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Quite a few adults experience difficulties in 
using present-day consumer products with
their extensive functionality1, 2. Three factors
may potentially contribute: complexity of the
user interface, age effects in perceptual, cog-
nitive, and motor abilities, and generation-
related lack of experience with such technol-
ogy. The objective of the present study is to
unravel the influences of these three factors.
To this end, four age groups between 30 and
70 yrs handled user interfaces of simulated

devices in two laboratory experiments. This
concerned a video-phone interface with a
single layered and a two-layered menu inter-
face in the first and a three-layered interface
of a simulated mobile phone in the second
experiment.
We start with explaining the theoretical
framework including the concept of genera-
tion effects and how to distinguish these
from age effects. Next, the two experiments
will be described and discussed.
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FRAMEWORK

Complexity of user interface
Taking the users’ point of view, user inter-
faces can be characterised by the associated
interaction styles. In an interaction style,
specifications are given of re-usable applica-
tion controls, specific selections and designs
of such controls, and general design principles3.

To these has been added directness of
manipulation on a continuum between very
indirect and very direct manipulations of
functions3-7. We follow de Vet and de
Ruyter8, who offer a structured approach to
interaction styles and their possible impacts
on user performance.

An interaction style then supports generic
options of user tasks, called conceptual oper-
ations, organises such options according to
operational procedures: called interaction
structure, and uses specific interaction proce-
dures for input and output devices, called
interaction techniques. For example, a
mouse pointing device (interaction tech-
nique) is used to select a file (conceptual
operation) by clicking several icons (interac-
tion techniques) following a certain dialogue
flow within a hierarchical menu (interaction
structure). This offers a general description of
user interfaces and the impact of specific
aspects of the interaction style can be manip-
ulated in order to assess the effects on the
user.

Recently, an analysis has been provided how
the interaction style of consumer products
has changed within the 20th century9. Three
major styles have been identified: a mechan-
ical style up till the thirties or forties, an elec-
tro-mechanical style up till the early eighties,
and a software style since then. For the pres-
ent paper, the transition from electro-
mechanical to software style is relevant. The
transition is characterised as follows.
Interaction techniques evolved from
mechanical attributes such as push buttons,
switches, and rotary dials toward software-
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directed attributes such as displays, touch
buttons, and wireless remote controls. The
interaction structure changed from an organ-
isation in breadth, using one layer in which
only basic functionality was present and
directly visible to the user, toward a multi-
layered hierarchical style, in which from the
abundant functionality only part is visible to
the user at any time. As to conceptual oper-
ations, the basics of the electro-mechanical
style have evolved toward a wide variety of
options, an overview of which is difficult to
get. In the software style, several options are
invisible and feedback about the present
mode of the user interface and of the pres-
ent functions of input- and output devices is
usually restricted.

In the present paper, we will focus on the
number of layers as a basic ingredient of the
interaction structure complexity. We assume
this plays a key role in the user’s understand-
ing of the organisation of the user interface
of the device. A layered control panel fails to
provide information about the available
functionality and about the functions of each
control and the status of the information
behind it. So, such user interfaces may
impose a large demand on the user’s reason-
ing ability for figuring out the procedures.
Furthermore, a good working memory is
required10 for keeping all relevant informa-
tion available for execution of the users’
present intentions. Especially, the visuo-spa-
tial sketch pad11 is expected to be involved as
on the control panel no cues are provided
about the present spatial locations of the dif-
ferent functions. User interfaces organised in
one layer only are expected to rely less on
such cognitive abilities. 

This is supported by a number of studies. In
using a screen-based and a text based soft-
ware editor, visuo-spatial abilities correlated
strongly with performance12. In comparing a
window display with a multi-layered struc-
ture with a grid display, resembling a single
layer, the window display appeared more dif-
ficult to use because of lack of information
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about the spatial location of functions.
Besides, accuracy on the window display
diminished when the number of values
increased that the users had to keep track
of13. Hence, the load on working memory
seemed to be a crucial factor. Also, it has
been reported that the users’ mean response
time for decision and movement is shorter
when user interfaces are structured in
breadth rather than in depth14.

Age
There is substantial evidence, of course, that
certain cognitive abilities involved in learning
complex systems change with increasing
age15. Among others, this holds for reasoning
ability and working memory for spatial infor-
mation. This has been ascribed to a decreas-
ing ability to hold information in working
memory16, 17, perhaps because of a reduction
of processing capacity18, 19. Salthouse20 pro-
vides an overview of age related changes in
spatial abilities, most of which show a rather
linear decline with age starting at the age of
40 yrs or even 30 years as normative studies
of the Raven matrices test21 about abstract
reasoning with visual material indicate.
However, longitudinal studies about the abil-
ity of reasoning and spatial orientation, as
measured by part of the WAIS, indicate that
no substantial changes are found before the
late sixties22. 

Indeed, it has been shown that the handling
of complex systems with increasing age is
related to cognitive changes. Age differences
in performance involving complex parallel
activities have a 70% overlap with age-
related differences in processing speed23.
Also, in exploring a new system, age differ-
ences have been found in the level of rea-
soning24, such as defined by the GEMS
model25. With increasing age, performance
on the highest level of reasoning declines
and performance on a trial-and-error basis
increases. Also, when working with a menu
structure, latency differences between older
and younger subjects were explained partly
by differences in spatial ability24. In perform-

ing a data-entry task, visuo-motor skills and
memory appeared good predictors of age-
related differences in quantity and quality of
the task26. It is expected than that in our
study age differences will appear in working
with complex user interfaces.
The age-complexity hypothesis states that
differences in performance between old and
young adults increase with task complexity27.
In experiments comparing screen-based ver-
sus text-based editors, this tendency has
been confirmed12. Consequently, perform-
ance differences between older and younger
adults are expected to increase with the
number of layers of a hierarchical menu
interface.

Technology Generation
Next to general cognitive abilities, specific
experience in using complex systems is
expected to play a role, The user needs to
learn or have available declarative and pro-
cedural knowledge28 about functionality,
structure, and controls of the system. The
greater the knowledge base of a person on a
certain topic, the easier it will be to encode,
understand, integrate, and remember new
relevant information29. Since this information
is to be stored in long-term memory, the user
may take advantage of earlier acquired
knowledge for generalising this toward the
use of similar types of user interface. This has
indeed been reported30, 31. However, transfer
of knowledge can also be negative if users
cannot follow their existing habits and have
to learn new procedures32.

A specific form of experience is embodied by
the concept of generation. Social studies
about age cohorts have indicated that after
young adulthood, individuals are less likely
to be susceptible to changes in attitudes,
norms, and values33, 34. The important period
of adolescence and young adulthood is
known as the formative period; this is opera-
tionalised as the period between 10 and 25
years. In this period, people have to master a
number of crucial transitions, for example
from school to work, and from parental
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home to living independently and starting a
family of their own. Values, norms, and skills
acquired during this period tend to be stable
and influence behaviour later in life35, 36.
Several factors have been mentioned as con-
tributing to this effect, among which neuro-
logical change and decreased social mobility.
Also, from child-development studies it
appears that cognitive abilities such as hypo-
thetico-deductive reasoning reach their high-
est level during adolescence37-40, adding
weight to the concept of the formative period.
The concept of technology generations have
been coined by Sackmann and Weymann41

and further worked out by Becker and van
de Goor42,43. They found evidence that peo-
ple who experienced the availability of the
same types of consumer product during their
formative period, in some respects display
similar technology usage many years later.
So, different technology generations appear
to behave differently with respect to technol-
ogy, due to differences in technology experi-
ence during their formative years.  

Generation-specific technology experience
could also induce differences in using current
consumer products. If the formative period is
the optimal phase in life in which complex
interaction styles can be understood and
learned in all facets, then older people may
be at a disadvantage in using present com-
plex user interfaces. They did not have the
opportunity to get skilled in their formative
period earlier in life. So, birth cohorts that
have experienced electro-mechanical inter-
faces within their formative period can be
expected to have more difficulties in learning
to use software style interfaces than birth
cohorts that had the opportunity to learn
such new interfaces within their formative
period.

The problem then becomes to determine
where the boundary occurred between birth
cohorts that grew up with electro-mechani-
cal interfaces and birth cohorts that grew up
with software-style interfaces. Following ear-
lier investigators41, 44, 45, we operationally
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define the beginning of the period at which
a specific interaction style was introduced as
the point in time where 20% diffusion with-
in the population has been reached. By then,
it is likely that persons who themselves do
not have such devices, have experienced it
via friends, relatives, at school, or at work.

Devices such as radio, telephone, television,
and videorecorder were initially developed
with an electro-mechanical, if not mechani-
cal user interface. In the early 1980’s, con-
sumer products appeared on the market with
a software-style interface, often including a
wireless remote control. For the situation in
the Netherlands, a survey has been carried
through for determining the diffusion of
software-style user interfaces9, using wireless
remote control and the availability of the
textual information system on TV called
Teletext as indices. The outcome suggested
that in 1985, more than 20% of the subjects
had software style devices at their parental
home and more than 80% of the subjects
younger than 25 yrs at that time had used
these. The diffusion period of software style
devices then comes out at about five years.
In this paper, birth cohorts before 1960 will
be referred to as the electro-mechanical gen-
eration (EM-generation) and birth cohorts as
from 1960 as the software-generation (S-
generation). 

Age effects versus generation effects
Since both age and generation are based
upon the year of birth, how can we opera-
tionally distinguish between age effects and
(technology) generation effects? Following
general sociological methodology33, different
generations are defined on the basis of
rather sudden, discontinuous changes in
society such as wars, economic depressions
etc., and consequently generation effects
should reflect such discontinuity. Age effects
are different since these are assumed to be
rather continuous. 

In the present study, we will try to separate
age effects from generation effects by
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choosing subjects from suitable age cohorts
such that the transition from electro-
mechanical to software style user interfaces
is suitably covered. If performance declines
continuously with birth cohort, we will inter-
pret this as an age effect. If performance
declines discontinuously with birth cohort,
we will interpret this as a generation effect.
More specifically, we will look for any dis-
continuity appearing at the birth cohort of
about 1960, when the predefined EM-gen-
eration changed into the S-generation.
Combined continuous and discontinuous
effects of age and generation may also occur,
but will be more difficult to analyse opera-
tionally.

Experiment 1 will be concerned with user
interfaces with one and two layers and
experiment 2 with a three-layered user inter-
face.

EXPERIMENT 1: 
ONE AND TWO LAYERED USER 
INTERFACES

Methods 
A software-based simulation was run of a
videophone with either a one-layered or a
two-layered user interface. Conceptual oper-
ations (task content) and interaction tech-
niques are held constant whereas the inter-
action structure is manipulated in the num-
ber of layers.

Subject’s task was to contact a person with a
prescribed name in three conditions, manip-
ulating the presence or absence of video and
the presence of subtitling. Error performance
was measured by the number of mode
errors, defined as actions that do not have
any effect on the device as these are execut-
ed in an incorrect state (for example making
a call while the telephone is switched off).
Mode errors are supposedly due to erro-
neous expectations about the way the sys-
tem works46. In contrast to other types of
error, a mode error confronts the user direct-
ly with the failure of the action.

Subjects are expected to make more mode
errors and operate more slowly with the
two-layered as compared to the one-layered
user interface. Learning may be expected by
repeated actions and also by knowledge
transfer from one user interface to the other.
Therefore we chose for two trials with one
interface followed by two trials with the
other one. The experiment was conducted in
1997/98.

Subjects
Eighty subjects between 25 and 75 yrs took
part in the experiment. The subjects were
chosen from four age groups: 25-35 yrs
(mean 30), 40-50 yrs (mean 45), 50-60 yrs
(mean 55), 65-75 yrs (mean 68). The data
will be plotted according to their means. Per
age group there were equal numbers of
males and females. The youngest group
belongs to the S-generation, the other three
to the EM-generation. None of the subjects
had ever used a videophone before.
Educational level was a high-school diploma
or less, resulting in a rather homogeneous
population in that respect. 
The subjects did not report any problems as
to manual movements, hearing, and vision.

Design
Independent variables are the user interface
(single-layered or two-layered), the trial per
user interface (first or second), the order of
the user interface (single layered first or two-
layered first) and the four age groups. A 2 x
2 x 2 x 4 counterbalanced block design was
used. The order of the user interface and age
served as between-subjects variables.
Dependent variables were per trial the total
number of mode errors and total task dura-
tion.

Materials
Two software-based videophone user inter-
faces were simulated using Microsoft Visual
Basic 4.0 in the Windows 3.11 environment.
Fig 1a b depicts the two interfaces. Three
tasks were implemented on both videophone
simulations as part of the functionality.

Te c h n o l o g y  G e n e r a t i o n
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Both user interfaces had three switches: for
turning the device on/off, for selecting the
channel (audio, or audio and video), and for
activating subtitling on/off. Furthermore
there were three buttons as memory buttons
for telephone numbers. Buttons and switch-
es could only be used in a certain order,
which was exactly the same for the two
interfaces. If the subjects confused the order,
this resulted in a mode error. 

On the first layer of the two-layered inter-
face (Figure 1b) three rectangular buttons
A,B,C  are present. These correspond with
the spatial position of the three switches as
present on the one-layered interface (Figure
1a). If on the two-layered interface one of
the buttons is pressed, the corresponding
switch pops up on the display in the centre of
the device. The rectangular buttons did not
have to be pressed in a fixed order. Hence,
visualisation in itself of a switch via such a
button did not result in a mode error. Both
types of user interface used the same type of
switches, buttons, contrasting colours, fonts,
font sizes, and words, except for the names
of people on the memory buttons. Both
interfaces were controlled by a mouse-point-
ing device. Subjects could click on buttons

Te c h n o l o g y  G e n e r a t i o n

and switches for activation. The experiment
was run on a laptop Pentium 130. The sub-
jects were seated in a quiet room that was
well lit without specular reflection on the lap-
top screen.

Procedure
The experiment consisted of four trials, Each
subject exercised with one user interface dur-
ing the first two trials and worked with the
other one during the last two trials. There
were no breaks between the trials. In each
trial, three tasks were carried out in the fol-
lowing order: calling a certain person without
enabling the video screen, calling a person
after enabling the video screen without sub-
titling, and calling a person after enabling the
videoscreen after having activated the subti-
tling of incoming speech. On the one-lay-
ered user interface, nine steps were the min-
imum for carrying out the three tasks, on the
two-layered user interface 15 steps were
minimally necessary. Therefore, optimum
performance in the four trials is 48 steps.
Before starting the first trial, each subject
received a general introduction and practised
with the mouse-pointing device by means of
two exercises. Specific instructions were

off

+

on
yes

no

audio audio

video
subtitling

name 2

name 1

name 3

(B)

(C)
(D)

(A)

name 1

name 2

name 3

no

subtitling
yesaudio

video
audio +

off

on

If C: If B: If A: 

Figure 1. a Simulated single-layer videophone user interface. b Simulated two-layer videop-
hone user interface. The upper part depicts the switch that appears on display D if button
A,B, or C was pressed. Words were in fact presented in Dutch.

a b
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given before each user interface was han-
dled. After the final trial, each subject was
asked about any prior computer and mouse
experience.

Results: Mode errors
With optimum performance at 48 steps, on
average 87 steps were needed by the
youngest group and 164, 104, and 129 steps
respectively by the 40-50, 50-60, and 65-75
yrs groups. These include correct actions,
mode errors, and a small number of redun-
dant steps. On average, the groups from
young to old finished the four trials in 5min
29s, 10 min 37s, 12 min 38s, and 17min 5s.

Mode error transformation
Each subject took part in four trials.
Combined with the eight combinations of
age group and interface order, this resulted
in 32 conditions with 10 scores of number of
mode errors per condition. For these condi-
tions, the standard deviation turns out to
increase with the mean number of mode
errors (Figure 2). This relation can be
described by the following function:

log s(x) = 0.35 + 0.69 log x (r = 0.89) (Eq 1)

So the standard deviation s(x) is a power
function of the mean x with exponent 0.69.
For further analyses such as ANOVA repeat-
ed measures, the standard deviation should
be independent of the mean. This can be
accomplished47 by raising the raw data to the
power of 0.31, i.e. 1 – 0.69. From here on,
only the monotonically transformed data will
be used. Earlier analysis of untransformed
data showed similar results48.

Analysis
A 2 x 2 x 2 x 4 ANOVA mixed repeated
measures (user interface by trial per user
interface by interface order by age) was car-
ried out with the transformed number of
mode errors as dependent variable.
Mauchsly’s test of sphericity indicated that
the variance was indeed homogeneous
(Mauchly’s W= 1.0). Four main effects were

significant: 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
interface order (F(1,72)=7.82, p=.007,
power = .80). Significant interactions were:
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). 

Age and generation
Figure 3 depicts mode error performance per
user interface and age group across trial and
order. The two-layered interface elicits more
errors than the single-layered interface
whereas the younger age group makes fewer
errors than the three older age groups. The
three older groups do not show an age–relat-
ed increase in errors. The pattern shows the
discontinuity between the age of 30 and 45
suggested earlier as a generation effect. The
Helmert Contrast analysis confirmed this:
only the age group of 25-35 differed signifi-
cantly from the three older age groups 
(t = -3.47, p = .00). The three older age

Te c h n o l o g y  G e n e r a t i o n

Figure 2. Standard deviations of mode
errors in relation to average number of
mode errors. Each data point represents the
average of 20 subjects. For each age group,
high scores generally concern  first
attempts, lower scores subsequent
attempts.
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groups all showed a similar error perform-
ance (40-50 yrs versus the two older groups:
t = 0.88, p = .37 and between the two old-
est groups: t = 0.58, p = .56). Fig 2 also sug-
gests that there was no difference between
the one-layered and two-layered interface as
to the relation between error performance
and age. This was confirmed by the ANOVA
repeated measures showing no interaction
between age and user interface (F(1,72) =
1.34, p =.27).

Within our theoretical framework, the dis-
continuity around the age of 40 yrs suggests
that earlier experience plays a part here. As
none of the subjects had ever used a video-
phone before, prior experience with the spe-
cific device is not an explanatory factor.
Could prior computer or mouse experience

Te c h n o l o g y  G e n e r a t i o n

explain the results? Table 1 shows per age
group the proportion of subjects with expe-
rience with computer and mouse. Experience
diminishes with increasing age in a rather
continuous manner; the possible discontinu-
ity in mouse use is between the age groups
40-50 yrs and 50-60 yrs and so at a different
age than the discontinuity in mode errors. A
mixed repeated measures ANCOVA with
mouse experience as the covariate showed
indeed mouse experience not significant
(F(1,71) = 1.00, p=.32), whereas the main
effect of age was still significant (F(3,71) =
3.16, p=.03), and the Helmert Contrast
analysis maintained a significant difference
between the younger groups and the three
older age groups (t = -2.80, p = .01). Hence,
although a significant interaction between
mouse experience and type of user interface
(F(1,71)= 7.88, p = .01) indicated that
mouse experience may help subjects using
the two-layered interface, it did not explain
the discontinuity.

Figure 4 shows errors as a function of trial
number and order of using single and two-
layered user interfaces. It is obvious that all
age groups learn substantially. Roughly, the
four age groups follow the same pattern. All
groups were able to learn by repetition. The
youngest group shows most reduction of
transformed errors in the second trial. This
was confirmed by the Helmert contrast
analysis (t = -2.26, p = .03). The transitions
from trial 2 to trial 3 indicate that there is
generalisation of learning from one interface
to the other. The order in which the inter-
faces were presented also influenced the
results, as confirmed by the ANOVA mixed
repeated measures mentioned earlier.
Otherwise, the transformed data are not the
best means of analysing learning effects in
more detail, and we leave this for later analysis.

Results: Task duration
As is usual for time measures in this type of
experiments, the task duration data were
log-transformed47. The Mauchly sphericity
test indicated homogeneous resulting vari-

Figure 3. Transformed mode error perfor-
mance as a function of age group for the
two interfaces. Vertical bars in this and fol-
lowing figures denote twice the standard
error of the mean.

Table 1: Proportions computer and mouse
experience per age group.

age category computer mouse
25-35 .90 .90
40-50 .75 .80
50-60 .65 .40
65-75 .40 .40
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ances. (W= 1.0). The 2 x 2 x 2 x 4 ANOVA
mixed repeated measures with task duration
per trial as dependent measure showed sig-
nificant 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
number per user interface (F(1,72) = 145.07,
p = .00, power = 1.0). Furthermore, the two
way interaction of order by user interface
(F,1,72) = 91.02, p = .00, power = 1.0) and
the three way interaction order by user inter-
face by trial per user interface (F(1,72 = 5.12,
p = .03, power = .65) were significant.  

Age and generation
Figure 5 depicts task duration per user inter-
face and age group. Task duration increases
monotonically with age. The Helmert con-

trast analysis indicates that the youngest
group differs significantly from the older
groups (t = -5.78, p = .00) and also the 40-
50 group from the two older groups (t = -
3.30, p = .00). The difference between the
two oldest groups just fails to reach signifi-
cance ( t = -1.92, p =.06). For both inter-
faces, the results can be described as an age
effect and no discontinuity seems present.

We have checked whether computer experi-
ence can explain the age effect, since partic-
ularly computer experience decreases
monotonically with increasing age as well. A
mixed repeated measure ANCOVA with
computer experience as covariate shows that
computer experience was significant (F(1,71)
= 10.36, p = .00) as is the interaction

Te c h n o l o g y  G e n e r a t i o n

Figure 4. Transformed mode error performance as a function of trial number for the 
two orders of single-layered (open symbols) and two-layered (black symbols) user 
interfaces.
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between computer experience and user
interface (F(1,71) = 4.92, p = .03), but the
age effect remains (F(3,71) = 10.31, p =.00). 
All subjects showed shorter task duration by
repetition and also the learning effect gener-
alised toward the second interface. Since
these effects are in full agreement with the
literature23, 30, we will not elaborate on this.

Discussion
The two-layered user interface elicits more
mode errors and takes more time than the
single layer user interface. Since task content
and subjects were the same, this is a clear-cut

Te c h n o l o g y  G e n e r a t i o n

result that agrees with the literature13, 14. It
substantiates the difficulties for the user of
hidden aspects of the user interface, even for
just two layers. Perceptually hidden aspects
put a load on working memory in an effort to
be constantly and instantly available to the
user for action.

The main new finding is that age group dif-
ferences in mode errors suggest a discontin-
uous generation effect, whereas in the same
experiment, task duration shows the well-
known continuous influence of age. The EM-
generation  (40 –75 yrs) had more difficulty
using the videophone simulation than the 
S-generation. Moreover, between the three
age groups of the EM-generation no differ-
ences in mode errors occurred. In line with
the general generation theory developed in
the social sciences33, 34 and extended toward
experience with technology during the form-
ative years41-43, we find a generation effect in
mode errors. Generation–related lack of
experience and knowledge about software
style interfaces confronts the user born
before 1960 or so with difficulties.

We have looked in the literature for similar
type of experiments and found two other
relevant studies.  In 1996, Czaja49, using a
data entry task, and later Czaja and Sharit26

in experiments with a consumer electronics
product, found a discontinuity in error per-
formance between 30 and 50 yrs (Figure 6),
whereas task duration showed a continuous
increase with age. Although their study had
a different framework, this seems to be in
agreement with the findings in the present
study. Another study used only two age
groups from which no such conclusions can
be drawn23. It is interesting that speed or
duration measures seem to have a different
background than error measures.
Speculatively, we might contribute the user’s
time management according to general
information processing capacities that
decline with increasing age. The errors reflect
the user’s specific skills in understanding or
handling the new systems that for older sub-

Figure 5. Log task duration as a function
of age group for the two interfaces.

Figure 6. Procedural error performance
using a data entry task. From Czaja &
Sharit26.
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jects are related to generation-bound lack of
experience with the specific interaction style
of present software user interfaces.

The discontinuity between the EM-genera-
tion groups and the S-groups also applies to
the single-layered structure. This was not
quite expected since the single layer user
interface resembles the earlier electro-
mechanical user interfaces in that all avail-
able functionality is visualised simultaneous-
ly. It might be the case that the software way
in which the experiments have been per-
formed induced such differences. In the liter-
ature two earlier studies that tried to find
easier user interfaces, concerning a screen-
based editor12 and a grid display13 found that the
simplifications did not eliminate age differences.  

The transition from the single-layer interface
toward the two-layer interface causes trou-
ble to the user but mode errors are less than
for the subjects of the same age group that
started with the two-layer interface in the
first trial. Similarly there is a gain in the first-
time use of the single-layer user interface
from experience with the two-layer inter-
face. With increased experience of user inter-
face and task, differences between the two
interfaces level out. At the end, the youngest
group (S-generation) operates almost with-
out errors. However, the large number of ini-
tial errors by the youngest group and the
presence of the generation effect suggest
that this will not generalise toward different
tasks and different user interfaces of the
software type. Although there is a tendency
that the oldest group learns somewhat less
effectively than the younger groups of the
EM-generation, this cannot be substantiated
from the present data.

EXPERIMENT 2: 
A THREE-LAYERED USER INTERFACE
The purpose of this experiment is to test
whether the results from the first experiment
can be generalised toward a more complex,
three-layered user interface. A simulation of
a mobile phone has been used featuring a

three-layer user interface and two tasks. The
experiment was conducted in 1998/99.

Methods

Subjects
Forty subjects between 25 and 75 yrs took
part. The youngest group belonged to the S-
generation: 25-35 yrs (mean 31), the three
other groups to the EM-generation: 40-50
yrs (mean 46); 50-60 yrs (mean 55), and 65-
75 yrs (mean 69). Education level was high
school diploma or bachelor degree, equally
divided in each of the groups. Also an equal
number of males and females was present in
each group. The subjects did not have any
self-reported problems with manual move-
ments, hearing, and vision.

Design
A 2 x 4 design was applied. Independent
variables were the trial (first and second),
and the age group. Age served as between-
subjects variable, trial number as within-sub-
jects variable. 
Dependent variables were the number of
mode errors and task duration per trial.

Te c h n o l o g y  G e n e r a t i o n
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Figure 7. Simulation of the user interface
of a mobile phone. Numbers denote the
order of steps to be taken for optimum
performance.
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Materials
A mobile phone user interface was simulated
using Microsoft Visual Basic 4.0 in the
Windows 3.11 environment. Figure 7 depicts
the interface. Two rather complex tasks were
implemented: to program telephone num-
bers and to change the colour of the cover.
The user interface was provided with buttons
and a display. The buttons represented 10
digits, a *, a #, two function buttons, a con-
firmation button, two arrow buttons, and
three memory buttons. Mode errors could be
made by clicking the confirmation, memory,
or arrow buttons in the wrong mode. All but-
tons and words were clearly and equally vis-
ible. Activation was by means of a mouse-
pointing device. The experiment was run on
a laptop Pentium 130. The subjects were
seated in a quiet room that was well lit with-
out specular reflection on the screen.

Procedure
The experiment consisted of two trials with-
out a break. 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. Next they were asked
to program their own home telephone num-
ber under button C. In Figure 7, the opti-
mum ways of performing the tasks are indi-
cated. Both consist of first pressing a func-
tion button, next the confirmation button,
and then either the direction buttons to
change the colour or the telephone number
followed by the confirmation button.

The first task had to be fulfilled before enter-
ing the second one. A minimum of 19 steps
was needed for carrying out the two tasks of
each trial. Before starting the experiment, the
subjects were given a general introduction
and they practised with the mouse-pointing
device. After the final trial, each subject was
interviewed as to experience in the use of
computer, mouse, and mobile phone.

Results: Mode errors
With optimum performance for the two trials
at 38 steps, on average 172 steps were made
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by the 25-35 group, 418 steps by the 40-50
group, 439 steps by the 50-60 group, and
474 by the 65-75 group. The totals include
the 38 necessary steps, the number of mode
errors, and the number of redundant steps,
somewhat more expressed than in experi-
ment 1. Average total task duration was 6
min 8 s for the youngest group, 19 min 1 s for
the 40-50 group, 20 min 27 s for the 50-60
group and 43 min 15 s for the 65-75 group.

Mode error transformation
As in Experiment 1, the standard deviation
increased with the mean number of mode
errors (Figure 8) as described by the follow-
ing regression equation:

Log s(x) = .11 + .87 log (x) (r= .88)  (Eq 2)

Accordingly, all raw scores were transformed
by raising these to the exponent 1.00 - .87 = .13.
Only the transformed data were used for the
analysis.

Mode errors
A 2 x 4 ANOVA repeated measure has been
carried out with the transformed number of
mode errors per trial as dependent variable.
Significant were the main effects of age
(F(3,36)= 4.68, p = .01, power = .87), and
trial (F(1,36)= 99.73, p = .00). The interac-
tion between age and trial appeared non-sig-
nificant (F(3,36) = 1.73, p = .18, power = .11).

Age and generation
Figure 9 depicts error performance per age
group, represented by their means. The younger
group made fewer mode errors than the other
three age groups. The three older groups did not
show increased mode errors with age. This con-
firms the generation effect between the S- gen-
eration and the EM-generation found in experi-
ment 1. The Helmert contrast analysis confirms
this effect: the age group of 24-35 differs signif-
icantly from the three other age groups: (t = -
3.71, p = .00). The other groups showed no sig-
nificant effects of age: 40-50 vs the older groups
(t = -.19, p = .85), and between the two oldest
groups (t = .49, p = .63).
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So generation–related difference in experi-
ence appears to play a role. Surprisingly, no
subject had ever used a mobile phone before
(i.e. before 1998/99). Therefore, prior expe-
rience with such a device cannot explain the
differences. Could computer and mouse
experience play a part? Table 2 gives the pro-
portions of subjects with mouse and com-
puter experience prior to the experiment.
Computer experience turns out to decline
with age, also for the three older groups, and
mouse experience shows some difference
between the 40-50 and the 50-60 groups.
Both are different from the transformed
mode errors. This is confirmed by an ANCO-
VA with mouse experience as covariate. 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 analysis again showed a
significant difference between the youngest
group and the three older groups (t = -3.58,
p = .00). So the results confirm the earlier
found difference between the EM-genera-
tion and the S-generation as to mode errors.
As to the learning effects, all age groups
made fewer errors in the second trial where-
as no significant interaction between age
groups and trial number was found.

Results: Task duration
Task duration data were again log-trans-
formed and Mauchsly’s sphericitiy test indi-

cated thay the variances of the transformed
data were homogeneous (W = 1.0). The 2 x
4 ANOVA repeated measures with task dura-
tion per trial as the dependent measure showed
main effects of age (F (3,36) = 15.42, p =.00,
power = .87), and of trial number (F(1,36 =
197.33, p = .00, power = 1.0). Figure 10
depicts transformed task duration as a function
of mean age of each of the four groups. Task
duration appears to increase monotonically
with age. The Helmert contrast analysis
showed that the 25-35 group differs from the
three older groups (t = -6.07, p = .00) and also
from the 40-50 group (t = -2.64, p = .01). Only
the difference between the two oldest groups
fails to reach significance (t = .1.57, p = .13).
Such age effect can be ascribed to general cog-
nitive and/or perceptual-motor behaviour.
The second trial showed shorter task duration
as compared to the first, and the age effect per-
sisted.

Discussion
The results of the second experiment with a

Te c h n o l o g y  G e n e r a t i o n

Figure 8. Standard deviation of mode
errors as a function of average mode errors.
Each data point represents 10 subjects.

Figure 9. Transformed mode error perfor-
mance as a function of age group for a
three-layered user interface.

Table 2: Proportions 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
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three-layered user interface are similar to the
results of the first in that mode errors reflect a
difference between the EM-generation and the
S-generation around the birth cohort of 1960,
whereas task duration reflects age effects as
such. Recent experience with more recent
devices such as computer, mouse, or mobile
phone does not explain the generation differ-
ences. So again there is dissociation between
mode errors reflecting generation differences
and task duration related to age-dependent
cognitive and perceptual-motor changes. 

Although it is likely that the user interface
with three layers in experiment 2 was more
difficult than the user interface with one or
two layers in experiment 1, such comparison
cannot be made because of the differences in
task and in subjects between the two exper-
iments. However, the high numbers of errors
clearly indicate the considerable difficulties
that the subjects experience with the three-
layered user interface.

The persistence over so many years of expe-
riences built up during the formative years is
suggestive of certain persistence of strategy
when confronted with a more recent type of
user interface. A strategy of trial-and-error
that may be useful for finding out the ins and
outs for a device with a software interaction
style would have been rather detrimental for
the earlier EM-devices since these had to be
handled rather carefully. The initially high
number of mode errors by the youngest age
group in experiment 1 is suggestive of such a
quick learning strategy by trial-and-error.
Also it might be the case that of the 
S-generation working memory has been
trained better to pick up perceptual-motor or
cognitive aspects of layered user interfaces.
However, the present experiments do not
provide further evidence as to the reasons
behind the generational persistence.

CONCLUSION
In the beginning of the 1980’s, the interac-
tion style of electronic consumer devices
changed from an electro-mechanical style

Te c h n o l o g y  G e n e r a t i o n

user interface toward a software style user
interface. In two experiments it appears that
experience with the interaction style during
early adulthood, before the age of 25, is per-
sistent and influences actual interaction with
software style interfaces in the late 1990’s.
Assuming a diffusion period of about 5
years, the birth cohort of 1960 has been
identified as the time of transition between
the electro-mechanical generation and the
software generation. The two experiments
with simulated devices with a software style
of interaction confirm the initial hypothesis. 

The generation of birth cohorts that grew up
with electro-mechanical user interfaces of
consumer devices, displays different behav-
iour than later birth cohorts when handling
software style user interfaces with one, two,
or three menu layers. The difference
between the EM-generation and the S-gen-
eration shows up in the higher number of
mode errors of the EM-generation. Within
the EM-generation, no age effect in mode
errors has been found.  The generational dif-
ferences might be due to a different user
strategy, for example if the S-generation
applied a quick trial-and-error learning that
the EM-generation did not dare to use or
perhaps to a working memory of the S-gen-
eration that is better geared to the require-
ments of hidden interface layers.

Figure 10. Log task duration as a function
of age group for a three-layered user inter-
face.

Vakblad Geron.T. nr 1  v Ray  31-10-2002  11:27  Pagina 38



S
e

p
te

m
b

e
r 

2
0

0
1

, 
V

o
l 

1
, 

N
o

 1
w

w
w

.g
e

ro
n

te
c

h
jo

u
rn

a
l.

n
e

t

39

In the same experiments, task duration has
been found to increase monotonously with
increasing age in conformance with the liter-
ature, and seems unrelated to generation dif-
ferences. 

Hidden interface layers put a considerable
load on working memory as to perceptuo-
motor or cognitive aspects. This is true for all
age groups. In our experiments all age
groups gradually overcame the difficulties.
However, it is likely that for subjects older
than the present age groups, say above 75
yrs, the difficulties might become insur-
mountable so that they would simply give
up. Similarly, more difficult tasks or more
complex user interfaces than in the present
experiments might simply make the tasks
impossible for older subjects. The functional-
ity would then become inaccessible. Here is a
challenging task for designers of software-
type user interface who wish to take older
users seriously.
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