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Preface

The research presented in this thesis is part of the project Technology Genera-
tions, commissioned by Philips Design in 1996 and partially subsidised by the
Ministry of Economical Affairs (EZ). The emphasis of this project was to ana-
lyse age and generation-related differences in attitude towards technology, and
purchase and usage of technology. The project was initially coordinated by Cees
de Bont, who was over a five year period followed by Sidney Vastenhout, Hans
de Waard and Carel Vereijken, and concluded by the author of this thesis.

The project involved four teams. The first team focused on generation related at-
titude towards design of technology and was staffed by Liesbeth Scholten, Carel
Vereijken, and Juliana Kelly. The second team researched the sociological as-
pects of technology generations and consisted of Anne-Geerte van de Goor and
Henk Becker. Their book on ‘Technology Generations in the Netherlands: A so-
ciological analysis’ has been published in January 2001. The third team analysed
the history of technology and the attitude of consumers towards technology and
consisted of Frederiek van der Kaaden, Geert Verbong, and Harry Lintsen. The
results are expected to be published at the end of 2001. The fourth group dealt
with age and generation factors that influence the handling of complex user in-
terfaces and consisted of Herman Bouma, Don Bouwhuis, Huib de Ridder, Jan
Rietsema, Boris de Ruyter, John de Vet and the author of this thesis. The results
are published in this thesis. I would like to thank all team members for their con-
tribution to the project. In particular, I would like to thank Anne-Geerte van de
Goor, Frederiek van der Kaaden, and Liesbeth Scholten for their enthusiastic co-
operation and support. It was fun! Furthermore, I would like to thank the design-
ers Femke Bourgogne, Kirsten Moelker and Paul Manders from Philips Design
for designing the cover of this thesis.

I would like to express my gratitude to Anne-Sophie Melenhorst, my office mate
and discussion partner on many issues, and Willem Paul Brinkman, who suppor-
ted me on the modelling of the automation tool outlined in Chapter 5. Special
thanks go to Maxim Schram, who implemented the automation tool and suppor-
ted me with the empirical studies in Chapter 5. Moreover, his great Artifact-
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music kept me going in the evening hours. I am also indebted to Arlette Oost-
erholt and Luc Gijs for their assistance with the empirical studies in Chapter 3
and 4, Gerard Hollemans and Esther Klabbbers for carefully reading drafts of this
thesis, Mrs. Geven, and Mrs. Willems, and Mrs. Ruyten for providing me with
volunteers for the studies described in this thesis, and in particular to all 210 vo-
lunteers. This thesis would not have been completed without them. I also thank
Pyns Bosker from ScreenWise and Zjev van Dun from CINOP, who gave me the
opportunity to discuss and apply methods presented in this thesis in real life.
Early 1999 we started communicating the Technology Generations results inside
Philips. By now, the concept of Technology Generations has been proven to be
very valuable within trend research, e-business and services for strategic pro-
jects. Therefore, I acknowledge our customers Philips Consumer Electronics and
Philips Semiconductors, who embraced this new research and collaborated with
us to make it applicable for future concepts and up-stream services.
Furthermore I thank my colleagues at Philips Design with whom I developed
Technology Generation-related tools that support our client’s strategic processes
and our approach to Strategic Design.
Special acknowledgments are due to my colleagues at IPO Center for User-System
Interaction, who acted as research partners and friends. This made IPO a tre-
mendously inspiring working environment.
Finally, I would like to thank my parents, brother, and family in-law, who sup-
ported me in every way they could. I also would like thank my husband Marco
Verhoeven, who was my sparring partner in technical and emotional issues sur-
rounding this thesis. Having someone to share your life with makes writing a
thesis seem insignificant.
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1
Introduction

1.1 Problem statement

The technology revolution of the twentieth century has dramatically changed the
teacher-pupil relation of older and younger people into an ambiguous or even re-
verse relation. For centuries older adults have been the obvious teachers of young
persons on behaviour, social skills and profession. Now it may be often observed
that younger persons teach older adults where new technology is involved.

Did you ever notice how surprised parents are to see their children use a mouse-
pointing device quickly, play a computer game with ease, or program a video
recorder? At such moments, parents may reflect upon the difficulties they had
learning it. It is also not unusual to see grandchildren teach their grandparents
how to use a video recorder, mobile phone, computer, or Internet. And recall the
commotion that arises when the operator of the cable TV system changes channel
frequencies. Studies on the ease of use of information, communication, and en-
tertainment devices abbreviated as ICE confirm that the majority of adults have
trouble using them [Freudenthal, A., 1998; Czaja and Sharit, 1998; Rogers and
Fisk, 2000]. However, Freudenthal, A. [1998] found that also little children will
fail to program a television if they have only experienced computer games.

The past century has been a period full of revolutionary technological innov-
ations entering society on a massive scale. In the beginning of the twentieth cen-
tury the telephone was introduced, followed by the radio, gramophone, refriger-
ator, and vacuum cleaner among other electrical devices. Later on, especially the
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2 Introduction

number and variety of ICE devices grew explosively. The television, video re-
corder, video camera, computer, compact disc, remote control devices, wireless
phone, and mobile phone increased a person’s information and communication
radius and extended entertainment possibilities. Mutual interaction between the
technological innovations and the consumer has substantially changed the way
of life at home and at work [Schot, Lintsen, Rip and De la Bruh́eze, 2000].

As technological inventions involving consumer products continue to spread
in the 21st century it is important for adults to keep track of them. Only then
they have the option to use a device whenever they need or want to. The fact that
in particular older people seem to lose track of novel technology has practical
implications for the industry. Industry is committed to market technology in ser-
vice of society, which implies development of useable products for everyone, in-
cluding older adults. Moreover, society is greying fast, and many older adults of
today and tomorrow have much more purchasing power than older people used to
have. Neglecting the older adults’ problems in the use of technology also means
a missed opportunity for industry to grow its market share and revenue.

This thesis is concerned with the question why consumer electronics products
are felt to be difficult to use by older adults. The focus will be on human cap-
abilities and limitations versus simple and complex aspects of the systems’ user
interfaces.

1.1.1 User interface complexity

Older persons often mention that devices of the early days were much easier to
use than current consumer electronics products. If so, could it mean that today’s
user interfaces are complex for everybody, including younger adults?

To answer this question we first need to know more about the differences
between today’s user interfaces and those of decades ago. Although most human-
computer studies start their introduction with a phrase stressing the complexity
of current devices, there has not been any systematic study that analysed the his-
torical development of user interfaces for consumer electronics over the past cen-
tury, to the best of our knowledge.

Obviously, the technological developments have influenced the way user in-
terfaces evolved over the years. A typical user interface of the first electrical
devices contains some robust mechanical push buttons, sliders, and switches that
activate basic functions of the device. Nowadays, this does not often, or not at all,
come across on user interfaces. In this thesis, a historical analysis will be presen-
ted to study how user interfaces of consumer electronics products changed over
the years. This will enable a meaningful discussion on the change in complexity
of the user interface.

This thesis is concerned with the analysis of user interface modifications that
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affected the ease of use for everybody, and in particular for older adults.

1.1.2 Ageing

Although present-day user interfaces may be difficult to use, it is remarkable that
mainly older adults complain about having difficulties. This may suggest that
age-related factors influence the user’s handling behaviour. User-system inter-
action studies confirm that the difficulties experienced using a system increase
with age. Older adults require more actions than younger people when using an
interactive system to obtain the same result [Freudenthal, T.D., 1998], are less ef-
fective using a computer [Kelley, 1996], need more time to finish computer tasks
[Salthouse, Hambrick, Lukas and Dell, 1996], and commit more procedural er-
rors during data entry tasks [Czaja and Sharit, 1998]. Which age-related cognit-
ive changes affect the older user’s performance?

Dealing with a device can be facilitated by knowledge. Anderson [1983] dis-
tinguishes two types of knowledge, procedural and declarative knowledge. Pro-
cedural knowledge is stored information about how to do things. It includes mo-
tor and cognitive skills. This information cannot easily be verbalized. Declarat-
ive knowledge contains stored ‘what’ information about the environment. This
type of knowledge also contains information about how to do things i.e., what
steps have to be taken. According to Anderson, learning in this context is the
process of qualitative changes from declarative to procedural knowledge.

Cognitive skills are needed to acquire well-established procedural knowledge
[Anderson, 1983; Anderson, 1990]. For example, a good reasoning ability is
needed to interpret which information is relevant and what the logic is behind the
procedures. Furthermore, the user’s working memory is of importance to keep
relevant declarative knowledge available during the execution of tasks. Working
memory is a temporary storage in which incoming information, acquired from
the environment and from the person’s long term memory, is kept available for
the completion of the task [Baddeley, 1986].

It is known that most cognitive abilities change with age. Although there are
many individual differences in ability changes, it can be said that roughly, vocab-
ulary and factual knowledge increase with age. Sensory memory and proced-
ural memory for skills learned a long time ago do not change that much with age
[Craik and Bosman, 1992], but most other cognitive abilities show a decline with
age [Salthouse, 1991; Craik and Bosman, 1992]. Studies of, for example, Salt-
house, Hambrick, Lukas and Dell [1996], Czaja and Sharit [1998], and Freuden-
thal, T.D. [1998] provided evidence that cognitive factors like processing speed,
working memory, and reasoning ability relate to decreasing performance with age
while handling tasks on complex systems. Older users also seem to apply a dif-
ferent user strategy than younger users. Welford [1958] found that the speed-
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accuracy tradeoff changes with increasing age from a speedy and inaccurate way
of playing around (younger adults) to a cautious but more accurate performance
(older adults).

In line with these studies, next to the complexity of user interfaces this thesis
is concerned with the role of cognitive abilities that may decline with age in the
user’s performance on controlling current consumer electronics products.

1.1.3 Technology generations

The user’s learning ability in new situations can be facilitated by reusing know-
ledge of earlier but related situations. As the relevant knowledge base of each
person depends on the type of user interfaces he/she worked with, it is possible
that older people have built up a different knowledge base than younger people.
However, not all knowledge is expected to be that useful, as present-day devices
are different from those of decades ago. This means that part of the knowledge
acquired in the past has to be suppressed. But how easy is it to forget it?

People often rely on their most established knowledge, which is acquired dur-
ing their adolescence [Rubin, Rahhal and Poon, 1998]. This is because the period
of adolescence and young adulthood has been found to be the critical period in
which experience and cognitive abilities influence each other for further matur-
ation [Sroufe and Cooper, 1988]. But not only developmental studies stress this
period. Also sociological studies (e.g. Glenn [1974] and Becker [1992]) on co-
hort analyses indicate that the life period between 10 and 25 years is a most crit-
ical period in which people acquire norms, values, and skills that influence future
behaviour. Therefore, this period is also called the formative period. After this
period adults may become less susceptible to attitudinal and behavioural changes.

A generation has been defined as a range of birth cohorts that display sim-
ilar behaviour, and share norms or values that are based on common sociological
environments during their formative years. Note that a generation can only be
identified if the environment during the formative period is stable long enough to
affect the behaviour of many subsequent birth cohorts [Jansen and Van den Wit-
tenboer, 1992]. In this way Becker [2000] distinguished five generations based on
the differences in socio-historical developments during the formative period sep-
arated by discontinuous events, such as wars and economic depressions: the pre-
war generation (1910-1920), silent generation (1930-1945), baby-boom genera-
tion (1946-1954), lost generation (1955-1969), and generation X ( born in 1970
or later).

Sackmann and Weymann [1994] investigated whether generations can be dis-
tinguished from subsequent birth cohorts that currently display similar behaviour
towards technology based on macro-technological events in their formative period.
They were able to identify four technology generations based on the types of



1.2. Objectives 5

technology that were available in the formative periods and the types of products
they currently possess: the early technical generation (born before 1938), house-
hold revolution generation (born between 1939 and 1948), the increasing techn-
ological household generation (born between 1949 and 1963), and the computer
generation (born in 1964 or later).

User interface developments imply that users need to constantly adapt to new
user interfaces and learn to operate them; after their formative period too. There-
fore, it might be the case that technology generations can be distinguished based
on the type of user interface experience during the formative period. Technology
generations that did not grow up with present-day user interfaces are expected
to have most difficulties dealing with present-day devices. They need to learn to
understand new procedures of present-day user interfaces, which might be much
more difficult to manage after the formative period.

This leads to another concern of the thesis, next to those mentioned in earlier
sections, namely whether the user’s performance in dealing with current con-
sumer products is related to generation differences based on user interface ex-
perience.

1.2 Objectives

The objective of this thesis is to investigate which aspects of current user inter-
faces affect the handling by users of different age groups. Performance is further
analysed with respect to age and technology generation effects by studying the
role of cognitive abilities and generation-specific experience with user interfaces.

Chapter 2 describes a historical analysis that maps out the user interface de-
velopments of consumer electronics products over the past century. Based on this
analysis we will try to distinguish several generations of subsequent birth cohorts
that experienced a similar type of user interface in their formative years. Chapter
2 concludes with a study in which we empirically analyse the technology gener-
ation boundaries.

Chapter 3 investigates by means of laboratory studies whether the user’s error
performance and task duration are affected by age, technology generation, and
user interface complexity. However, it is not easy to distinguish an age effect
from a generation effect as both are related to the user’s year of birth. Sociolo-
gists developed a method to distinguish an age effect from a cohort effect [Glenn,
1977]. Chapter 3 first explains this method and describes how it is applied in this
thesis. Subsequently, two studies will be described and discussed. The first con-
sists of an experiment in which four age groups between 25 and 75 year of age
are confronted with simulated devices that differ in one of the user interface fea-
tures that changed over the past century. Age and technology generation effects
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have been tested by analysing the error and task duration performance change
over trials and across age groups. The second study consists of a similar design
to analyse whether the results of the first study can be generalized towards more
complex devices with different functionality.

Chapter 4 investigates how error performance and task duration across and
within technology generations, as found in chapter 3, are related to visuo-spatial
working memory, reasoning ability and a possible speed-accuracy tradeoff. For
this, the second study of chapter 3 was repeated for the age range of 25 to 80 years
of age.

Chapter 5 studies user strategies within the oldest technology generation when
using a simulation of a realistic consumer electronics product. The strategies are
compared with those of a younger technology generation that is known to have
grown up with such user interfaces. Five age groups between 20 and 80 years
were compared. The user’s strategy is investigated by analysing the drop-out rate,
speed-accuracy trade-off, and types of redundant actions. Three automated tools
were used for this, enabling the analysis of larger user groups.

Chapter 6 reflects on the conclusions drawn in the prior chapters and dis-
cusses the implications of the results for user interface design, instruction of use,
and further research.

As some chapters have been submitted as articles to international journals and
conferences, and others will be submitted soon, part of the information will be
repeated across the chapters to introduce the new reader to relevant concepts and
prior results.



2
Characterization of technology

generations on the basis of user interfaces

Technology generations can be defined as generations of people that differ in the type of
technology experience in their formative years (i.e. before the age of 25). The format-
ive experience of these technology generations may have consequences for their current
behaviour towards present-day Information, Communication, and Entertainment appli-
ances (ICE devices). This chapter focuses on the user interface experience before the age
of 25 of the various generations. We investigate how the user interface of ICE devices
has evolved over the years, and what consequences it has for the concept of technology
generations. Results show that a major user interface-change occurred in the beginning
of the eighties. Two technology generations have been identified: the electro-mechanical
generation (born before 1960) and the display generation (born in 1960 and later). 1

1Docampo Rama and Van der Kaaden [2001]
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8 Characterization of technology generations on the basis of user interfaces

2.1 Introduction

Older users often mention having difficulties using present-day Information, Com-
munication, and Entertainment appliances (abbreviated in this study as ICE appli-
ances), such as the mobile phone, the video recorder, and the television [Stewart,
1992; Freudenthal, A., 1998]. These problems may be due to changes in cognit-
ive abilities with age (e.g. Salthouse [1991], Czaja and Sharit [1998]), lack of
prior experience with similar devices, and the increasing complexity of present-
day user interfaces. This study will focus on the influence of the last two aspects;
the experience with and the complexity of present-day ICE devices.

When a person learns to use a new user interface he/she often relies on former
user-interface experience [Singley and Anderson, 1985; Searleman and Doug-
las, 1994]. The mismatch between the knowledge gained during prior experi-
ence with similar devices and the knowledge required to use the new one makes it
likely that users will encounter difficulties [Singley and Anderson, 1985; Kelley,
1996]. Difficulties among older users could be related to their lack of knowledge
about present-day user interfaces [Kelley, 1996]. Moreover, older users grew up
with totally different user interfaces, and may therefore have acquired knowledge
that is not applicable to present-day user interfaces.

As the user interface of ICE devices has changed significantly over the years,
not all user interface experience in the past will be useful when using present-day
ICE devices. This means that part of the knowledge acquired in the past has to
be suppressed. But how easy is it to forget past experience?

Studies concerning cohort or generation analyses [Glenn, 1974; Cutler and
Kaufman, 1975] have indicated that people are likely to become less suscept-
ible to change in attitudes, norms, values, and behaviour after young adulthood.
Among the reasons given for this attitudinal and behavioural rigidity are neuro-
logical change, decreased social and geographic mobility, and changes in social
contacts.

The period of young adulthood and adolescence, operationalized as the period
between 10 and 25, is also known as the formative period and plays a key role
in the formation of these attitudes and behaviours. In this period, people have
to master a number of crucial transitions, for example from school to work, and
from parental home to living independently. During these events, people acquire
important values, norms, and skills that influence the way they behave during the
rest of their life [Becker, 1992].

Child development studies indicate that a person’s cognitive abilities, such
as hypothetico-deductive reasoning, reach their highest level during adolescence
(e.g. Piaget and Inhelder [1973], Keating [1980], and Neimark [1982]). In this
period the person’s social relationships, (technical) hobbies, and other life ex-
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periences both influence and are influenced by cognitive advances [Sroufe and
Cooper, 1988]. Consequently, the formative period is the life phase in which
complex systems and their user interfaces can be optimally understood and learned
to use in all its facets. As a result, technology experience in the formative period
may have a great impact on the user’s way of handling technology later in life.

If the formative period of several birth-cohorts is influenced by the same so-
ciological macro-events during a substantial period of time, a generation of sub-
sequent cohorts can be distinguished that displays similar behaviour today [Glenn,
1974]. Empirically, this generation effect is difficult to distinguish from an age
effect, as both generation and age are measured by the subject’s year of birth. So-
ciological methods tackle this problem by analysing the behaviour trend across
age groups. A continuous trend suggests an age effect, whereas a discontinuous
trend indicates a generation effect [Glenn, 1977].

Sackmann and Weymann [1994] have shown that generations based on sim-
ilar technology experience in the formative period can be identified. People that
experienced the availability of the same types of domestic appliance during the
formative years, display similar usage behaviour. Such a group has been defin-
ed as a technology generation. Also Van de Goor [1998] and Van de Goor and
Becker [2001] have shown that technology generations differ in current purchase
and usage behaviour. These results suggest that generation-specific experience
may be an important explanatory factor for age group differences in current be-
haviour.

This study focuses on user interface experience of present-day ICE appli-
ances in the formative period to distinguish different technology generations. The
generation-specific experience will be based on the evolution of user interfaces
and their diffusion time. For this purpose two studies were conducted. Firstly, a
historical analysis was made of user interface changes of three appliances, namely
television, video recorder, and telephone. The outcomes have been used to define
technology generations based on user interface changes. Secondly, a survey was
carried out to verify the boundaries of the generations.

Section 2.2 describes the historical analysis of the user interface changes and
discusses the generation boundaries that can be derived from it. It is followed
in section 2.3 by a verification of the proposed boundaries via a survey. Main
conclusions are mentioned in section 2.4.

2.2 Historical developments of user interfaces in the Netherlands

2.2.1 Introduction

User interfaces can be described in a structured and detailed way by specifying
their interaction style. De Vet and De Ruyter [1996] proposed that an interaction
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interaction style

conceptual operations

overall tasks

interaction structureinteraction techniques

input and output devices interaction procedures

Figure 2.1: Decomposition of the interaction style into conceptual operations, interac-
tion techniques, and structure [De Vet and De Ruyter, 1996]. The dotted rectangles un-
derneath explain the user’s view per interaction style component.

style can be decomposed into generic user-task options or functionality (concep-
tual operations), organised according to a specific operational procedure (inter-
action structure), and using specific input and output devices (interaction tech-
niques). Figure 2.1 shows this framework, which can also be used for historical
analyses of user interface changes of ICE appliances over the years.

Specification of interaction style components of ICE user interfaces over the
years will lead towards differentiation of interaction styles, which are based on
the periods in which all three interaction style components (conceptual opera-
tions, interaction techniques and structure) have changed.

2.2.2 Method

Material and procedure

The analyses were restricted to user interface changes of the television, telephone,
and video recorder. The Dutch consumer’s magazine [Consumentenbond, 1953
to 1997] and technical manuals were used for the historical overview of the func-
tionality, input and output devices, and procedural aspects of the ICE devices in
question. Figures mentioned in the literature were used to add the year of intro-
duction of each product to the overview.

In the text of the magazine we searched for comments concerning the func-
tionality, input and output devices, and procedures available on the ICE devices
under consideration. Also pictures were used to search for these aspects. The
technical manuals were used to deduce the procedures in more detail. Each time
a new interaction style component was observed, it was registered in the histor-
ical overview.
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2.2.3 Results

The television

The black and white television entered the Dutch market in 1951 after some ex-
perimental try-outs from 1936 on [Baudet, 1986]. Figure 2.2 depicts the most
prominent conceptual operations, interaction techniques, and structure changes
over the years. Certain features listed in the figure were only available on the
market for a short period.

During the fifties and sixties, the user interface of the television comprised
only basic functionality, mechanical interaction techniques, and a straightforward
interaction structure that related interaction techniques directly to the conceptual
operations. In the seventies, the number of features implemented on the televi-
sion increased and new interaction techniques were introduced, such as the wire-
less remote control, touch buttons, and display. These interaction techniques be-
came more prominent and replaced most mechanical attributes of the television
in the eighties. No interaction structure changes were introduced in the seven-
ties, but in the eighties totally new procedures for programming were implemen-
ted next to a large extension of functionality and software-based interaction tech-
niques. The remote control that was introduced appeared to be the first device
separating the user interface from the appliance. The one-to-one relation between
the interaction techniques and the conceptual operations disappeared, and most
interaction techniques had more functions depending on their mode. Changes
resulted in fewer buttons on the consumer product itself and many buttons on the
remote control. In the nineties, new elements were added to all interaction style
components: specialized functionality came onto the market that was focused on
services to the user. Visual, software-based, interaction techniques replaced most
hardware-based attributes, and a new interaction structure, derived from the com-
puter and known as a menu structure, was introduced, for which navigation and
selection procedures have to be used. Beside that, automatic programming pro-
cedures were developed to reduce the complexity of the interaction structure.

The telephone

Similar trends as observed for the television were found for the telephone, which
came onto the Dutch market in 1877 [Baudet, 1986]. There are two exceptions
in the evolution of the telephone user interface: in the beginning, the operator
functioned as the user interface of the telephone after picking up the phone and
activating it by a swing. Around 1930 the user interface changed towards a device
with a rotary dial that enabled calling without having to ask the operator to make
the connection [Tours, 1981]. Secondly, the expansion of functionality and the
change of interaction techniques as seen on the television in the seventies were
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not seen on the telephone until the eighties. See figure 2.3 for an extensive over-
view of the changes. Note that most changes occurred in the nineties. Certain
features listed in the table were only available on the market for a short period.

The video recorder

Also the consumer video recorder, on the Dutch market at the end of the seven-
ties, showed a similar trend as the television and the telephone. At the end of the
seventies the consumer video recorders contained some basic features. Special-
ized functionality was gradually introduced in the eighties. See figure 2.4 for an
extensive overview of these user interface changes. Certain features listed in the
table were only available on the market for a short period.

2.2.4 Discussion

The purpose in this study is to distinguish technology generations based on the
user interface experience in their formative period. We will focus first on the his-
torical analysis described in the previous section, which guides us towards the dif-
ferent interaction styles over the years. The historical analysis does not indicate
when the majority of the population has experienced it. For this we need to know
more about its diffusion time. By estimating when the majority of the people will
have experienced a certain interaction style in their formative period, we can ar-
rive at distinguishable technology generations based on user interfaces. These
aspects will be discussed in this section. For more details, see Docampo Rama
and Van der Kaaden [1998].

Interaction styles

Part of the user interface changes on the telephone, television, and video recorder
occurred simultaneously. Based on the period in which all interaction style com-
ponents of one device changed, three interaction styles can be distinguished (see
the borders drawn in the figures 2.2, 2.3, and 2.4).

In the first interaction style implemented on the television, telephone and video
recorder the user executed by hardware-based electro-mechanical interaction tech-
niques, containing only basic functionality, directly visible on the user interface
with almost always a one-to-one relation between interaction techniques and func-
tionality. In this thesis, this style will be named the electro-mechanical style. The
electro-mechanical style was first implemented on the telephone in the 1930’s
[Tours, 1981], but also on the radio [Baudet, 1986]. Later on this style was also
applied to the television (since 1964). The video recorder was implemented in
this style as well, with exception of the huge amount of functionality in video re-
corders for professional use. Around 1979 the video recorder came on the market
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year conceptual operations
(functionality)

interaction techniques
(input/output devices)

interaction structure
(procedures)

1951 black and white tv, basic
functionality (on/off, a few
channels)

mechanical attributes (e.g.
push button, rotary dial)

1:1 relation function and
interaction techniques (IT),
most IT’s are directly
visible, feedback visible by
buttons that are pushed in,
auditory feedback by
mechanical sounds

1967 colour tv wheels, little stick, front
cover

channel search by rotation
of a little stick or
movement of wheels and
switches, hardware-based
IT’s behind a front cover

1969 more channels, tuning
options (contrast/colour
saturation and balance,
brightness)

wired remote control volume combined with
on/off or pitch regulation,
status feedback via slider
position, tuning and
refinement in two steps
with one dial

1972 connections for other
devices

metal touch button,
indication lamp

status feedback via
indication lamp

1974 automatic adjustment wireless remote control
(RC), touch buttons with
display on tv

status feedback via
displayed number

1977 RC-functionality (clock,
timer, electronic channel
search, etc)

pressing a touch button for
channel search

1978 teletext specialised functions
behind a front cover on the
RC

1985 programming possibilities
via RC, standby on RC

software-based  IT storage and confirmation
procedures for channel
tuning

1987 extension of teletext
features

visual feedback on some tv
screens, fewer buttons on
tv’s

1989 increase of channels, fast
search system for teletext,
zap feature, channel
information, programming
via frequencies, sleep timer

channel name and number
as visual feedback, code to
program instead of tuning
it

1991 picture in picture, wide
screen

navigation buttons,
visualized software-based IT

menu’s, navigation and
choice procedures to
program a channel

1995 automatic programming,
dolby surrond

feedforward in menu, one-
press action to program in
menu

electro-mechanical style display  style menu style

1967-1969

1972-1974

1978-1985

1989-1991

Figure 2.2: Overview of user interface changes on the television from 1951-1996. The
years within the figure indicate the transition period between new styles.
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electro-mechanical style display  style menu style

year conceptual operations
(functionality)

interaction techniques
(input/output devices)

interaction structure
(procedures)

1930 call rotary dial 1:1 relation function and
interaction technique (IT),
IT directly visible /
audible, feedback

1984 memory, cost counter, ring
volume, listening
equipment, recall,
calculator, clock

portable phone push button with a beep, a
repeated call can be made
by pressing the recall
button

1990 wipe out last number,
muting, internal connection
forward, services (e.g. tele-
=shopping, tele-banking,
interactive videotex),
tone/pulse mode for other
devices

pc, modem making call by pressing
the memory button, pc
menu’s with selection
procedures for services

1992 hand-free call, fax,
answering machine,
blocking feature, hold,
intercom, note pad,
greenpoint system, travel
information, automatic
recall

telephone booth with card
phone

visual feedback via display

1993 answering machines: remote
controled, calls counter,
memo function,
Greenhopper

corrective feedback in case
telephone features fail

1994 GSM system, call back
system of Global Access,
time indicator, hanging up
system

speech output, GSM phone
with information display
(also for input)

info systems with speech
technology and verbal
choice procedures,
programming numbers
needs a large procedure,
visual feedback about
memorised number, a call
can also be made by
choosing last memory
button that the user presses
before picking up the
receiver

1996 call-pin, tele-message, tele-
memory, wake-up service,
waiting call, call answering
service, (now called: voice
mail), display of incoming
number, baby phone,
internal call

visual attributes on display,
internet, scope card

menu’s choice and
navigation procedures on
the telephone

1997 tele-banking with creditcard chipper for telephone cells,
smartphone, creditcard,
television, pc

combination of
smartphone, creditcard, pc
or tv needed for electronic
banking

1930

1930-1984

1984-1990

Figure 2.3: Overview of user interface changes on the telephone from 1930-1997. The
years within the figure indicate the transition period between new styles.
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electro-mechanical style display  style menu style

year conceptual operations
(functionality)

interaction techniques
(input/output devices)

interaction structure
(procedures)

1979 video recorders for home:
record and play, 8 channels,
tape counter, a timer for
programming

push buttons, switches programming by pressing
two push buttons
simultaneously (like an
audio recorder)

1981 8 to 26 channels, doubling,
single shot, slow motion,
fast motion, fast search
system, go-to feature

wireless RC RC mainly for basic
functionality

1984 nullstop, super slow motion,
fragment per fragment,
connections (scart-plug,
video camera, microphone),
noise reduction, tape
counter in time units,
remaining tape indicator,
sleep timer, insert

wheels, tools, buttons
display

first type of visual
feedback via display,
programming via tv screen
(AKAI) (type of menu)
and others via display

1985 hi-fi stereo sound, one touch
recording

display on RC one press to record a
program, recording has to
be stopped by pressing the
stop button

1988 automatic channel
programming, 40-60
channels, digital video
recorders

different programming
procedures: step by step,
automatic, reading pencil

1989 100 channels
1990 programming 4 to 8

programmes at once,
programming on fixed days
and time, long play, fast
start, blue mute, electronic
clock, some RC can learn to
use other devices, VPS
(kind of PDC), introscan,
video access search

corrective feedback: beeps
when setting the start time
at a later point in time than
the stop time

1992 PDC, VPT, blank tape
search

jog shuttle programming by teletext
(first form of programming
via a menu structure)

1993 dip switches, little buttons
on the RC

1996 PDC and show view
integrated, follow tv

automatic channel match
with the tv channels via
“button press” after
navigation through a
menu, a code and PDC
activation

1979-1981

1989-1990

1990-1992

Figure 2.4: Overview of user interface changes on the consumer video recorder from
1979-1996. The years within the figure indicate the transition period between new styles.
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with a minimum amount of functionality which made it also a typical electro-
mechanical type of device.

Although the functionality and the interaction techniques of the television
changed already in the seventies, the interaction structure remained as it was until
the eighties. In the eighties the implemented programming facilities and software-
based interaction techniques led to a more complex interaction structure. The
one-to-one relation between a function and the corresponding interaction tech-
nique was abandoned by the display, and the interaction techniques had numerous
functions depending on their mode. This new interaction style is called display
style. In the eighties also the telephone and video recorder appeared to change in
the same way. Note that on the telephone and video recorder all interaction style
components changed in a short time, instead of gradually as seen for the televi-
sion.

The moment of introduction as stated in the tables does not represent the exact
moment of introduction onto the market. It reflects the first time that the feature
was mentioned in the literature. Therefore, the introduction of the new style can
only be expressed in terms of fuzzy periods. According to the transition periods
visualized in the figures, the introduction of the display style occurred somewhere
between 1978 and 1985 for the television, between 1930 and 1984 for the tele-
phone (but more towards 1984 than towards 1930 given the evolution of most
display-style features), and between 1979 and 1981 for the video recorder. We
will take 1980 as the average starting-point of the display style.

Due to the influence of the computer, the interaction style changed again within
10 years. Specialized functionality focused on service, navigation, and selection
procedures for the newly introduced menu structure, and visualized software-
based interaction techniques dominated the user interfaces of the nineties. This
interaction style will be named the menu style and was implemented on the televi-
sion, video recorder, and telephone around the same time. This style is, in fact, an
advanced form of the display style, as it still contains the basic elements of a dis-
play style: software based input and output devices, complex and multi-layered
procedures, and a large amount of functionality.

The menu style was introduced between 1989 and 1991 for the television,
between 1984 and 1990 for the telephone and between 1990 and 1992 for the
video recorder. We will use 1990 as the average starting point of the menu style.

Diffusion of interaction styles

Realizing that knowledge about the interaction style changes over the years is the
first step towards differentiation of technology generations based on generation-
specific user interface experience in the formative years. The second step is to
gather information about the diffusion time needed for each newly introduced in-
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teraction style before the majority of the people has some experience with it in the
formative period. Only then the generational boundaries can be determined.

According to Baudet [1986] diffusion is the spread of innovations over users.
He defines the diffusion rate as the percentage of actual users in relation to the
number of potential users. In accordance, we define the diffusion rate of ICE
devices as the percentage of households that possess such a device in relation to
the total number of households. Normally, the diffusion rate of products as a func-
tion of time shows an S-shape [Rogers, 1983; Baudet, 1986]. Following Rogers
[1983], Baudet [1986], and Sackmann and Weymann [1994], twenty percent of
diffusion suggests that a majority of persons will have been confronted with such
a device, either at their own home or via family, friends, work, or school.

Diffusion figures of the telephone indicate that in the Netherlands the tele-
phone reached a diffusion of twenty percent between 1955 and 1960 [Hogestee-
ger, 1989]. As the telephone was the first of the three ICE devices in our research
to reach the critical diffusion rate, we set the diffusion of twenty percent of the
electro-mechanical style around 1955.

ICE devices such as the video recorder, television, telephone, and radio were
initially developed in the electro-mechanical style, after which they appeared on
the market in the display and menu style. Figures of Hansman [1996] and CBS
(Central Statistical Office of the Netherlands) do not give an indication of the dif-
fusion per new version of an ICE device. Hence, the diffusion of each interaction
style cannot be directly deduced from these figures. Therefore, another indic-
ator has to be defined for the transition from the electro-mechanical to the display
style, and from the display style to the menu style.

We decided to start with diffusion figures of the CD-player, as it is one of the
first devices to enter the market with a display style from the very beginning. The
CD-player was introduced in 1983 and the first CD’s came on the market in 1984.
The CD-player encountered a diffusion of twenty percent in about five years in
the Netherlands. In 1988, twenty-five percent of the households in the Nether-
lands owned a CD-player [Hansman, 1996]. The display style was introduced
on televisions and video recorders somewhat before 1983. The five years of dif-
fusion found for the CD-player has also been taken for the display style (1980 + 5
years) and the menu style (1990 + 5 years). Hence, it is expected that the majority
of people will have experienced the display style at their own home or elsewhere
from 1985 on and the menu style from 1995 onwards.

Formative period

The formative years are operationalized in this study as the period before the age
of 25. The technology generations, based on user interface experience in their
formative period can then be distinguished by calculating which cohorts did not
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period   1930   1940   1950   1960       1970 1980        1990

interaction
style

electro-mechanical
style

display
style

menu
style

technology
generation
(year of
birth)

mechanical
generation

electro-mechanical
generation

di
sp

la
y 

 g
. menu

g.

Figure 2.5: Overview of interaction styles and technology generations. The dot at the
tail-end of the arrow depicts at which point in time it is hypothesized that the diffusion of
an interaction style has reached the 20 percent diffusion rate. The arrow indicates when a
new technology generation starts. The vertical band between two technology generations
indicates the fuzzy generational boundary.

experience any of these interaction styles before the age of 25, and which cohorts
experienced the electro-mechanical, display, or menu style in that period. Thus,
twenty-five years have to be subtracted from the year of each interaction style at
which 20 percent of diffusion was reached. The outcome defines the first birth
cohort that belongs to a new technology generation.

Technology generations

Based on these estimates we could distinguish three different technology gener-
ations: the electro-mechanical generation (born 1930-1960), the display gener-
ation (born 1960-1970) and the menu generation (born after 1970). According
to our historical analyses, the age group born before 1930 was not acquainted
in their formative years with electrical ICE devices such as the telephone, video
recorder and television. Therefore this group is part of a separate generation,
which is defined here as the mechanical generation (born before 1930). Figure 2.5
shows the hypothesized relationship between the interaction styles, their period
of implementation and the corresponding technology generations.

Note that the menu style was introduced shortly after the display style (10
years interval). This shortens the pure display generation considerably. Con-
sequently, it is questionable whether the display generation can be empirically
differentiated from the menu generation. Later on in chapter 3 and 4 we will
merge these two generations (display and menu) to one generation, called the
software generation.

2.2.5 Conclusions

Three ICE interaction styles were introduced in the second half of the 20th cen-
tury: (1) the electro-mechanical style, available between 1930 and 1980, (2) the
display style, available from 1980 to 1990, and (3) the menu style, implemented
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from 1990 until now.
Although the historical analysis has indicated which interaction styles came

onto the market, the precise moment could only be estimated, and the diffusion
time of each interaction style could not be derived from the historical analyses.
Literature indicates that the electro-mechanical style reached a diffusion of 20
percent around 1955 [Hogesteeger, 1989]. Diffusion figures of the CD-player
suggest a diffusion period of 5 years for the display and menu style [Hansman,
1996]. These diffusion figures should be verified to distinguish technology gen-
erations that are based on interaction style experience acquired in the formative
years. The next section will focus on this problem.

2.3 Technology generation boundaries

2.3.1 Introduction

The technology generation boundaries, as depicted in figure 2.5 should be veri-
fied empirically to analyse the accuracy of the boundaries. For this, a survey has
been executed to measure the diffusion of each ICE interaction style in the sub-
jects’ formative years. These figures were then related to the technology gener-
ation boundaries as based on historical data analyses and diffusion figures found
in the literature. The extent to which the figures match reflects the accuracy of
the predefined boundaries.

The survey was only executed for subjects beyond their formative years. Con-
sequently no persons from the menu generation have been interviewed. Hence,
only the boundaries between the mechanical, electro-mechanical, and display gen-
erations can be verified here.

2.3.2 Method

Subjects

1015 Subjects were interviewed in 1998 in the Netherlands. The age range was
between 30 and 79, covering the display, electro-mechanical, and mechanical gen-
erations. Hence, the menu generation will not be covered in this study. The age
distribution, and the balance between the female-male population and educational
levels per age group (see figure 2.6 and table 2.1) resembled the normal Dutch
population.

Material and procedure

The survey was executed in cooperation with A.G. van de Goor and H. Becker of
Utrecht University. Our part concerned a structured face-to-face interview with
multiple-choice questions concerning the availability of a list of ICE appliances
at the subject’s parental home and experience of each appliance before the age
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Table 2.1: The number of subjects per educational level, depicted per age cohort range.

educational level 30-44 years 45-64 years 65-79 years
master degree 14 17 9
bachelor degree 43 49 16
pre-university education 40 16 10
intermediate vocational education 79 83 21
intermediate secondary education 48 66 58
lower vocational education 87 114 63
primary school 14 62 89
primary school not finished 1 4 12

age group
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Figure 2.6: Age distribution of the subjects interviewed in this study, depicted per gender.

of 25. The entertainment appliances concerned the radio, black and white televi-
sion, colour television, remote control, teletext, tape recorder, cassette recorder,
video recorder, and compact disc player. Information-communication appliances
concerned the wired and wireless telephone, mobile phone, fax, answering ma-
chine, personal computer, CD-rom, Internet, and electronic mail. The subjects
were interviewed at home.

Definition of technology generation boundary

The generation boundary is defined as the point in time at which birth cohorts
minimally showed 20 percent of diffusion of a certain interaction style in their
formative period. According to our historical data analyses, the telephone was
one of the first devices implemented with an electro-mechanical style. Consequent-
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Figure 2.7: Diffusion figures per birth cohort of the wireless remote control (RC) and the
wired telephone, based on availability in the parental home and experience in the form-
ative period (before the age of 25).

ly, for the boundary between the mechanical and electro-mechanical style, the
diffusion figures will be used of the telephone at the parental home in the sub-
ject’s formative period. As discussed earlier in this chapter, the CD-player has
been used at first to calculate the diffusion time of the display style. In this sur-
vey we were able to measure also the earliest feature of the display style, namely
the wireless remote control. According to the historical analyses the wireless re-
mote control came onto the market in 1974 for the television and in 1981 for the
video recorder. Therefore, the boundary between the electro-mechanical and dis-
play generation will be analysed by the diffusion figures of the wireless remote
control at the parental home in the subject’s formative period.

In this study, the boundary between the display and menu generation can rough-
ly be checked by the availability of the mobile phone in the formative years.

2.3.3 Results

Boundary between the mechanical and electro-mechanical generation

The boundary between the mechanical and electro-mechanical generation was es-
timated to be located around the birth year of 1930. According to the survey res-
ults the availability of the wired telephone at their parental home already showed
a diffusion of 25 percent for subjects born before 1930, and even 40 percent of
this group mentioned to have used it before the age of 25 (see figure 2.7).
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Boundary between the electro-mechanical and display generation

The 20 percent diffusion of the display style was checked by the diffusion of the
remote control. The purchase diffusion of 20 percent of the wireless remote con-
trol was reached at the birth cohort of 1960 (see figure 2.7). The percentage of
subjects born in 1960 and later that experienced the display style was even higher.
Eighty three percent of these subjects mentioned to have used it before the age of
25 (see figure 2.7).

Boundary between display and menu generation

According to the theory, the population interviewed in this survey should not be
part of the menu generation. As a rough check, mobile phone use and its avail-
ability in the formative years is measured and depicted in figure 2.7. As can be
seen very few people born before 1970 were confronted with it in their format-
ive years. Unfortunately no detailed questions were asked about the availability
and use of the personal computer in the formative period. The availability of the
Windows version on the PC could have been even a more accurate measure for
the boundary check.

2.3.4 Discussion

Boundary between mechanical and electro-mechanical generation

The results partially confirm the defined generations via historical data. A diffu-
sion of more than 20 percent is seen for the birth cohorts between 1918 and 1929
concerning the availability of the wired telephone (25 percent) at their parental
home. This does not correspond with lower telephone diffusion figures mentioned
in the literature [Hogesteeger, 1989]. This mismatch may be due to the fact that
Hogesteeger calculated the diffusion of products on a certain moment in time for
the total population, whereas in our study the diffusion figures were calculated
per age group. Furthermore, we analysed the diffusion of a certain device within
the subject’s formative years. The figures of Hogesteeger are not limited to a cer-
tain life phase. Moreover, the figures in our study referred always to families
with children. The study of Van de Goor and Becker [2001] indicated that famil-
ies with children have more consumer products at home than households without
children.

The availability outcomes suggest that the boundary between the mechanical
and electro-mechanical generation should be placed earlier in time than 1930 as
found by the historical analysis. On the other hand, the data about the subject’s
experience in the formative years indicate that the telephone was not used by the
majority of the subjects belonging to the birth cohorts born before 1929. This
latter aspect suggests that the predefined boundary between the mechanical and
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electro-mechanical generations, based on user interface experience of the major-
ity of people, should be placed even later in time: around the birth cohort of 1935.
Moreover, another factor should be kept in mind. In our historical data analyses
the diffusion of radio was not included. Empirical data show that the diffusion
of the radio [Baudet, 1986] at the subject’s parental home played a major role
for birth cohorts born before 1929 concerning their knowledge about electrical
ICE user interfaces in the formative period. Therefore, such data have to be in-
cluded as well. On the basis of this argument the boundary between the mechan-
ical and electro-mechanical generation is expected to be found before 1930 after
all. Which birth cohort corresponds with the boundary as suggested here can-
not be checked as subjects older than 79 were not interviewed. In summary, all
these arguments indicate that the boundary between the mechanical and electro-
mechanical generation cannot be set unambiguously around 1930. Further re-
search is needed to analyse the appropriate one.

Boundary between electro-mechanical and display generation

The boundary between the electro-mechanical and the display generation that can
be derived from the survey outcomes resembles the predicted boundary around
the birth cohort of 1960. Note that that estimate was based on historical data that
described a fuzzy period in which the display style was introduced to the market
and the calculation of the 20 percent of diffusion via diffusion figures of the CD-
player [Hansman, 1996]. Despite this rough estimation it resembles the much
more precise measurement of the boundary between the electro-mechanical and
display generation that was operationalized via diffusion figures about the first
display style feature, namely the wireless remote control. Following Rogers’ rule
of thumb 20 percent of diffusion indicates that at such a point in time the major-
ity of the population will be acquainted with the product [Rogers, 1983]. This is
indeed true for the wireless remote control and thus for the display style: a ma-
jority (83 percent) of subjects born in 1960 and later mention to have used it in
their formative period.

Does this result mean that a diffusion time of five years is a good estimate
for the critical diffusion rate of the display style in general? If most people have
experienced the wireless remote control around 1985 as the survey results sug-
gest, it would mean that the RC of the television has been diffused very slowly
(from 1974 to 1985), whereas the RC of the video recorder diffused within the
estimated five years (from 1981 to 1985). This is not so surprising as the col-
our television was already at home in most households when television sets with
RC came on the market. The average life time of a television is about 12 years.
This means that people would massively have to exchange their working televi-
sion for a new one with RC. This was of course not the case. This situation was
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not the case for the video recorder. Most people bought their first video recorder
in the eighties. Video recorders with RC were then probably favoured over the
older models. The period between 1981 and 1985 was also the starting period in
which most consumer products were implemented in this so-called display style.
Therefore, the period between 1980 and 1985 is indeed expected to be the core
period of diffusion of the display style.

Boundary between display and menu generation

As the subjects interviewed in the survey were 30 years or older, the boundary
between the display and menu generation could not be verified at all. The diffu-
sion results of the mobile phone, which is one of the first devices that came onto
the market directly in the menu style, suggest that the boundary between the dis-
play and menu generation should be placed somewhat later in time. This outcome
is however not conclusive as other ICE products, such as the personal computer
and the television, may have been implemented somewhat earlier in the menu
style than the development of the mobile phone. However, their appearance in
the person’s formative period has not been checked in detail.

2.3.5 Conclusion

From the four predefined technology generations (mechanical generation, electro-
mechanical generation, display generation and menu generation), two genera-
tions have been identified via the survey. The electro-mechanical generation over-
laps the predefined mechanical generation, and therefore covers at least the birth
cohorts between 1918 and 1959. The display generation covers the birth cohorts
of 1960 and later. Due to restrictions of the survey (only subjects born before
1969 were interviewed), it could not be tested whether and which birth cohorts
belong to the menu generation.

2.4 General conclusions

Based on historical analyses at least three interaction styles have been implemen-
ted in the second half of the 20th century: the electro-mechanical style (1930-
1980), the display style (1980-1990), and the menu style (1990 and later). Based
on these user interface categorizations and survey analyses, at least two techno-
logy generations can be distinguished: the electro-mechanical generation (born
before 1960), and the display generation (born in 1960 or later).
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Using layered user interfaces: Age and

technology generation effects

In two experiments it is investigated in this chapter why older adults encounter more dif-
ficulties using current devices than younger adults. It is hypothesized that two factors
play a role: (1) age-related declines in cognitive abilities, and (2) generation-related lack
of experience with present (multi-layered) user interfaces. In the first experiment, the
performance of four age groups (25-35, 40-50, 50-60, and 65-75) was compared using a
simulation of a single-layered and a two-layered videophone interface. Age group dif-
ferences observed in error performance indicated a generation effect. Task duration ana-
lyses only showed an age effect. In the second experiment, a similar design was used.
The focus was now on a simulation of a three-layered mobile phone interface. Again,
a technology generation effect was found for error performance and an age effect for
task duration, which suggests that these effects persist in other, more complex tasks and
devices.

25
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3.1 Introduction

Many adults seem to have difficulties using present-day consumer products with
their extensive functionalities and many options [Stewart, 1992; Freudenthal, A.,
1998]. At least three factors can be discerned that may potentially contribute to
these difficulties: complexity of the user interface, age-related changes in cognit-
ive abilities, and generation-related differences in experience with technology.

The objective of the present study is to investigate to what extent age-related
cognitive changes and generation-related past experience with technology, to-
gether with the user interface of the consumer product, affect user performance.
To this end, the behaviour of four age groups (25-35, 40-50, 50-60, and 65-75
years of age) has been analysed by means of two experiments. In the first ex-
periment, two simulations of a videophone interface were presented, one with a
single-layered and one with a two-layered structure. In the second experiment, a
simulation of a three-layered interface of a mobile phone was presented.

Section 3.2 provides the theoretical framework of the present study, leading
towards the discussion on how age and generation effects can be experimentally
separated. Sections 3.3 and 3.4 describe and discuss the two experiments. This
chapter finishes with a general discussion and some implications for design and
further research.

3.2 Theoretical framework

3.2.1 Impact of user interface complexity

Complexity of the user interface could be one of the reasons why current con-
sumer products are difficult to use. In order to describe the complexity of a user
interface, it is useful to have a specification of the user interface, in particular of
the associated interaction style. This emphasis on interaction style is supported
by research on human-computer interaction showing the influence of interaction
style on user performance for software user interfaces (e.g. Rauterberg [1992]
and Wiedenbeck and Davis [1997]). According to Colbert [1997] an interaction
style comprises a specification of re-usable application controls, a specific se-
lection and design of these controls, and a number of general design principles.
This definition has been extended with the concept of directness of manipulation,
where direct and indirect manipulation styles serve as extremes on a continuum
(see for example Schneiderman [1983], Wiedenbeck and Davis [1997], Colbert
[1997], and Hutchins, Hollan and Norman [1985]).

Recently, De Vet and De Ruyter [1996] described interaction styles of au-
dio products in a way that offers a structured approach to differences in styles
and their impact on user performance. They proposed that an interaction style
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supports generic user-task options (conceptual operations), organizes such op-
tions according to a specific operational procedure (interaction structure), and
uses specific interaction procedures for input / output devices (interaction tech-
niques). For example: a mouse-pointing device (= interaction technique) is used
to select a file (= a conceptual operation) by clicking several icons (= interaction
techniques) via a hierarchical menu composed of a fixed dialogue flow (= inter-
action structure). User interfaces can always be described in these terms and, ac-
cordingly, the impact of each aspect on the user’s behaviour can be analysed by
manipulating them. We, therefore, adopted this way of identifying the complex-
ity of user interfaces. In particular, the present study focuses on the impact of
the interaction structure. We assume it plays a key role in the user’s understand-
ing of the user interface organization, and thus on the acquisition of procedural
knowledge needed to use a product without difficulties.

Docampo Rama and Van der Kaaden [2001] analysed how the interaction
style of consumer products has changed over the past century. In the beginning
of the eighties one major change has been identified: the style changed from an
electro-mechanical style to a software style. This change is characterized by the
interaction techniques evolving from mechanical attributes (e.g. push buttons,
switches and rotary dials) to software-based ones like displays, touch buttons, and
wireless remote controls. Furthermore, the functionality available changed from
basic functionality to many specialized functions, whereas the interaction struc-
ture changed from single-layered to multi-layered. This means that the former
was organized in breadth, such that all functionality was directly visible to the
user, whereas the latter style is hierarchically organized, and temporarily less rel-
evant functionality is often hidden. In addition, most input and output devices of
multi-layered consumer products have many functions depending on their mode,
and have been implemented without providing direct feedback about their state.

In this study the complexity of software style devices will only be analysed
as far as it concerns its layered interaction structure. A layered control panel of-
ten fails to give information about the functions of each control and the status
of the information behind it, nor does it give an overview of the available func-
tionality. Consequently, such user interfaces may impose a large demand on the
user’s reasoning ability for figuring out new procedures. Furthermore, it requires
a good working memory [Baddeley, 1986] to keep relevant user interface inform-
ation available for the execution of the goal in mind. Especially the visuo-spatial
sketch-pad [Logie, 1995] is expected to be heavily involved when using multi-
layered interfaces, as no cues are given by the control panel about the spatial loc-
ation of each function. User interfaces organized in breadth are expected to rely
much less on these cognitive abilities.
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This latter suggestion is supported by a number of studies. Gomez, Egan,
Wheeler, Sharma and Gruchacz [1983], for example, found that visuo-spatial abil-
ity correlated strongly with the performance using a screen-based and a text-based
software editor. Similarly, Detweiler, Hess and Ellis [1996] compared the user’s
accuracy using a window display (which has a multi-layered structure) and a grid
display (which resembles a single-layered structure). A window display appeared
to be more difficult to use than a grid display due to its lack of information about
the spatial location of functions. Beside that, users were less accurate on a win-
dow display relative to that of a grid display when the number of values they
had to keep track of increased. Hence, it seems that a window display or multi-
layered interface indeed induces a greater working memory load, and is there-
fore more difficult to use than a grid display or single-layered interface. Land-
auer and Nachbar [1985] showed that the user’s mean response time for decision
and movement is shorter when user interfaces are structured in breadth than when
structured in depth.

3.2.2 Impact of age

There is substantial evidence (e.g. Craik and Bosman [1992]) that some cognitive
abilities for learning complex systems change with age. This certainly holds for
the user’s reasoning ability and working memory for spatial information. Welford
[1980] and Hultsch and Dixon [1990] state that it is the ability to hold informa-
tion in working memory that tends to decline with age. Salthouse and Skovronek
[1992] and Howard and Howard [1997] explain these working memory restric-
tions in terms of an age-related reduction of processing capacity. See Salthouse
[1991] for an overview of changes in spatial abilities with age. Most of these abil-
ities show an almost linear decline with age starting around the age of thirty to
forty. Normative studies of the Raven Matrices test [Raven, 1960] indicate that
abstract reasoning with visual material declines almost linearly starting from the
age of thirty onwards [Salthouse, 1991]. Longitudinal studies showed that de-
clines in the ability of reasoning and spatial orientation, as measured by parts of
the WAIS, are found in people only in their late sixties [Schaie, 1983]. Hence, the
trends that are found in ageing literature about cognitive changes vary between an
almost linear decline from the age of 30 onwards to a monotonic decline that can
be characterized by a shallow slope until the age of 60 and a much larger decline
after that age.

Studies on complex systems and ageing have shown that cognitive changes
with age indeed may explain observed age differences. Salthouse, Hambrick, Lu-
kas and Dell [1996], for example, found that the age differences in performance
involving complex parallel activities had a 70 percent overlap with age-related
differences in processing speed. Freudenthal, T.D. [1998] has shown that there
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also are age differences on the level of reasoning, as defined by the GEMS model
of Reason [1990], when exploring a new interactive system. With increasing age
the performance on the highest level of reasoning decreases and the perform-
ance on a trial-and-error basis increases. Furthermore, he showed that age-related
changes in spatial ability explain part of the latency differences found between
older and younger subjects working with a menu structure. Similarly, Czaja and
Sharit [1998] showed that visuo-motor skills and memory were good predictors
of the age-related differences in quantity and quality of work done during a data
entry task. In this study it is therefore expected that age differences will be seen
when working with complex devices.

According to the age-complexity hypothesis (e.g. Cerella, Poon and Willi-
ams [1980]), performance differences between younger and older adults increase
with task complexity. Results of Gomez, Egan, Wheeler, Sharma and Gruchacz
[1983] already confirmed this tendency using screen-based versus text-based ed-
itors. Consequently, the largest performance difference between younger and older
adults is expected using a multi-layered interface and a less pronounced age dif-
ference when using a single-layered one.

3.2.3 Impact of generation

Next to general cognitive abilities, also specific experience is expected to play a
role using a complex system. The user needs to acquire declarative and proced-
ural knowledge [Anderson, 1983] about the functionality, structure, and controls
of the system. The greater the knowledge base of a person on a topic, the easier
it is to encode, understand, integrate, and remember new relevant information
[Searleman and Douglas, 1994]. As all this information is stored in long-term
memory, the user is able to retrieve and use this information whenever he/she
uses another device. One advantage of such a mechanism is that learned features
and procedures can be reused in the new situation without effort.

One important question is to what extent knowledge can be generalized to a
new situation. Studies show that prior experience with a device and its user in-
terface has a positive influence using a new device with a similar user interface
[Kelley, 1996]. Transfer of knowledge can also be negative [Singley and Ander-
son, 1985] when users are compelled to abandon their habits and restart learning
new procedures.

People experience many different types of technology during their life time.
Not all the knowledge acquired is expected to be that useful, as the user interface
has changed a lot over the years. Consequently, only relevant knowledge about
complex multi-layered user interfaces is expected to facilitate the use of current
devices. Czaja and Sharit [1993] already showed that age differences in the us-
age of interactive systems are related to lack of experience of older users with
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present-day devices. Similarly, Freudenthal, T.D. [1998] showed that age differ-
ences were most pronounced when young and old users were not informed about
the possibilities and procedures of the interactive system to be used.

Social studies concerning cohort or generation analyses [Glenn, 1974; Cutler
and Kaufman, 1975] have indicated that persons after young adulthood are less
likely to become susceptible to change in attitudes, norms and values, and be-
haviour. The period of young adulthood and adolescence, operationalized as the
period between 10 and 25 years is also known as the formative period and plays a
key role in the formation of these attitudes and behaviours. In this period, people
have to master a number of crucial transitions, for example from school to work,
and from parental home to living independently. During these events, people ac-
quire important values, norms, and technical skills that influence the way they
behave during the rest of their life [Becker, 1992]. Reasons often given for the
attitudinal and behavioural rigidity after the formative period are, among others,
neurological change, decreased social and geographic mobility, and consequent
changes in social contacts.

According to Sackmann and Weymann [1994] and Becker and Van de Goor
[1997] also technology experience acquired in the user’s formative period has a
great impact on the user’s way of handling current technology. Sackmann and
Weymann [1994] have found that people, who experienced the availability of
the same types of consumer products during their formative period, show similar
technology usage behaviour today. Such a group has been identified as a tech-
nology generation. In their theory, different technology generations behave dif-
ferently with respect to technology, due to differences in technology experience
during their formative period.

Generation-specific technology experience could also induce differences in
using current consumer products. Again the formative period is expected to play
a key role here. Child development studies indicate that a person’s cognitive abil-
ities reach their highest level, such as hypothetico-deductive reasoning, during
adolescence (Piaget and Inhelder [1973], Keating [1980], and Neimark [1982]).
In this period the person’s social relationships and other life experiences both
influence and are influenced by cognitive advances [Sroufe and Cooper, 1988].
Consequently, the formative period is the optimal phase of life in which complex
systems and their interaction style can be understood and learned to use in all its
facets. Therefore, it is hypothesized that lack of knowledge about current user
interfaces as well as habits acquired during the formative period may complicate
the older user’s learning process in the new situation. Birth cohorts that have only
experienced electro-mechanical user interfaces are expected to encounter more
difficulties using current software style devices than cohorts that experienced the
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introduction of present-day user interfaces during their formative period.
The problem then is to determine which birth cohorts only experienced electro-

mechanical interfaces, and which experienced software style products. Follow-
ing Rogers [1983], Baudet [1986], and Sackmann and Weymann [1994], we oper-
ationalize the beginning of the period in which these current user interfaces were
widely introduced as the moment at which more than twenty percent of the pop-
ulation possessed a device with such a user interface. At this point of diffusion, it
is likely that persons who do not possess such a device will have been confronted
with it via relations, friends, at work, or at school.

Video recorders, televisions, telephones, and radios were initially developed
with an electro-mechanical user interface. In the eighties, consumer products ap-
peared on the market in a software style, and could often be remotely controlled.
However, in the standard literature it is not known how many and which people
bought the software style version. Thus, how do we define a suitable indicator
for the transition?

Docampo Rama and Van der Kaaden [2001] carried out a survey on 1015
Dutch subjects to analyse the time course of diffusion of current user interfaces.
Questions were asked about the availability of software style consumer products,
such as the remote control and teletext1 , at their parental home and their experi-
ence with it before the age of 25. The outcome suggested that in 1985 more than
20 percent of the subjects had software style devices at their parental home and
more than 80 percent of the subjects had used them before the age of 25. There-
fore, birth cohorts born in 1960 or later will be referred to in this study as the
software generation (abbreviated as S-generation). This means that birth cohorts
born before 1960, did not experience the presence and availability of software
style interfaces in their formative period. In this study, this latter group will be
called the electro-mechanical generation (abbreviated as EM-generation). It is
assumed that the latter generation encounters more difficulties using a software
style interface than the S-generation.

3.2.4 How to distinguish an age effect from a generation effect

On the basis of the above it is hypothesized that the learning performance of a
person using a new device, with a given complex user interface, is a function of
(1) age, referring to the user’s cognitive abilities that are susceptible to changes
with age, such as visuo-spatial working memory and reasoning capacities, and
(2) technology generation, referring to the user’s skills, acquired through gener-
ation specific technology experience in the formative years. Note that this does

1Teletext is also one of the first software style features on Dutch television and started in 1978.
It is a textual information system.
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not mean that other factors are not involved. One can think of cognitive abilit-
ies such as word fluency, verbal meaning [Schaie, 1985], and vocabulary [Craik
and Bosman, 1992], technology experience gained after the formative period, and
other individual differences. Some of these factors are assumed to be less sens-
itive to changes with age while others are not of major importance to the present
study.

Empirically, it may be difficult to dissociate a generation effect from an age
effect, because both age and technology generation are measured by the person’s
year of birth. According to standard sociological methods, age effects can be dis-
tinguished from generation effects by analysing the performance across age co-
horts; see Glenn [1977] for an extensive explanation on this topic. The effect is
expected to be age-related if the data show a continuous change of performance
with age. A discontinuous change suggests a cohort, or generation effect. This
type of analysis requires a large number of subjects with a dense coverage of a
wide age range. In general, such a design is not realistic in human-system inter-
action studies.

In the present study the problem of separating age and generation is tackled
by using four age groups. One group is between 25 and 35 years old and part of
the S-generation. The other three age groups (respectively 40-50, 50-60, 65-75)
belong to the EM-generation. As the complexity of the interaction structure is
expected to influence the performance of everyone, these groups are instructed
to work with a software style user interface featuring a single-layered and a two-
layered interaction structure (experiment 1) or a software style user interface with
a three-layered interaction structure (experiment 2).

The effects of age and generation are to be separated by analysing the per-
formance across age groups. If only an age effect is involved, an age-related de-
cline in performance is found, operationalized as an increase of errors and/or task
duration. Such age decline is expected to be more prominent for the multi-layered
interface than for the single-layered interface. We hypothesize that the perform-
ance declines either (1) linearly with age, starting from the age of thirty, as was in-
dicated by cross-sectional studies mentioned in the theoretical framework of this
study, or (2) monotonically with age, perhaps with a flat slope between the age of
30 and 60 and a sharp decline after the age of 60, as shown by some longitudinal
studies [Salthouse, 1991]. The left-hand panel of figure 3.1 depicts these hypo-
thesized relations. If only a generation effect is involved a discontinuous change
between two plateaus is expected at about the age of 40. Note that this tendency
does not correspond at all with cognitive ageing trends mentioned earlier in this
chapter. The right-hand panel of figure 3.1 shows the generation effect. A third
option is that both age and generation effects are involved. Figure 3.2 depicts
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Figure 3.1: Left-hand panel: The hypothetical linear or accelerated performance trends
across age groups, if there is only an age effect. Right-hand panel: The hypothetical plat-
eaus, referring to a discontinuous change in performance, if there only is the technology
generation effect as explained in the text. The symbols denote the schematic outcomes
of the present study under the assumption of either an age or generation effect.
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Figure 3.2: The hypothetical trends across age groups, if both an age and a technology
generation effect play a role in influencing performance. It is assumed that the age and
technology generation effects are additive factors. The symbols denote the schematic
outcomes of the present study under the assumption of an age and a generation effect.

how performance is affected if age and generation are additive factors.

3.2.5 Scope of the present study

Two experiments were conducted. The first one examined whether: (1) the per-
formance indicates a continuous or discontinuous performance decrease with age,
or a combination of both, and (2) users learn to use a single-layered interface
faster than a two-layered one. A second experiment focused on the generaliz-
ability of the effect found by using a three-layered user interface. The decrease
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in performance was measured in terms of an increase in error performance and
task duration. Hence, error performance and task duration were the dependent
variables.

3.3 Experiment 1: one and two-layered interfaces

The hypotheses in the first experiment were investigated by running software-
based simulations of a videophone provided with a single-layered or a two-layered
interaction structure. This implies that the conceptual operations and interaction
techniques are kept constant, but the interaction structure is manipulated as far as
it concerns its layers.

The task of the subjects was to contact a person with a prescribed name in 3
conditions, manipulating the presence of video and subtitling. The level of per-
formance was measured by errors and task duration. The error performance was
measured by the number of mode errors, where a mode error is defined as an ac-
tion that does not have any effect on the device as the action is not executed in the
correct state (for example, trying to make a call while the telephone is switched
off). Inexperienced users in particular make these errors due to their erroneous
expectations about the conceptual model of the system, i.e., the way it works
[Johnson, 1990]. In contrast to certain other types of errors, a mode error con-
fronts users directly with the failing action. Consequently, the occurrence of mode
errors serves as a good indicator for the user’s performance problems.

Subjects were expected to have more difficulties forming a conceptual model
of the system, and thus making more mode errors and operating more slowly, with
a two-layered than with a single-layered interface. Learning may be expected
by repetition and also by knowledge transfer from one user interface to another.
Therefore we chose for two trials with one user interface, followed by two trials
with the other user interface. Relatively fewer mode errors were expected for
interaction with a second user interface.

3.3.1 Method

Subjects

Eighty subjects took part in the experiment. The age range was 25 to 75 years.
The subjects were assigned to four age groups. The age of the youngest group
ranged from 25 to 35 (representing the S-generation), with a mean age of 30. The
age of the first middle group ranged from 40 to 50, with a mean age of 45; the
second middle group ranged from 50 to 60, with a mean age of 55. The age of
the oldest group ranged from 65 to 75, with a mean age of 68. The latter three
age groups represent the EM-generation.

None of the subjects had ever used a videophone before. Educational level
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was confined to no more than a high school diploma, resulting in a homogeneous
experimental population in this respect. An equal number of female and male
subjects was selected per age group to control for possible gender differences.
Finally, the subjects did not have any self-reported problems with manual move-
ments, hearing, or vision. In addition, the latter aspects were checked by the ex-
perimenter just before the beginning of the experiment by asking questions about
the visibility of the videophone interface and the recognizability of the sounds.

3.3.2 Design

The independent variables were the user interface (single-layered or two-layered),
the trial per user interface (first or second), the user interface order (interacting
first with the single-layered interface and after that with the two-layered inter-
face or vice versa) and the age group (25-35, 40-50, 50-60, or 65-75). The ex-
perimental design was a 2 x 2 x 2 x 4 counterbalanced block design. The user
interface order and age served as between-subjects variables. Per age group, 5
male and 5 female were randomly assigned to one order, and the others to the
other order. The user interface and the trial per user interface were the within-
subject variables. The dependent variables were the total number of mode errors
and total task duration per trial.

Materials

Two software-based videophone user interfaces were simulated using Microsoft
Visual Basic 4.0 in the Windows 3.11 environment. Figures 3.3 and 3.4 depict the
simulated single-layered and the two-layered videophone interface respectively.
Three tasks were implemented on both videophones. These tasks represented part
of the functionality of the simulated videophone.

Both user interfaces had three switches. One switch turned the device on or
off, one selected the channel (audio, or audio and video), and the third switch
activated subtitling. Furthermore, three buttons were added that functioned as
memory buttons for telephone numbers. These buttons and switches could only
be used in a certain order. This order was exactly the same for both types of user
interface. If the subjects confused the order in which these buttons and switches
had to be manipulated this resulted in a mode error. On the first layer of the two-
layered interface (see figure 3.4) three rectangular buttons A,B,C can be seen.
These buttons corresponded with the spatial position of the three switches as pre-
sented on the single-layered interface. If one of these buttons was pressed, only
the corresponding switch popped up on a display, placed in the middle of the
device. The rectangular buttons did not have to be pressed in a fixed order. Hence,
visualization in itself of a switch via such a button did not result in a mode er-
ror. Both types of user interfaces used the same type of switches, buttons, con-
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Figure 3.3: Experiment 1: single-layered videophone interface. Words were presented
in Dutch.

trasting colours, fonts, font sizes, and words (except for the names of people on
the memory buttons). All buttons, switches, and words were clearly and equally
visible. Both videophone interfaces had to be controlled by a mouse-pointing
device. Subjects could click on buttons and switches to activate them. The ex-
periment itself was run on a laptop Pentium 130. The subjects were seated in a
quiet room that was well lit without specular light reflection on the laptop screen.

Procedure

The experiment consisted of four trials. Each subject exercised with one user in-
terface during the first two trials, and worked with the other user interface dur-
ing the last two trials. Per age group half of the subjects started with the single-
layered interface and ended with the two-layered interface and the other group
worked the other way around. There were no time breaks between the trials. Each
trial consisted of carrying out three videophone tasks calling a certain person: (1)
without enabling the video screen, (2) after enabling the video screen, and (3)
after enabling the video screen and having activated the subtitling of incoming
speech. These tasks were always executed in this order. Nine steps were needed
on the single-layered videophone to carry out these tasks, whereas fifteen steps
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Figure 3.4: Experiment 1: two-layered videophone interface presented in experiment 1.
Words were presented in Dutch. The upper part of the figure depicts the switch that ap-
pears on display D when button A, B, or C was pressed.

were necessary on the two-layered interface. Before starting the first trial, all
subjects received a general introduction and practiced with the mouse-pointing
device by means of two exercises. Specific instructions were given before each
user interface was employed. After the final trial of the experiment, each subject
was asked whether he/she had prior computer and mouse experience.

3.3.3 Results

The optimal performance during the four trials is 48 steps. On average 87 steps2

were needed by the youngest group, 164 steps by the age group of 40-50, 104 by
the group of 50-60 years and 129 by the oldest group. On average the youngest
group finished the four trials in 5 minutes and 29 seconds, the group of 40-50
years in 10 minutes and 37 seconds, the group of 50-60 years in 12 minutes and
38 seconds, and the oldest group in 17 minutes and 5 seconds.

2The total number of steps needed corresponds with the sum of the minimal number of actions,
the total number of mode errors and the total number of redundant steps needed by the subjects.
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Figure 3.5: Experiment 1: Standard deviations in function of the average number of
mode errors. Each point reflects the average of twenty subjects. Data indicate the same
trend for the four age groups. Most highest scores within each age group correspond to
the first attempts, whereas most lowest scores correspond to subsequent attempts.

Mode error transformation

Each subject took part in 4 trials. Combined with the 8 combinations of age and
order, this resulted in 32 conditions (8 conditions per age group) with 10 scores
of mode errors per condition. The mean and the standard deviation calculated
for these conditions show that the standard deviation increased with the average
number of mode errors (figure 3.5). The overall relation can be described by the
following function:

log s(x) = 0:35 + 0:69 log �x (r = :89)

Hence, the standard deviation (s(x)) is a power function of the mean (�x) with the
power of 0.69. For further analyses like ANOVA repeated measures, the standard
deviation should be independent of the mean number of mode errors. This can be
accomplished by raising the raw data to the power of .31, i.e. 1 - .69; see Winer,
Brown and Michels [1991] for a detailed explanation. Accordingly, for further
analyses all raw scores were transformed by raising them to the power of .31.
From here on only the monotonically transformed data will be used. The analysis
of the untransformed data showed similar results [Docampo Rama, 1997].
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Mode error analyses

A 2 x 2 x 2 x 4 ANOVA mixed repeated measures (user interface by trial per
user interface by order by age) was carried out with the transformed number of
mode errors per trial as the dependent measure. Mauchly’s test of Sphericity in-
dicated that the variance of the groups indeed was homogeneous (Mauchly’s W=
1.0). In the ANOVA mixed repeated measures the main effects of age (F (3,72)
=4.31, p = .008, power= .85), user interface (F (1,72) =30.8, p = .000, power=
1.0), trial-per-user interface (F (1,72) =122.88, p = .000, power= 1.0), and order
(F (1,72) =7.82, p = .007, power= .80) were significant. Moreover, the interac-
tions of order by user interface (F (1,72) =94.38, p = .000, power= 1.0), order by
trial-per-user interface (F (1,72) =4.38, p = .040, power= .46) and the four-way
interaction (F (3,72) =2.77, p = .048, power= .28) were found to be significant
as well. The following sections explain the results of the analysis on the trans-
formed data in detail.

Age and generation

Figure 3.6 depicts the transformed error performance per user interface and age
group averaged across trial and order. The four age groups are represented by
their mean age. The figure shows that (1) the two-layered interface elicited more
errors than the single-layered interface and (2) the youngest age group makes
fewer mode errors than the other three age groups. The three oldest groups did
not show an age-related increase of transformed mode errors. This pattern sug-
gests a discontinuity between the age of 30 and 45 as mentioned in section 3.2.4,
which can be referred to as a generation effect. The Helmert Contrast analyses
confirmed this effect: only the age group of 25-35 differed significantly from the
three older age groups (t= -3.47, p = .00). The three age groups from the age of
45 on showed a similar error performance (t= 0.88, p = .38 for the group of 40-
50 years versus the older groups and t= 0.58, p = .56 for the difference between
the two oldest groups). Figure 3.6 also suggests that there was no difference in
the relation between age and transformed error performance for the single and
two-layered interface. This was confirmed by the ANOVA repeated measures
showing no interaction between age and user interface (F (1,72) =1.34, p = .27)
for the transformed data.

According to our theoretical framework, the discontinuity around the age of
40 suggests that experience-related factors play a role here. As no person had
ever used a videophone before, prior experience with such a device could not be
an explanatory factor. Possibly, recent computer or mouse experience (before the
experiment) could explain this generation effect. Table 3.1 shows the proportion
of subjects with experience working with the computer and mouse per age group.
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Computer experience diminished continuously with age and can not therefore ex-
plain the generation effect. Mouse experience, on the other hand, seems to sug-
gest a discontinuity around the age of 50. As this trend does not correspond with
the discontinuity between the age of 30 and 45 found for mode error perform-
ance, mouse experience is not expected to explain it either. A mixed repeated
measures ANCOVA with mouse experience as the covariate confirmed this: the
factor mouse experience was not significant (F (1,71) =1.00, p = .32), the main
effect of age still was significant (F (3,71) =3.16, p = .03), and the Helmert Con-
trast analysis again showed a significant difference between the youngest group
and the other three age groups (t= -2.80, p = .01). Hence, although the signific-
ant interaction between mouse experience and user interface (F (1,71) =7.88, p =

.01) indicated that mouse experience indeed helps subjects using the two-layered
user interface, it did not explain the discontinuity.
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Figure 3.6: Experiment 1: Transformed mode error performance as a function of the av-
erage age per group and user interface. Each point reflects the average of twenty subjects.
The vertical bars in this and the following figures denote twice the standard error of the
mean.

Learning effects

Figure 3.7 shows transformed mode errors as a function of trial number and order
of using single and two-layered interfaces. It can be seen that the four age groups
roughly show the same pattern. Everyone was able to learn by repetition, includ-
ing the older age groups. It is also visible that the youngest group shows most
reduction of transformed mode errors in the second trial. This was confirmed by
the Helmert contrast analysis (t= -2.26, p = .03). Considering the asymmetric
change in results from trials 2 and 3, it can be observed that the order in which the
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Table 3.1: Proportions computer and mouse experience per age group in experiment 1.
age category computer mouse

25-35 .90 .90
40-50 .75 .80
50-60 .65 .40
65-75 .40 .40

user interfaces were presented influences the error rate as well. The results on the
ANOVA mixed repeated measures, mentioned in the beginning, confirmed these
observations.
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Figure 3.7: Experiment 1: Transformed error performance as a function of trial num-
ber and the order of using single or two-layered user interfaces, open and black symbols
respectively. Each point reflects the average of twenty subjects.

Task duration analyses

The question is whether a similar result would be found when analysing the task
duration. As is usual for time measures, the data were log-transformed [Winer,
Brown and Michels, 1991]. Mauchly’s Sphericity test indicated that the result-
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ing variances were homogeneous (Mauchly’s W =1.0). The 2 x 2 x 2 x 4 AN-
OVA mixed repeated measures with task duration per trial as the dependent meas-
ure showed that the main effects of age (F (3,72) =15.99, p = .00, power= 1.0),
user interface (F (1,72) =73.26, p = .00, power= 1.0), and trial-per-user interface
(F (1,72) =145.07, p = .00, power= 1.0) were significant. Moreover, the interac-
tion of order by user interface (F (1,72) =91.02, p = .00, power= 1.0) and order
by user interface by trial-per-user interface (F (1,72) =5.12, p = .03, power= .65)
were found to be significant. Similar results were acquired by the untransformed
data [Docampo Rama, 1997]. The following section explains the results on the
transformed data in detail.

Age and generation

Figure 3.8 depicts the transformed task duration per user interface and age group.
The age groups are presented by their mean age. The transformed task duration
increased monotonically with age. The Helmert contrast analyses showed that
not only the age group 25-35 differed from the older age groups (t= -5.78, p =

.00), but also the group of 40-50 (t= -3.30, p = .00). The difference between the
two oldest groups just failed to reach significance (t= -1.92, p = .06). For each
of the user interfaces the monotonic increase can be described as an age effect.

According to our theoretical framework, neither computer nor mouse exper-
ience are expected to explain the age effect found, although the computer exper-
ience decreased monotonically with age, as well. A mixed repeated measures
ANCOVA with computer experience as the covariate confirmed this. The ana-
lysis shows that the factor computer experience was significant (F (1,71) =10.36,
p = .00) and an interaction of computer experience and user interface was signi-
ficant (F (1,71) =4.92, p = .03) as well, but the age effect still remained (F (3,71)
=10.31, p = .00). All subjects showed a shorter task duration by repetition and
the learning effect also generalized towards the second user interface. This effect
is in full agreement with the literature (e.g. Kelley [1996]).

3.3.4 Discussion

The results of experiment 1 indicate that there are age-group differences in us-
ing new software style appliances. Task duration showed a clear-cut age effect
not related to generation. This is in line with other age-related findings in the lit-
erature (e.g. Salthouse, Hambrick, Lukas and Dell [1996]). On the other hand,
the mode error performance across age groups was not related linearly or mono-
tonically to age as found in the literature (e.g. Salthouse [1991]). It seems to be
related to a generation effect as defined in our theoretical framework. The EM-
generation (age of 40-75) had more difficulties using the videophone simulation
than the S-generation (25-35 years). Moreover, no age-related differences in er-
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Figure 3.8: Experiment 1: Log-transformed task duration as a function of the average
age per group for two types of user interfaces. Each point reflects the average of twenty
subjects.

ror performance were detectable within the EM-generation.
In contrast to an age effect, a generation effect suggests no age-related cog-

nitive factors to be involved, but experience-related aspects. The results suggest
that recent experience with computer and mouse is somewhat helpful but can-
not explain the generation effect. The technology generation theory, initiated by
Sackmann and Weymann [1994], based on standard generation theories within
the sociological sciences (e.g. Glenn [1974] and Cutler and Kaufman [1975]),
further developed by Van de Goor and Becker [2001] and applied in this study for
user interfaces, fits the generation effect found. Hence, generation-related exper-
ience with user interfaces in the formative period seems to influence the user’s
basic approach to new technology. Therefore, generation-related lack of know-
ledge about software style devices confronts the user above the age of 40 with
performance difficulties using the new device.

Our results suggest that the type of effect found very much depends on the
specific performance measure. Speed and error performance seem to measure
different user aspects: the time measure seems to reflect the user’s time manage-
ment strategy in accordance with his/her cognitive capacities, whereas the num-
ber of mode errors measures the user’s understanding of the system [Johnson,
1990] and therefore reflects the user’s approach based on generational lack of in-
teraction style experience. Note that the group of 40 to 50 therefore has a dif-
ferent speed-accuracy tradeoff than the older groups, as it has a speedy perform-
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ance compared to the older age groups despite the similar generation-related dif-
ficulties using current devices.

In the literature, a generation effect in the use of complex devices has not been
noted. This is probably because part of the studies use time measures to analyse
age differences; see Salthouse [1991]. As has been found for task duration in this
experiment, time measures only show an age effect. Other research mentioned in
the literature only concern two age groups (e.g. Salthouse, Hambrick, Lukas and
Dell [1996]).

Prior studies concerning more than two age groups that found differences in
error performance in fact show a similar age group pattern as in this experiment,
but this has not been referred to as a generation effect. Czaja and Sharit [1998]
found that the average error rate while using a consumer electronics product with
a software style was equal for the middle-aged (40-59 years) and the older sub-
jects (60-75 years), but much higher than for the youngest group. An earlier study
of Czaja [1996] shows a similar result. In that study she analysed the number
of errors committed on a text editing task (again a software style device) during
several types of training. A same number of errors was made by the middle-aged
and by the older subjects, whereas fewer errors were committed by the youngest
group. But, similar to our findings, the average time spent on the editing task in
that study was purely age dependent.

The technology generation effect not only holds for the two-layered structure,
but also for the single-layered one. This suggests that only changing the struc-
ture of software-based user interfaces into a single-layered structure visualizing
all available functionality is not sufficient to compensate the generation-related
lack of knowledge concerning current user interfaces. Detweiler, Hess and Ellis
[1996] found that a grid display did not compensate for the age group differences
either. Likewise, in the study of Gomez, Egan, Wheeler, Sharma and Gruchacz
[1983] it appeared that a screen-based editor did not eliminate the age differences
either.

Nevertheless, the single-layered interface was easier to use than the two-layer-
ed one. This is in line with the results found by Landauer and Nachbar [1985]
concerning the advantage of broad, shallower menu trees compared to the narrow,
deeper ones, and Detweiler, Hess and Ellis [1996] who compared the grid display
with the window display. The effect of order even suggests that the single-layered
structure has an overall facilitating role when using a new system. It helps the
user to efficiently form a conceptual model of the system. Finally, the present
experiment shows that all subjects are able to learn by practice, including older
subjects.
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3.4 Experiment 2: three-layered interface

In the second experiment we investigated whether the results from the first exper-
iment hold for other, more complex systems. For this, a simulation of a mobile
phone was run, featuring a three-layered user interface with two complex tasks.

In line with the results of experiment 1, a technology generation effect is ex-
pected for mode error performance, whereas an age effect is expected for task
duration. Beside that, all age groups are expected to learn by repetition.

3.4.1 Method

Subjects

Forty subjects took part in the experiment that was carried out in 1998/1999. The
age range was 25 to 75. The subjects were assigned to four age groups. The age
of the youngest group ranged from 25 to 35 (representing the S-generation), with
a mean age of 31. The age of the first middle group ranged from 40 to 50, with a
mean age of 46, the second middle group ranged from 50 to 60, with a mean age
of 55. The age of the oldest group ranged from 65 to 75, with a mean age of 69.
The latter three age groups are part of the EM-generation.

Educational level was confined to high school diploma or bachelor degree
(equally divided within each age group), resulting in a homogeneous experimental
population in this respect. An equal number of female and male subjects was se-
lected per age group to control possible gender differences. Finally, the subjects
did not have any self-reported problems with manual movements, hearing or vis-
ion.

3.4.2 Design

The independent variables were the trial (first and second) and the age group (25-
35, 40-50, 50-60, or 65-75). The experimental design was a 2 x 4 design. Age
served as the between-subjects variable; trial was the within-subject variable. The
dependent variables were the number of mode errors and task duration per trial.

Materials

One mobile phone interface was simulated using Microsoft Visual Basic 4.0 in
the Windows 3.11 environment. Figure 3.9 depicts this user interface. Two com-
plex tasks, a memory function and a function to change the colour of the cover,
were implemented on the device representing part of the functionality of the sim-
ulation. The user interface was provided with buttons and a display. The buttons
represented 10 digits, a star, a #, two function buttons, a confirmation button, two
arrow buttons, and three memory buttons. Mode errors could be made by click-
ing on the confirmation, memory and arrow buttons in the wrong mode. All but-
tons and words were clearly and equally visible. The buttons could be activated
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by clicking with a mouse-pointing device. The experiment itself was run on a
laptop Pentium 130. The subjects were seated in a quiet room that was well lit
without specular light reflection on the laptop screen.

Procedure

Experiment 2 consisted of two trials. Again, no break was given between the tri-
als. Within each trial, two tasks were executed in a fixed order. The participants
were first asked to change the colour of the cover from red to blue. After that they
were asked to program their own home telephone number under button C. Fig-
ure 3.9 depicts the shortest way to carry out these tasks. Both tasks consisted of
pressing first a function button and subsequently a confirmation button. Direction
buttons had to be used to change the colour of the cover. A memory button had to
be pressed after entering a telephone number to save the telephone number. All
subjects had to achieve the goal of each task before going on with the following
task and trial. Nineteen steps were needed to carry out the tasks. Before starting
the first trial, all subjects were given a general introduction and practiced with
the mouse-pointing device in two exercises. After the final trial of the experi-
ment, each subject was interviewed to obtain background information about the
subjects, such as their computer and mobile phone experience.
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Figure 3.9: Experiment 2: Simulation of a mobile phone. The numbers denote the steps
to be taken in sequence to carry out the task with minimal number of steps.
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3.4.3 Results

The optimal performance during the two trials was 2x19=38 steps. On average
172 steps were needed by the youngest group at the end of the two trials, whereas
418 steps3 were made by the group of 40-50, 439 steps by the age group of 50-60
and 474 by the oldest group. The youngest group spent 6 minutes and 8 seconds
on average to finish the experiment. The group of 40-50 years showed a total
task duration of 19 minutes and 1 second. The age group of 50-60 finished in
20 minutes and 27 seconds on average, whereas the oldest group finished in 43
minutes and 15 seconds.

Mode error transformation

Each subject took part in 2 trials. Combined with the 4 age groups, this resulted
in 8 conditions with 10 scores per condition. Again the mean and the standard de-
viation calculated for these conditions show that the standard deviation increases
with the average number of mode errors (figure 3.10). The overall relation could
be described by the following function:

log s(x) = 0:11 + 0:87 log �x(r = :88)

Hence, the standard deviation s(x) is a power function of the mean �x with the
power of .87. Accordingly, for further analyses all raw scores were transformed

3The total number of steps needed corresponds with the sum of the minimal number of actions,
the total number of mode errors and the total number of redundant steps needed by the subjects.
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Table 3.2: Proportion computer and mouse experience per age group in experiment 2.
age category computer mouse

25-35 1.00 .80
40-50 .80 .80
50-60 .70 .60
65-75 .60 .60

by raising them to the power of .13. Only the transformed data were used for the
analyses.

Analyses of mode errors

An ANOVA repeated measures was carried out with the transformed number of
mode errors per trial as the dependent variable. In this experiment the main effect
of age (F (3,36) =4.68, p = .01, power= .87) and trial (F (1,36) =99.73, p = .00,
power= 1.0) were found to be significant. No interaction between age and trial
was found (F (3,36) =1.73, p = .18, power= .11). The following sections explain
these results in detail.

Age and generation

Figure 3.11 depicts the error performance per age group. The four age groups
are represented by their mean age. The figure shows that the youngest age group
made fewer mode errors than the other three age groups. The three oldest groups
did not show an age-related increase of transformed mode errors. As mentioned
before, such discontinuity can be interpreted as a generation effect, which again
was found between the age of 30 and 45. The Helmert Contrast analyses con-
firmed this effect. Only the age group of 25-35 differed significantly from the
three older age groups (t= -3.71, p = .00). The age groups from the age of 45
on showed a similar error performance (t= -.19, p = .85 for the difference of the
group of 40-50 years versus the older groups, and t= .49, p = .63 between the
oldest groups). This discontinuity suggests that experience-related factors play a
role here.

Surprisingly, no subject had ever used a mobile phone before. Therefore,
prior experience with such a device could not be an explanatory factor. Can re-
cent computer or mouse experience (before the experiment) explain this genera-
tion effect? Table 3.2 shows the proportion of subjects with mouse and computer
experience per age group. In this experiment computer experience declined with
age too and can therefore not explain the generation effect. Again, mouse ex-
perience showed a discontinuity around the age of 50. This trend does not cor-
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Figure 3.11: Experiment 2: Transformed mode error performance using a three-layered
user interface as a function of the average age in the four groups. Each point reflects the
average of ten subjects.

respond with the discontinuity found for mode error performance. A repeated
measures ANCOVA with mouse experience as the covariate confirmed this. The
factor mouse experience was not significant (F (1,35) = .21, p = .65), the main
effect of age remained (F (3,35) =4.35, p = .01), and the Helmert Contrast ana-
lyses again showed a significant difference between the youngest group and the
older age groups (t= -3.58, p = .00). So far, the effect only fits the technology
generation effect described in section 3.2.3 that differentiates generations of users
by their interaction style experience in the formative period.

Learning effect

Figure 3.12 depicts the transformed error performance per age group and trial.
The age groups are represented by their mean age. No significant interaction
between age and trial was found, which indicates that the transformed number
of mode errors is reduced at the same amount for all age groups. It shows that
everyone is able to learn by repetition, irrespective of age. Note that the genera-
tion effect remains during the second trial.

Task duration analyses

The task duration data were log-transformed. Mauchly’s Sphericity test indic-
ated that the variances of the transformed data were homogeneous (Mauchly’s
W =1.0). The 2 x 4 ANOVA repeated measures with task duration per trial as the
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Figure 3.12: Experiment 2: Transformed mode error performance using a three-layered
user interface depicted per average age within each group and trial number. Each point
reflects the average of ten subjects.

dependent measure showed that the main effects of age (F (3,36) =15.42, p = .00,
power= .87) and trial (F (1,36) =197.33, p = .00, power= 1.0) were significant.
The following section explains these results further.

Age and generation

Figure 3.13 depicts the transformed task duration per age group. The age groups
are presented by their mean age on the age scale. In this experiment the task dur-
ation increases monotonically with age. The Helmert contrast analyses not only
showed that the age group 25-35 differs from the other age groups (t= -6.07, p =

.00), but from the group of 40-50 (t= -2.64, p = .01) too. The difference between
the two oldest groups failed to reach significance (t= -1.57, p = .13). The ef-
fect found can be described as an age effect, which may be related to cognitive
changes with age. Hence, neither computer nor mouse experience are expected to
explain the age effect found, although the computer experience decreased mono-
tonically with age. A repeated measures ANCOVA with computer experience as
the covariate confirmed this. The analysis showed that the factor computer ex-
perience indeed does not play a role (F (1,35) =2.84, p = .10) and the age effect
still remains (F (3,35) =11.70, p = .00).

Not only fewer mode errors, but also a shorter task duration was seen dur-
ing the second trial, irrespective of the age group. The age effect persisted in the
second trial as well.



3.4. Experiment 2: three-layered interface 51

2

2.5

3

20 30 40 50 60 70 80

av
er

ag
e 

tim
e 

sp
en

t i
n 

lo
g(

se
co

nd
s)

age (years)

three-layered

Figure 3.13: Experiment 2: Task duration as a function of the average age within each
group. Each point reflects the average of ten subjects.

3.4.4 Discussion

The results of study 2 indicate age group differences using a three-layered user
interface. The age group differences in mode error performance show a similar
discontinuity between the age of 30 and 45 as in the first experiment, suggesting
a similar generation effect. In other words, only the youngest age group, part of
the S-generation differs significantly from the other age groups that are part of the
EM-generation. No age-related increase of mode errors has been found within the
EM-generation. Hence, age-related cognitive changes as found in the literature
(e.g. Salthouse [1991]) do not resemble the error performance across age groups.
The mode error analyses suggest that recent experience with modern devices such
as the mobile phone, computer and mouse does not explain it either. Generational
differences in experience with the software style as identified in Docampo Rama
and Van der Kaaden [2001] appear to correspond with the discontinuous trend in
error performance found. The task duration analyses showed a similar age effect
as found in experiment 1 and the age effects mentioned in the literature. These
results reinforce the idea that the effects depend on the type of measure used to
analyse user performance.

Thus, in line with research of Czaja [1996] and Czaja and Sharit [1998] the
two experiments mentioned in this chapter, error performance and task duration,
show a different trend. According to the explanation given in the discussion of
experiment 1, this indicates that the two measures reflect different user aspects
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that persist over tasks, user interface complexity and educational level. In the
second experiment the speed-accuracy tradeoff of the group of 40-50 remains dif-
ferent from older subjects that are part of the same technology generation.

According to the number of errors committed, the number of steps needed
and the time spent, it can be said that the user interface was found to be rather
complex, which means that a considerable cognitive effort had to be made. This
supports the result found by Landauer and Nachbar [1985] concerning the dis-
advantage of narrow, deeper menu trees. Similar to earlier findings, exercise re-
duces the error rate and the time needed to carry out the task, irrespective of age.
However, the generation effect found for mode errors does not disappear in the
second trial nor does the age effect found for task duration.

3.5 General conclusion

Three main effects have been found in this study: (1) a generation effect was
found for error performance, whereas an age effect was found for task duration,
(2) the deeper the interaction structure, the more difficult it is to use a complex
system, and (3) all users are able to learn by repetition, and this learning effect
is also visible when working subsequently with a different user interface of the
same product.

Thus, it depends on the type of measures used whether age group differences
can be described as age or generation effects. Task duration mainly measures the
user’s time management strategy in accordance with his/her cognitive capacit-
ies, whereas mode error performance reflects the user’s misunderstanding of the
system. The error performance analyses indicated that current user interfaces are
better understood by users that are members of the software generation, than by
those who are members of the electro-mechanical generation. Experiencing mod-
ern user interfaces in the formative period seems to be an advantage when using
a new device, irrespective of complexity, tasks and educational level. Finally, a
present-day user interface with a single-layered structure as seen in this study is
easier to use and facilitates learning.

3.5.1 Design implications

Compared to a user interface with a software style provided with a multi-layered
structure, a user interface with a single-layered structure is easier to learn and has
an overall facilitating role during the user’s learning process. Hence, an overview
of the functionality available, direct feedback about the status of the device, and
a direct link between the control and its function are useful features during the
learning process of all users, but only within the user’s generation limitations.
While task repetition helps the user to reduce the error rate, features like recog-
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nizable feed forward and on-line learning instructions [Masthoff, 1997] may help
inexperienced users.

3.5.2 Implications for further research

It would be very appropriate to analyse which factors underly the age and genera-
tion effects found. For this, cognitive abilities should be measured explicitly next
to technology experience in the formative period and later in life. Moreover, as
the speed-accuracy tradeoff differs per age group, it is expected that user strategies
resemble a mix of age and generation effects.



54 Using layered user interfaces: Age and technology generation effects



4
The role of visuo-cognitive skills in

handling layered interfaces

Particularly older users have difficulties using present-day user interfaces. In an previ-
ous chapter a continuous increase with age was observed in task duration indicating an
age effect, but a discontinuous increase in error performance pointing to a generation
effect . This chapter analyses how these effects are related to cognitive abilities, in par-
ticular visuo-spatial working memory and reasoning ability. Performance of 88 subjects
between 25 and 80 years was measured using a simulated mobile phone. The cognitive
abilities were measured by two selected neuropsychological tests. The generation effect
in error performance was related to visuo-spatial working memory in relation to advanced
hand-eye coordination that seems to be better trained by the software generation (born in
1960 and later) than by the electro-mechanical generation (born before 1960). Within this
older generation a speedy trial-and-error strategy turns out to establish a larger learning
effect than an accurate and cautious, reflective way of proceeding.

55
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4.1 Introduction

Older users face more problems with present-day consumer electronics products
than younger users [Stewart, 1992; Kelley, 1996; Freudenthal, A., 1998]. Cur-
rent user interfaces can be characterized by its multiple specialized functional-
ity, software-based input and output devices, a central display on which informa-
tion pops-up, its multi-layered structure, programming and navigational proced-
ures. This interface architecture does not support a one-to-one relation between
the function and the button, the multiple functions of buttons depending on their
mode, and lacks adequate feedback or feed forward. In a historical study [Docam-
po Rama and Van der Kaaden, 2001] this type of user interface has been labeled
the software style.

Authors of user-system interaction studies related age-dependent problems
with present-day user interfaces to the user’s motor and cognitive abilities. Salt-
house, Hambrick, Lukas and Dell [1996] indicated that the user’s computer task
efficiency was inversely correlated with his/her reaction time on motor tasks. Next
to reaction time, Freudenthal, T.D. [1998] found that the user’s latency when work-
ing with an interactive system was negatively related with spatial memory and
reasoning abilities. Also Czaja and Sharit [1998] found that visuo-motor skills
and memory correlated with the user’s error performance on data entry tasks.

Several cognitive abilities tend to decline monotonically with age in adults
[Salthouse, 1991; Birren and Schaie, 1990; Craik and Bosman, 1992]. In our
previous study we also found this trend for task duration. However, error per-
formance showed a discontinuous increase with age (see the left-hand panel of
figure 4.1). Taking a closer look in studies of Czaja [1996] and Czaja and Sharit
[1998] and plotting them next to our previous results we found a similar discon-
tinuous trend in error performance (see the right-hand panel of figure 4.1). In the
study of Czaja [1996], next to a discontinuous trend in error performance, also a
continuously increasing trend with age could be observed for task duration.

The discontinuous trend found in our prior study (described in chapter 3) could
be related to the user’s technology experience earlier in life. People often rely
on their most established knowledge, which is mostly learned during their ad-
olescence [Rubin, Rahhal and Poon, 1998]. Child development studies indic-
ate that in this same period of life cognitive abilities and experiences influence
each other strongly for further maturation [Sroufe and Cooper, 1988]. But also
in sociological studies [Glenn, 1974; Glenn, 1977; Cutler and Kaufman, 1975]
the period between the age of 10 and 25 has been indicated as a critical period
in which people acquire norms, values and skills that influence future behaviour.
This period has been labeled as the formative period. Based on this, several gen-
erations can be distinguished of subsequent birth-cohorts that encountered a sim-
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Figure 4.1: Left-hand panel: Transformed number of mode errors per age group using
a mobile phone simulation as found in our previous study . Right-hand panel: Proced-
ural error performance using a data entry task in a study of Czaja and Sharit [1998]. The
vertical bars in these and following figures denote twice the standard error of the mean.
In this and the following figures, the open symbols represent the scores of the software
generation, whereas the closed symbols represent those of the electro-mechanical gener-
ation.

ilar environment in the formative period and display similar behaviour nowadays.
The type of environment in the formative period has to be stable for a long enough
period to be able to identify a specific generation. Current behaviour as effected
by being a member of a certain generation can be distinguished from a traditional
age effect by its discontinuous trend instead of a continuous one [Glenn, 1977].
That is why the results depicted in figure 4.1 can be interpreted as generation ef-
fects.

Sackmann and Weymann [1994], and Van de Goor and Becker [2001] ana-
lysed generation effects considering specifically the user’s technology experience.
Results of Sackmann and Weymann [1994] confirmed that people who experi-
enced the availability of the same types of domestic products during the formative
years, display currently similar purchase behaviour. Based on these results they
defined several technology generations. Also Van de Goor and Becker [2001]
found that different technology generations differ in their possession and use of
current appliances.

In line with these studies, it was investigated in our previous study (chapter
3) whether present-day Information, Communication, and Entertainment devices
(abbreviated as ICE devices) are more easily learned by the software generation
(the only ones who acquired software style experience in their formative years)
than by older generations. If so, the discontinuity in the performance as a function
of age would be expected around the birth cohort of 1960, as earlier birth cohorts
did not encounter the software style in their formative years [Docampo Rama and
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Van der Kaaden, 2001]. Both age and technology generation effects were found,
depending on the type of performance measure that we focused on. An age effect
was visible for task duration performance, whereas a generation effect was seen
for error performance. These results were found for all software style devices that
were studied, irrespective of its number of layers and for two educational levels.

In this study we investigate age and generation trends in performance across
and within technology generations. In particular, these trends will be related to
specific cognitive and motor abilities. The next sections explain which factors
we will focus on.

4.1.1 Cognitive abilities

Visuo-spatial working memory

Working memory can be described as a temporary storage in which incoming in-
formation, acquired from the environment and the person’s long term memory,
is kept available for the completion of the task [Baddeley and Hitch, 1974]. It
contains slave systems to hold and rehearse information and a central executive
that regulates further processing [Baddeley, 1986]. One of the slave systems is
the visuo-spatial sketchpad, a temporal store for visual and spatial information
[Logie, 1995].

Age-related working memory problems arise in tasks where subjects hold
information while carrying out rather complicated processing activities [Craik,
Morris and Gick, 1990; Craik and Bosman, 1992; Salthouse and Skovronek, 1992;
Howard and Howard, 1997]. Age-related difficulties during simultaneously hold-
ing, processing, and manipulating material show up when combined storage and
processing requirements exceed the capacities of working memory [Salthouse,
1991]. The age decline is most pronounced for working memory tasks that ad-
dress visuo-spatial information [Salthouse, 1991; Hale, Bronik and Fry, 1997].

Human-computer studies suggest that all users need their visuo-spatial work-
ing memory to interpret, hold, and process visual and spatial information on a
user interface to activate a function of the equipment [Gomez, Egan, Wheeler,
Sharma and Gruchacz, 1983; Detweiler, Hess and Ellis, 1996]. Age group dif-
ferences in using present-day ICE devices have therefore been related to the age-
related decrease in visuo-spatial working memory [Czaja, 1996; Czaja and Sharit,
1998].

Many visuo-spatial working memory tests can be used to check the user’s
ability in this respect. For our study we have been looking for a test that emphas-
izes the memory of visuo-spatial information while performing. Therefore, the
Corsi block-tapping test will be used. It is a visuo-spatial working memory test
that resembles the way input devices, such as buttons, have to be controlled by
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the user when working with a user interface. It emphasizes the user’s memory of
the spatial ordening of the tapped objects on a two-dimensional display.

Reasoning ability for visuo-spatial information

Next to visuo-spatial working memory, reasoning ability for visual and spatial in-
formation has been mentioned to play a role when using complex systems [Reason,
1990; Freudenthal, T.D., 1998]. Normative studies of the Raven’s Matrices test
[Raven, 1960] show that abstract reasoning with visual material declines almost
linearly with age starting from about the age of thirty onwards [Salthouse, 1991].

As the Raven’s Matrices test measures the user’s abstract analysis for visual
material, without having to memorize it, in this study this test will be measured
next to visuo-spatial working memory.

4.1.2 Motor abilities

Movement ability

Salthouse, Hambrick, Lukas and Dell [1996] found that the user’s time perform-
ance on computer tasks was explained for 70 percent with movement duration
measures of reaction time tasks. In this paper, the user’s shortest movement dura-
tion between two objects on a two-dimensional display [Fitts, 1964] will be meas-
ured as a possible contributing factor of the user’s performance while dealing
with a device.

Speed-accuracy tradeoff

Older and younger subjects differ in what is called their speed-accuracy tradeoff
[Welford, 1958; Welford, 1968]. Studies described by Welford indicate that dur-
ing complex tasks older users tend to lengthen their movement duration per ac-
tion to make careful decisions. Hence, older users prefer to be cautious and ac-
curate (reflective strategy) instead of fast and erroneous (speedy trial-and-error
strategy). Such a choice of older users is in fact a coping strategy to maximize
their overall achievement while performing complex tasks.

In the current experiment subjects will neither be asked to be as fast as pos-
sible, nor as accurate as possible. The only instruction they get is to reach the
goal. In such setting subjects have the opportunity to choose their own balance
between speed and accuracy. Therefore, in this study the user’s average duration
per action during the experiment and the total number of errors will be plotted to
capture the user’s strategy in this respect.

4.1.3 Technology experience

Historical analyses [Docampo Rama and Van der Kaaden, 2001] have shown that
two main types of user interfaces or interaction styles have been implemented



60 The role of visuo-cognitive skills in handling layered interfaces

on ICE-devices in the past century: the electro-mechanical style (approximately
from 1930 to 1980) and the software style (from 1980 on). This means that the
generation of people that were born before 1960, grew up with the first style only,
and can therefore be named the electro-mechanical generation. The generation
born in 1960 or later is called the software generation. In Docampo Rama and
Van der Kaaden [2001] the boundary between these generations has been estab-
lished by asking 1015 subjects whether they used a wireless remote control in
their formative period. Survey analyses showed that this marker was indeed highly
correlated with the boundary between the electro-mechanical and software gen-
eration as found by historical analyses. Therefore, this marker is also used in this
paper to verify the technology generation boundary. The boundary between the
electro-mechanical generation and the software generation is again expected to
be associated with a discontinuous trend in error performance.

Next to generation-related experience, other technology experience questions
will be asked to catch the importance of current software style experience when
using present-day ICE devices.

4.1.4 Present research

The objective of the present study is to determine how the continuous trend with
age in task duration and the discontinuous trend with age in error performance
are related to visuo-spatial working memory and reasoning capability with visual
material. Also the user’s movement ability, speed-accuracy tradeoff and techno-
logy experience will be considered. To this end the experiment has been carried
out on subjects between 25 and 80 years using a mobile phone simulation.

4.2 Method

4.2.1 Subjects

The experiment was executed in 1999. Eighty-eight subjects took part in the ex-
periment. The age range was 25 to 80 with 8 subjects per age cohort of 5 years,
leading to 11 age groups.

In line with the study of Docampo Rama and Van der Kaaden [2001], the sub-
jects were asked whether they had experience with a wireless remote control be-
fore the age of 25. Also in the current study 96 percent of the subjects born in
1960 and later, which were 39 and younger (first three age groups), were acquain-
ted with the wireless remote control before the age of 25. Those born before 1960
had not experienced the wireless remote control in their formative years. There-
fore, the boundary between the electro-mechanical and software generation will
be set again around 1960 as year of birth.

The educational level was confined to high school diploma or bachelor de-
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Table 4.1: Number of subjects out of eight per age group that had ever controlled a mobile
phone.

age group N
25-29 5
30-34 6
35-39 4
40-44 3
45-49 5
50-54 3
55-59 2
60-64 1
65-69 2
70-74 3
75-79 0

gree (equally divided within each age group), resulting in a rather homogeneous
experimental population in this respect. Four female and four male subjects were
selected per age group to control for possible gender differences. The subjects did
not have any self-reported problems with manual movements, hearing, or vision.

As a simulation of a mobile phone was used, it was asked whether the sub-
jects had used a mobile phone before. Part of the subjects within each age group
had at least called once with a mobile phone before, except for the oldest age
group. Table 4.1 shows per age group the number of subjects with mobile phone
experience. Furthermore, it was enquired how many software-style devices they
had used until now. The devices mentioned in this respect were the television
with remote control, teletext, video recorder, compact-disc player, wireless tele-
phone, mobile phone, fax, computer, cd-rom, and Internet. Members of the soft-
ware generation have used on average eight different software-style devices un-
til now. Within the electro-mechanical generation the number of software-style
devices decreased with age to around three devices. Figure 4.2 depicts this trend.

4.2.2 Materials

A simulation of a mobile phone was run, featuring a three-layered user inter-
face, to measure the user’s task duration, error performance, and speed-accuracy
tradeoff. Furthermore, specific neuropsychological tests were used to assess the
user’s visuo-spatial working memory and reasoning ability for visual material.
These materials were operationalized as follows.
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Figure 4.2: Average number of software style devices per age group concerning the num-
ber of different software style appliances that were used until now. Each point reflects
the average of ten subjects.

The simulation

A mobile phone interface was simulated using Microsoft Visual Basic 4.0 in the
Windows 3.11 environment. Figure 4.3 depicts this user interface. Total task dur-
ation, number of steps needed, and number of mode errors per trial were logged.
Here a mode error is a redundant action of the user in which a button press does
not lead to a system reaction as it has no function in that particular mode.

Two tasks, programming a telephone number and changing the colour of the
cover, were implemented on the device representing part of the functionality of
the simulation. The user interface was provided with a display and 22 buttons:
10 digits, a star, a #, an on-button, an off-button, two function buttons, a confirm-
ation button, two arrow buttons, and three memory buttons. Mode errors can be
made by clicking on the confirmation, memory, and arrow buttons in the wrong
mode. All buttons and words were large and equally visible. The buttons could
be activated by clicking with a mouse-pointing device. Performance measures
per trial were the total number of mode errors, total task duration, average dura-
tion per step, and total number of steps. The experiment itself was run on a laptop
Pentium 130. The subjects were seated in a quiet room that was well lit without
specular light reflection on the laptop screen.

Mouse-pointing device exercise

Two mouse-pointing exercises were given. The first exercise concerned tapping a
ball depicted on the screen that jumped away after a click. After ten subsequent
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Figure 4.3: Simulation of a mobile phone as used in the experiment. The numbers denote
the steps to be taken in sequence to carry out the task with a minimal number of steps.

clicks on the ball, the second exercise started. The task concerned clicking 10
times as fast as possible on two separate squares. The shortest time span while
moving between the two squares was counted as the user’s shortest movement
duration that is related to the user’s overall processing speed.

Progressive matrices test of Raven

The progressive Matrices test of Raven [1960] is a neuropsychological test that
has originally been used as a measure for intelligence (IQ). It measures the sub-
ject’s problem solving or reasoning ability when confronted with the presented
visual material. The theoretical assumption behind it is that during such a test
subjects use working memory for visuo-spatial information to find out the solu-
tion by abstract reasoning without the need to memorize the material. The test
is divided in five sections with puzzles that gradually increase in difficulty. A
total of sixty reasoning problems have to be solved, the first two of which are ex-
ercises. Every problem consists of completing a pattern. Six example patterns
were presented to the subjects below the incomplete pattern. Only one of these
example patterns is the correct answer (multiple-choice). The highest score is
sixty, when all patterns are filled in correctly. The subjects carried out this test
without time restriction.
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Corsi’s block-tapping test

Corsi’s Block-Tapping Test [Corsi, 1972], as modified by Milner [1971], meas-
ures the user’s visuo-spatial working memory ability, i.e. the ability to memor-
ize or hold visuo-spatial information in working memory while manipulating ob-
jects in a certain order. In this test nine blocks are placed on a board in a certain
a-symmetric pattern. The experimenter taps some of these blocks and the sub-
ject is asked to tap the same blocks in the same order. The number of tapped
blocks increases in the course of the test. The original test is most difficult for
subjects with visuo-spatial working memory disabilities. In the present study a
computerized, alternative version of the test was used to relate it more closely
to visuo-spatial working memory problems when using complex software-based
devices. In this automated version of the Corsi’s block-tapping test, the blocks
were placed in rows and columns, forming a symmetric pattern. Furthermore, a
red dot appeared on the blocks that had to be remembered by the subject, and the
experimenter did not have to tap. Finally, the subjects did not tap the blocks, but
were asked to click on the blocks in the same order by means of a mouse-pointing
device. The tapping sequences remained the same as in the original test.

The test started with an exercise in which only two blocks were marked by
the red dot. This exercise stopped when the subject was able to tap these two
blocks in the correct order. After this, the test starts. Subjects have to remember
and repeat the order of the tapped blocks. The test started with two blocks to be
remembered, then three, then four, etc. These were the different rounds. In each
round, the subject got two runs. The De Renzi’s procedure [De Renzi, Faglioni
and Previdi, 1977] was used for scoring: if the right blocks are tapped in the cor-
rect order both of the times, the subject gets two points in that round. If only one
of the times the right blocks are tapped, only one point is given. If the participant
makes a mistake on both runs of the same round, the test stops. The maximum
score is eighteen.

4.2.3 Procedure

The mobile phone experiment consisted of two trials. No break was given between
the trials. Within each trial, two tasks were executed in a fixed order. The subjects
were first asked to change the colour of the cover from red to blue. Subsequently,
they were asked to program their own home telephone number under button C.
Figure 4.3 depicts the shortest way to carry out these tasks. Both tasks consist of
pressing first a function button and after that a confirmation button. Arrow but-
tons had to be used to change the colour of the cover. A memory button had to be
pressed after entering a telephone number to save it. All subjects had to achieve
the goal of each task before going on with the following task and trial. Nineteen
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steps were needed at minimum to achieve the two mobile phone tasks. Before
starting the experimental trials, all subjects were given a general instruction and
exercised with the mouse-pointing device twice.

After the mobile phone experiment, the computerized version of the Corsi
block-tapping test was taken. Subsequently, the subjects were seated in a dif-
ferent room and were interviewed about their technology experience. Finally,
the progressive matrices test of Raven was given. A break and instructions were
given before each test. The total experiment took on average one hour and thirty
minutes.

4.3 Results

4.3.1 Cognitive factors

The main question of this paper is whether cognitive factors like reasoning ability
and visuo-spatial working memory can be related to mode errors and task dura-
tion performance across and within technology generations while handling a soft-
ware style device. For this, we first need to consider how the user’s cognitive
abilities vary as a function of age.
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Figure 4.4: Cognitive abilities per age group. Left-hand panel: Average reasoning abil-
ity scores for visual material (Raven’s test) per age group. The dotted line represents the
Raven’s Matrices test scores with age taking the average of four normative studies [Ver-
non, 1947, Slater 1947, Heron and Chown, 1967, and Burke, 1985]. Right-hand panel:
Mean of visuo-spatial working memory scores per age group. Each point in these and
following figures represents the average of eight subjects. An open symbol represents
scores of the software generation, and a black symbol those of the electro-mechanical
generation.

Reasoning ability: The left-hand panel of figure 4.4 shows that the reasoning
ability scores decline monotonically with age until the age of 70. From around the
age of 70 a sharp decline is visible. Moreover, the spread is rather small, suggest-
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ing little variation between individuals. The dotted line within the figure depicts
the average trend of four normative studies done by Vernon [1947], Slater [1947],
Heron and Chown [1967], and Burke [1985]. The reasoning ability scores in the
present study are substantially higher than the average of these four normative
studies. This is probably due to the high educational level of the subjects who
participated in this study. Results of Vernon [1947] seem to confirm this sugges-
tion as she found a high correlation between scores in the upper ranges of the test
and the occupational level. The figure shows also that subjects beyond the age of
75 produce low reasoning ability scores compared to the other age groups with
a similar educational background. This is in line with Raven [1960], who men-
tioned that the Raven’s Matrices Test is not appropriate for persons beyond the
age of 75 as they would fail on this test. Therefore, normative studies have only
focused on people younger than 75. Note however, that the present group beyond
75 years still shows on average a higher score than the oldest age groups of the
normative studies.

Visuo-spatial working memory: The right-hand panel of figure 4.4 shows that
Corsi’s visuo-spatial working memory scores decline with age as well. Although,
the effect is rather small. No normative studies have been done on the Millner’s
version of the Corsi block-tapping test to compare with [Bouma, Lindeboom and
Van Houte, 1990]. However, according to Corkin [1983], a score between 5 and
9 is within the norms of older subjects.

4.3.2 Error performance

The left-hand panel of figure 4.5 shows the average number of errors per age
group and session committed during the experiment plotted against their vari-
ance. As can be seen the mode error performance does not show a homogeneous
variance. The overall relation can be described by the following function:

log s(x) = 0:06 + 0:91 log �x (r = :95)

Hence, the standard deviation (s(x)) is a power function of the mean (�x) with
the power of 0.91. For further analyses like repeated measures ANCOVA and
regression analysis, the standard deviation should be independent of the mean
number of mode errors. This can be accomplished by raising the raw data to the
power of 0.09, i.e. 1 - 0.91; see Winer, Brown and Michels [1991] for a detailed
explanation. This transformation shows a slightly different power than in chapter
3, due to the fact that it concerns the data of different subjects than those who
participated in previous experiment. The right-hand panel of figure 4.5 shows
the transformed error performance per birth cohort of 5 years for the two trials
separately.



4.3. Results 67

1

10

100

1 10 100

st
an

da
rd

 d
ev

ia
tio

n

mean

1

1.1

1.2

1.3

1.4

1.5

1.6

20 30 40 50 60 70 80

tr
an

sf
or

m
ed

 n
um

be
r 

of
 m

od
e 

er
ro

rs

age (years)

trial 1
trial2

Figure 4.5: Error performance. Left-hand panel: Standard deviations as a function of the
mean number of mode errors. Right-hand panel: Transformed number of mode errors per
age group. The vertical bars in this and the following figures denote twice the standard
error of the mean.
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Figure 4.6: Transformed number of averaged mode errors across trials depicted per age
group.

A repeated measures ANCOVA has been done with mode error as the depend-
ent variable, trial as the within variable and age as the covariate. The analysis in-
dicated that there is a significant effect of trial (F (1,86) =74.483, p= .000, power=
1.0), age (F (1,86) =15.060, p= .000, power = 1.0), and interaction between trial
and age (F (1,86) =10.055, p= .002, power= .91).

The right-hand panel of figure 4.5 depicts the two trials separately per age
group. In accordance with the analysis, the figure depicts that all age groups made
fewer number of mode errors in the second trial than in the first trial, which is an
indication that they learned.
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Age and technology generation

The age effect as indicated by the repeated measures ANCOVA suggests a rela-
tion with age and/or technology generation. A stepwise regression analysis with
the transformed number of averaged mode errors across trials as the dependent
variable and age and technology generation as the independent variables showed
the best fit for technology generation (F (1,86) =18.671, p= .000, power= 1.0).
Figure 4.6 depicts the transformed number of averaged mode error performance
across trials.

The regression analysis on the software generation indicated no significant
correlation with age for the transformed number of averaged mode errors across
trials (F (1,20) = 0.201, p= .659, power= .03). Neither did the regression analysis
on the electro-mechanical generation indicate a significant correlation with age
(F (1,64) = 0.857, p= .358, power= .08). Hence, the level of error performance
of each technology generation seems to consist of a plateau.

The trend of the transformed number of averaged mode errors across trials
(figure 4.6) was analysed further in relation to the user’s cognitive abilities.

Average error performance

Scores of visuo-spatial working memory and reasoning ability were entered in
a stepwise regression analysis with the transformed number of averaged mode
errors as the dependent variable. The regression analysis shows that the correl-
ation of error score with visuo-spatial working memory is significant (F (1,86)
=14.435, p= .000, power= 1.0).

A similar analysis was done within each generation. A stepwise regression
analysis on the software generation, with visuo-spatial working memory and reas-
oning ability as the independent variables, indicated a significant correlation with
reasoning ability (F (1,20) =11.016, p= .003, power= .87). A stepwise regression
analysis on the electro-mechanical generation indicated that none of the two cog-
nitive variables correlated significantly with the error score.

4.3.3 Task duration performance

The task duration per age group and trial did not show a homogeneous variance
either (left-hand panel of figure 4.7). As is usual for time measures, the data were
log-transformed [Winer, Brown and Michels, 1991]. The right-hand panel of fig-
ure 4.7 shows the transformed task duration data per birth cohort of 5 years for
both trials separately.

A repeated measures ANCOVA was carried out to analyse with the trans-
formed task duration as the dependent variable, trial as the within variable and
age as the covariate. A significant effect of trial was found (F (1,86) =82.129,
p= .000, power= 1.0), but also of age (F (1,86) =104.420, p= .000, power= 1.0).
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Figure 4.7: Standard deviation in function of the mean task duration.
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Figure 4.8: Left-hand panel: Average log-transformed task duration depicted per age
group.

The interaction between age and trial indicated to be significant as well (F (1,86)=
2.054, p= .016, power= .68).

The right-hand panel of figure 4.7 depicts the log-transformed task duration
per age group and trial. It confirms the results of the repeated measures AN-
COVA: all age groups are able to learn.

Age and technology generation

Figure 4.8 depicts the log-transformed averaged task duration across trials. As
confirmed by the ANCOVA repeated measures mentioned before, it shows an in-
crease with age.

A stepwise regression analysis with the log-transformed averaged duration
as the dependent variable and age and technology generations as the independent
variables showed that the fit of age gave a higher correlation (F (1,86) =104.420,
p= .000, power= 1.0),
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The log-transformed averaged task duration and reduction of log-transformed
duration were analysed further in relation to the user’s cognitive abilities.

Average task duration

A stepwise regression analysis with the log-transformed averaged task duration
as the dependent variable and visuo-spatial working memory and reasoning abil-
ity as the independent variables showed that firstly, reasoning ability was found
to be significant (F (1,86) =45.074, p= .000, power= 1.0). Secondly, visuo-spatial
working memory was found to be significant (F (1,86) =35.654, p= .000, power=
1.0).

4.3.4 Motor abilities
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Figure 4.9: Movement duration measures per age group (log transformed).

In this study also motor abilities have been measured: Fitts’ motion pretest, and
the average duration per action within each session of the mobile phone task. Fig-
ure 4.9 depicts the transformed average duration per action per experimental trial.
Furthermore, the transformed shortest movement duration per action achieved by
subjects while clicking on squares is depicted in the same figure. Note that the
curves of the average duration per action show a similar tendency as the shortest
movement duration. All age groups took much more time to move from one but-
ton to another in the mobile phone experiment than in the Fitts experiment, i.e.
than in moving from one square to another in the motion pretest.
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4.4 Discussion

The results of this study indicated a technology generation effect, that is the dis-
continuity around the birth cohort of 1960, in the average number of mode errors,
particularly in the first trial, and a continuous age effect in task duration while
handling a three-layered user interface. This is in line with prior results (chapter
3) and the observed trends in the studies of Czaja [1996] and Czaja and Sharit
[1998].

4.4.1 Average error performance and task duration

The transformed number of averaged mode errors is related to visuo-spatial work-
ing memory. Czaja and Sharit [1998] found a similar relation for procedural error
performance. In the current study, the error performance within the software gen-
eration related also to the user’s reasoning ability. However, the effects of age on
visuo-spatial working memory found in our experiment does not correspond with
those depicted in the literature overview of Salthouse [1991]. x

The factor visuo-spatial working memory in the study of Czaja and Sharit
[1998] showed a similar continuous declining trend with age as that found in the
overview of Salthouse [1991]. However, Czaja and Sharit composed this factor
out of seven ability tests. Looking at Scheff́e’s test outcomes of these individual
tests, four out of six tests that showed an age-related trend show a discontinu-
ous effect. The Scheffé tests on Digit Symbol Substitution [Wechsler, 1981], the
Trail Making Test form A [Reitan, 1980], Grooved Pegboard Test [Tiffin, 1968]
and the Visual reproduction (delayed) [Wechsler, 1987] indicate that the young-
est group performs better than the middle and oldest groups, but the middle and
oldest groups do not differ significantly from each other.

This result raises the question why there has not been found any discontinu-
ous effect in the overview of Salthouse [1991]. The figures in Salthouse [1991]
are based on studies done before 1985 (e.g. [Wechsler, 1955; Wechsler, 1981;
Schaie, 1985]. This period is just before the software style has been introduced
widely to the market, even in the United States of America. Although the United
States was a pioneer when it concerns computers, the first computer with a graph-
ical layer and used by non-professionals, the Macintosh, has been put on the mar-
ket only in 1984. Hence, the figures in the overview of Salthouse [1991] repres-
ent the abilities of the electro-mechanical generation. Also the figures of Schaie
[1983] show that a 25 year old person in 1956 scores similarly well in spatial abil-
ity as a 25 year old in 1984. The results in our study and those of Czaja and Sharit
[1998] may indicate a generational change after this period (1984) in the user’s
development of his/her visuo-spatial working memory.

Development studies [Sroufe and Cooper, 1988] already indicated that the ad-
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olescence and young adulthood are important periods in which experiences and
cognitive advances influence each other intensively for further maturation. Hav-
ing this framework in mind, it could very well be that the user interface devel-
opments and the increasing supply of complex devices in the formative period
have given the software generation the opportunity to develop their visuo-spatial
working memory much further than the electro-mechanical generation was able
to do.

Which software-style features trigger a better visuo-spatial working memory?
The visuo-spatial working memory test as executed in this study could give some
suggestions as it was implemented in such a way that it would relate more closely
to visuo-spatial working memory difficulties in software style devices. Firstly, it
seems to be related to the need to memorize the visuo-spatial positioning of ob-
jects or information on a display. Secondly, also the visual distance between the
mouse-pointing device and the system itself may play a role, inducing a more
complicated hand-eye coordination, as part of parallel activities have to be done
outside the user’s visual field. The substantially shorter movement duration scores
of the software generation compared to the electro-mechanical generation seems
to confirm this generational advantage.

Our results on visuo-spatial working memory obtained by the computerized
version gave the same effects as the similar paper-and pencil tests used by Czaja
and Sharit [1998]. Consequently, the significant correlations that we found were
not due to artificial similarity between the computerized Corsi test and the com-
puterized mobile phone test. The difference between the computerized Corsi and
Fitts scores shows that there are more effects in the Corsi than just the visual hand-
eye coordination of the mouse. Hence, the complicated hand-eye coordination
needed in our mobile phone experiment is just another factor that puts a heavy
load on user’s visuo-spatial working memory.

The average log-transformed task duration is related to both reasoning ability
and visuo-spatial working memory. These findings are in line with the outcomes
of Freudenthal, T.D. [1998] who observed that latency measures were related to
visuo-spatial working memory and reasoning ability.

Speed-accuracy tradeoff

Results indicate that everyone learns to reduce the error rate and task duration.
The significant interaction between age and trial for the transformed data suggests
that something is going on with the user’s learning ability. Analysis of the user’s
speed-accuracy tradeoff may give us a better indication of its developments. For
this, the transformed mode error performance per trial has to be analysed in more
detail.

Let us take a look at the errors in the first trial of the electro-mechanical gen-
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eration (figure 4.9). It started with a relatively high error performance that de-
creased somewhat with age. Hence, older subjects tend to perform relatively more
accurately than their younger generation members. This trend was not found in
our previous study (see chapter 3), but can be observed in the results of Czaja
[1996] and Czaja and Sharit [1998]. It also resembles the results of Welford [1968].
He observed that older people perform relatively more accurate as part of their
speed-accuracy tradeoff. They achieve this by slowing down their speed of ac-
tion (reflective strategy).

However, in the second trial the transformed error performance increased with
age. This does not correspond with Welford’s findings anymore. The converging
trend within the electro-mechanical generation indicates that the oldest subjects
were not able to learn that much from their mistakes despite their relatively more
accurate performance at the start, compared to younger generation members.

The relation between speed and accuracy as found in this study is depicted per
trial in figure 4.10. The average log-transformed duration per action is plotted on
the x-axis and the transformed number of mode errors on the y-axis.
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Figure 4.10: Relation between the user’s average log-transformedduration per action and
the transformed number of mode errors. Left-hand panel: First trial. Right-hand panel:
Second trial. Note the different scales.

For a better understanding of the two pictures, imagine the following hypo-
thetical speed-accuracy tradeoffs. A short duration combined with few errors is
related to expert performance. A large number of errors combined with a short
duration per action indicates a tradeoff of novice users who prefer speed above
accuracy (speedy trial-and-error strategy). Fewer errors combined with a large
duration per action suggest a tradeoff of novice users who prefer accuracy above
speed (reflective strategy).

In the first trial, a moderate but insignificant increase with age of errors can
be observed together with a substantial increase of duration per action until the
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average age of 43. From this age on a speed-accuracy tradeoff is visible: next
to a large number of mode errors that decrease with age a steep increase of the
averaged log-transformed duration per action is visible. Hence, in the first trial
the trend within the electro-mechanical generation shows an age-related change
from a speedy trial-and-error strategy to a reflective strategy. However, in the
second trial the effect is different: next to an increase with age in the average
duration per action, a more or less stable transformed number of errors can be
observed for the first four age groups and another plateau of a higher transformed
number of errors for the age groups above the age of 43.

Hence, a speedy trial-and-error strategy seems to have given the younger mem-
bers of the electro-mechanical generation much more opportunity to develop an
appropriate mental model of the system than the reflective strategy of the older
users. This suggests that trial-and-error performance does not seem to be that bad
after all for the electro-mechanical generation. It would also reduce the need to
memorize visuo-spatial information during longer periods.

Moreover, the speed-accuracy tradeoff as found in this study confirms why
the software generation is different from the electro-mechanical generation. The
age groups belonging to the software generation have a short average duration per
action combined with relatively few mode errors. Such speed-accuracy tradeoff
is closely related to that of expert performance. This finding indicates once again
that the software generation must have built up expertise and ability that gives
them a priori advantage compared to the electro-mechanical generation when us-
ing a new device provided with a software style. This expertise may very well
have a skilled visuo-spatial working memory and hand-eye coordination as com-
ponents.

4.5 Conclusion

Visuo-cognitive skills seem to play a role in task duration. The transformed num-
ber of errors seems to be influenced particularly by technology generation-related
differences in visuo-spatial working memory. Consequently, the software gen-
eration is able to act with a typical expert strategy. During the first confronta-
tion with new technology, the youngest members of the electro-mechanical gen-
eration tend to use a speedy trial-and-error strategy, whereas the older members
tend to use a reflective strategy. For the electro-mechanical generation the first
strategy leads to a relatively larger learning effect.

4.5.1 Implications for design

The results of this study gave us an indication of the factors that have an impact
on the usage of complex user interfaces. Although we cannot model these factors,
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as we do not know the exact weight of each factor, the outcomes of the analyses
surely can give us ideas about the implications for design.

Designers need to be aware of the generation-specific ability gap between po-
tential users born before 1960 and those born later concerning the user’s visuo-
spatial working memory and hand-eye coordination. User problems of the electro-
mechanical generation mainly, could be reduced by eliminating typical software
style features that put a heavy load on user’s visuo-spatial working memory. Lay-
ers, long procedures, multi-functional buttons, and mode changes provoke incon-
sistent spatial placing of functions. Diverse (wireless) input and output devices
such as the wireless remote control and mouse-pointing device seem to hamper a
smooth hand-eye coordination, putting even more load on the user’s visuo-spatial
working memory. Re-introduction of electro-mechanical style concepts such as
the one-to-one relation between function and button, understandable direct feed-
back about the state of the device and increase of affordance could possibly re-
duce the load on visuo-spatial working memory.

4.5.2 Implications for training

A structured generation-specific (online) training could reduce the reasoning prob-
lems that the electro-mechanical generation face while learning to use software
style devices. Focus of the training should be on a stepwise explanation of typical
software style concepts and features to activate basic and specialized functional-
ity. Furthermore, it is recommended to teach older users to explore instead of be-
ing cautious. Speeding up their action rate could reduce the time that they need to
put a heavy load on their visuo-spatial working memory. This will facilitate them
to develop a mental model that fits with the system’s conceptual model. However,
how this learning strategy can be induced, for example by machine paced guid-
ance, needs further study.

4.5.3 Implications for further research

This study indicated that the initial user strategy differs very much per age group.
Not only between generations there is a different strategy, but also within the
electro-mechanical generation. This suggests that the Welford’s concept of speed-
accuracy tradeoff has lost its relevance in the era of software-based technology.
Instead the concept of expert versus novice strategy has gained relevance. Ana-
lysis of the user’s approach to tackle an unknown device in terms of the user’s
(erroneous) choices would help to understand the user’s mental model about soft-
ware style devices. Therefore, in the next chapter the focus will be on the user’s
action patterns using an even more complex software style device.
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5
User strategies of the electro-mechanical

generation

User strategies across four age groups of the electro-mechanical generation (born before
1960) have been studied while controlling a simulation of a new menu-driven television.
The strategy of the menu generation (born in 1970 or later) has been taken as the norm,
as these subjects grew up with menu-style devices. Within the electro-mechanical gener-
ation, the ineffectiveness increases with age (passive adaptation strategy). Those within
the electro-mechanical generation who were effective (adapt actively) used an inefficient
strategy that changed with age from a speedy trial-and-error strategy for the younger
members towards a reflective strategy for the older ones. Also the learning strategy to
tackle typical menu-style bottlenecks changed with increasing age, from successful nav-
igation to a less useful manipulation. However, with practice also the older members
of the electro-mechanical generation succeeded in changing their learning strategy from
manipulation towards navigation.

77
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5.1 Introduction

Whenever cable TV operators announce that they will change the frequencies of
channels, it causes commotion among television viewers. Many of them, and in
particular older users, have trouble with reprogramming channels on their tele-
vision and video recorder and rearranging them in the order they were used to.
Often children and grandchildren are asked for help. Those who do not have rel-
atives, neighbors, or friends that can assist, may be forced to rely on paid services.

Two issues may be addressed in relation to this example. First, in real life,
user interfaces of the television and video recorder are too complex for many
television viewers [Freudenthal, A., 1998]. On present-day menu-driven user
interfaces, users need to spend much effort and execute many actions to reach
the promised functions. Secondly, young persons and older adults may differ
substantially in their understanding of how current user interfaces and their pro-
gramming procedures work, suggesting that user strategies of older adults may be
less effective and less efficient than those of younger ones. Here, user strategy is
defined as the user’s approach to reach a predefined goal by means of the user
interface of a certain device.

In prior research, reported in chapter 4, evidence has been found for generation-
specific differences in user strategies. The results indicated that persons born in
1960 or later have an a priori advantage in handling current software style inter-
faces compared to adults born before 1960 due to the socio-technological envir-
onment they grew up with. In comparison with the older generation, the younger
generation is more accurate and faster in using new appliances. This younger
generation seems better equiped to deal with new devices provided with a soft-
ware style interface as it grew up with such user interfaces during the formative
years (i.e. between 10 and 25 years). This is the reason why Docampo Rama and
Van der Kaaden [2001] identified those born in 1960 or later as belonging to the
software generation. Those born before 1960 grew up with electro-mechanical
interfaces, and were therefore identified as belonging to the electro-mechanical
generation. In addition to differences between the two generations, we also found
indications within the electro-mechanical generation for an age-related speed-
accuracy tradeoff.

These studies concerned experiments of people using a simulated user inter-
face featuring a simplified version of a present-day user interface (i.e. a less com-
plex structure and less functionality than available on the market). Consumer
electronics products on the market are more complex than those simulations. This
raises the question whether the observed strategy differences also apply to menu-
driven devices with a similar complexity as found in realistic daily life settings.
This motivated the research described in this paper. Two main differences with
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the previous studies are the complexity of the user interface, caused by the in-
crease in number of layers, and an extension of measures of user strategies to ob-
tain a better insight in possible differences in user strategies. So what measures
are relevant for the present study? The next section describes these measures.

5.1.1 User strategies in daily life

Effectiveness

According to ISO [1993] effectiveness is defined as the accuracy and complete-
ness with which users achieve specified goals. It is often studied by focussing on
the user intentions before dealing with a complex activity that determines whether
a potential user will tackle the complex situation at all (e.g. Baltes and Baltes
[1990]). Ineffectiveness occurs if either the user fails to start with a task or quits
before the aim has been achieved. This latter aspect is referred in the literature
as the user’s coping attitude while handling the problem [Wister, 1989; Slangen-
de Kort, 1999].

According to the literature, the effectiveness tends to decline with increasing
age [Baltes and Baltes, 1990]. This has been explained in terms of the user’s per-
ceived cost-benefit change when confronted with complex situations [Baltes and
Baltes, 1990; Melenhorst, 2001] and change in the user’s adaptation strategy for
situations in which environmental demands exceed the person’s resources [Law-
ton, 1975; Lazarus and Folkman, 1984; Brandtsẗadter and Renner, 1990; Slangen-
de Kort, 1999]. An active adaptation strategy involves active modification of the
environment in the service of on-going goal attainment. This results in search for
alternative ways to achieve the original goal. A passive adaptation strategy con-
cerns accommodations of goals to losses and obstacles and results in giving up
before achieving the goal. Wister [1989] found that with increasing age modes
of adaptation shift from active to passive, increasing the probability of dropping
out before having dealt with a given situation.

In this study, the effectiveness of users will be analysed by the number of
subjects that persisted and succeeded while dealing with the menu-style system.
Both failure and dropping out will be considered to be indicative of a passive
strategy. Consequently, participants that show to be effective will be identified to
have an active strategy. In line with the findings of Wister [1989], we expect the
electro-mechanical generation to show an age-related increase in failure and drop
outs, indicating an increasing probability in using a passive adaptation strategy as
a function of age.

Efficiency

The user’s strategy in terms of efficiency concerns the resources expended in re-
lation to the accuracy and completeness of goals achieved [ISO, 1993]. In this
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chapter only the efficiency of effective users those who completed the task will
be measured. The ISO-standard definition on efficiency only incorporates time-
related measures. Here efficiency will be extended by taking the number of re-
dundant actions and errors into account in line with Welford [1958] and Charness
[1981].

In our previous studies, using a relatively simple user interface, the software
generation has been shown to be both faster and more accurate. This reflects a
level of efficiency that is typical for experts [Charness, 1981]. In contrast, the
electro-mechanical generation as a whole showed an inefficient strategy by com-
mitting more errors and being on average slower than the software generation.
In addition, within the electro-mechanical generation we found an age-related
speed-accuracy tradeoff [Welford, 1958; Welford, 1968] in the sense that a speedy
trial-and-error strategy changed with increasing age into a reflective strategy char-
acterized by a slow but more accurate performance. Further practice resulted in
a learning effect for all age groups, as both fewer errors and increased speed in
which no speed-accuracy tradeoff was found.

In this study, it will be analysed whether a realistically complex system in-
duces similar strategy differences within the electro-mechanical generation. The
efficiency will be analysed by measuring the user’s action duration and number
of redundant actions. Experts are characterized by an efficient user strategy in
terms of a short action duration and relatively few redundant actions. The electro-
mechanical generation is expected to start with an inefficient user strategy until
further practice. In line with prior research, the youngest groups of the electro-
mechanical generation are expected to use a speedy trial-and-error strategy (large
number of redundant actions in combination with a short action duration), whereas
the older age groups will be expected to start with a reflective strategy (long action
duration in combination with relatively few redundant actions). All age groups
are expected to operate more efficiently (fewer redundant actions, shorter action
duration) with further practice, irrespective of their initial user strategy.

Bottleneck handling

A third aspect of user strategies concerns the approach to overcome difficulties.
This is referred in this study as bottleneck handling, and can be analysed by meas-
uring how many and which action choices have been made to overcome bottle-
necks while tackling a predefined goal [Baxter and Oatley, 1991].

In a study by Westerink, Majoor and Docampo Rama [2000] the action choices
of inexperienced CD-i users and the way the choices change with practice were
studied in terms of menu paths chosen (navigation) and content viewed (manip-
ulation). For this, subjects between 20 and 44 years could explore first and we
asked to search for specific information in an encyclopaedia on CD-i that was
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organised according to a menu structure. Users spent most of their time look-
ing for the composition of the menu by navigating through many paths without
manipulating options to view information. This occurred both while searching
for a priori specified information as well as during the exploration phase. Only
after understanding the structure of the menu, the exploration strategy changed
into explicit viewing and manipulation of the content. Hence, the user needs to
understand the menu structure for confident use of functionality. Consequently,
navigating instead of manipulating appears to be the suitable learning strategy to
overcome typical menu-style difficulties (bottlenecks).

In the present study, the goal was to assess the percentage of redundant navig-
ations (relative to the overall number of redundant actions) as an indicator of the
user’s efficiency in tackling menu-style difficulties. In addition, the user’s actions
will be analysed in more detail by identifying what steps induced a substantial
amount of redundant action (these are then the most prominent bottlenecks), and
which types of redundant actions (navigations, manipulations, and mode errors,
see figure 5.4) were executed while searching for the solution.

In this study, the percentage of redundant navigations executed within the
electro-mechanical generation is expected to decrease with increasing age; the
youngest groups of the electro-mechanical generation are expected to overcome
obstacles similar to the menu generation, i.e., learning by a high percentage of
redundant navigations. On the contrary, older age groups are expected to show a
low percentage of navigations while reflecting about the key button to press that
activates (manipulates) the function in mind directly.

5.1.2 Focus

The present study concentrates on age-dependent user strategies within the electro-
mechanical generation while handling a realistically complex menu-driven user
interface. A menu-driven television will be simulated. The setting will reflect a
situation in which the user cannot rely on help from outside.

The user strategy of the menu generation (born in 1970 and later) will be taken
as a reference. Their members grew up with menu-driven user interfaces and will
therefore show high effectiveness, high efficiency and few bottlenecks with an
efficient navigational learning strategy.

Within the electro-mechanical generation the user strategy will be analysed
by the age group’s (1) effectiveness, measured per age group by the number of
persisting participants and number of subjects who successfully completed a (sub)-
task (part of ISO standards), (2) efficiency of those who succeeded in terms of the
average action duration (according to ISO standards), and in terms of number of
redundant actions executed, and (3) bottleneck handling, which will be measured
in terms of the percentage redundant navigations executed to fulfill the task, and
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identification of the steps in the sequence that particularly induced a large num-
ber of redundant actions. These three measures will indicate whether an active or
passive strategy is used, whether inefficiencies are based upon a speedy trial-and
error handling or a reflective strategy, and whether typical menu-style bottlenecks
are tackled using an efficient navigational learning strategy.

5.2 Method

5.2.1 Subjects

The experiment was executed in 1999. Fifty Dutch subjects between the ages of
20 and and 80 years took part and were assigned to five age groups of ten subjects
each. The youngest age group of 20 to 25 years the reference group being mem-
ber of the menu generation. The age groups of 45 to 50 (younger members of the
electro-mechanical generation and part of the working force), 55 to 60 (still part
of the working force), 70 to 75 (retired for some time), and 75 to 80 years (oldest
age group) were all part of the electro-mechanical generation. Educational level
was confined to high school diploma or bachelor degree (both equally present
per age group), resulting in a homogeneous experimental population in this re-
spect. An equal number of female and male subjects per age group was selected
to control for possible gender differences. Subjects did not have any self-reported
problems with manual movements, hearing, or vision.

Figure 5.1 indicates per age group two visuo-cognitive abilities of the sub-
jects that may be relevant for their task. The reasoning ability for visual mater-
ial (left-hand panel) was assessed by Raven’s Progressive matrices test [Raven,
1960]; the user’s visuo-spatial working memory (right-hand panel) was meas-
ured with a computerized version of Corsi’s block tapping test [Milner, 1971],
see chapter 4 for details. As can be seen in the left-hand panel of figure 5.1,
the Raven’s score for visual reasoning ability declined systematically with age
(F (1,48)= 19.93, p= .000). Compared to normative studies like that of Burke
[1985], these subjects scored above average, which is probably related to their
high educational level [Vernon, 1947]. Visuo-spatial working memory (right-
hand panel of figure 5.1) differed significantly across the two generations with
the youngest generation scoring highest on it (F (1,48)= 10.04, p= .002). Within
the electro-mechanical generation, the visuo-spatial working memory scores did
not seem to decrease with age. Hence, in general, the menu generation scored
higher on these visuo-cognitive ability tests. The visuo-cognitive scores in the
present study resemble the ones found in a prior study described in this thesis, in
which different subjects with similar educational background participated.

An explicit difference between the menu and electro-mechanical generations
is their experience in handling menu-driven devices. As a menu-driven televi-
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sion was used in this study it was asked whether the subjects had used the menu
of a television before. Seven out of ten subjects of the menu generation reported
some experience handling menu’s on a television. Within the electro-mechanical
generation exactly three subjects for each age group had used the menu of a tele-
vision before.
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Figure 5.1: Visuo-spatial ability scores depicted per age group. On this and the following
figures, open symbols refer to the menu generation, black symbols refer to the electro-
mechanical generation, and vertical bars denote twice the standard error of the mean.
Left-hand panel: Average score on reasoning ability, measured by the Raven’s complex
matrices test [Raven, 1960]. Right-hand panel: Average score on visuo-spatial working
memory, measured by a computerized and modified version of Corsi’s block-tapping test
[Milner, 1971]. For details on modification, see chapter 4 of this thesis. Each point in
these and following figures indicates the average scores of ten subjects.

5.2.2 Materials

Three menu-driven televisions with remote control (RC), that just had appeared
on the market, served as examples for creating a user interface simulation with a
realistic complexity level of four layers, including the upper layer visible on the
RC (layer 0) and three menu layers visible on the television screen. The simu-
lation was built in Microsoft Visual Basic 5.0 in the Windows 95 environment.
Figure 5.2 depicts the simulation that is presented full-screen on a 17 inch 1024
x 768 pixel color monitor. The subjects were placed at a distance of 50 cm from
the monitor. Although a real remote control would have been more appropriate
for the setting, only a mouse-pointing device for activation of the RC could be
realised for this study. The simulation is composed of three windows boarding
each other. The left window represents the RC. The upper right window is the tv
screen on which a menu can be visualized over a video sequence that is linked to
a channel. In the window below, the textual description of the task is presented
to the subject.
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The simulated RC has 10 buttons that have a minimum size of two by two
cm, and can be activated by clicking with a mouse-pointing device without pre-
cision. The buttons represent from top to bottom: power on / off, channel up
and down, volume up and down, the menu, and arrow up, left, right, and down.
They serve three basic functions, namely tv-power change, channel change, and
volume change, and six specialized functions: manual programming, automated
programming, reorder channels, channel name change, menu colour change, and
welcome message change.

The basic functions can be manipulated directly. All specialized functions
can only be manipulated on the RC by navigating through a menu that can be
visualized on the television screen via the menu button.

The menu proper of the simulated television consists of three layers each with
words with a font size of 20 points (1 cm). On the first layer of the menu six
menu options are visualized referring to the six specialized functions. This menu
is depicted in figure 5.2. Automated programming and change of menu colours
can be manipulated on the second layer of the menu. All other options can only
be manipulated on the third layer of the menu. Button presses that do not activate
a function in a certain mode result in mode errors. These can be committed when
the arrow buttons are pressed without activating the menu, or when the channel

Figure 5.2: Black-white version of the user interface of the television simulation. The
buttons on the RC represent from top to bottom: power on/off, channel up/down, volume
up/down, menu on/off, arrow up/down/left/right.
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and volume buttons are pressed after activating the menu. The television can be
programmed for a maximum of 99 channels.

A logging tool registered each button press executed by the subject and the
time between button presses. The experiment itself was run on a Pentium MMX
200. The subjects were seated in a quiet room that was well lit without specular
light reflection on the computer screen.

5.2.3 Description of simulation in terms of menu-style actions

Figure 5.3 depicts the organization (task model) of the function ‘manually pro-
gramming a channel’. The Méthode Analytique de Description (MAD) [Scapin
and Pierret-Golbreich, 1990; Sebillotte and Scapin, 1994; Sebillotte, 1995] is used
to graphically represent the organization of such function. The lowest level of
the task model represents the user’s button action sequence on the remote con-
trol (RC) to reach the goal (manually programming a channel). Higher levels of
the task model represent the underlying structure behind the user actions. This
structure is in fact what the user should understand to be able to use the menu
style interface without problems.

On a menu style interface, specialized functionality like programming a chan-
nel is organized in a standard format using navigational buttons (menu button, ar-
row up, down, left, and/or right) according to a sequential procedure that is com-
posed of a navigation and a manipulation component. The organization of a menu
style interface in its totality (as described in the historical analysis of Docam-
po Rama and Van der Kaaden [2001]) visualized by MAD is depicted in figure
5.4.

Figure 5.4 shows the menu style divided in three types of functions: no func-
tion at all (mode errors), basic functions, and specialized functions. Basic func-
tions concern only manipulations (power off / on, volume change, and channel
change). Specialized functions contain a sequence of navigational actions (se-
lections that lead to a deeper layer in the menu, option shifts to go through the
option list, and/or backward navigations that result in going up one menu level)
and manipulations (channel setting, channel switching, menu color change, or
character changes).

The dotted rectangle at the right in figure 5.4 represents the task model of spe-
cialized functionality composed of a sequential, layered procedure. Obviously,
the procedure for specialized functionality is more complex than that of basic
functionality.

5.2.4 Procedure

The subjects had to execute three tasks. Task 1 consisted of 3 subtasks that had
to be repeated once in the same order. Task 2 and 3 consisted both of 2 subtasks
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Figure 5.3: Example of a task model corresponding to the specialized function ‘manually
programming a channel’ on a menu-driven television like the one that will be used in
this study. It is the first subtask of the experiment. The button sequence represents the
order of actions from left to right. The word ‘sequential’ means that the action has to be
executed according to the order as it is indicated in the figure (meaning that you need to
go down in the tree to know which actions have to be carried out before going on with
the following one). So, first the menu has to be activated, then the right arrow, etc. After
the first ‘arrow-right’ the user will have selected the option to program. After the second
‘arrow-right’, the user will have selected the channel that is asked for. The terms on the
level of the button sequence (like arrow-right) correspond with the buttons as described
in figure 5.2. For other specialized tasks the button sequence will be different, but the
underlying structure remains similar, namely starting with navigations en finishing with
manipulations.

that had to be carried out twice in a fixed order as well.

The order of the subtasks within tasks 1, 2, and 3 resembled a realistic setting
in daily life: a new television, of which the cables are already plugged in, and the
settings have to be programmed first before being ready for normal use. There-
fore, task 1 of the experiment consisted of ‘Programming channels’ (minimally
4 sub-procedures, 18 button presses), then ‘Rearranging the channels’ (minim-
ally 5 sub-procedures, 9 button presses), and finally ‘Giving the channels a name’
(minimally 6 sub-procedures, 81 button presses). Task 2 concerned two subtasks
of specialized functionality that are found only on the latest televisions, which is
‘Changing the colours of the menu’ (minimally 3 sub-procedures, 5 button presses)
and ‘Programming a welcome message’ (minimally 3 sub-procedures, 67 but-
ton presses). Task 3 consisted of two subtasks belonging to basic functionality,
which are ‘Watching specific tv channels’ (minimally 1 sub-procedure, 16 but-
ton presses) and ‘Changing specific volume levels’ (minimally 1 sub-procedure,
19 button presses). To carry out task 3 the users only had to use channel up and
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Figure 5.4: Decomposition of the menu style of consumer electronics products as de-
scribed in a historical analysis [Docampo and van der Kaaden, 2000]. Its graphical rep-
resentation is build up according to MAD [Scapin and Pierret-Golbreich, 1990; Sebillotte
and Scapin 1994; Sebillotte, 1995]. The rectangle at the right highlights the task model
of specialized functionality. Explanation from left to right: the arrow-buttons have no
function when the menu is off. Basic functions, except for the power button, have no
function when the menu is on. Basic functions are the power button, volume, and sys-
tem dependent functions like the channels for a television (see figure 5.2). Specialized
functionality consists always of a sequence composed firstly of at least one navigation
and secondly of at least one manipulation.

down, and volume up and down buttons. Hence, no menu had to be used for these
final subtasks. This all is summarized in figure 5.5, showing all subtasks per task,
corresponding optimal sub-procedures (sequence of steps), and minimal number
of button presses (actions).

If subjects did not finish a subtask within 10 minutes, they were assisted in
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Figure 5.5: Task decomposition in subtasks and their minimal sequence of steps (sub-
procedures) expressed in categories of menu-style actions (button presses). The last
column indicates the minimum number of actions required to fulfil the task.

starting-up the next subtask. A pilot experiment [Schram, 1998] showed that sub-
jects should not be kept searching any longer because they are unlikely to reach
the goal and quit anyhow. The subjects who failed were always encouraged to
continue with these follow-up tasks.

Before starting the experimental trials, all subjects were given a general in-
struction and exercised with the mouse-pointing device. The entire experiment
took on average one hour and thirty minutes.

5.2.5 Data transformation towards user strategies

A logging tool, attached to the simulation, registered the buttons pressed by the
user and the time interval between two button presses (action duration). As seen
in figure 5.4, this is a low-level description of the user’s executed actions. As
buttons on a menu-style interface can have several functions, depending on their
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mode, such low-level descriptions do not tell what types of actions were achieved
by the user after pressing certain buttons. For this, the data needs to be further
transformed into high-level descriptions of these sub-procedures.

Two automated tools have been used after the experiment for the transform-
ation. These tools concerned a conversion tool and a counting tool. Figure 5.6
depicts a simplified explanation of the contribution of each tool during the pro-
cess of data transformation.

logging tool counting tool

conversion tool

log-file converted file SPSS-file

menu-style

redundant

menu-style
actionsactions

television

simulation

categories of
button presses

Figure 5.6: Procedure for the analysis of user strategies by running three fully automated
tools. The button presses were converted per step and trial. The figure does not show the
action durations between two button presses. These were logged as well, but not con-
verted per step. In the SPSS-file action durations are registered only as average per task
and trial. Just to give an example of the registration in each part of the process, think of
subtask 1.1 described in the caption of figure 5.2. If a user presses the power button off
and on again before fulfilling the sequence as described in that figure, the log file will
log these three actions, plus menu-on, arrow right, arrow-down, and arrow-right (eight
times). Moreover, the action duration between each action is then registered as well, next
to their total task duration. All this will then be converted serially into manipulations -
power (two times), navigation - selection (three times) and manipulations - channel set-
tings (seven times), plus the total amount of time. Then the redundant steps are auto-
matically counted and entered in a SPSS-file: number of redundant actions in trial 1 for
task 1.1: two; redundant manipulations: two; redundant power: two; all other types of
actions: zero. Also the total number of actions executed by the user and the total amount
of time for that task are entered in the SPSS-file.

Conversion tool: As can be observed in figure 5.4, one type of button press can
have several functions depending on its mode. Therefore, a conversion tool has
been developed based on Layered Protocol Modelling [Taylor, 1988a; Taylor,
1988b; Taylor, 1989; Haakma, 1998; Brinkman, 2000]. This method consists
of an interaction component that rebuilds relevant parts of the conceptual model
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of the system from the actual interaction with the subjects. That is, this com-
ponent translates button presses unambiguously into the user’s executed categor-
ies of menu-style actions as identified in figure 5.4, which are navigations, ma-
nipulations and mode errors. Navigations are subdivided in selections, option
shifts and backward navigations. Manipulations can be classified in this study as
power change, volume change, channel change, channel setting changes, charac-
ter changes, and menu colour changes. Note that action durations have not been
converted.

Counting tool: In this study we will capture user strategies while handling the
system by means of a counting tool. It scores the total number of redundant ac-
tions per menu-style category (navigations, manipulations, mode errors), which
are registered per step, subtask and task to be reached.

5.3 Results

5.3.1 Effectiveness

Table 5.1 depicts per age group the number of subjects that started (shown between
brackets) and succeeded per task and trial. None of the subjects refused to start
with the first subtask. From the 40 subjects of the electro-mechanical generation,
mainly the oldest age group of 75-80 dropped out before finalizing the experi-
ment: 3 out of 10 subjects of this oldest group stopped immediately after reaching
the first step (which is the activation of the menu), and 4 others did not continue
after finishing the first trial of the first task (programming, switching channels,
and giving a name) when they heard that they had to repeat the exercise (table
5.2). Except for the persons in the age group of 70-75, most other subjects within
the electro-mechanical generation stayed on, just like the whole menu generation.

But how many subjects indeed achieved the goals? Except for the first trial of
task 1, all members of the menu generation have been found to be effective in this
respect. The electro-mechanical generation failed more often compared to the
menu generation. During the first task, the number of subjects that failed within
the electro-mechanical generation increased with age. But as table 5.1 shows,
those of the electro-mechanical generation who continued in follow-up tasks be-
came more effective in subsequent tasks and particularly in the second trial of
each task. For both the electro-mechanical generation and the menu generation
trial 1 of task 1 was most difficult to overcome.

Table 5.2 depicts the effectiveness per trial of the subtasks of the most diffi-
cult task to achieve: task 1. Three trends in effectiveness can be seen within the
electro-mechanical generation. First, the effectiveness seems to decrease with in-
creasing age in terms of an increasing number of failing subjects and drop outs.
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Table 5.1: Number of subjects across age groups that succeeded per trial and task.
age group task 1 task 2 task 3

trial 1 trial 2 trial 1 trial 2 trial 1 trial 2 full
20-25 y. 8 (10) 10 (10) 10 (10) 10 (10) 10 (10) 10 (10) 8 (10)
45-50 y. 8 (10) 10 (10) 10 (10) 10 (10) 10 (10) 10 (10) 8 (10)
55-60 y. 6 (10) 8 (10) 10 (10) 10 (10) 9 (10) 10 (10) 4 (10)
70-75 y. 1 (10) 6 ( 8) 7 ( 8) 8 ( 8) 6 ( 7) 7 ( 7) 0 (10)
75-80 y. 2 (10) 3 ( 3) 3 ( 3) 3 ( 3) 3 ( 3) 3 ( 3) 2 (10)

Number of subjects who started task in brackets, full = full completion of all tasks, task
1 and 2=specialized functionality, task 3=basic functionality,

Table 5.2: Number of subjects across age groups that succeeded per trial and subtask of
task 1.

age group subtasks of trial 1 subtasks of trial 2
program switch name program switch name

20-25 y. 8 (10) 9 (10) 10 (10) 10 (10) 10 (10) 10 (10)
45-50 y. 8 (10) 10 (10) 10 (10) 10 (10) 10 (10) 10 (10)
55-60 y. 6 (10) 9 (10) 10 (10) 8 (10) 10 (10) 10 (10)
70-75 y. 5 (10) 3 (10) 5 (10) 7 ( 8) 6 ( 8) 7 ( 8)
75-80 y. 6 (10) 5 ( 7) 4 ( 7) 3 ( 3) 3 ( 3) 3 ( 3)

Number of subjects who started task in brackets, program= programming a channel,
switch= switching channels, name= naming channel.

The data suggest that the youngest age group of the electro-mechanical gener-
ation (45-50 years) is similarly effective as the menu generation. In this study,
the two oldest age groups (70-75 and 75-80 years) within the electro-mechanical
generation seem to differ most from the menu generation. Second, most drop outs
were seen at the start. Third, those of the electro-mechanical generation that per-
sisted with follow-up tasks ended up nearly as effective as the menu generation,
indicating that all effective members of the electro-mechanical generation learn.

A question is whether the persisting subjects (those who use an active strategy)
of the older age groups show a different (higher) reasoning capacity than the drop
outs (those who use a passive strategy). The Raven and Corsi scores of the per-
sisting subjects of the two oldest age groups (respectively 42.5 and 9.5 on aver-
age) appear somewhat higher than the Raven and Corsi scores of the drop outs
(respectively 38 and 8 on average), but the difference fails to reach significance
due to the low number of persisting subjects (F(1,18)= 0.241, p = :63).
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Table 5.3: Number of redundant actions needed per task averaged per generation.
generation task 1 task 2 task 3
menu - with outlier 199 9 23
menu - without outlier 149 0 4
electro-mechanical - no outlier 417 30 120

5.3.2 Efficiency

The users’ efficiency has been analysed per task and trial by measuring the aver-
age action duration and the number of redundant actions of the effective subjects.

Table 5.3 shows the average number of redundant actions in task 1, 2 and 3
(both trials summed). Hence, the electro-mechanical generation made substan-
tially more redundant actions than the menu generation. Detailed analysis of the
menu generation showed that the relatively large number of redundant actions in
task 1 and during the first trial of task 3 were made by one particular subject. No
such extreme outliers were found within the electro-mechanical generation.

The users’ specific speed-accuracy tradeoff per task and trial can be identified
by plotting the number of steps needed to the average duration per action. That
is what figure 5.7 depicts per task and trial. The general trend is that the first trial
of task 1 is performed inefficiently. After that, a drastic reduction of redundant
actions and of action duration was found in the second trial and while achieving
task 2. This suggests that, like the menu generation, also the electro-mechanical
generation is able to learn by experience and to transfer the specialized proced-
ures from task 1 to new functions with similar procedures in task 2. Again an in-
crease in action duration and number of redundant actions is seen to activate basic
functions in task 3. Apparently, a change of procedures from those for special-
ized functionality to those for basic functionality (concerning the transfer from
task 2 to task 3) induces a relatively inefficient user strategy that is corrected in
the second trial. Within the electro-mechanical generation there is a systematic
increase with age in the average action duration, whereas the average number of
redundant actions tends to increase with age only for the first two age groups of
this generation, and declines somewhat for the oldest age groups. This resembles
the results of prior research reported in chapter 3 and 4. And again it is observed
that the younger age groups within the electro-mechanical generation prefer to
start with short action durations and many redundant actions (speedy trial-and-
error strategy), whereas the oldest age groups tend to be slower but perform rel-
atively more accurately (reflective strategy).

As mentioned before, only three out of 10 subjects of the oldest age group
persisted during all tasks. This suggests that these three subjects best understood
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Figure 5.7: Task efficiency in terms of action duration and redundant actions.

the tasks, whereas other groups would consist of a mix of subjects performing
more heterogeneously. One way to check this is to compare the performance of
the 3 most accurate subjects across age groups. Such a comparison can give us an
indication of the difference in performance between the most accurate subjects
and the remaining subjects. Due to the low number of subjects, no statistically
significant results can be expected. As can be seen in table 5.4, a similar pattern
is found across tasks and trials as in figure 5.7: a decrease in redundant actions
and action duration from task 1 to 2, and an increase from task 2 to 3. The differ-
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Table 5.4: Number of redundant actions and action durations in seconds averaged for the
best three subjects per age group.

measure age group task 1 task 2 task 2 task 3 task 3
trial 2 1 2 1 2
redundant actions 20-25 y. 10 2 2 0 0

45-50 y. 13 4 2 3 0
55-60 y. 30 11 3 17 0.7
70-75 y. 49 9 2 39 0.7
75-80 y. 63 11 6 112 21

action duration 20-25 y. 0.7 0.7 0.4 0.9 0.6
45-50 y. 0.9 0.8 0.8 2.3 0.9
55-60 y. 2.0 1.4 1.1 2.2 1.1
70-75 y. 2.9 2.9 1.6 4.1 0.8
75-80 y. 2.9 1.8 1.6 4.1 2.0

Redundant actions represent the total number of redundant actions for the second trial of
task 1, and trial 1 and 2 of task 2 and 3. Task 1 trial 1 has not been incorporated, as the
two oldest age groups failed to acquire at least 3 successful subjects at that stage of the
experiment.

ence between the general trend and the performance of the most accurate subjects
of each group is that both the number of redundant actions and action duration
increase monotonically with age (accurate subjects), instead of discontinuously
with age (general trend).

In summary, the effective subjects of the electro-mechanical generation show
a less efficient strategy than the menu generation. Within the electro-mechanical
generation there is a speed-accuracy tradeoff, i.e. a speedy and inaccurate per-
formance of the younger groups and a more careful and more accurate perform-
ance by the older ones. All age groups show a clear-cut learning effect in follow-
up trials and tasks with similar procedures. However, the follow-up task 3 with a
different (even more simple) procedure is perceived by all age groups within the
electro-mechanical generation as a bottleneck; it induced a persistence effect in
terms of user strategy, resulting in less efficient behaviour (larger action duration
and an increase in number of redundant actions). From the menu generation, only
the outlier showed a similar performance.

5.3.3 Bottleneck handling

The results showed that task 1, which concerns the first series of specialized func-
tionality, and task 3, which concerned basic functionality, have been found dif-
ficult to complete. Therefore, the first trials of the subtasks are analysed further,
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Table 5.5: Average percentage of navigations of the total number of redundant actions in
the first trial of each subtask of task 1 and task 3, depicted per age group.

age progr. (t1) switch(t1) name (t1) watch (t3) volume (t3)
20-25 51 ( 8) 52 ( 9) 91 (10) 44 (10) 0 (10)
45-50 52 ( 8) 62 (10) 90 (10) 50 (10) 36 (10)
55-60 57 ( 6) 50 ( 9) 90 (10) 56 (10) 31 (10)
70-75 35 ( 5) 50 ( 3) 85 ( 5) 68 ( 7) 0 ( 7)
75-80 37 ( 6) 60 ( 5) 88 ( 4) 65 ( 3) 0 ( 3)

progr. = manually programming a channel, switch = switching channels, name = naming
channels, watch = watching programs, volume = changing volume, t1 = task 1, t3 = task
3, numbers between brackets represent the number of subjects that participated in the
particular subtask.

as most difficulties were spotted there. Task 1 concerned programming a chan-
nel, switching channels, and naming them. Task 3 concerned watching specific
channels and changing the volume.

In task 1, the goal is to study what percentage of the redundant actions con-
cerns navigational actions, as these are indicative of a useful learning strategy for
typical menu style functions.

As Table 5.5 shows, in the very first subtask the two youngest age groups
of the electro-mechanical generation showed a similar percentage of redundant
navigations as the menu generation (slightly over 50 percent). The oldest two
age groups produced relatively fewer redundant navigations and more redundant
manipulations. However, in following subtasks within task 1, the two oldest age
groups were able to recover. Only in the third subtask of task 1, all age groups
executing nearly 100 percent redundant navigations. Clearly, the subjects had
then learned that navigation is a useful strategy.

In contrast, no typical menu-style actions were needed in task 3 and redundant
navigations were inappropriate. Although task 3 contains only basic functions,
all age groups started treating it as a typical menu-style function learned and re-
warded in all previous trials. The percentage of redundant navigations produced
was the highest for the two oldest age groups (around 65 percent compared to 53
percent for the younger age groups of the same generation). However, during the
second subtask of task 3, the oldest age groups were able to apply earlier their fa-
miliar basic learning strategy of manipulations only. Now the oldest age groups
were able to perform similarly well as the menu generation.

The large number of redundant navigations during all subtasks may have been
produced on purpose to find out the structure of the menu, but may also indicate
the user’s problem in understanding how this navigational procedure works. In
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the latter case, the user would press the navigation buttons without understanding
what has happened. Certain reactions of older users during the experiment seem
to suggest this latter pattern. Examples of such reactions were; ”what did I do
now?”, ”why doesn’t it do what I want him to do?”, and ”I have no idea what
these buttons are for”. What we observed was that subjects tended to replicate
part of the previously learned procedures.

Table 5.6 gives for each age group an overview of the types of redundant ac-
tions (navigations, manipulations, mode errors) per step of the sequence of each
subtask of task 1 (programming a channel, switching channels, and naming a
channel). For the first subtask (programming a channel) the electro-mechanical
generation perceived 3 main bottlenecks (in terms of a large number of redund-
ant actions) during the first subtask of task 1: step 2, 3 and 4. With experience
in follow-up subtasks the number of bottlenecks decreased, and appeared rather
at the end of the sequence. Spontaneous comments of the subjects suggest that
finding the procedure behind the manipulative action caused the trouble during
the final step.

Note that the redundant actions executed to achieve step 2 of the first subtask
(programming a channel) mainly consisted of manipulations. The menu genera-
tion used a typical menu-style manipulation, namely the automated program fea-
ture. However, the redundant manipulations within the electro-mechanical gen-
eration often concerned basic functionality like going from one channel to an-
other, and manipulations for all types of menu-style functions, other than pro-
gramming a channel.

The table shows only the difficulties per step for those subjects who, at the
end, succeeded anyhow. However, real bottlenecks were those steps in which
subjects were not able to succeed at all. During the first subtask ineffective sub-
jects happened to fail most often while dealing with the final step of program-
ming manually, but three subjects already failed dealing with step 1 (activating
the menu itself). For switching channels, the ineffective subjects were unable
to overcome the selection of the channels to switch and the switching act itself.
Failure during the third subtask consisted mainly of being unable to change the
characters to name the channel (which is the final step).

Table 5.7 depicts the types of redundant actions per step for the subtasks of
task 3 (channel change and volume change). The redundant actions of the first
subtask (watching a tv program, which is a basic function) consisted of both nav-
igational actions and manipulations. Further analysis (not visualized in the table)
shows that for most age groups except for the oldest age group, these redund-
ant manipulations concerned mainly menu-based manipulations (channel setting
changes). In contrast to the other groups, the redundant manipulations of the old-
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est group consisted mainly of power changes (switching the television on and
off).

Hence, at the start, the learning strategy of the youngest age groups of the
electro-mechanical generation was most similar to the menu generation. But the
older age groups were able to recover. Change of procedure shows a persistence
of the learned procedure for menu style functions. It is the oldest age group of
the electro-mechanical generation that is able to adapt the basic procedure like
the menu generation did.

5.4 Discussion

This chapter deals with age-dependent user strategies of the electro-mechanical
generation when handling realistic user interface complexity. The user strategies
have been analysed by the age group’s effectiveness, efficiency, and bottleneck
handling.

5.4.1 Effectiveness

Within the electro-mechanical generation the effectiveness drops with increasing
age. This indicates that the adaptation strategy tends to change with increasing
age from active to passive, in line with Wister [1989]. In fact, only the young-
est age group of the electro-mechanical generation was able to adapt as actively
as the menu generation. This suggests that subjects older than 50 have a greater
probability of failing to use menu style devices without help. It has to be realized
that this study describes an optimistic scenario, as all participants were very mo-
tivated at the start of the experiment and higher educated than the average popula-
tion. Hence, in real life the percentage of drop outs would be even more dramatic.

Slangen-de Kort [1999] categorized the following determinants as important
factors in giving up before reaching the goal or persisting until the end: (1) mo-
tivation issues that link with needs and goals of the person, (2) personal disposi-
tions concerning the feeling of being able to disengage from options that cannot
be achieved anymore and to flexibly readjust one’s goals, and (3) perceived com-
petence and control. They refer respectively to the person’s perception about his
or her personal qualities, and the extent to which he or she thinks to be in charge
to influence or produce desired events. The lower the needs, flexibility, and (per-
ceived) competence and control, the sooner the person will leave active adapta-
tion and divert on to the passive strategy.

Within this scheme motivation and flexibility were probably not an issue here:
first, people participated voluntarily, which means that they at least started with
motivation and they could not choose for alternative paths to achieve the goals,
because asking for help and looking in a manual were not permitted. Therefore,
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only perceived competence seems to be relevant in this study. A closer look at
the visuo-spatial reasoning and working memory scores of the persisting subjects
versus the drop-outs of the two oldest two age groups did not indicate a significant
relation. Obviously, self-perceived competence has more aspects than the two
visuo-spatial abilities that we tested.

Table 5.6: Average number of redundant manipulations, navigations and mode errors per
step depicted for each age group and subtask of task 1 (first trial only).

age action st1 st2 st3 st4 st5 st6
programming
20-25 y. man (10) 6.1 (10)15.8 (10) 0.0 ( 8)20.3

nav 0.0 7.2 0.4 53.5
me 0.4 5.4 0.2 9.9

45-50 y. man (10) 0.2 (10)36.4 ( 9) 6.6 ( 8) 4.9
nav 0.0 18.5 16.4 41.8
me 0.2 8.4 3.6 9.0

55-60 y. man (10) 9.5 ( 9)13.7 ( 8)10.4 ( 6) 4.5
nav 0.0 20.6 20.4 67.5
me 1.2 12.0 6.2 23.7

70-75 y. man ( 7) 3.0 ( 7)80.9 ( 7) 2.7 ( 5) 1.4
nav 0.0 44.1 3.1 14.8
me 0.9 21.0 1.1 3.6

75-80 y. man ( 8)20.0 ( 7)15.0 ( 7) 9.1 ( 6) 1.3
nav 0.0 17.7 10.3 14.8
me 7.0 11.7 8.3 2.2

switching
20-25 y. man (10) 1.7 (10)15.2 (10) 3.0 ( 8) 0.0 ( 9) 3.1

nav 1.6 9.4 11.9 0.0 12.4
me 1.1 2.4 2.1 0.0 5.7

45-50 y. man (10) 5.5 (10)22.40 (10) 0.0 (10) 0.0 (10) 6.7
nav 3.4 14.5 1.1 0.8 56.3
me 0.0 2.8 0.1 0.0 7.9

55-60 y. man (10) 5.8 (10)20.4 (10)14.7 ( 9) 1.7 ( 9) 1.6
nav 3.0 23.3 17.0 2.8 15.6
me 0.0 6.6 7.0 1.1 2.8

70-75 y. man ( 7) 4.6 ( 7)32.3 ( 7) 2.0 ( 5) 0.2 ( 3) 0.7
nav 8.4 29.3 9.2 0.2 14.0
me 1.3 8.6 2.0 0.0 8.0

75-80 y. man ( 7) 4.0 ( 7)11.4 ( 6) 0.0 ( 6) 0.0 ( 5) 0.6
nav 2.7 20.0 7.5 3.2 10.4
me 0.4 11.7 1.0 0.5 1.4

naming
20-25 man (10) 0.0 (10) 0.0 (10) 0.0 (10) 0.0 (10) 0.0 (10) 0.0

nav 0.4 0.6 0.0 0.0 0.4 9.4
me 0.0 0.0 0.0 0.0 0.0 1.8

45-50 man (10) 0.2 (10) 0.0 (10) 0.0 (10) 0.0 (10) 0.0 (10) 0.0
nav 2.4 1.4 2.4 6.4 4.1 27.9
me 1.2 0.0 0.5 1.0 0.0 1.6

55-60 man (10) 0.2 (10) 0.5 (10) 0.0 (10) 0.0 (10) 0.0 (10) 0.9
nav 2.3 3.2 0.6 9.0 2.3 68.3
me 0.3 0.3 0.0 0.7 0.5 6.4

70-75 man ( 7) 2.0 ( 7) 0.2 ( 7) 0.0 ( 7) 0.9 ( 7) 0.0 ( 5) 0.0
nav 11.2 2.6 0.6 6.7 0.0 28.8
me 3.9 0.0 0.0 0.0 0.0 2.2

75-80 man ( 7) 0.0 ( 6) 0.0 ( 6) 0.0 ( 6) 0.0 ( 6) 0.0 ( 4) 0.0
nav 0.7 4.2 2.0 10.0 11.8 27.3
me 0.0 1.2 1.3 1.3 2.7 1.5

nav=navigation, man=manipulation, me=mode errors, st1, 2, 3, 4, 5, 6 = step 1,
2, 3, 4, 5, 6. See table 5.5 for the explanation of procedures per step, numbers
between brackets represent the number of subjects that participated in the partic-
ular subtask.
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Table 5.7: Average number of redundant manipulations, redundant navigations and mode
errors per step depicted for each age group and subtask of task 3 (first trial only).

age action N step 1
watching channel
20-25 man 10 7.4

nav 12.3
me 0.6

45-50 man 10 7.9
nav 15.1
me 7.0

60-65 man 10 54.4
nav 63.2
me 16.0

70-75 man 7 30.4
nav 77.8
me 7.1

75-80 man 3 17.3
nav 71.0
me 21.3

changing volume
20-25 man 10 1.3

nav 0
me 0

45-50 man 10 11.8
nav 9
me 3.9

60-65 man 10 12.5
nav 9.7
me 9.3

70-75 man 7 8.6
nav 0
me 0

75-80 man 3 2.3
nav 0
me 0

nav=navigation, man=manipulation, me=mode errors. See table 5.5 for the explanation
of procedures per step.
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5.4.2 Efficiency

Effective subjects of the electro-mechanical generation were less efficient than
the menu generation. Relatively more redundant actions were executed and the
action duration was on average longer. Within the electro-mechanical generation
the action duration increased with age, but the number of redundant actions was
higher for the youngest age groups compared to the oldest two groups (see fig-
ure 5.7). Hence, the user strategy changed with age from a speedy trial-and-error
strategy for the younger groups to a reflective strategy for the older ones. This
result resembles earlier findings in chapter 4. Also, all age groups succeeded to
learn and were rather efficient after practice, irrespective of their initial strategy,
although older age groups remained slower. It may be of interest that the two
younger age groups were both still employed, whereas the two older ones had
already retired.

5.4.3 Bottleneck handling

At the start of the experiment the two youngest age groups of the electro-mechanic-
al generation showed a similar learning strategy as the menu generation: more
than 50 percent of their redundant actions consisted of navigations. The older
age groups engaged in relatively more redundant manipulations to tackle bottle-
necks. Hence, again the employed subjects differs from the retired group. It may
be the case that the working environment educated the employees to learn typical
menu-style tricks. This idea seems to be supported by Pieters [2000], who indic-
ates that the user’s strategy is partially influenced by the environment at work in
which he/she is able to practice the skills. Consequently, the employed subjects
in this study have been able to employ a speedy trial-and-error strategy, which
has been found to be a helpful learning strategy. On the contrary, the initial re-
flective strategy of the two older age groups consisted of mainly redundant ma-
nipulations, which is a less useful learning strategy.

With experience the electro-mechanical generation was able to adapt to a more
appropriate learning strategy. The older age groups learned to tackle bottlenecks
by almost 90 percent redundant navigations. This extends the results of Westerink,
Majoor and Docampo Rama [2000] towards older age groups.

Basic functions can become bottlenecks themselves when activating them after
the use of menu functions. Within the electro-mechanical generation a strong-
er tendency could be seen with increasing age to use a learning strategy based
upon redundant navigations, which is a typical strategy to learn menu-style func-
tions. Hence, the persistence of sticking to an inappropriate procedure is initially
stronger with increasing age.
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5.5 Conclusions

Within the electro-mechanical generation an age-related change in user strategy
has been found. The ineffectiveness in terms of the number of drop-outs and fail-
ing subjects increased with age. Those subjects who were effective and used an
active adaptation strategy were initially inefficient compared to the menu gen-
eration. The youngest age groups of the electro-mechanical generation used a
speedy trial-and-error strategy in which they tackled menu-related bottlenecks
mainly by navigation. On the contrary, the older ones tended to use a reflect-
ive strategy in which they initially handled bottlenecks mainly by manipulating.
With practice these older age groups were able to switch from redundant manip-
ulations, which is a less helpful learning strategy, towards redundant navigations
while dealing with menu-related bottlenecks. With increasing practice, all age
groups within the electro-mechanical generation were able to be both more ef-
fective and efficient. Temporarily, the electro-mechanical generation persisted in
using procedures just learned, even when they were not appropriate anymore.

5.5.1 Implications for design

The difficulties of the electro-mechanical generation while controlling menu-style
functions suggest that electro-mechanically related (non-layered) procedures, typ-
ical basic functions, would be more appropriate for them to use. Furthermore, it
has been observed that they had trouble applying different procedures (special-
ized versus basic ones) on one system. This emphasizes the importance of con-
sistent interfaces that are based upon handling according to one type of proced-
ure. However, when this is not feasible, on-line help could guide users to reach
the goals desired. Furthermore, buttons for navigational procedures and manipu-
lations should be physically separated to diminish confusions about the function
of each button. Finally, training the (older age groups of the) electro-mechanical
generation to learn to use menu-driven interfaces by navigating could help them
overcome initial difficulties.

5.5.2 Automation tool

Although it has not been the emphasis of this chapter, the importance of the auto-
mation tool used in this research is worthwhile to mention. This tool has proven
to be valuable, as we have been able to analyse the behaviour patterns in de-
tail. Inevitably, it has produced much more information than we presented in this
chapter. It has definitely added value in future applications, for example in ap-
plying agent technology to guide the user online. Agents that would be able to
register and analyse behaviour patterns like the supporting automation tool in this
study could support the user more accurately and customize their help towards
his/her need.
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6
Conclusions

Technological innovations of the past century have influenced beyond recogni-
tion the way our work and private lives are organised. Technology has become
a vital element in our daily activities. However, often devices, either in the form
of a computer, telephone, video recorder, television, or fax, turned out to be diffi-
cult to use. As the technological innovations continue to grow rapidly in the 21st

century, it is important that everyone, including older adults, are informed about
the new applications of modern technology and how it can be used.

Development of user-friendly interfaces will help users get familiar with the
latest technology available in the market. Ultimately the industry will benefit
from this as well, as it will boost purchase and usage behaviour.

Development of user-friendly systems requires knowledge about factors that
influence the user’s learning behaviour while handling new systems. This thesis
is concerned with investigating of specific human and user interface characterist-
ics that play a role while handling current electronic consumer products.
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6.1 Recapitulation

This thesis focused on the influence of three main factors while handling devices.
These factors were concerned with the complexity of the user interface, the age
of subjects and the technology generation to which they belong.

In contrast to devices like the bicycle and the stove that have become increas-
ingly easier to use instantly, most interactive electronic consumer products cur-
rently available on the market do not have the reputation to be easy to handle.
This thesis has focused on the number of interface layers up to four to analyse
the complexity of user interfaces as a likely factor for difficulty of use.

Earlier user-system interaction studies showed that difficulties in handling a
system increase with age. In general, older users commit more errors and need
more time to reach goals (e.g. Czaja [1996]). Czaja and Sharit [1998] found that
visuo-spatial working memory plays a role in error performance. A study of Salt-
house, Hambrick, Lukas and Dell [1996] indicated that the user’s motoric pro-
cessing speed explains 70 percent of the variance in task duration. Freudenthal,
T.D. [1998] found the user’s latency was negatively correlated with visuo-spatial
working memory, reasoning ability, and processing speed. In this thesis age has
been taken into account both separately and in a possible relation to changes in
visuo-cognitive abilities.

A third factor that seems to play a role is technology experience. As Freuden-
thal, A. [1998] found, little children fail to program a television if they have only
experienced computer games. Consequently, it may be assumed that older users
fail to use present-day technology due to the mismatch between the technology
experience they acquired through life and the knowledge they need to use a new
device. Sociological studies [Glenn, 1974; Becker, 1992] indicated that the form-
ative period of adolescence and young adulthood is critical for learning norms,
values, and skills and these influence behaviour later in life. Subsequent birth
cohorts that experienced similar macro-social events during this period may dis-
play similar behaviour nowadays. Such cohorts of people can be identified as a
generation. In this way Sackmann and Weymann [1994] identified technology
generations based on common technological events in the formative period. In
this thesis technology generations have been taken into account based on the type
of user interface experience they acquired during the formative period.

This final chapter will discuss the main conclusions across chapters concern-
ing the number of interface layers of current user interfaces, age, and generation
differences of subjects in handling simulations of present-day consumer electron-
ics products. The chapter will be concluded with some implications for design,
instruction, and further research.



6.2. Main results 105

6.2 Main results

6.2.1 User interface complexity

Consumers and researchers have stressed the point that user interfaces of the early
days were easier to use than those currently available on the market, probably
due to increase in complexity. Therefore, an overview is needed of user interface
changes over the years. At the start of the research there was no study available
that had analysed the historical evolution of user interfaces of consumer electron-
ics products, to the best of our knowledge. Therefore, chapter 2 did precisely
this, intending to fill this gap. The study showed that user interfaces went through
one major change around 1980. User interfaces before 1980 were of the electro-
mechanical style and contained only few functionalities for basic goals, robust
mechanical buttons that are manually controlled to indicate their state directly,
and feature a straightforward interaction based on a one-to-one relation between
the button and its function. Many of these characteristics disappeared on software
style interfaces of the 1980s (display style) and the 1990s (menu style). Touch
buttons without feedback about the state of the device, a central display, software-
based objects and many new functions made the interaction symbolic and rather
indirect. In these user interfaces a sequence of actions had to be executed to reach
the goal, buttons had different functions depending on their mode, and the struc-
ture became layered so that part of the information is temporarily hidden. The
menu style at least visualizes the layered structure via a menu on a display. At
the same time, new types of buttons and procedures have been added to navigate
through the menu and activate its functionality. So, the complexity of the user
interface increased.

Chapter 3 investigated the impact of interface layers as a major user interface
aspect on user performance. The performance of older and younger adults was
analysed while handling two user interfaces that did neither differ in functional-
ity nor in input and output devices, but only in the structure (single-layered or
two-layered). All subjects turned out more accurate and faster using the single-
layered interface than the two-layered user interface. Chapter 3, 4 and 5 showed
that the difficulties using a software style increased with its number of layers: sig-
nificantly more mode errors were made and more time was needed to fulfil the
tasks. This result is in agreement with the available data from the literature (e.g.
Landauer and Nachbar [1985]).

Chapter 4 searched for some indications of the cognitive skills that are needed
to use a software style device. Two skills were studied: reasoning ability for
visual objects to identify the logic behind software style procedures, and visuo-
spatial working memory aimed at memorizing visuo-spatial positioning of ob-
jects or information on a display. Both skills play a significant role. These res-
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ults corresponded with findings of Czaja and Sharit [1998] and Freudenthal, T.D.
[1998]. However, also other factors are expected to play a role that were not cap-
tured in this thesis. One of these is advanced hand-eye coordination to perform
parallel activities outside the user’s visual field. Results at least suggested that
this factor impacts the load on visuo-spatial working memory.

Chapter 5 focused on user strategies while dealing with a realistic menu-driven
television simulation of four layers. A successful learning strategy to overcome
bottlenecks turned out to be the execution of mostly redundant navigations. This
was also found by Westerink, Majoor and Docampo Rama [2000]. Such a strategy
gives the user the opportunity to get an overview of the structure of the system
without manipulating settings that were not meant to be changed. While dealing
with menu procedures subjects found it particularly difficult to select the correct
option and to reach the final procedure to manipulate the settings. With experi-
ence, these bottlenecks disappeared for those who persisted during the first try-
out.

6.2.2 Age and technology generation

Chapter 2 investigated which technology generations could be identified based
on user interface experience in the formative period. A historical analysis, lit-
erature research, and an empirical study showed that two main generations can
be distinguished: the electro-mechanical generation (born before 1960) and the
software generation (born in 1960 or later). This latter generation could be split
further into the display generation (born between 1960 and 1970) and the menu
generation (born in 1970 or later). These boundaries take into account a diffusion
period in which a specific user interface had been introduced on the market, but
was not yet adopted and used by the majority of the population.

With this knowledge in mind, a study was set up to analyse age and tech-
nology generation effects in handling new systems. Chapter 3 and 4 focused on
this research question. As age and generation effects both depend on the year of
birth, a sociological method [Glenn, 1977] was chosen to be able to distinguish
these effects empirically. An age effect can be identified by a continuous change
in performance with age. A generation effect shows a discontinuous change with
age. A technology generation effect for user interfaces can be identified if the
discontinuity is found around the birth cohort of 1960.

Outcomes of the analyses on 30 to 80 years old indicated that both influences
could be identified. An age effect was found for task duration or speed, whereas
a technology generation effect was found for error performance. When analys-
ing the data of Czaja [1996] similar effects could be identified. The two effects
were found irrespective of the complexity of the device and the user’s educa-
tional background. Hence, for the first time we have been able to separate age
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and technology generation effects in handling current user interfaces. The gener-
ation effect appeared most strongly during the first confrontation with new user
interfaces. With increased experience all age groups were able to handle the user
interface more efficiently and the generation effect started to disappear, whereas
the age effect continued to be visible, although all older subjects continued to
learn.

Chapter 4 focused on two cognitive abilities in relation to the age and techno-
logy generation effects found on each performance measure. Outcomes showed
that the age effect in task duration relates to two visuo-cognitive skills: reason-
ing ability and visuo-spatial working memory. This result is in line with find-
ings of Freudenthal, T.D. [1998]. The technology generation effect found in er-
ror performance related to the user’s visuo-spatial working memory. This result
resembled the findings of Czaja and Sharit [1998].

But how could this cognitive factor indicate a generation effect as it is known
to decline more or less linearly with age? Detailed analysis of the trends of visuo-
spatial working memory in other studies indicated that until the middle of the
eighties, visuo-spatial working memory was indeed found to decline linearly with
age [Salthouse, 1991; Schaie, 1983]. But recent results concerning this ability
suggest a generational shift (see Czaja and Sharit [1998] and chapter 4 of this
thesis) that may be based on generation-specific experience with current types of
user interfaces (the software style). This was not only found for tests as used in
this thesis that resembled working memory problems for software style devices.
It was also found for neuro-psychological paper-and-pencil tests like those used
by Czaja and Sharit [1998].

But is it possible that generation-specific user interface experience has such
a large impact on the user’s cognitive skills? Developmental studies showed that
the period of adolescence and young adulthood are critical years where exper-
ience and cognitive development feed each other constantly for further matura-
tion [Sroufe and Cooper, 1988]. Therefore, an increasing supply of software style
devices in the formative period of the software generation may have triggered
the increased development of the cognitive skills that are needed to handle such
devices. For the software generation the evolution of the user interface may have
led to a well trained visuo-spatial working memory. This observation has great
implications for the usefulness of traditional visuo-cognitive tests for assessing
younger generations. It asks for a serious update of neuro-psychological tests that
relate to accumulated experience of the younger generations.

In the studies described in this thesis, all age groups proved to be able to
learn to deal with software style devices that had implemented up to three lay-
ers (chapter 3 and 4). However, while dealing with a four-layered device that
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approximated the level of complexity of realistic consumer electronics products
also the effectiveness decreased with age, i.e more people of the older age groups
dropped out. In real life this is expected to be worse.

Chapters 3, 4 and 5 indicated that the software generation performs both fast
and accurately compared to the electro-mechanical generation. Such a strategy
resembles that of an expert [Charness, 1981; Singley and Anderson, 1985]. This
finding confirms that the software generation has an a priori advantage over the
electro-mechanical generation when it concerns using a new software style device.

Only the electro-mechanical generation shows a speed-accuracy tradeoff, that
consists of a speedy and inaccurate way of playing around (speedy trial-and-error
strategy) by the younger age groups and a cautious and more accurate way of
handling (reflective strategy) by the older ones. The choice of the older mem-
bers of the electro-mechanical generation to slow down to reach the goal implies
a simultaneously higher load on visuo-spatial working memory, which is known
to decline with age. Chapter 5 showed that such tradeoff also applies to perform-
ing tasks of realistically complex systems. At the start this reflective strategy in-
duced many redundant actions that were based upon direct manipulations of the
system. Such an approach was functional for electro-mechanical devices, but is
not appropriate anymore for devices of today. With experience, also the persist-
ing older age groups of the electro-mechanical generation were able to change
their learning strategy towards the execution of redundant navigations as a use-
ful strategy for handling realistically complex menu-style devices.

6.3 Practical implications

The knowledge acquired in this thesis research as part of the Philips Technology
Generation project suggests that designers of user interfaces need to be aware of
the generation-specific ability gap between potential users born before 1960 and
those born later [Docampo Rama, 2000]. Ease-of-use of software style devices
could be improved by re-introduction of electro-mechanical style concepts such
as the one-to-one relation between function and button, understandable direct feed-
back about the state of the device and increase of affordance (i.e. the user’s per-
ception about the applicability of the device) [Norman, 1988], for a straightfor-
ward interaction. This will reduce the load on a number of cognitive skills that
are known to decline with age.

Reduction of the number of layers could be one such improvement. The fact
that even some of the higher educated older adults gave up after being confron-
ted with a four-layered interface strongly indicates the need to reduce the num-
ber of layers. But also aspects that provoke inconsistent spatial placing of func-
tions should be dealt with, for example eliminating laborious procedures, multi-
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functional buttons, and mode changes. Diverse input and output devices such as
the wireless remote control and mouse-pointing device hamper a smooth hand-
eye coordination, putting even more load on the user’s cognitive abilities.

Other ways to reduce the complexity of software-style user interfaces could
consist of providing more embedded guidance to the user and having complic-
ated procedures taken over by the system itself instead of bothering the user with
it. Adaptive technology [Masthoff, 1997] can be implemented to assist the user
on-line. Intelligent agents identify the user’s need by focussing on the user’s nav-
igation behaviour. Also the user’s average duration per action is a simple and
accurate predictor of user difficulties, which holds across generations and is par-
ticularly successful within the electro-mechanical generation. Situated learning
guided by an agent could help them overcome bottlenecks. Online agents that
are able to register and analyse behaviour patterns like the automation tool in this
study could support users more accurately and tailor its help towards their needs.

Training the electro-mechanical generation could also be useful. It is then re-
commended to teach older users to explore rather than being cautious. Learning
to first explore the user interface by navigational actions to get an overview of
the structure of the device is a must here. Furthermore, speeding up their action
rate may reduce the load on their visuo-spatial working memory. This will facil-
itate them to develop a mental model that matches with the way a software style
device can be made to work. Generation-specific (on-line) training could focus
on the logic behind software style concepts and procedures to activate specialized
functionality (e.g. programming functions, services). This may reduce the reas-
oning problems of the electro-mechanical generation while using software style
devices. Online help or instructions could focus on explanations on how to find
the correct option and how settings can be manipulated (final step of each goal).
This type of instruction would be effective for all generations.

Optimal use of such guidelines in product development can be achieved by in-
volving usability specialists and consumer researchers from the start of the Product
Creation Process [Docampo Rama, 1998]. Transfer of relevant information to
designers and engineers can then best be judged and adapted to the possibilities
and restrictions of the implementation. The true key of success of such multi-
disciplinary team is based on inter-mutative learning: putting effort in understand-
ing and learning from each others work and approach, which implies an intensive
cooperation.

6.4 Implications for further research

Challenges in this new millennium for further research on ageing and user-system
interaction can be found in (1) further analysis of technology generation effects
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for a deeper understanding of its background in earlier experience and of its im-
plications, (2) studies on the implications of new types of user interfaces that enter
the market as to implications on present and future technology generations, (3) in-
tegration of age and technology generations in the development of new systems,
user interfaces, and on-line and off-line training programs, and (4) revisiting of
neuro-psychological tests to take into account evolving experiences in the daily
handling of technology. This will enable the assessment of (future) technology
generations on their evolving visuo-cognitive and other capabilities.
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[2000]. Techniek in Nederland in de twintigste Eeuw. I: Techniek in
ontwikkeling, waterstaat, kantoor en informatietechnologie. Stichting
Historie der Techniek Walburg Pers.

SCHRAM, M.J. [1998]. TVSIM: A software-simulated television for testing the
learnability of multi-layered user interfaces. Report. IPO: Center for User-
System Interaction. Eindhoven, The Netherlands.

SEARLEMAN, A., AND DOUGLAS, H. [1994]. Memory from broader Perspect-
ive. New York: McGraw-Hill.

SEBILLOTTE, S. [1995]. Methodology guide to task analysis with the goal of
extracting relevant characteristics for human-computer interfaces. Inter-
national Journal of Human-Computer Interaction, 7, 341–363.



References 117

SEBILLOTTE, S., AND SCAPIN, D.L. [1994]. From user’s task knowledge
to high-level interface specification. International Journal of Human-
Computer Interaction, 6, 1–15.

SINGLEY, M.K., AND ANDERSON, J.R. [1985]. The transfer of text-editing
skill. International Journal of Man-Machine Studies, 22, 403–423.

SLANGEN-DE KORT, Y.A.W. [1999]. A Tale of Two Adaptations: Coping pro-
cesses of older persons in the domain of independent living. Ph.D. thesis.
Eindhoven.

SLATER, P. [1947]. The association between age and score in the progressive
matrices test. Journal of Psychology, Statistical Section, 1, 64–69.

SROUFE, L.A., AND COOPER, R.G. [1988]. Child Development: Its nature and
course. New York: Alfred A. Knopf, Inc.

STEWART, T. [1992]. Physical interfaces or “obviously it’s for the elderly, it’s
grey, boring and dull”. In H. Bouma and J.A.M. Graafmans (Eds.), Ge-
rontechnology. Amsterdam: IOS Press.

TAYLOR, M.M. [1988a]. Layered protocols for computer-human dialogue. I:
principles. International Journal of Man-Machine Studies, 28, 175–218.

TAYLOR, M.M. [1988b]. Layered protocols for computer-human dialogue. II:
some practical implications. International Journal of Man-Machine Stud-
ies, 28, 219–257.

TAYLOR, M.M. [1989]. Response timing in layered protocols: A cybernetic
view of natural dialogue. In M.M. Taylor, F. Néel, and D.G. Bouwhuis
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Samenvatting

Ouders reageren wel eens verbaasd als hun kinderen in een mum van tijd de muis
van de computer weten te bedienen, computerspelletjes beheersen, of de videore-
corder kunnen programmeren. Ze herinneren zich op zulke momenten misschien
hoe moeilijk zij het vonden toen ze er zelf mee begonnen. Steeds vaker zijn het
de kleinkinderen die opa en oma uitleggen hoe ze de mobiele telefoon moeten
gebruiken, de video kunnen programmeren en met de computer kunnen omgaan.
En wat te denken van alle opschudding die ontstaat wanneer een kabelmaatschap-
pij het weer eens in zijn hoofd haalt om alle frequenties van de televisiekanalen
te veranderen.

Het is altijd zo geweest dat levenservaringen oudere mensen in hun beroep
en in sociaal opzicht hebben doen rijpen. Jongeren konden veel van hen leren.
Daarom was tot op heden de leraar-leerling relatie tussen ouderen en jongeren
eenduidiger: de oudere leert aan de jongere. Echter, naar aanleiding van de snel
opeenvolgende technologische ontwikkelingen in de tweede helft van de twintig-
ste eeuw is deze relatie ambigu geworden. In situaties waar recent ontwikkelde
technologiekennis gebruikt wordt, zijn het vaak de jongeren die ouderen instru-
eren.

De technologische ontwikkelingen van de twintigste eeuw zijn ver doorge-
drongen in de maatschappij: in het huishouden, op het werk, in financïele zaken,
bij medische behandelingen. Het is dan ook van wezenlijk belang dat alle volwas-
senen, en dus ook ouderen, leren omgaan met moderne apparatuur. Technologie
moet immers bijdragen aan iemands wensen van comfort en zelfredzaamheid.
Alleen dan kan ieder voor zichzelf uitmaken of een bepaald stukje technologie
een handig hulpmiddel is in het realiseren van zijn of haar wensen en behoeften.

Het blijkt dat oudere mensen nogal eens problemen ervaren bij het gebruik
van hedendaagse apparatuur. Waarom precies dat zo is, hebben wij nagegaan in
een reeks studies binnen het project TechniekGeneraties dat is opgezet en gecöordi-
neerd door Philips Design.

Veel ouderen merken vaak op dat apparaten tegenwoordig veel moeilijker te
gebruiken zijn dan vroeger. In dit proefschrift wordt nagegaan in hoeverre dit
komt omdat (1) de bediening van apparaten in de loop der tijd complexer is ge-
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worden, (2) cognitieve veranderingen door de jaren heen er voor zorgen dat ou-
deren meer moeite hebben met het leren bedienen van nieuwe apparaten, en (3)
ouderen niet opgegroeid zijn met de huidige bedieningsstijl, en daarmee kennis
hebben opgebouwd in hun jeugd en adolescentie die niet overeenkomt met de
kennis die nodig is om huidige apparatuur te bedienen.

Deze drie hypothesen kunnen getoetst worden door jongeren en ouderen ge-
heel nieuwe apparaten te laten gebruiken, het moeilijkheden te observeren en per
apparaat het verloop met de leeftijd te analyseren. Indien aparaten inderdaad com-
plexer zijn geworden zullen zowel jongeren als ouderen minder moeite moeten
hebben met apparaten die kenmerken hebben van vroegere apparaten (bv. met
enkelgelaagde interactiestructuur), dan met hedendaagse apparaten. Indien cog-
nitieve veranderingen met de leeftijd een rol spelen zullen de moeilijkheden con-
tinu met de leeftijd toenemen (leeftijdseffect). Echter als het opgroeien met een
bepaalde bedieningsstijl een stempel drukt op het probleemgedrag, dan zal dit ge-
drag discontinu met de leeftijd oplopen (generatie-effect). De discontinuitiet zou
daarbij overeen moeten komen met de verschillende generaties die te onderschei-
den zijn op basis van de bedieningsstijl waar ze mee zijn opgegroeid.

Alvorens deze laatste hypothese tesamen met de overigen te kunnen toetsen,
is een historische analyse nodig van de ontwikkeling van de bediening van consu-
menten electronica over de afgelopen eeuw. Hiervoor zijn de televisie, telefoon
en videorecorder als voorbeeld genomen. Hoofdstuk 2 beschrijft deze analyse,
stelt de bedieningsstijlen vast en berekent de generatieovergangen. Met behulp
van een landelijke enquête (1015 mensen) zijn de generatiegrenzen getoetst en
bevestigd. Er kunnen twee hoofdgeneraties onderscheiden worden: de electro-
mechanische generatie (geboortecohorten 1959 en eerder) en de softwaregene-
ratie (geboortecohorten 1960 en later). Deze laatste generatie kan nogeens on-
derverdeeld worden in de displaygeneratie (geboortecohorten 1960-1969) en de
menugeneratie (geboortecohorten 1970 en later).

Hoofdstuk 3 toetst de drie gestelde hypothesen door twee simulaties aan te
bieden van een beeldtelefoon die verschillen in gelaagdheid (1 en 2 lagen). Het
enkelgelaagd systeem heeft zo een kenmerk van vroegere (electro-mechanische)
bedieningspanelen. De simulaties zijn in twee sessies aan vier leeftijdsgroepen
aangeboden. De jongste groep is tussen de 25 en 35 jaar, geboren na 1960 en
daarmee behorend tot de softwaregeneratie. De overige groepen zijn 40-50, 50-
60 en 65-75 jaar en behoren allen tot de electro-mechanische generatie. De be-
dieningsproblemen werden gemeten aan de hand van de tijdsduur en het aantal
fouten.

De resultaten laten zien dat iedereen leert, ook ouderen. Het dubbelgelaagd
systeem blijkt voor iedereen, en dus ook voor jongeren, moeilijker te bedienen.
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De maat waarmee het probleemgedrag is gemeten bepaalt of er een leeftijdsef-
fect of een generatie-effect te zien is. De tijdsduur loopt continu met de leeftijd
op, wat duidt op de invloed van cognitieve veranderingen met de jaren. Het fou-
tenaantal verloopt discontinu met de leeftijd, waarbij de discontinuiteit optreedt
tussen de groep van 25-35 jaar en die van 40-50 jaar. Dit duidt op een generatie-
effect dat zijn oorsprong kent in de bedieningsstijl waarmee men is opgegroeid.
Binnen de electro-mechanische generatie is er geen oplopende foutenaantal ge-
constateerd, wat een puur generatie-effect suggereert.

Het experiment is herhaald voor een ander en complexer apparaat, een simu-
latie van een mobiele telefoon met 3 lagen. Ditmaal is het opleidingsniveau van
de vrijwilligers hoog (mbo/hbo). Ook nu weer wordt er een generatie-effect ge-
vonden voor het aantal fouten en een leeftijdseffect voor de tijdsduur.

Hoofdstuk 4 bestudeert de gevonden trends in de tijdsduur en foutenaantal in
relatie tot enkele vaardigheden van de gebruiker. Hierbij is de simulatie met de
mobiele telefoon herhaald bij 88 mensen tussen de 25 en 80 jaar met een hoog
opleidingsniveau. Van elke gebruiker zijn het visueel ruimtelijk werkgeheugen,
het redeneringsvermogen voor visueel materiaal, en de motorische vaardigheid
getest, het werktempo gemeten en de opgedane ervaring met consumenten elec-
tronica nagevraagd. Resultaten laten zien dat foutenaantal is gerelateerd aan vi-
sueel ruimtelijk werk geheugen in relatie tot geavanceerde oog-hand cöordinatie.
De software generatie weet hiermee een aanpak van een expert te ontwikkelen.
Daarentegen gebruikt de electro-mechanische generatie een aanpak van een leek.
Binnen deze generatie worden verschilllende gebruikersstrategiëen gehanteerd:
de jongeren onder deze oudere generatie neigen snel en inaccuraat te handelen,
terwijl de ouderen van deze groep een langzamere maar meer accurate handels-
wijze verkiezen.

Hoofdstuk 5 gaat dieper in op de strategie van de electro-mechnische gene-
ratie tijdens het bedienen van een apparaat. Dit keer gaat het om een simulatie
van een televisie waarvan de bediening behoort tot de menustijl. Vijf leeftijds-
groepen (20-25 als referentie groep en maakt deel uit de menu generatie, 45-50,
55-60, 70-75 en 75-80 jaar) werden bestudeerd. De gebruikersstrategie is nage-
gaan door allereerst te kijken naar de effectiviteit van gebruikers (in hoeverre zijn
ze in staat taken te volbrengen). Van de gebruikers die de taken wisten te volbren-
gen (en dus een actieve strategie toepassen) is bekeken hoe efficient ze waren in
termen van de tijd die ze erover deden en hoeveel stappen ze nodig bleken te heb-
ben om de taak te volbrengen. Als laatste is gekeken naar de struikelblokken die
ze onderweg ontmoeten.

De resultaten laten zien dat de effectiviteit binnen de electro-mechanische ge-
neratie met het de leeftijd daalt, waarbij het met name gaat om de oudste group
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(75-80 jaar). Van de effectieve personen uit de electro-mechanische generatie
blijken de jongere groepen inderdaad een snelle trial-and-error strategie toe te
passen waarin ze met behulp van redundante navigaties op een succesvolle wijze
de struikelblokken weten te overwinnen. De effectieve ouderen uit diezelfde ge-
neratie prefereren aanvankelijk een reflectieve strategie, waarbij ze hindernissen
aanpakken met behulp van redundante manipulaties, wat leidt tot minder snelle
afhandeling van struikelblokken. Maar ook zij leren met behulp van redundante
navigaties de problemen op te lossen. Typische problemen bij menu’s blijken het
selecteren van de juiste keuze en de overgang van navigaties naar manipulaties.

Het proefschrift wordt beëindigd met hoofdstuk 6 waarin conclusies worden
getrokken over de hoofdstukken heen, en nagedacht tot welke ontwerprichtlijnen
de resultaten hebben geleid. Terugkijkend op het onderzoek beschreven in dit
proefschrift kan worden geconcludeerd dat bedieningspanelen inderdaad moei-
lijker te gebruiken zijn naarmate het uit meer lagen bestaat. De moeilijkheden
nemen met de leeftijd toe, als het gaat om de tijd die men nodig heeft om het ap-
paraat te bedienen. Daarnaast blijken het aantal fouten en de strategie generatie-
specifiek te zijn, en dan metname bij de eerste confrontatie met een nieuw ap-
paraat. Aangezien de meeste beslissingen tijdens zo’n eerste indruk worden ge-
nomen is het daarom zo van belang om het generatie-specifieke referentiekader
van de consument of gebruiker in acht te nemen bij het aanpassen van het bedie-
ningspaneel. Het trainen-op-maat behoort ook tot de mogelijkheden waarin het
hiaat tussen het referentiekader van de gebruiker en de nieuwe procedures gedicht
wordt.
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