered interface generation. 
This learning difference is not expected for the single-layer interface, since the concept of 
organizing information in breadth, familiar from the single-layer interface, is also known 
in multi-layered interfaces. 

1.5 How to distinguish an age- from a technology generation-effect? 

As can be distracted from prior sections, in this paper it is hypothesized that the learning 
performance (lps) of a person when using a new device in situation s, depends on the age 
effect (as), the technology generation effect (tgs) and a certain error (es), due to individual 
differences. 

lps = as + tgs +es 
Empirically, it is difficult to operationalize this theory and dissociate an effect of technology 
generation from an effect of age. In the operationalization both age and technology gener
ation are measured by the person's year of birth. The heart of the problem lies in the fact 
that one technology generation always contains a range of years of birth. Consequently, if 
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an age-effect exists, it always plays a role within a technology generation. Therefore, the 
correlation between a possible age- and a technology generation-effect will always be high. 
In this context, it would be impossible to separate these effects from each other. Thus, how 
could both potentially contributing factors to learning behaviour be measured separately 
from each other in an experimental design? 

According to the sociological point of view, age-effects can be distinguished from 
generation-effects by analysing the curve of performance per age. The effect is expected 
to be age related if the curve is continuous. A discontinuous curve indicates a cohort- or 
generation-effect. This type of analysis requires a huge amount of subjects per age-group. 
This is not feasible in human-system interaction studies. 

Selection of two groups belonging to different technology generations and two age
groups within one technology generation is a more effective way to analyse the hypotheses 
in one situation. Performance differences within one technology generation would suggest 
that age-related aspects play at least partially a role. However, as can be distracted from 
the formula, age-group effects could also be explained in terms of individual differences. 
Although differences in performance found between two technology generations suggest a 
technology generation effect, it also could be attributed to an age-effect or again to indi
vidual differences. Additionally, an experimental design with a small number of subjects 
cannot always capture effects found on macro level, due to individual differences within 
one birth-cohort and one technology generation. Therefore, equal performance in an ex
periment between subjects belonging to the single-layer and the multi-layered interface 
generation does not necessarily mean that there is no technology generation-related effect. 

In this study, the age-effect is linked to changes with age in cognition. Therefore, the 
age-effect in the situation tested (as) could be described in terms of the effect of cognition 
(cs), that depends on the match between the user's cognitive state (css) and the cognitive 
requirements to use the device presented in the situation (er s). 

The technology generation-effect is linked to experience with technology acquired during 
life. Hence, the effect of technology generation in the situation tested (tgs) could be 
described in terms of the effect of experience with technology (ets), that depends on the 
match between technological macro events relevant for that situation (tes) and the system 
features to which the user is exposed in the situation tested (sfs). 

tgs = ets = (tes, sfs) 

Hence, the learning performance of a person in the situation tested can be described in 
terms of a cognitive effect, an effect related to experience with technology and an error, 
due to individual differences. 

lps = Cs + ets + es 
In conclusion, the hypotheses concerning age- and technology generation-effects can 

be handled by manipulating cognitive and experience related factors explicitly in the ex
perimental design. In this study, the interface style used in the situation tested and its 
corresponding cognitive requirements will be manipulated explicitly. Also the age-groups 
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(in terms of the birth-cohort and the technology generation) to which each subject be
longs, serve as independent measures. In fact, the birth cohort serves as a marker for the 
user's cognitive state (related to age). The technology generation serves as a marker for 
technological macro events. An effect of age-group will be related to cognitive changes 
with age if the learning performance declines per birth-cohort on the two situations tested. 
An effect will be technology generation related, if a discontinuous decline of performance 
per age-group is observed in the situation in which subjects work with the multi-layered 
interface style. In this situation, low performance is expected for the group of people born 
before 1963, since the diffusion of multi-layered devices from 1988 on did not occur during 
their formative period. 

2 Focus 

An experiment will be conducted that attempts to clarify: (1) whether users learn to use 
a single-layer interface faster than a two-layered interface, (2) whether the user's learn
ing behaviour is susceptible to transfer of knowledge acquired during the experiment, (3) 
whether older adults learn less efficiently, irrespective of the interface style they work with 
and the experience gained during the experiment with one of the interfaces, ( 4) whether 
older adults show a relatively larger performance difference between the two-layered and 
the single-layer interface than younger adults, and (5) whether adults of the single-layer 
interface generation show, in comparison to the multi-layered interface generation, an equal 
performance when working with the single-layer interface, but a lower performance when 
working with the two-layered interface. 

Note, that a contradicting result is expected in research question (3) and question (5) 
to distinguish an age- versus a technology generation-effect. A positive answer on question 
( 4) and ( 5) would indicate a relation between features of the interface and specific age
and/ or technology generation-characteristics. 

These research questions will be investigated with two videophone simulations. The 
interfaces of the videophones will differ in interaction structure by manipulating the number 
of layers (depth of organizing information on interface). Hence, users will work with a 
single-layer and a two-layered videophone interface. The two-layered interface will capture 
marking features of multi-layered interfaces of telephones, video-recorders and television 
nowadays. These features are missing status feedback on the layer directly visible to 
the user (upper-layer) and the presence of a central display through which information, 
concerning the status of the device, can be displayed. The layer, on which the status of 
the device can be manipulated, is exactly the same for both interface styles. 

The interaction structure is furthermore characterized by a fixed dialogue flow, equal 
for both types of interfaces. This means that tasks have to be executed on the videophone 
by manipulating input devices in a certain order. Other interaction style aspects, such as 
the conceptual operations and the implemented types of input devices (buttons, switches 
and mouse) are also kept equal for both videophone interfaces. 
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2.1 Jvf ode errors 

Learning ability will be analysed by measuring the effects of interaction structure manip
ulations. The effects are measured in terms of change in efficiency. Efficiency will be 
measured by the number of mode errors made by subjects. A mode error can be defined as 
an action that does not have any effect on the device, since it is not executed in the right 
state of the system. Especially inexperienced users make these errors, due to their wrong 
expectations concerning the conceptual model of the system [Johnson, 1990]. Hence, this 
type of error indicates the mismatch between the user's conceptual model of the system 
and the model as implemented on the device. When such an error occurs, the user has to 
make more effort to understand and recall executable sequences of actions. These errors 
often help the user to figure out the conceptual model of the system, but may also confuse 
the user inducing worse performance. Consequently, the total number of mode errors and 
its decline over time serve as good indicators for the user's learning efficiency. In this 
study, mode errors can be made on the layer in which the user manipulates the status of 
the device. Due to the fixed dialogue flow, the same mode errors can be made on both 
interface styles. 

2.2 Hypotheses 

It is expected that subjects will have more difficulties to form a conceptual model of the 
system, and thus make more mode errors when interacting with a two-layered than with a 
single-layer interface. 

Knowledge concerning the videophone itself facilitates the user to distinguish between 
relevant and irrelevant videophone aspects. This knowledge will benefit the interaction 
with another type of videophone that has the same functionality. Hence, a transfer effect 
is expected, irrespective of the interface style. So, a lower number of mode errors will be 
found when interacting with a second videophone interface style. 

Slower information processing, due to age, will probably lead to a slower formation of 
the user's conceptual model of the videophone. Related to this, older users will make more 
incorrect decisions about the actions to be taken. Therefore, in comparison with younger 
users, older subjects will make more mode errors, irrespective of the interface they are 
confronted with and the amount of experience with the videophone tasks. 

Older users will encounter relatively more difficulties than younger users, due to cognit
ive changes. Therefore, it is assumed that differences in mode error between the single-layer 
and the two-layered interface is relatively larger for the older than for the younger users. 

Users belonging to the single-layer interface generation will make more mode errors 
during the interaction with a multi-layered videophone interface than users of the multi
layered interface generation. This would be due to lack of experience concerning multi
layered interfaces in the formative period of the single-layer interface generation. 
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3 Method 

3.1 Subjects 

Thirty male and thirty female subjects took part in the experiment. They ranged in 
age from twenty-five to seventy-five. The subjects were selected into three age-groups. 
The youngest group ranged from twenty-five to thirty-five years of age (representing the 
younger working force and part of the multi-layered interface generation), with a mean age 
of 30. The middle group ranged from fifty to sixty years of age (representing the older 
working force and part of the single-layer interface generation), with a mean age of 55. The 
oldest group ranged from sixty-five to seventy-five years of age (representing the pensioned 
population and part of the single-layer interface generation), with a mean age of 68. All 
age groups were composed of twenty subjects. 

None of the subjects had ever interacted with a videophone before. Adults with a 
bachelor or master's degree, as well as adults without a high school diploma were excluded 
from participation to obtain a more homogeneous population. An equal number of female 
and male subjects was selected per age-group to control possible gender differences in 
learning ability. Finally, the subjects do not have problems with hand-movement, nor with 
hearing and vision, told by themselves. Besides, the latter aspects were checked by the 
experimenter just before starting the experiment, by asking questions about the visibility 
of the videophone interface and the loudness of the sounds. 

3.2 Design 

The experimental design is a 2 x 2 x 2 x 3 counterbalanced block design. Independent 
variables are the interface style (single-layer or two-layered), the experimental session (first 
or second learning session of a certain interface), the interface order (interacting first with 
the single-layer interface and after that with the two-layered interface or vice versa) and 
the age-group (younger (between 25 and 35 years), middle (between 50 and 60 years), or 
oldest group (between 65 and 75 years)). The interface order and the age-group serve as 
between-subject variables. The interface style and the experimental session are within
subject variables. In figure 3 the experimental design is presented. According to this 
design, each subject has to pass through two experimental blocks. Each block consists of 
two sessions. The dependent variable is the total number of mode errors. 

3.3 Materials 

Two videophone interfaces have been simulated using Microsoft Visual Basic 4.0 in the 
Windows 3.11 environment. Figures 4 and 3.3 depict respectively the simulated single
layer and the two-layered videophone interfaces. Three tasks have been implemented on 
both videophones. These form a conceptual model of a part of the functionality of a 
simulated videophone. 

Both the two- and the single-layer interfaces are composed of three switches. One switch 
can be used to switch the device on or off. Another can be used to select the channel (audio 
or audio and video). The third switch activates subtitling. Furthermore, three buttons are 
implemented, that represent memory buttons for telephone numbers. All these buttons 
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I GROUPS 11 Block I Block 2 

AB A1 Az B1 Bz 
25-35 
years 

BA B1 Bz A1 Az 

AB A1 
50-60 

Az B1 Bz 

years 
BA B1 Bz A1 Az 

AB A1 Az B1 Bz 
65-75 
years 

BA B1 Bz A1 Az 

Figure 3: Experimental design. 

AB= group that works first with the single-layer interface and later with the two-layered interface; 
BA= group that works first with the two-layered interface and later with the single-layer interface; 
Ai = single-layer interface, first session; A2 = single-layer interface, second session; B1 = two
layered interface, first session; B2 = two-layered interface, second session. 

and switches can only be used in a certain order. On the upper-layer of the two-layered 
interface three buttons can be seen instead of the switches. These buttons correspond 
with the spatial position of the three switches as presented on the single-layer interface. 
When pressing one of these buttons, a certain switch pops-up through a display without 
showing the other two switches. Both types of interfaces use the same switches, type of 
button, contrasting colours, font, font size and words (except for the names of people on the 
memory buttons). All buttons, switches and words are big and equally well visible. Both 
videophone interfaces can be manipulated by using a mouse pointing device. Subjects can 
click without precision on buttons and switches to activate these. The experiment itself 
was run on a laptop pentium 130. The subjects were seated in a quiet room that was well 
lighted and that did not induce reflection of light on the laptop-screen. 

3.4 Procedure 

The experiment consisted of two blocks, one block per interface. The order in which the 
subjects had to interact with the single-layer and the two-layered interface depended on the 
group in which they were selected. The first group started with the single-layer interface, 
whereas the second group with the two-layered interface. Within each session the following 
three tasks were executed: (1) call a certain person without enabling the screen, (2) call 
a certain person after enabling the screen, and (3) call a certain person after enabling the 
screen and having activated the subtitling of incoming speech. The order in which these 
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single-layer videophone simulation 

Figure 4: Single-layer videophone inter
face. Words were presented in dutch. 

two-layered videophone simulation 

Q Press button (A)to display through displayD) 
f 

Figure 5: Two-layered videophone interface. 
Words were presented in dutch. 

tasks were executed was kept equal for all learning sessions. All subjects had to achieve 
the goal of the task before going on with the next task. Before starting the first session, all 
subjects exercised with the mouse pointing device by means of two exercises. The subjects 
finished the first exercise after clicking ten times on objects without making any mistake. 
Instructions about the mouse and the way it has to be used were given before each exercise. 
Instructions concerning the experimental tasks itself were given before the subject started 
to interact with a new videophone interface. After the last session of the experiment, 
each subject was interviewed. This interview concerned background information about the 
subjects. 

4 Experimental results 

In this study learnability has been measured by means of the number of mode errors. Table 
1 presents the average number of mode errors per learning session and interface style for 
each age and interface order group. A 2 x 2 x 2 x 3 ANOVA (learning session by interface 
style by order by age) has been used with the total number of mode errors as the repeated 
measure. Table 2 summarizes the important effects and interactions found. 

In this study a significant age effect has been found concerning the total amount of 
mode errors (F(2,54)=3.91, P < .03). The age group of 25-35 years made a mean number 
of 27.8 mode errors, the group of 50-60 years made about 41.3 mode errors on average, 
whereas the group of 65-75 years 52.1 mode errors. The Helmert contrast analysis has 
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Table 1: Mean total number of mode errors per interface style and learning session for each age 
and interface order group. 

I age I order II A1 I A2 II B1 I B2 I 
25-35 AB 13.1 1.5 3.4 .4 

BA 2.1 1.3 29.2 8.0 
50-60 AB 9.5 4.3 11.7 2.9 

BA 4.2 2.2 26.6 20.8 
65-75 AB 19.7 8.1 11 8.6 

BA 10.4 3.9 20.6 21.8 

Age= age group, order= interface order group; A1 = first session single-layer interface; A2= 
second session single-layer interface; B1 =first session two-layered interface; B2=second session 
two-layered interface; AB= first single-layer interface then two-layered interface; BA= first two
layered interface then single-layer interface. 

Table 2: Important effects and interactions concerning a ANOVA with the total number of mode 
errors as the repeated measure. 

I Main effects I F-value I significance I 
age F(2,54)=3.91 p < .03 
order F(l,54)=8.31 p < .01 
style F(l,54)=28.29 p < .01 
session F(l,54)=32.53 p < .01 

I interaction effects I F-value I significance J 

order by style F(l,54)=57.84 p < .01 
order by style by session F(l,54)=4.54 P< .04 
age by order by style F(2,54)= .20 P=NS 
age by session F(2,54)= 1.41 P=NS 
age by style by session F(2,54)=3.45 p < .04 
age by order by style by session F(2,54)=3.82 p < .03 

Age= age group; order= interface order group; style= interface style; session= learning session. 
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shown that only the difference in performance between the age group of 25-35 years and 
the two older groups is significant (F(l,57)=5.38, P < .03). 

Users made twice as much mode errors when working with the two-layered interface 
than when working with the single-layer interface (F(l,54)=28.29, P < .01). This suggests 
that the single-layer interface is easier to use than the two-layered interface. 

Besides, a significant effect of order (F(l,54)=8.31, P < .01) has been found, indicating 
that it really matters in which order the interfaces are presented to the user. Users that 
worked first with the two-layered interface and later with the single-layer interface made 
twice as much mode errors than those who worked the other way around. Hence, working 
first with the single-layer interface facilitates the user to capture the conceptual model of 
the system. 

In this paper a learning effect refers to the performance difference between sessions 
within one interface style. Considering table 1 it reflects the difference in mode errors 
between A1 and A2 or between B1 and B2. A transfer-effect refers to the performance 
difference between two interface styles, thus between the single-layer interface (A) and 
the two-layered interface (B). The next two sections focus on these two possible types of 
effects. 

4.1 Learning effects 

The ANOVA repeated measures shows that users made significantly more mode errors in 
the first than in the second learning session (F(l,53)=28.69, P < .01). This learning effect 
indicates that users indeed learn over time. 

The ANOVA furthermore indicates a significant interaction between age, session and 
interface style (F(2,54)=3.45, P < .04). Figure 6 depicts this interaction. 

In the first session of the single-layer interface, the group of 65-75 years made twice 
as much mode errors than the groups of 25-35 and 50-60 years. This discontinuous curve 
in performance suggests that the working force is better able to form a useful conceptual 
model of the system than the pensioned group. This difference between age-groups was 
not observed in the first session of the two-layered device. Remark the smooth increase of 
mode errors per age-group in the second session of both interface styles. 

The learning effect acquired per age group is as follows. The group of 25-35 years 
acquired a 75 percent reduction of mode errors (during both interface styles), the group of 
50-60 years showed a 50 percent reduction of errors (again during both interface styles). 
Also the group of 65-75 years showed a 50 percent reduction of errors when working with 
the single-layer interface, but did not show any learning effect at all during the two-layered 
interface. 

4.2 Transfer effects 

A significant interaction has been found between order and interface style (F(l,54)=57.84, 
P < . 01). As depicted in figure 72

, a positive transfer of know ledge has been found 

2Remark that finishing with the two-layered style results into less mode errors than ending up with 
the single-layer device. Hence, prior experience with the single-layer interface facilitates the user most to 
capture well the conceptual model of the system even in more difficult situations. 
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Figure 6: Average number of mode errors per learning session and interface style for each age 
group. 

when working with a second interface style. This result suggests that subjects with prior 
knowledge concerning the functionality of the system are less vulnerable to mode errors 
when using the same system composed of a new interface style. 

Also the interaction between order, style and session has been found to be significant 
(F(l,57)=4.54, P < .04). This interaction illustrates the transfer effect observed in more 
detail. Here the transfer effect can be measured by taking the difference in mode errors 
between the second session of the first interaction style and the first session of the second 
interface style. Figure 83 illustrates that the user's performance declined from the second 
session of the single-layer interface (A2 ) to the first session of the two-layered interface 
(B1 ). This result indicates that the two-layered interface prevents the user from using 
his/her conceptual model of the system formed in prior sessions. On the contrary, the 
user's performance improves from the second session of the two-layered interface (B2 ) to 

3 Note that less mode errors are made when working with the two-layered interface after experience with 
the single-layer interface than without this experience. Hence, subjects have learned from prior experience 
with the single-layer interface. But, note as well that the more mode errors were made when working with 
the single interface after exercising with the two-layered style than without this experience. This result 
suggests that prior experience with the two-layered interface inhibits subjects to reach a high performance 
level. 

17 



30 

~ 20 

~ 
Q) 

~ 
10 

0 
A B 

Order 

B A 
Order 

• = single-layer interface 

D =two-layered interface 

Figure 7: Average number of mode errors per interface style and order. 

AB-order = first single-layer interface, then two-layered interface; BA-order = first two-layered 
interface, then single-layer interface. 

the first session of the single-layer interface (A1). This suggests that the single-layer style 
facilitates the user to keep on developing a useful conceptual model of the system. 

Finally, a four way interaction of age by interface order by style by session has been 
found (F(2,54)=3.82, P < .03), suggesting that the transfer-effects found differed per 
age-group. However, due to a small effect-size, the power of this interaction is low. Con
sequently, one should be careful in interpreting this four-way interaction. 

5 Discussion 

Results show that the single-layer interface was much easier to use than the two-layered 
interface, at least on a device with few functionality. However, both interface styles were 
performed better after prior experience with the functionality of the system. These out
comes support the idea that devices without direct feedback concerning the status of the 
device, the meaning of each control and the functionality available impose mainly on inex
perienced users a large demand on their cognitive capacities. Due to their lack of knowledge 
and low support of the interface, these users have to hold information much longer in work
ing memory in order to reason and evaluate the actions to be taken. Besides, visuo-spatial 
information has to be rehearsed more often to capture and encode the spatial position of 
hidden information. 

Although users were able to learn, the largest learning effect was found when working 
with the single-layer interface. Besides, the best transfer performance was observed when 
subjects started the experiment with the single-layer interface. Hence, the single-layer 
interface had an overall facilitating role in the development of a useful conceptual model of 
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Ill = single-layer interface 

D = two-layered interface 

Figure 8: Average number of mode errors per interface style, order and session. 

AB-order= first single-layer interface, then two-layered in interface; BA-order = first two-layered 
interface, then single-layer interface; A1 = fist session single-layer interface; A2 = second session 
single-layer interface; B 1 = first session two-layered interface; B2 = second session two-layered 
interface. 

the system. On the contrary, the two-layered interface inhibited transfer of information and 
a fast development of a useful conceptual model of the system. These results indicate that 
direct feedback about the functionality available, the status of the device and the meaning 
of each control are important system features during the interaction with a device, even 
for more experienced users. 

5.1 Age-group related effects 

Results show that younger adults have less difficulties to form a useful conceptual model 
of the system than the older age-groups. Age-group differences are even more pronounced 
when taking the learning sessions into account. 

A discontinuous curve was observed in the first session of the single-layer interface. The 
age-groups belonging to the working force performed better than the pensioned group. 
This result indicates that the processing capacity of the pensioned group is lower than 
the processing capacity of the working force. This difference could be due to a decline 
in processing capacity with age, that is noticed, in this case, solely after the age of sixty. 
On the other hand it could also be explained by differences in experience between the 
working force and the pensioned group with technology prior to the experiment. Nowadays 
requirements at work often force the older working force to keep on learning to use new 
technology at work. According to Becker and Van de Goor [1997] this period could be 
viewed as a second formative period for the older worker. The pensioned group is not 
yet influenced by this societal requirement. Therefore, this group will not have had such 
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extensive experience with appliances as the group of 50-60 years. This societal change may 
have improved the older worker's assimilation of information when learning to use a new 
device with a less complex interface. 

More errors were made in the first session with the two-layered interface and there was 
no difference in performance between the working force and the pensioned group. This 
result suggests that the working force did not have any benefit from their prior experience 
with technology nor cognitive capacity during the first confrontation with the two-layered 
interface. Hence, even on a device with few functionality a two-layered interface does not 
provide younger users clear indications about how to use the system. 

Age-groups differed in their learning progress. The fact that the group of 25-35 years 
showed a 75 percent progress for both interface styles and the group of 50-60 years a 
50 percent progress for both styles indicates an an overall decline in processing capacity 
with age that is not related to cognitive aspects specificly needed for the two-layered 
interface. However, the group of 65-75 years showed a 50 percent progress when working 
with single-layer interface but no progress at all during the two-layered interface. Thus, 
since users worked with a device with few functionality, age-related decline, of cognitive 
aspects specificly required during the interaction with a two-layered interface, were only 
noticed after reaching the age of sixty. Again, this result could also be explained in terms 
of experience related differences between the working force and the pensioned group. Since 
older workers have more experience with technology they might be less affected by cognitive 
changes with age that are mainly required during the interaction with a layered interface. 

Results also indicate age-group related transfer differences. However, since the power 
has been found too low, it is not clear whether the interaction found was a coincidence or 
not. The amount of transfer is often related to prior experience with certain technology. 
An answer on the question whether age-groups differ in the ability to transfer knowledge 
to similar devices with a different interface style, would be valuable information for the 
model presented in this paper. 

6 Conclusion 

A layered interface style as implemented today on domestic appliances imposes a large 
demand on the user's cognitive capacities, at least when the device has few functionality. 
Direct feedback, concerning the functionality available, the link between a control and its 
meaning, and the status of a device are found to be extremely important during the user's 
learning process. This feedback supports the formation of a useful conceptual model of the 
system. It even facilitates more experienced users to keep on learning rapidly. 

During the interaction with a new device with few functionality, age-related cognitive 
changes and cohort-related differences in experience with technology seem to influence the 
time needed to learn to use it. During the interaction with a device with few functionality, 
the decline in performance is mainly seen after the age of sixty. 

All users will learn to use domestic appliances faster if these appliances are composed of 
an interface style that does not rely much on working memory capacity to hold information, 
on reasoning how to perform a the task, and on memory for spatial positions. Hence, more 
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direct feedback should be implemented on the system to compensate the user's lack of 
knowledge about the conceptual model of the system. Since older users encountered most 
difficulties, these users will have most benefit from these system features. 

6.1 Implications for further research 

More research should be done to analyse whether age-groups also differ in the amount of 
information they are able to transfer to a similar device with a different interface style. 
This question could be answered by double the number of subjects in the experiment. 
However, this is not feasible. It is expected that effects and interactions will be more 
pronounced when subjects have to deal with a more complex device. Therefore, in the 
next experiment subjects will be confronted with a device with much more functionality. 
The user's performance on a single-layer interface will then be compared with his/her 
performance on a multi-layered interface. Since devices nowadays show similar complexity, 
results of such an experiment are expected to be more closely related to observations in 
real life. 

As described in section 1.5, the user's learning performance is modelled as the effect 
of age and technology generation and a certain error. The effect of age was furthermore 
explained in terms of the effect of cognition, which is the (mis)match between the user's 
cognitive state and the cognitive requirements of the device in the situation tested. In this 
paper, the age of the user has been used as a marker for the user's (age-related) cognitive 
state. In the next experiment the user's speed of processing, cognitive capacity concerning 
working memory, memory for spatial position and problem solving will be tested explicitly. 
These cognitive aspects are expected to have a large impact during the interaction with 
single-layer and multi-layered devices. 

In section 1.5 the effect of technology generation has been described in terms the effect 
of experience with technology. In this study, the diffusion of devices with a layered interface 
has been used as a marker for technological macro events. This marker solely does not seem 
to cover results that could be explained in terms of differences between users in experience 
with technology. Therefore, in the next study more background variables will be measured 
concerning the amount and diversity of experience with technology, and the interface styles 
they were in touch with during their life course. 

Finally, it is questioned to what extent the results observed can be generalized to a the 
whole population. Age-group effects in transfer as found in this study were not found by D. 
Freudenthal [personal communication with D. Freudenthal]. One of the differences between 
Freudenthal's experiment and ours is the group of subjects selected for the experiment. 
In this study, people with a bachelor's degree were excluded from participation, whereas 
people without a bachelor's degree were excluded in Freudenthal's experiment. Therefore, 
it is thought that results observed in this study cannot be generalized to subjects with a 
high educational level. They probably will keep performing tasks as studied in this paper, 
similarly as younger adults. Experience-related as well as cognitive aspects may play a 
role in this context. Therefore, also the impact of the educational level will be investigated 
explicitly. 
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