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Abstract
Which kind of instruction helps children aged 9–14 years interact eﬃciently with a mobile phone?
Due to analogies between navigation in menu structures and the natural environment, three instructions providing diﬀerent forms of spatial knowledge were under study: A step-by-step instruction
featuring landmark knowledge of the menu functions to be selected, a diagram of the menu structure
providing survey knowledge and a free exploration of the menu, also giving the children the opportunity to develop survey knowledge. Results show a superiority of the two instructions that provide
survey knowledge, except for the youngest children aged 9–10 years. This group showed to have
lower spatial abilities and is therefore presumably not able to understand and integrate this type
of knowledge. For those very young children, the landmark information given in traditional stepby-step instructions is more helpful. It is concluded, that simple diagrams of the menu structure
can help children from 11 years on to signiﬁcantly ease their interaction with small menu driven
devices.
 2007 Elsevier Ltd. All rights reserved.
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1. Introduction
In spite of the fact that more and more children all over the world possess mobile
phones, little is known about the diﬃculties they experience and the factors hampering
or beneﬁting children’s purposeful interaction with these devices. In Germany nearly
50% of the children aged 10–13 (Informationszentrum Mobilfunk, 2004) and in the UK
5.5 million school children have their own mobile phone (Mobileyouth.org, 2005). Mobile
phones, very prototypical devices standing for a whole class of devices with small screens
but a high complexity of functions implemented, can impose considerable cognitive load
on users. As was found, users often delve into distraction having diﬃculties ﬁnding the targeted function and losing their bearings in the phones’ menu. This was observed in users of
all ages, but was disproportionately more pronounced in older adults (Zieﬂe & Bay, 2004,
2005, 2006) as well as in children (Bay & Zieﬂe, 2005; Zieﬂe, Bay, & Schwade, 2006). In
very recent studies focusing on children’s interaction with mobile phones, it was shown
that children aged 9–14 years who do not have much experience using mobile phones have
major diﬃculties carrying out simple and very basic phone operations (Bay & Zieﬂe, 2005;
Zieﬂe et al., 2006). They needed, for example, on average more than 2 min to eﬀect a call to
a number stored in the internal phone directory and more than 4 min to change a setting of
the phone in order to hide their own number when calling someone.
Naturally, manufacturers should aim at designing mobile phones that are easy to use by
all age groups. Yet, as so many diﬀerent factors are involved in the ease of use of mobile
phones (i.e. naming and categorization of functions, design and functionalities of navigation keys, number of functions implemented, depth and breadth of the menu structure,
information presentation on the screen, etc.), one easier and faster option to approach this
problem is to design simple and understandable instructions. There are three questions to
be answered: First, how should such an instruction be designed in order to be easily understandable? Secondly, can any instruction be as or even more helpful than an active exploration of the functionalities which is the most common way for children to interact with a
new technological device (e.g. Bay & Zieﬂe, 2005; Beckwith et al., 2006)? Third, do mobile
phone instructions for children have to be speciﬁcally designed taking into account children’s less sophisticated cognitive abilities due to their ascending developmental status?
This is of major concern as, to our knowledge, no study so far focused on this question
even though many studies have dealt with the utility of diﬀerent instruction forms and
training tutors, e.g. for word processing programs, for adults (e.g. Carroll & Mack,
1985; Frese et al., 1988; Frese, Brodbeck, Heinbokel, & Mooser, 1991; Zieﬂe, Bodendieck,
& Kuenzer, 2004).
To create instructions that are easily understandable by children, long texts seem not to
be appropriate as reading abilities in children are not only less sophisticated compared to
adults, but also diﬀer considerably among children. Furthermore, it was shown that adults
do not spend much time reading manuals, either (e.g. Carroll, 1990), presumably because
the study of text heavy instructions may be conceived as time-consuming and bothersome.
Addressing this problem, Carroll (1990) proposed an approach of ‘‘minimalist instructions’’ that is characterized by three aspects: (1) learners should be allowed to start immediately on meaningfully realistic tasks, (2) the amount of reading should be reduced and
(3) errors and error recovery should be made less traumatic and more pedagogically productive. Therefore, graphical illustrations providing the information’s inherent structure
with a very reduced amount of text to be studied should be very valuable. Yet, there is
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an abundance of research describing the ineﬀectiveness of detailed textual instructions but
there has not been a test on diagrammatic instructions (Rodriguez & Polson, 2004). A
study by Rodriguez and Polson (2004) showed that the most severe failure in designing
diagrammatic instructions is the lack of unambiguously picturing the initial step of a subtask including the location and object of a required action. Transferring this concept to the
design of appropriate instructions for menu-driven interfaces, as the mobile phone, it must
be crucial to tell the user where within the menu a certain task has to be accomplished.
To get an idea of how to sketch the information that is relevant for the user, an insight
into the cognitive processes involved when interacting with a mobile phone may be helpful.
In a number of studies it is assumed that the orientation in the menu of technical devices
resembles the orientating behavior in the real world (e.g. Bay & Zieﬂe, 2003b; Downing,
Moore, & Brown, 2005; Kim & Hirtle, 1995; Norman, 1994; Vicente, Hayes, & Williges,
1987; Zieﬂe & Bay, 2004, 2006). Though, this assumption needs further evidence, as a
completely two-dimensional menu of a technical device is qualitatively diﬀerent from
the three-dimensional information given in the real world. From studies focusing on spatial orientation in the natural environment (e.g. Allen, 2004; Taylor & Tversky, 1992, 1996;
Thorndyke & Goldin, 1983), it is known that users adopt diﬀerent perspectives when orientating in space. Thorndyke and Goldin (1983), for example, proposed three spatial perspectives as crucial for proper navigation: Landmarks (outstanding points in the
environment), routes (the paths connecting diﬀerent landmarks) and survey knowledge
(a graphical outline of a terrain, i.e. a bird’s eye view of the environment). As the orientation in space combines all types of perspectives, users may take up a supra-position,
where a ﬁxed point outside the environment is adopted and structural and survey information is retrieved. The locations of landmarks and buildings are learned relatively to one
another in terms of cardinal points. But also route knowledge is essential. In combination
with landmarks, routes serve as important knowledge base for paths that are repeatedly
followed by a person.
Transferring this concept to menu navigation in technical devices it is argued that interaction with menus requires the users to take up similar perspectives. Interacting with
hypertext or hierarchical menus requests users to navigate through diﬀerent nodes and
links, also to decide at which ‘‘crossings’’ to ‘‘take left or right’’ and to remember speciﬁc
function names as spatial cues for knowing where the current position is located relatively
to where users came from and relatively to the point they are going to. Thus, when interacting with complex menu structures, it is assumed that users need to build up a mental
representation of the ‘‘spatial’’ structure of that menu in order to orient themselves and
interact with the device in a purposeful way. The knowledge of how a menu is spatially
structured guides users in their search through diﬀerent levels in diﬀerent menu depths.
The general usefulness of spatial knowledge for menu navigation performance was corroborated by empirical evidence stemming from two major sources. (1) Consistently, it was
found that persons having high spatial abilities showed a distinctly higher performance
interacting with technical menus than persons with lower spatial abilities (e.g. Bay & Zieﬂe, 2003b, 2004; Downing et al., 2005; Egan, 1988; Kim & Hirtle, 1995; Vicente et al.,
1987; Westermann, 1997; Zieﬂe & Bay, 2006). In small screen devices, where the screen size
is very limited and the overall structure of the menu is not transparent, spatial abilities
may be even more crucial, because the orienting process is not visually supported and most
of the menu functions are most of the time hidden from sight. Thus, it is assumed that spatial abilities speciﬁcally advantage navigation performance by supporting users in
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constructing a proper mental representation of the systems’ structure (e.g. Mayer, 1986;
Sein, Olfman, Bostrom, & Davies, 1993; Zieﬂe, Arning, & Bay, 2006). (2) It was shown
that users, who had a correct representation of the overall structure of the phone menu
(survey knowledge) were speciﬁcally advantaged over those who had an inappropriate representation. Furthermore, users, who had a correct representation of the correct path to be
taken (route knowledge), and also knew salient features of the menu branch to be taken
(landmark knowledge) showed higher eﬀectiveness and eﬃciency of menu navigation in
mobile phones (Bay & Zieﬂe, 2003a, 2003b; Zieﬂe et al., 2006; Zieﬂe & Bay, 2004).
If when navigating through the hierarchical menu structure of a mobile phone comparable processes to the ones involved in spatial orientation in the natural environment take
place, the development of the diﬀerent kinds of spatial knowledge should be supported by
appropriate instructions. In order to build up survey knowledge, a map of the menu structure could be provided. For large computer displays and adult users the eﬃciency of such a
map has already been demonstrated (e.g. Billingsley, 1982) and recently also for small
screen devices such as the mobile phone (Bay, 2003; Bay & Zieﬂe, 2004). The beneﬁt of
a navigation aid based on survey knowledge was found to be still more useful for persons
having high spatial abilities (Bay & Zieﬂe, 2004; Zieﬂe & Bay, 2006). Conceptualizing this
speciﬁc advantage it is assumed that persons with high spatial abilities are able to construct a mental representation of the systems’ structure during navigation (Sein et al.,
1993) and to incorporate the survey knowledge provided by the map into their mental representation. In contrast, persons with low-spatial abilities have much more diﬃculties
building up an appropriate mental representation of the system’s structure and, therefore,
do not or to a much lesser extent take advantage of the map’s survey knowledge.
But can children also proﬁt from a map of the menu containing survey knowledge? Presumably, maps can only be understood as soon as the child has developed a concept of
space. Siegel and White (1975) describe children’s development of spatial representations
of large-scale environments as follows: First landmarks are noticed and remembered. Once
landmarks are established, the child’s acts are registered and accessed with reference to
them. Then, clusters of landmarks are formed to ‘‘mini-maps’’, which include routes
between landmarks. A key issue in the development of spatial representations is the child’s
formation of some kind of objective frame of reference. Finally, survey maps appear as
coordinates of routes within an objective frame of reference. According to a study by
Shemyakin (1962) this last stage of development is attained at about 12 years of age.
Taking theses ﬁndings into account, it may be hypothesized that an instruction containing survey knowledge may help children in their purposeful interaction with a mobile
phone menu, if spatial abilities are already developed properly. However, children younger
than 12 years of age may have diﬃculties understanding and integrating the survey knowledge into an internal frame of reference, as they are not yet able to build up a mental representation and should therefore not proﬁt from such an instruction. Presumably, a
sequential aid (as mostly present in conventional technical leaﬂets of devices) in form of
a step-by-step instruction of the diﬀerent actions to be carried out one after another, referring to landmarks that have to be found, is more helpful for them. Though, it should be
considered that the memorization of the single steps to be executed one after the other
imposes considerable memory load which is also not sure to be handled properly by children or at least should be more diﬃcult for the younger children.
On the other hand, an explorative interaction with a new device may be much more
appropriate for children, since this conforms more to their usual behavior, preferring a
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natural and playful trial and error interaction style (e.g. Bay & Zieﬂe, 2005; Beckwith
et al., 2006). Playful experimentation, also known as tinkering, is assumed to yield educational beneﬁts because the users may incidentally gain knowledge of the system by exploring its structure. In so doing children may get to know which features and functions are
available, where in the menu these functions are located and also how to activate the functions (Beckwith et al., 2006). Interestingly, tinkering is a behavior that is more often
observed in male than female users (e.g. Beckwith et al., 2006; Van den Heuvel-Panheizen,
1999). Studies dealing with instructional learning in adults (e.g. Carroll & Mack, 1985;
Frese et al., 1988, 1991; Zieﬂe et al., 2004) also strongly favor the explorative learning over
diﬀerent kinds of tutors. The speciﬁc advantage of exploratory learning is explained by the
possibility of constantly and continuously shaping a mental representation of the systems’
structure while interacting with the device. A cautionary note, though, is to be considered
because the building up of a mental representation requires users to have the ability to
establish a (spatial) frame of reference into which the knowledge gained by exploration
can be integrated, and this again may not be yet fully developed in children, at least
not in the younger ones. In terms of the development of spatial knowledge in children
exploration may though be useful since all types of knowledge of the natural environment
can be acquired through active navigation through the environment (Thorndyke & HayesRoth, 1982).
The present study attempts to answer the question which form of instruction is most
helpful for children. Three diﬀerent forms of instructions were examined: One type provided solely landmark knowledge (step-by-step instruction), the second type contained
survey as well as landmark knowledge (map of the menu structure) and the third represented an exploration condition in which landmark, survey as well as route knowledge
may be gained. Furthermore, a developmental perspective was taken into consideration
by analyzing the performance of diﬀerent age groups (9–10 year olds, 11–12 year olds,
13–14 year olds). In order to estimate at about which age children may take advantage
of instructions and are able to use the mobile phones purposefully, it may be helpful to
categorize the children according to their age and their status of cognitive development.
Following Piaget (1983), the 9–10 year olds are assumed to be in the stage of concrete
operations. They start representing operations mentally, thus being able to understand
reversibility and that two dimensions sometimes have to be considered simultaneously
as well as to begin understanding and solving hierarchical classiﬁcation tasks. At the
age of about 12 years – according to Piaget – children enter the stadium of formal operations. Cognitions become more systematic and children start isolating diﬀerent variables
when dealing with complex problems developing hypothetic-deductive strategies. Thus, it
is assumed that the children in the stage of formal operations (about 12–14 years) should
clearly outperform the children in the stadium of concrete operations (about 9–10 years) in
the general competence of using the mobile phones. However, Piaget’s clear-cut age limits
were criticized in its rigid form and found to be modulated by cognitive acceleration processes (e.g. Rose, 1985; Shayer & Wylam, 1978), thus are to be treated with caution. Anyway, the mere chronological age classiﬁcation has only a limited utility as age has to be
regarded as a carrier of cognitive development. Therefore, in the present study, two major
cognitive abilities were surveyed, which are expected to be of central importance for the
usage of hierarchical menus in technical devices (Bay & Zieﬂe, 2003a; Zieﬂe & Bay,
2006): children’s short-term (verbal) memory and spatial ability. In this context, it was
of interest whether a certain level of spatial and memory abilities is necessary to bring
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the beneﬁt of an instruction type into fore and if the cognitive abilities and the beneﬁt by
instruction type reﬂect the developmental status. Another point at issue was the sustainability of the diﬀerent instructions or navigational aids. In order to determine learnability
eﬀects, the children had to process the same four mobile phone tasks twice consecutively.
The instructions were presented only prior to the ﬁrst trial, but children had to solve the
second trial without being supported by an instruction. Thus, the diﬀerential eﬀects of the
instruction types and the interaction with the cognitive developmental status were aimed
at.
2. Method
The study’s central focus was the utility of diﬀerent instruction types; therefore instruction types and their operationalization are described ﬁrst. Then methodological details
with respect to the independent and dependent variables, the sample studied and the
experimental procedures are given.
2.1. Instruction types

1. The ﬁrst type of instruction was a step-by-step instruction containing the diﬀerent menu
functions that had to be selected one after another in order to solve a task. The knowledge provided by this instruction is landmark knowledge as well as route knowledge
(names of the functions to be visited one after another), without revealing the menu
structure. Fig. 1 shows one example of such an instruction. Children were told that
the functions shown in the step-by-step diagram are the key terms they had to memorize, as they are the cardinal points in the menu they should follow. This instruction was
presented to the children for a period of 20 s prior to each task in the ﬁrst trial.
2. The second form of instruction was a menu structure visualized in a graphical tree where
the name and location of the functions that have to be selected to solve a task are given.
This instruction type provides primarily survey knowledge, but contains also information on landmarks (the functions’ names). Fig. 2 shows an extract of a menu tree containing the path and the menu functions (original size). In order to illustrate the whole
information, which was presented, Fig. 3 shows the path and menu information for the
four tasks the children received in this condition. Note that the information is greatly
scaled down for demonstration purposes. In the experiment, this information was plotted on a sheet of paper, separately for each task, and pinned on the wall. The children
studied the respective menu structure and the path that they had to go for 20 s before
they started the completion of the respective task.The children were instructed that this
structural map informs them about all the diﬀerent paths and branches of the phones’
menu as well as their interconnections. Children were told that the functions shown in
the map were the key terms they had to memorize, as they are the cardinal points in the
menu they should follow.

menu

settings

call settings

send own number

Fig. 1. Example of a step-by-step instruction.

off
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menu

settings

call settings
send own
number
off

Fig. 2. Example of a menu structure instruction (original size).

3. A third type of instruction was adopted by giving the children the opportunity to
explore the functionalities of the menu of the mobile phone. They were invited to
explore the phone’s functionalities by trying the diﬀerent keys and navigating through
the functions for a period of 5 min prior to solving the experimental tasks. The children
did not receive further guidance, but were generally encouraged to capitalize on their
possibility to get to know the mobile phone in advance. This instruction is assumed
to provide all types of spatial knowledge, that is, survey knowledge, route knowledge
as well as landmark knowledge.

2.2. Independent and dependent variables
Four independent variables were under study. The ﬁrst independent variable was the
type of instruction the children received. The second independent variable was users’
age. Three age groups were examined: 9–10 year olds, 11–12 year olds and 13–14 year olds.
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Fig. 3. Menu structures for the four diﬀerent tasks as presented to the children (largely scaled down for
demonstration purposes).
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Furthermore, the children’s spatial ability (third independent variable) and their verbal
short-term memory capacity (fourth independent variable) were assessed. They were treated as between subject variables possibly aﬀecting performance using the mobile phone
and interacting with the instructions.
As dependent variables four diﬀerent performance measures were analyzed. As eﬀectiveness measure, (1) the number of tasks successfully solved was determined. Furthermore, measuring eﬃciency of menu navigation, (2) the time needed to process the tasks,
(3) children’s detour steps (number of keystrokes carried out that were not necessary when
solving the task the shortest way possible) and ﬁnally, (4) hierarchical returns to higher
levels within the menu indicating that children felt they had taken the wrong path in
the menu hierarchy and needed to go back to a known position.
The number of tasks successfully solved and the time the children needed to process the
tasks represent the two standard measures (EN ISO 9241-11, 1997). However, taking into
account that children might loose their motivation to bring a diﬃcult task to a successful
end, eﬀectiveness might not be an appropriate measure to sensitively reﬂect the diﬀerent
impact of the instruction type. The same might be true for the time on task, considering
that younger children may act more cautionary and less snappy compared to older children. Therefore, the measuring scope was broadened: The number of detour steps, thus,
the detouring of users within the shortest menu path possible and the frequency with
which the children have to go back to higher menu levels in order to re-orientate, seem
to have a high sensitivity to reﬂect the eﬀects of the diﬀerent navigation aids and their stability over time.
2.3. Tasks
Four basic and very common mobile phone tasks had to be solved by the participants.
In total, 36 steps were necessary to solve the four tasks in the shortest way possible. To
ensure that the children understood intellectually and semantically what they had to do
in the diﬀerent tasks, the tasks’ instructions were tailored with respect to a child-friendly
setting with examples taken from the children’s experience:
(1) Calling a number stored in the phone directory (4 key strokes were needed to solve
the task).
(2) Sending a text message. In order to control the diﬀerences in the speed of typing, the
message was already provided and only had to be sent when the children reached the
adequate point in the menu hierarchy (10 key strokes were necessary to process the
task).
(3) Changing the setting of the mobile phone with the goal of hiding ones own number
when calling someone (12 key strokes were necessary).
(4) Making a call divert to the mailbox (10 key strokes were necessary).
In order to measure learnability, all four tasks were presented twice. In the second run,
the children were not given any instructional help. This was of speciﬁc signiﬁcance as it
was a central interest to analyze the sustainability of the respective instruction type. After
a short break, each task was given a second time with slightly modiﬁed instruction (e.g. in
the ﬁrst trial, children had to deactivate the transmission of their phone number and in the
second run they were requested to re-activate it).
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The presentation order of tasks was held constant, from one to four in the ﬁrst as well
as in the second trial. It was of crucial importance not to ask too much of the children with
respect to the tasks’ diﬃculty. In order to ensure a sense of achievement, the more easy
tasks were to be solved ﬁrst, followed by more diﬃcult tasks (as taken from previous ﬁndings, Bay & Zieﬂe, 2005). As it was found out in previous experiments, learnability eﬀects
from the ﬁrst to the second run were not aﬀected by the tasks’ order. Therefore, it seemed
appropriate to keep the order of tasks constant. Furthermore, the length of the experiment
was tested prior to the experiment. Children’s concentration should not be encumbered,
especially as they did not only have to accomplish the phone tasks, but also the preliminary survey assessing the children’s experience with technical devices and afterwards, the
psychometric testing. Therefore, a pre-experiment with one 9-year-old child was carried
out. The four tasks processed twice, plus the completion of the tests lasted about
80 min at the most. As the child was not overstressed but rather enjoyed the procedure,
the experiment was assumed to have a reasonable length and diﬃculty.
2.4. Assessing user characteristics (spatial ability, memory and experience with technical
devices)
Determining spatial and memory abilities, two subtests of the HAWIK-R (a standardized psychometric test for determining children’s intelligence) were carried out: one test on
spatial visualization ability (Fig. 4) and one test on short-term memory (Fig. 5).
In the test on spatial ability (‘‘Mosaic Test’’) the experimenter showed the child a picture (cf. Fig. 4, right) and the child’s task was to reproduce the picture using cubes with
diﬀerent patterns on each of the sides (shown in Fig. 4, left). Eight items from the Mosaic
Test were selected comprising more easy spatial tasks where the children had to reproduce
the respective form with four cubes, as e.g. the forms a and b in the upper row of Fig. 4,
but also more diﬃcult tasks with 12 cubes (forms c and d) and even forms with 16 cubes
(not pictured here) were to be solved by the children. A maximum of 56 points could be
attained.

a

b

c

d

Fig. 4. The Mosaic Test to assess mental rotation ability (Tewes, 1983).
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1. Trial

2. Trial

1. 3-8-6

1. 6-1-2

2. 3-4-1-7

2. 6-1-5-8

3. 8-4-2-3-9

3. 5-2-1-8-6

4. 3-8-9-1-7-4

4. 7-9-6-4-8-3

5. 5-1-7-4-2-3-8

5. 9-8-5-2-1-6-3

6. 1-6-4-5-9-7-6-3

6. 2-9-7-6-3-1-5-4

7. 5-3-8-7-1-2-4-6-9

7. 4-2-6-9-1-7-8-3-5

Fig. 5. Examples from the short-term memory test (recall of numbers) (Tewes, 1983).

The test on short-term memory required the children to verbally repeat a row of numbers read aloud by the experimenter. The test consisted of seven rows of three to nine numbers, which had to be reproduced by the children directly after the experimenter had read
them aloud. Examples for this task are given in Fig. 5. The children were given two trials
to correctly reproduce each row. The number of correctly reproduced rows was added to a
ﬁnal score. The maximum score to be reached was 14.
Furthermore, the children’s previous experience with technical devices was determined.
First, it was important to learn if age diﬀerences in performance are due to the age-correlated experiences with technical devices. Second, it was methodologically important to
ensure that results can be referred to the eﬀects of the three diﬀerent instruction types.
Therefore, a detailed pre-screening of participants’ experience with mobile phones and
other technical devices as well as the reported ease of using them was carried out. The children were to state if and how often they use technical products (mobile phone, PC, video
cassette recorder (VCR) or a DVD player), using a ﬁve-point scale (1 = several times per
day, 2 = once per day, 3 = once or twice a week, 4 = once or twice per month and 5 = less
than once or twice a month). Further, the estimated ease of use when using diﬀerent technical devices had to be stated again on a scale with four answering modes (1 = the usage is
easy, 2 = the usage is rather easy, 3 = the usage is rather diﬃcult and 4 = the usage is difﬁcult). Moreover, all participants rated their general interest in technology, using a fourpoint scale (1 = low interest; 2 = rather low interest, 3 = rather high interest, 4 = high
interest).
2.5. Apparatus
A mobile phone corresponding to the Nokia 3210 model regarding menu and keys was
simulated as software solution, run on a PC and displayed on a touch screen (TFT-LCD
Iiyama TXA3841, TN, 15 0 with a touch logic by ELO RS232C). It was a general question
which phone model was appropriate for experimental purposes. First, one aim was to take
a real model in order to meet demands of ecological validity. Second, as our youngest children were just 9 years of age, it was of central impact that the complexity of the phone was
not too high and the interface, from an ergonomic point of view, comparably easy to use.
Otherwise, the utility of the diﬀerent instruction types would not come into fore, being
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possibly veiled by a high diﬃculty when using the phone. Therefore, we chose the Nokia
3210 model, a mass model with a low complexity in both its menu structure and navigation keys, which could also be used properly by children, as shown in a previous study
(Bay & Zieﬂe, 2005). The software prototype mirrored exactly the menu structure and
the navigation keys given in the real phone. However, the keys and the display of the
mobile phone were enlarged compared to the original model in order to exclude motor
and visual diﬃculties of the children. To avoid biases and conceal the real brand the simulated phone had a very neutral and unobtrusive design. Three menu functions were presented on the screen at a time. In order to measure eﬀectiveness and eﬃciency in detail and
without disturbing the children while working, user actions were recorded online on the
keystroke level. Thus, frequency and type of keys used, time spent on tasks and the navigational route could be reconstructed very precisely. In order to assure a comfortable and
relaxed body posture while completing the tasks, the children sat at a table and worked on
the touch screen, which was ﬁxed to the edge of the table (the mounting equipment for
ﬁxating the screen was speciﬁcally constructed for experimental purposes). Fig. 6 shows
a child using a simulated phone displayed on the touch screen (taken from a similar
experiment).
As was observed, the children in fact had no diﬃculties with the simulated phone and
the usage of the touch logic with their ﬁngers. This was accomplished by giving the children the opportunity to work with the touch screen before they started to process the
mobile phone tasks. The questionnaire assessing demographic data of the children prior
to the experiment was presented on the computer too, and the children operated the touch
screen while answering the initial questions thereby getting accustomed to the system.
2.6. Participants
Thirty children aged 9–14 years took part in the experiment. They were distributed
equally to the three experimental conditions holding constant users’ age. Thus, in each
condition there were three children aged 9–10 years, three children aged 11–12 and four
children aged 13–14 years. Nine children reported never to have used a mobile phone

Fig. 6. Photo of a child when working with the experimental mobile phone (taken from a similar experiment).
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(three children in each of the experimental conditions), eight said they had already used
the mobile phone of their parents and 13 children reported to possess a mobile phone
of their own. Those children, who reported to have or use mobile phones, used the phones
mostly for making and receiving calls and sending text messages.
To ensure that diﬀerences in performance can be traced back to the diﬀerential eﬀects of
instructions and age groups, respectively, instead of other prevailing distinctions, the children’s previous history of technical usage was surveyed. First, the three experimental
groups were analyzed with respect to the experience with technical devices (Table 1), using
non-parametric tests (Kruskal–Wallis).
As found, the three experimental groups did not diﬀer signiﬁcantly with respect to the
experience with technical devices (mobile phone: z = 2.3; p > 0.05; PC: z = 0.3; p > 0.05;
VCR/DVD: z = 0.2; p > 0.05). Furthermore, the reported ease of using these devices
(mobile phone: z = 1.2; p > 0.05; PC: z = 1.5; p > 0.05; VCR/DVD: z = 0.08; p > 0.05)
and the rated interest in technology in general (z = 1.9; p > 0.05) was also not found to
be diﬀerent across the groups. Furthermore, the three experimental groups were also comparable with respect to children’s spatial ability (F(2, 27 < 1; n.s.)) and short-term memory
capacity (F(2, 27 = 1; n.s.)). Thus it can be assumed that user characteristics are equally
distributed over the three experimental groups.
For the experience with technology, age diﬀerences will also be reported in this section.
From Table 2 it becomes obvious that overall no age diﬀerences were present. All age
groups reported to use the PC most often (once per day), whereas mobile phones and
VCR devices were used more seldom (once or twice per month). With respect to the ease
of using the devices, the mobile phone was judged to be most easy, and, according to children’s statements, the PC and the VCR were ‘‘rather easy’’ to use. Finally, in all age
groups, the interest in technology was rated as ‘‘rather high’’. Statistical testing revealed
only for the ease of using mobile phones marginally signiﬁcant age group diﬀerences
(z = 5.5; p < 0.1), showing that the ease of using mobile phones was slightly judged to
Table 1
User characteristics (gender, age, experience with technical devices, reported ease of using it as well as children’s
interest in technology in the three experimental conditions)

Gender
Age

Step-by-step

Menu structure

Exploration

4 Boys, 6 girls
11.5 (1.7)

6 Boys, 4 girls
11.5 (1.8)

5 Boys, 5 girls
11.4 (1.7)

Frequency of using is 1 = several times a day; 2 = 1 · a day; 3 = 1–2 · a week; 4 = 1–2 · a month; 5 = less than
once a month
Mobile phone
3.4 (1.8)
4.7 (1.5)
4.2 (1.4)
PC
2.4 (1.4)
2.5 (1.1)
2.3 (1.2)
VCR
3.9 (0.9)
4.1 (1)
4 (1.5)
Ease of using is 1 = easy; 2 = quite easy; 3 = quite diﬃcult; 4 = diﬃcult
Mobile phone
1.2 (0.8)
0.9 (1)
PC
1.7 (0.7)
1.5 (0.5)
VCR
1.4 (1)
1.6 (1)
Interest in technology
(1 = low; 2 = quite low; 3 = quite high;
4 = high)
Given are means (and standard deviations).

3.2 (0.9)

3 (0.7)

0.9 (0.7)
1.4 (0.7)
1.5 (1)
3.4 (0.7)
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Table 2
Age diﬀerences in the frequency of using technical devices, the reported ease of use as well as children’s interest in
technology
9–10 year olds

11–12 year olds

13–14 year olds

Frequency of using is 1 = several times a day; 2 = 1 · a day; 3 = 1–2 · a week; 4 = 1–2 · a month; 5 = less than
once a month
Mobile phone
3.8 (1.5)
4.4 (1.3)
4.1 (2.1)
PC
2.4 (1)
2.5 (1.1)
2.3 (2.3)
VCR
3.9 (1.2)
3.9 (0.9)
4.2 (1)
Ease of using is 1 = easy; 2 = quite easy; 3 = quite diﬃcult; 4 = diﬃcult
Mobile phone
1.3 (0.7)
1.2 (1)
PC
1.2 (0.4)
1.8 (0.8)
VCR
1.1 (0.9)
1.7 (1.2)
Interest in technology
(1 = low; 2 = quite low; 3 = quite high;
4 = high)

3.4 (0.7)

3.1 (0.6)

0.6 (0.5)
1.6 (0.5)
1.6 (0.9)
3.1 (0.9)

Given are means (and standard deviations).

be easier by the older children compared to the other two age groups. All other statistic
test did not reveal signiﬁcant diﬀerences between age groups.
2.7. Procedure
At the beginning of the experiment, all children were told that the study aimed at evaluating how well current mobile phones are designed in order to be easily usable, especially
by children. It was emphasized that it was not them, the children, who were being tested,
but to ﬁnd out what can be done to facilitate the usage of technical devices. In addition,
the children were instructed to work as thoroughly and as fast as they could. In order to
reinforce the children and to keep up their motivation, a ‘‘Congratulations’’ – message
appeared on the screen when they had successfully solved a task.
Each child was randomly allocated to one of the three experimental conditions. In the
step-by-step and the menu structure group, the speciﬁc type of instruction the child would
thereafter use was presented and explained referring to a sample instruction. It was carefully ensured that the children knew exactly what the respective instruction aimed at and
that they understood what they had to do in each task. The children in the step-by-step
and the menu structure condition were shown the respective instruction for a period of
20 s after being explained what they had to do in the tasks and before starting to process
each single task. The children belonging to the exploration group were encouraged to
explore the functionalities of the simulated mobile phone for a time period of 5 min before
being presented the tasks, but did not receive further guidance. As was observed by the
experimenter, the children in fact explored the phone vividly and highly motivated.
Afterwards, children were asked to solve the same four tasks in a slightly modiﬁed manner for a second time, this time receiving neither the menu structure nor the step-by-step
instruction. A time limit of 10 min was set for the processing of each task. This was done
to get a detailed insight into users’ navigation behavior and to prevent feelings of frustration, which could arise when children did not achieve to solve the majority of tasks. After
processing the tasks on the mobile phone, the children were given a pause, where they
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spontaneously commented on the phone tasks, what they felt, what had attracted their
attention in the menu or diﬃculties they had experienced. After the little break, children
completed the two cognitive tests determining their spatial ability as well as their verbal
short-term memory capacity. Overall, it can be stated that the children had much fun participating in the study, even though some of them stated after the experiment that the
phone sometimes was ‘‘pretty hard to handle’’. The children were gratiﬁed for their participation with a little toy.
3. Results
In the following, the results are given. To assess the usefulness of the diﬀerent instructions, learnability eﬀects were of central interest, i.e. the users’ increase or decrease in performance when solving tasks for the second time after having used diﬀerent instructions.
Thus, ﬁrst, the eﬀects of the diﬀerent instructions on learnability are reported, and then
eﬀects of age as well as their interaction with the instructions are addressed. Furthermore,
the relationship between the children’s spatial ability and memory, gender and children’s
experience with technical devices and their eﬃciency using the mobile phones is looked at
to determine possible reasons for the diﬀerences in users’ performance.
3.1. Preliminary remarks with respect to statistical testing
The key ﬁndings, which were aimed at, were the interactions between children’s age and
the type of instruction used. For calculating interaction eﬀects, analyses of variances are
usually applied (as this procedure allows determining interacting eﬀects). Due to the small
sample size (N = 30), though, some cautionary notes have to be considered. Not only that
averages might be rather unstable but also the statistical power of ﬁnding eﬀects might be
low. In order to meet this problem, the main eﬀects were conﬁrmed by non-parametric
procedures (Wilcoxon tests for dependent and Kruskall–Wallis tests for independent measurements). Consistently, the results by non-parametric as well as parametric testing
revealed the same eﬀects to be statistically signiﬁcant as well as the same eﬀects to be
not signiﬁcant, respectively. Moreover, the homogeneity of variances was tested by
Levene-tests. As found, the number of tasks solved, the time on task and the number of
detour steps showed in-signiﬁcant values (with F-values ranging from 1.9 to 1.2, and p-levels ranging from 0.14 to 0.31), thus variance homogeneity can be assumed and outcomes
using analyses of variance statistics should not lead to misinterpretation. Solely, for the
number of hierarchical returns variance homogeneity of variances was not present
throughout (with Levene-values ranging from F-values between 0.02 and 8 and p-levels
from n.s. to p = 0.01). Even though this measure, another fruitful parameter of children’s
menu navigation, was not dropped: As the other dependent variables showed the very
same pattern of results, it was assumed that the outcomes could be interpreted reliably.
Taken these preliminary tests as a basis, ANOVAs for repeated measurements were run
for assessing learnability eﬀects, with instruction type, age and level of spatial ability as
independent factors and time on task, detour steps and number of hierarchical steps back
as dependent factors. Revealing interrelations between user characteristics and performance, correlation analyses were executed. The level of signiﬁcance was set at p < 5%
for all tests carried out. Outcomes within the less restrictive signiﬁcance level (p < 10%)
were referred to as marginally signiﬁcant.
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3.2. Eﬀects of the instruction types
First, the main eﬀect of instruction type was found not to be signiﬁcant. However, this
is nothing to be surprised of as we expected that the instruction types would diﬀerentially
aﬀect performance, depending on the children’ age and their abilities to mentally incorporate the knowledge by the instruction types.
The participants’ eﬀectiveness solving the eight tasks with, on average, 7.1 (step-by-step;
SE = 1.3), 7.5 (menu structure; SE = 0.8) and 7.4 (exploration; SE = 0.9) tasks solved out
of eight tasks was comparably high in all groups. Therefore, in the following only the eﬃciency in terms of time on task, the detour steps as well as the hierarchical returns are considered as dependent variables. It was of interest to see which of the three navigational aids
showed the most profound increase in performance from the ﬁrst to the second trial.
Regarding the time needed to process the tasks, a signiﬁcant learning eﬀect was shown
(F(1, 21) = 11.8; p < 0.05) with an interaction between instruction type and number of trial
(F(2, 21) = 5.4; p < 0.05) as well as between age and trial (F(2, 21) = 12.5; p < 0.05), but no
interaction between all three factors. In Fig. 7 (left side), the outcomes are illustrated.
Though not being the most correct representation, line diagrams depict the interaction,
simply because the interactive nature of the three instruction types in the two trials can
be demonstrated more clearly. There were two conditions showing an increase in performance from the ﬁrst to the second trial: Using the menu structure, children were by 36%
faster in the second compared to the ﬁrst trial (ﬁrst trial: M = 579.4 s; SE = 176.3 s; second trial: M = 371 s; SE = 127.4 s). The same was found in the exploration condition,
yielding a still higher beneﬁt: the amelioration from the ﬁrst to the second trial was
44% (ﬁrst trial: M = 638 s; SE = 176.3 s; second trial: M = 356 s; SE = 127.4 s). In contrast, in the step-by-step condition, the children showed a decrease in performance, with
a 13% longer time on task, increasing from, on average 508 s (SE = 176.3 s) in the ﬁrst
to 574 s (SE = 127.4 s) in the second trial.
For the number of detour steps (F(2, 21) = 4.4; p < 0.05) and hierarchical returns
(F(2, 21) = 11.05; p < 0.05) signiﬁcant interactions between instruction type and number
of trial (learnability) were found, too. As visualized in Fig. 7 (center: number of detour
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Fig. 7. Learnability eﬀects of the diﬀerent instructions regarding time on task (left), detour steps (center) and
hierarchical returns (right).
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steps; right side: number of hierarchical returns), the step-by-step condition was the only
one showing no improvement in the second trial, but rather a worsening of performance:
children made 267 detour steps (SE = 76.9) and 45 steps back (SE = 13) in the second trial
compared to 141 detour steps (SE = 108.6) and 24 returns (SE = 19.8) in the menu hierarchy in the ﬁrst trial (increase of 90%). In contrast, the menu structure led to 250 detour
steps (SE = 76.8) and 43 steps back (SE = 13.1) in the second trial compared to 324 detour
steps (SE = 108.6) and 66.3 steps back (SE = 19) in the ﬁrst trial (decrease of 23% for
detour steps, 35% for steps back). Also in the exploratory condition less steps were needed
in the second trial, 278.7 detours steps (SE = 76.9) and 53 steps back (SE = 13.1), which
corresponds to a decrease of 40% (34% for steps back) from the 463.7 detour steps
(SE = 108.6) and 79.8 steps back (SE = 19.8) that were needed in the ﬁrst trial. Interestingly though, the step-by-step condition yielded, with respect to the number of detour
steps and hierarchical returns, the best performance in the ﬁrst trial.
3.3. Eﬀects of age
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From a developmental point of view, it is insightful to see whether children of diﬀerent
age groups showed a diﬀerent performance. This is illustrated in Fig. 8 (again, the illustration by line diagrams was chosen, even though no evident relation is given between measures in the ﬁrst and second trial). As was expected by developmental status, the 9–
10 year olds were in fact the group showing the lowest performance, and the children aged
13–14 years were found to be the best. When taking the time the children needed in the ﬁrst
and second run together (Fig. 8, left side), the youngest children were in total by 320%
slower (M = 1856.2 s; SE = 122.8 s) and the intermediate age group about 100% slower
(M = 874 s; SE = 116.2 s) than the oldest group (M = 437 s; SE = 111 s). This diﬀerence
showed to be signiﬁcant as determined by univariate analyses of variance (F(2, 27) =
11.2; p < 0.05). For the detour steps, another signiﬁcant age eﬀect was found
(F(2, 27) = 10.7; p < 0.05). The youngest children carried out, on average, 1091 detour steps
(SE = 80.5), the 11–12 year olds made 456 (SE = 76) and the oldest group 260 detour steps
(SE = 72). It should be noted that the youngest group made 30 times more detour steps
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Fig. 8. Learnability eﬀects in the diﬀerent age groups regarding time on task (left), detour steps (center) and
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than the 36 steps that were necessary to solve the tasks in the most direct way. Even though
distinctly better, the middle-aged children still carried out 13 times as many and the oldest
children still 7 times as many detour steps than the amount of steps actually necessary.
Moreover, there was a signiﬁcant eﬀect of age on the number of hierarchical returns carried
out (F(2, 27) = 12.3; p < 0.05). The youngest group made 202 steps back (SE = 13.6), the
11–12 year olds 81 (SE = 12.9) and the children aged 13–14 years executed only 44 hierarchical steps back (SE = 11.9). Age eﬀects are shown in Fig. 8.
Focusing now on learnability eﬀects as mentioned before, they showed to interact with
the children’s age. The biggest increase in performance from the ﬁrst to the second trial
was observed in the youngest group: processing the tasks a ﬁrst time, they made on average 673.7 detour steps (SE = 89.7) and 127.4 hierarchical steps (SE = 15.3) back needing
1169 s (SE = 122.7 s). In the second trial, only 417 detour steps (SE = 71.7) and 74.2 steps
back (SE = 11.9) were carried out in about half the time (M = 686 s; SE = 122.8). In contrast, the older age groups (the 11–12 and the 13–14 year olds) did not improve in the second trial compared to the ﬁrst.
3.4. Eﬀects of spatial ability
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In this section, the eﬀects of children’s spatial abilities on their performance using the
phone are focused at, referring to the strong beneﬁts of spatial abilities on navigation performance reported in the literature for adults. By median split two groups were formed:
children having scores >41.5 points were allocated to a ‘‘high’’ spatial ability group,
and those having scores <41.5 points were allocated to a ‘‘low’’ ability group. The outcomes for eﬃciency measure are illustrated in Fig. 9 (left side: time on task, center: detour
steps; right side: number of hierarchical returns).
As to be seen in Fig. 9, spatial abilities have a major impact on children’s performance
(time on task): (F(1, 28) = 5.2; p < 0.05); detour steps: (F(1, 28) = 8.3; p < 0.05); hierarchical returns: (F(1, 28) = 10.2; p < 0.05). Children belonging to the low-spatial ability group
needed 796.5 s to process the tasks in the ﬁrst trial, whereas children with high spatial abilities processed tasks in less than half the time (M = 354 s; SE = 129.3). However, both
groups showed a signiﬁcant learning eﬀect (F(1, 28) = 4.9; p < 0.05), which was not diﬀer-
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Fig. 9. Eﬀects of spatial abilities on performance regarding time on task (left), detour steps (center) and
hierarchical returns (right). Black bars indicate the group with lower spatial abilities (scores <41.5), white bars the
group with high spatial abilities (scores >41.5).
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ent for the two groups (no interaction eﬀect). In the second trial, the children with high
spatial abilities processed the four tasks in 311.3 s (SE = 100.4 s), while the low-spatial
abilities children needed still 555.8 s (Fig. 9, left side). Looking now at detour steps and
hierarchical returns (Fig. 9, center and right side), the very same pattern was revealed.
Children belonging to the low-spatial ability group carried out 468.9 detour steps
(SE = 83.7) and 90 hierarchical returns (SE = 14.6) in the ﬁrst run, and still 354.9 detour
steps (SE = 56.9) and 63 hierarchical returns (SE = 9.6) in the second run. Facing the 36
steps that were necessary to solve the four tasks on the most direct way, the detouring of
these children is considerable. In contrast, children of the high spatial ability group performed distinctly better. In the ﬁrst run, they ‘‘only’’ made 150.1 (SE = 83.8) detour steps
and 30.9 hierarchical returns (SE = 9.6), and in the second run 175.5 detour steps
(SE = 56.9) and 23.6 returns (SE = 14.6) in the menu. There was no signiﬁcant eﬀect of
learnability for both measures, though, the interaction of learnability and spatial ability
turned out to be statistically signiﬁcant for the number of hierarchical returns
(F(1, 28) = 4.4; p < 0.05). Apparently, the beneﬁt by learning was not equal for both
groups, but was higher for the children having lower values of spatial ability.
3.5. Eﬀects of short-term memory
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Finally, the eﬀects of short-term memory are reported. Taking the attained values in the
memory test, a group with high (score >7 points) and a group with low verbal memory
(score <7 points) abilities were formed through median split. In Fig. 10, the ﬁndings are
illustrated (left side: time on task, center: detour steps; right side: hierarchical returns).
For none of the measures, verbal memory aﬀected eﬃciency interacting with the mobile
phone in a signiﬁcant way. Not even learnability measures were found throughout (only
for the time, the children needed to process the tasks (F(1, 28) = 4.8; p < 0.05)). Concluding, it must be assumed that verbal memory is not a major factor aﬀecting children’s menu
navigation performance.
Summarizing the outcomes, three key ﬁndings can be outlined. The step-by step instruction, providing only landmark knowledge without information of the menu structure,
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reveals to have only a limited sustainability. Furthermore, having high spatial abilities
beneﬁts menu navigation performance distinctly. Third, younger children show a distinctly
lower competence using a mobile phone and proﬁt less from instructions providing survey
knowledge compared to older children. Even though the age eﬀects on navigation performance conform to expectations due to age-related cognitive development, it is a basic
question what actually is the origin of the developmental eﬀect that is carried by age. Thus,
for a deeper insight into the nature of the age eﬀects, the interrelation between the children’s cognitive abilities, experience with technical devices and age on the one hand and
the navigational performance on the other hand is looked at.
3.6. Age-related diﬀerences in cognitive abilities and their interrelations with performance
measures
To gain insights into user characteristics that are carried by the three age groups, in the
following the outcomes of psychometric tests and their interrelation to the experience with
technical devices and the reported ease of using them, are reported. To complete the picture, interrelations with gender are given.
A ﬁrst analysis was concerned with the age-related eﬀects of spatial abilities and verbal
memory. In Fig. 11, the interrelations between spatial abilities (left side) and short-term
memory (right side) as well as children’s age are depicted. It can be seen from Fig. 11 that
the interrelation of spatial ability and age was much more pronounced than the relation
between verbal memory abilities and age. None of the younger children reached scores
for spatial abilities above the median (>41.5 points), whereas with respect to memory abilities the younger ones were able to reach the ‘‘high score group’’ (above median,
>7 points). Apparently, verbal memory abilities seem to be fully developed at an earlier
point in time within the developmental process than spatial abilities.
Accordingly, a high correlation was found between age and spatial abilities (r = .71;
p < 0.01): The older the children, the more developed their abilities to mentally represent
spatial relations were. In contrast, the correlation between age and short-term memory
was lower (r = .28; n.s.) and yielded no statistically signiﬁcant interrelation. From this
result it can be derived that the ability to memorize and recall does not vary systematically
with children’s age. Though, the level of verbal memory was signiﬁcantly related to the
level of spatial ability (r = 0.39; p < 0.05). Gender eﬀects on spatial ability were not identiﬁed, showing boys and girls to be equally able to handle spatially demanding tasks.
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The interest in technology was correlated with the frequency of using a PC (r = 0.41;
p < 0.05). Children, who often use the PC reported to have a higher interest in technology,
but neither the PC usage nor the interest in technology showed an interrelation with age.
The latter is very insightful, as it suggests that diﬀerence in performance between the younger and older children cannot be attributed to their diﬀering exposure to technical devices.
The reported ease of using mobile phones was signiﬁcantly related to the frequency using
them (r = 0.63; p < 0.00), but it also showed a correlation to age (r = 0.38; p < 0.05)
and the level of spatial ability (r = 0.49; p < 0.01). Thus, using a mobile phone was rated
the easier, the more frequently the phone is used, the older the children were and also, the
higher their spatial ability level was. Memory abilities did not show signiﬁcant relations to
the level of experience with technical devices and the reported ease of using them. Concluding, age eﬀects were prominently found with respect to the level of spatial abilities
and to the reported ease of using mobile phones. Beyond the boys’ higher frequency of
using a PC, gender eﬀects were not present.
To analyze interrelations between the participants’ age, cognitive abilities and performance using the mobile phone, Pearson correlation coeﬃcients were calculated for these
variables. Also, interrelations of gender and performance were assessed. Finally, the frequency and the reported ease of using a PC turned out to be an important facet of children’s previous experience with technical devices. The correlation outcomes are depicted
in Table 3.
Children’s spatial abilities were correlated with time on task (r = .58; p < 0.05), detour
steps (r = .59; p < 0.05) and hierarchical steps back (r = .56; p < 0.05). Thus, high spatial abilities help the children to easily handle a mobile phone which means they need less
time and detour steps as well as steps back to higher menu levels when solving the tasks.
Short-term memory, in contrast, seems to be less important for users’ eﬃciency: The correlations of verbal memory with eﬃciency measures range between r = .22 (n.s., for hierarchical steps back) and r = .38 (p < 0.05, for time on task). Even though gender is
discussed as another major factor within the usage of technical devices, the boys and girls
in our experiment showed a comparable performance with respect to their eﬀectiveness
and eﬃciency using a mobile phone. The frequency and the ease with which the children
reported to use a PC were also interrelated with performance (frequency of using a PC:
r = .43; p < 0.05 (number of tasks solved); r = .34; p < 0.1 (time on task); Ease of using
Table 3
Correlations between age, gender, cognitive abilities, experience using a PC and the performance when interacting
with the mobile phone
Tasks solved
Age
Gender
Spatial ability
Short-term memory
Frequency of PC usage
Ease of using a PC

***

.50
.29
.54**
.31**
.43**
.26

Time on task
***

.62
.04
.58***
.38**
.34*
.25

Detour steps
***

.59
.04
.59***
.33**
.1
.48***

Hierarchical returns
.64***
.03
.56**
.22
.1
.48***

Pearson values were used for interval-scaled data, Spearman-Rho values for ordinal-scaled data and Cramérs
indices for nominal-scaled data.
*
p < 0.1.
**
p < 0.05.
***
p < 0.01.
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a PC: r = .48; p < 0.01, for both, number of detour steps and hierarchical returns). Thus,
while gender and memory abilities showed no signiﬁcant impacts on performance, higher
experience with the PC as well as higher spatial ability contributed to a good navigation
performance.
From these ﬁndings it may be concluded that, on the one hand, age eﬀects on the eﬃciency interacting with the mobile phone may be explained by increasing spatial abilities.
On the other hand, the reason for the diﬀering usefulness of the three instructions for the
diﬀerent age groups may be due to the instructions’ demands on users’ spatial abilities.
Therefore, multivariate analyses of variances with instruction and spatial ability as independent factors were carried out. Dependent variables were the number of detour steps
and the number of hierarchical returns in the ﬁrst as well as in the second trial. Those variables had shown to be very sensitive for diﬃculties in navigation and orientation.
3.7. Interaction eﬀects between instruction type and users’ spatial ability
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number of tasks solved [max = 8]

According to the omnibus F-tests, the eﬀect of the instruction type alone did not reach
statistical signiﬁcance (F(8, 44) = 1.8; p > 0.05), but spatial ability (F(4, 21) = 4.8; p < 0.01)
as well as the interaction of spatial ability and instruction type (F(8, 44) = 2.4; p < 0.05)
had signiﬁcant eﬀects on users’ performance. This interaction is illustrated in Fig. 12 for
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Fig. 12. The interaction between spatial ability and type of instruction on the number of tasks solved (upper left),
the time on task (upper right), the number of detour steps (lower left) and hierarchical returns (lower right).
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all dependent measures (number of tasks solved, time on task, number of detour steps and
returns in menu hierarchy).
As can be seen, independently of the measure, children with high spatial ability (black
lines) showed the lowest performance in the step-by-step condition and the best performance in the menu structure condition. Focusing on the number of detour steps and
the returns in hierarchy, they made, on average, 498 detour steps (SE = 200.1) and 74
returns in menu hierarchy (SE = 35.6) in the step-by-step condition. In the menu structure,
performance was signiﬁcantly better, with only 213 detour steps (SE = 163.4) and 41.8
returns (SE = 29). Contrary, the children who had attained lower scores in the Mosaic
Test (gray lines) showed the inverse pattern. The best performance was found in the
step-by-step condition (detour steps: M = 347.3; SE = 163.4; hierarchical returns:
M = 65.8; SE = 29.1). In the menu structure, however, the children with lower spatial abilities were extremely disadvantaged, carrying out about three times as many detour steps
(M = 1115.3; SE = 200.1) and hierarchical returns (M = 210.5; SE = 35.6) compared to
the step-by-step condition. Apparently, the understanding of the conceptual knowledge,
which is provided by the menu structure, requests a concept of space and spatial knowledge, respectively. The same applies to the exploration condition: Children with lower spatial abilities were not able to beneﬁt from the possibility to explore the menu prior to the
experiment and to incorporate the knowledge of the menu into menu navigation. In the
exploration condition, the children with lower spatial abilities executed, on average,
1162 detour steps (SE = 179) and made 211.6 returns in menu hierarchy (SE = 31.9), in
contrast to the children with high spatial abilities, who took advantage of the exploration
of the menu in advance (detour steps: M = 322.2; SE = 179.1; returns in menu hierarchy:
M = 322.2; SE = 179.1).
4. Discussion
Three diﬀerent types of instructions were under study regarding their eﬀect on children
using a mobile phone. On the basis of a supposed analogy between navigation in the mobile
phone’s hierarchical menu and navigation in the natural environment the instructions were
created with reference to theories of spatial orientation, which state that diﬀerent kinds of
knowledge are relevant. The ﬁrst instruction was a step-by-step instruction of the menu functions that have to be selected to solve a task, which – in terms of theories of spatial orientation
– contains mainly landmark information. Secondly, a tree-map of the menu structure containing the names of the functions that need to be selected as well as their spatial relationship
in the menu was given to participants. This instruction provides – apart from landmarks –
survey knowledge of the menu. Thirdly, children were invited to explore the functionalities
of the mobile phone on their own before processing the tasks. Through exploration of the
menu survey knowledge is also supposed to develop, as well as the other types of spatial
knowledge – route and landmark knowledge.
4.1. Which instruction type was most helpful for children’s navigation performance?
In this section the question is addressed which of the instruction types performed best,
thus having the most sustainable eﬀect in the longer run. The results showed that the learning eﬀect (the increase of performance from the ﬁrst to the second trial) was strongest in
the exploration and the menu structure condition, the two conditions that provide survey
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knowledge either directly (menu structure) or indirectly (exploration). While in the menu
map the survey knowledge is directly instructed, the beneﬁt of the exploration condition is
that through active navigation of the surroundings survey knowledge is built up (Thorndyke & Hayes-Roth, 1982), even though also route and landmark knowledge are mediated
by exploration. Hence, it can be concluded that survey knowledge is much more sustainable than landmark knowledge. Children, who have only received step-by-step information on the names of the functions to be selected, representing landmark knowledge,
had an inferior performance in the second trial, when solving tasks without help, whereas
children who have explored the menu or received information on the menu structure
improved their performance from the ﬁrst to the second trial. In recent studies dealing
with the navigation performance in younger and older adults (e.g. Zieﬂe & Bay, 2006) it
was found that the beneﬁt of survey knowledge is fortiﬁed when convening with high spatial abilities. The speciﬁc beneﬁt is explained by the persons’ higher abilities to spatially
integrate the structural information. To further substantiate this assumption also for
the children examined in this experiment, it was analyzed whether there is an interaction
eﬀect between spatial abilities and the eﬀects of the diﬀerent instructions. This was indeed
the case: In the second trial, when the children did not receive any help and had to use the
knowledge acquired in the ﬁrst trial, children with low-spatial abilities performed best
when having used the step-by-step instruction before. In contrast, when receiving survey
knowledge through the menu structure in the ﬁrst trial or when having explored the menu,
low-spatial ability children made more than twice as many detour steps in the second trial
compared to the step-by-step condition. High spatial ability children on the other hand,
show the best performance after having used the menu structure or explored the menu
and perform worst when depending on the information provided by the step-by-step
instruction: Being supported by landmark information only (step-by-step instruction) they
made more than three times as many detour steps as those who had the opportunity to
build up survey knowledge. The speciﬁc advantage of an aid containing survey knowledge
for persons having high spatial abilities conﬁrms ﬁndings with older adults interacting
with mobile phones reported in recent studies (Zieﬂe & Bay, 2006).
Even though the ﬁndings support the importance of spatial orientation for navigation
in hierarchical menus and conﬁrm theoretical approaches in this context (Sein et al., 1993;
Thorndyke & Goldin, 1983; Thorndyke & Hayes-Roth, 1982), a cautionary note should be
considered with respect to the exploration condition. Though eﬀects of the exploration
were found to be strong, it is a basic question why the exploration did not show stronger
advantage for the children compared to the map of the menu (menu structure). The exploration should – theoretically arguing – have had the strongest beneﬁt, as all three types
(landmark, route and survey knowledge) are mediated, while the menu structure aid contained mainly survey knowledge, but also landmark knowledge. This was not the case and
both, the exploration and the menu map, performed equally well. Two arguments can be
referred to here, one is of theoretical and one of methodological impact. Theoretically, survey knowledge could represent the strongest facet among the three spatial orientation
components and, further hypothesizing, could extenuate with the beneﬁts stemming from
route or landmark knowledge. If so, it is understandable why exploration and the menu
structure aid came to comparable positive eﬀects. Even though this explanation seems
to be reasonable, however, a methodological argument has to be ruled out ﬁrst before this
explanation can be adopted. On the basis of the present data, it cannot be ﬁnally excluded
that the exploration of a broad menu, consisting of many functions, may have overtaxed
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the children’s comprehensibility and their ability to deal with the broad functionality
(especially as only 5 min were given to explore the menu). Thus, the exploration could also
have led to some form of information overload, which resulted in the inability to extract
the relevant information, especially for the younger children. Determining if this supposition is true, it must be analyzed which menu routes were actually visited by the children in
the exploration and how far and deep the children struggled through the menu. Presumably, the strength of the advantage of the exploration condition might depend on how the
children were wandering around while exploring. Hence it seems to be very continuative
for further research to log and analyze also the navigation paths the children take while
they explore the menu.
4.2. Which were the eﬀects of age on navigation performance?
Not all children showed the same pattern of performance, neither with respect to the
overall performance nor with respect to the diﬀerent instruction types. The younger children being in the stadium of concrete operations indeed showed a distinctly lower performance than the older ones. The performance of the older age groups, both categorized as
being in the stadium of formal operations, was found to lie closer to each other when compared to the younger group, but the relative developmental status within the same stadium
was shown to be distinguishable, though. This can be taken from the fact that the
13–14 year olds children still outperformed the 11–12 year olds with respect to all eﬃciency measures. Though, as age just carries the respective cognitive abilities, the performance increment of the older children and the decrements in younger children should be
scrutinized, enlightening the nature of the age-related changes. It was shown that the age
groups did not diﬀer in their reported frequency using technical devices as the PC; thus,
diﬀerent exposure to technology should be excluded as reason for age eﬀects on performance. Instead, the impact of age-related cognitive abilities come into fore. Verbal memory ability was not signiﬁcantly interrelated with age and, further, had a comparably lower
impact on navigation. In contrast, spatial abilities were found to be crucial, not only as the
older children had distinctly higher abilities than the younger ones, the spatial abilities
were also revealed to be of crucial impact for a proper navigation with the mobile phones.
Thus, the age eﬀects found here cannot be separated from the diﬀerences in spatial abilities
of the children. The fact that spatial abilities do have a major eﬀect on the navigation performance in technical devices is by far not a new ﬁnding, but was found many times for
younger and older adults (e.g. Bay & Zieﬂe, 2003a, 2003b, 2004; Downing et al., 2005;
Kim & Hirtle, 1995; Norman, 1994; Zieﬂe & Bay, 2006; Zieﬂe et al., 2004). It is a new ﬁnding, however, and this can be regarded as a valuable addendum provided by the present
study, spatial abilities do not only have impact on navigation performance for the developmentally descending process (older adults), but can be regarded as a major player also
for children’s navigation performance, thus, in the ascending process of cognitive
development.
Conforming age-related diﬀerences with respect to spatial abilities, it was shown that
the youngest children did not proﬁt from the instructions providing survey knowledge.
Instead, they performed best when given a step-by-step instruction, which contains only
landmarks but no information about the arrangement of functions within the menu. Both
ﬁndings may be explained by diﬀerences in the ability to mentally manipulate spatial relations, because as stated by Shemyakin (1962), the ability to mentally represent survey
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knowledge is only fully developed at the age of 12 years. A correlation between age and
mental rotation ability undertaken in the present study showed that spatial ability
increases with children’s age. The children aged 9–14 under study were found to be subject
to a developmental change, that is, between 9 and 14 years of age the ability to mentally
rotate objects increases. Corresponding with earlier ﬁndings of (Bay & Zieﬂe, 2003a,
2003b), the increasing spatial abilities presumably enable the children to build up an adequate mental representation of the menu structure of the mobile phone. To understand
and eﬃciently use survey knowledge, spatial abilities are necessary, too. This explains
why young children could not proﬁt from the menu structure and the exploration where
they were supposed to build survey knowledge and form a mental representation of the
menu.
4.3. The role of gender and computer experience for navigation performance
According to ﬁndings in the literature it was assumed that girls as well as children with
less experience interacting with technical devices show inferior performance using the
mobile phone. In our data, the gender eﬀect could not be supported. Girls and boys
showed to be equally capable of solving the mobile phone tasks in an eﬃcient way. Computer experience, however, was strongly related to navigation performance in the phone.
The more often children reported using a PC the better was their performance. Still, differences in computer experience seem not to correlate with age since the reported frequency using a PC did not diﬀer between age groups. Interestingly, an interrelation
between computer experience and spatial abilities were found. Highly spatially skilled children reported to use more frequently technical devices such as PCs. The nature of this
interrelation – does high spatial ability promote their use of technical devices or is spatial
ability developed as consequence of frequent PC usage? – seems worthwhile further exploration. It may provide insightful hints for pedagogic contexts and educating children for
the technology prone future: A deeper understanding which abilities underlie the successful interaction with technical devices is of cardinal interest, as the utilization of technological devices is no longer voluntary or restricted to a speciﬁc user group, but has already
become an essential requirement also for children.
4.4. Conclusions
From the ﬁndings it may be concluded that the building up of mental spatial representations in form of survey knowledge of the menu structure is a major issue when using a
mobile phone for all users, however, especially for child users, as they are a major future
user group, this should be considered in phone design. The process of building up an
appropriate representation and gaining survey knowledge has to be supported by instructions and manuals. Theories of spatial orientation in the natural environment can give useful insights and hints towards how such instructions should be designed. For very young
children, that is children aged between 9 and 10 years it is of interest whether a simpliﬁed
form of the diagram of the menu structure could be more helpful. If they have suﬀered
from information overload through the menu structure provided in the present experiment, a diagram containing less detail could prove to be much more eﬃcient. Recapitulating, we could show in the described experiment that for children aged 11 or older a
diagrammatic instruction providing survey knowledge by presenting the menu’s structure
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as well as the location of the functions that have to be selected to solve a task could be as
eﬃcient as a free exploration of the phone for a period of 5 min. Taking into consideration
that children were only allowed to look at the instruction for 20 s – in total for a period of
80 s in the four tasks compared to the 5 min of exploration – this is a very good result.
A ﬁnal note is concerned with the overall performance of the children observed here.
One might have expected that the mobile phone tasks would have been processed without
too much friction losses. Even if this might be true for the eﬀectiveness (as most of the children solved about or slightly more than 7 out of 8 tasks), it should be taken into account
that children were given 10 min for each task, plenty of time compared to the time periods
users take in real life. Looking at eﬃciency measures however, it was found that even the
13–14 year old kids carried out a lot of detouring routes instead of solving the tasks the
shortest way possible. For the four phone tasks to be processed twice, the children carried
out 130 detouring steps and returned 17 times to higher levels in menu hierarchy after all.
Given the reference of 36 steps that were necessary to solve the four tasks on the most
direct path, this seems to be quite substantial. Conceivably, this shows that mobile phones
– at least in the way being currently designed – impose a high cognitive load even on 13–
14 year old children.
4.5. Limitations of the present study and future research
Finally, some limitations of the present study are considered that should be pursued for
future research. One limitation refers to the small sample size. Due to the rather complex
experimental design aiming at uncovering interaction eﬀects between the utility of instructions and children’s age as well as their cognitive developmental status, future studies
should replicate the ﬁndings with more children of diﬀerent ages. This would strengthen
the overall statistical power. Even though, the consistency of the ﬁndings within this study
and also across studies dealing with the eﬀects of instruction types in other user groups
(Bay, 2003; Bay & Zieﬂe, 2004; Zieﬂe & Bay, 2006), corroborates the stability of the results
found here. In future research though, still more experimental work should be conducted
to corroborate the results presented here. A second point refers to the type of device examined. The mobile phone is only one example of a whole group of devices with small screens
and only few keys to interact with the complex menu. To further substantiate the importance of survey knowledge for interacting with this type of technology, experiments putting light on the eﬀects of diﬀerent types of instructions on children’s performance
interacting with other devices should be carried out. Future studies should continue in this
line of research and assess for example which level of detail is optimal for children’s eﬃciency interacting with a mobile phone. Maybe it is enough to show them a simpliﬁed diagram of a menu tree. That a diagram of the menu tree without the names of the functions
to be selected can be still more eﬃcient than a menu tree with the function labels as shown
in a former study with adults as participants (Bay, 2003). Which speciﬁc information is
most helpful for children, however, still remains to be shown. Furthermore, as many users
are reluctant to spend time reading manuals, another promising procedure is to include
orientation aids into the displays of mobile phones. Due to their small size this presents
a considerable challenge. Though, ﬁrst attempts were already carried out (Zieﬂe & Bay,
2006) and proved to be very eﬃcient especially for older adults, who are – as children –
a user group very sensitive for suboptimal user interface design. If and how these naviga-
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tion aids can help children interacting with the devices without imposing an information
overload on them is a timely topic that needs further research.
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