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ABSTRACT

The existing knowledge base on child development offers a
wealth of information that can be useful for the design of
children’s technology. Furthermore, academic journals and
conference proceedings provide us with a constant stream of new
research papers on child-computer interaction and interaction
design for children. It will require some effort from designers to
gather and digest the scattered research results and theoretical
knowledge applicable to their products. We conducted an
extended research project whereby the existing knowledge
relating to the design of technology for children aged five to eight
have been gathered and presented in a way that makes it
accessible and useful to designers in practice. This paper provides
and extract from that research, focusing on ten useful lessons
learnt from existing literature.

Categories and Subject Descriptors

D.2.2 [Design Tools and Techniques]: User interfaces; H.1.2
[User/Machine Systems]: Human, factors, Human information
processing, Software psychology; J.4 [Social and Behavioral
Sciences]: Psychology; K.3.1 [Computer Uses in Education]:
CAL

General Terms
Design, Human Factors, Theory.

Keywords
Interaction design for children, Children’s technology, Design
guidelines, Cognitive skill development.

1. INTRODUCTION

Working from the assumption that knowledge available in the
literature provides sufficient information, we conducted a study
through which a dependable and useful set of guidelines for the
design of technology for children aged five to eight years was
derived from an existing body of knowledge. In doing this, we
appreciate the value of user input and usability testing in the
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design process and admit that no set of guidelines alone will
guarantee design success. We do, however, believe that proper
guidelines can substantially reduce the amount of usability testing
required and hence the cost of design and development.

Development of the guidelines firstly involved research into the
psychological theories of children’s development to identify those
elements of development and the characteristics of children that
may have bearing on children’s use of technology. Secondly, the
literature on children’s development of specific skills such as
literacy and mathematics was investigated. The available
literature on young children’s use of technology was studied next
and, finally, the applicability of existing design guidelines and
principles for children’s products evaluated. Throughout this
literature investigation we gathered design-relevant factors that
were systematically coded, processed, analysed and categorised.
The result is three hundred and fifty guidelines organised into a
framework that integrates the relevant theoretical fields and
provides practical support for designers.

This paper provides an extract from that research. Many of the
guidelines that emerged are obvious, and experienced designers
will probably apply them naturally. Some are less obvious and
provide insights that need to be made explicit. Five to eight-year-
old users have needs and preferences that differ from that of other
user groups. They can, for example, be entertained by the same
sequence of events over and over, they care little about the
efficiency of an input device, and they have limited short-term
memory capacity. For this paper we have chosen a subset of
guidelines that we formulate here as lessons learnt from the
literature. For each lesson we discuss the particular literature
sources it is grounded in and we sometimes illustrate their
importance through practical examples.

The aim with this paper is thus to share with the interaction
design community some of the things we have learnt through and
extensive study of the literature on cognitive skill development
and children’s technology, showing that knowledge that exists in
the literature can provide designers of young children’s
technology with valuable insights.

The broader research on which this paper is based can be
described as descriptive, applied and qualitative [34]. It was
descriptive in the sense that we aimed to give narrative-like
developmental characteristics of children aged five to eight that
may have some bearing on their relationship with technology. It
was applied as the results of our research will assist people with
problem-solving and decision-making in the context of designing
technology. It was qualitative because the data was in the form of
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written language that we analysed by identifying elements,
themes or patterns that helped us in organising the information
into a framework of design guidelines.

Research methodology has three elements, namely sampling, data
collection and data analysis [15]. We used multiple case sampling
[28] to establish a trustworthy profile of five to eight year old
children and reputational case selection [28] to choose the
relevant theories of development, research papers, and existing
design guidelines for the literature investigation. There was no
clear distinction between data collection and data analysis in our
study. We started with a process of familiarisation with and
immersion in the chosen texts followed by the identification and
coding of elements that potentially relate to design guidelines. We
explored these elements further, translating them into guidelines
and finally identified themes and categories according to which
we organised the guidelines into a useful framework.

2. SCOPE OF THIS PAPER

We chose to do this research from a cognitive development point
of view rather than from an educational point of view. The
developmental domains that we focused on are literacy,
mathematics and thought. Literacy and mathematics are the two
learning areas where timely acquisition of the skills is necessary
for a solid foundation and a positive attitude toward the learning
content. A large percentage of the available technology for
children addresses these two skill domains and many of the
studies on young children and technology are based on
experiments with children using software that support literacy or
mathematics. A number of the guidelines included in this paper
refer specifically to mathematics skill development. We could not
cover all the skill domains in the space available.

Since cognitive development and education are inseparable, the
resulting guidelines naturally apply to the design of educational
technology.

Our focus is on informing the design of technology aimed at
children aged five to eight years. Since we emphasise the
importance of age-appropriateness of technology, the results are
not intended for generalisation to other age groups. While
focusing on a specific age group and trying to establish a user
profile of five to eight-year-old computer users, we do
acknowledge the wvariability of children’s development. We
strongly support the idea of adaptation to individual variation, as
some of the lessons presented here will confirm.

For this paper we selected, from the complete framework, ten
themes to focus on. We present the guidelines associated with
these themes as ten ‘lessons’ grounded in respected theoretical or
empirical research results. The restriction on the length of this
paper did not allow us to include more. Our main reason for
choosing these particular lessons is that they each offer an
interesting example of how existing theory or research can be
translated into a useful guideline for the design of technology for
young children. For the complete set of guidelines the reader is
referred to [19].

To place the research in context, we next review a fraction of the
literature on young children and technology. The rest of the paper
presents the ten lessons with their justification from the literature
and we end with a short conclusion.
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3. YOUNG CHILDREN AND
TECHNOLOGY

Computers will never replace important play and learning
material such as paint, blocks, sand, water and books [29], but
technology does provide new and exciting opportunities for
childhood activities. Computer technology makes it possible for
children to easily apply concepts in a variety of contexts [31]. It
exposes them to activities and knowledge that would not be
possible without computers. A literature survey by Roschelle et
al. [31] revealed the general finding that the use of computer
aided instruction or, in some cases, ordinary applications such as
word processors, improve achievement in the following areas:
writing skills, remedial writing, verbal and nonverbal creativity,
mathematics, phonological awareness, learning time, positive
attitude to learning, auditory skills, language skills, story telling,
meta-cognition, reasoning skills and independent thinking.

People opposed to the use of computers by young children have
warned against some potential dangers such as keeping children
from other essential activities, causing social isolation and
reduced social skills, and reducing creativity. There is general
agreement that young children should not spend long hours at a
computer, but computers do stimulate interaction rather than stifle
it [21]. Current advances in technology make it possible to create
applications that offer highly stimulating environments and
opportunities for physical interaction. New tangible interfaces are
changing the way children play with computers [30]. An
argument against early computer use is that children are being
‘rushed’. Clements [8] responded that the possibility that children
can be pushed to learn to write to soon do not make us keep
pencils and paper away from them until they are ready. The
important thing is to allow children to perform activities on the
computer that are at their level of development. For Clements [9]
developmental appropriateness means ‘challenging but attainable
for most children of a given age range, flexible enough to respond
to inevitable individual variation, and, most important, consistent
with children’s ways of thinking and learning’ (p.161). According
to Haugland and Wright [21] the benefits of developmentally
appropriate computer experiences for young children are:

e [t provides opportunities to acquire and construct
knowledge through active participation.

e It provides a holistic learning environment in the sense
that by exploring virtual environments they acquire
knowledge and skills in different domains of
development.

e [t promotes intrinsic motivation to learn by providing
children with challenge, control, fantasy and feeding
their curiosity.

e It provides children with scaffolding that enables them
to acquire skills faster. (For example, children can type
letters on a keyboard before they can make proper
letters with a pen and this makes it possible for them to
communicate through writing earlier.)

e [t connects children to the world by providing access
to people and resources throughout the world.

e It gives them access to a huge amount of information.
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In general, technology is not regarded as a threat any longer and
the potential benefits of young children’s exposure to it are
generally accepted.

Clearly, technology has become an important element of the
context in which today’s children grow up and it is important to
understand its impact on children and their development.
According to Druin [13] we should use this understanding to
improve technology so that it supports children optimally. The
development of any technology can only be successful if the
designers truly understand the target user group. Knowledge of
children’s development and familiarity with the theories of
children’s cognitive development is thus essential when designing
for them. Also, a lot of research has been done over the past thirty
years on children’s use of technology that designers can learn
from.

4. TEN DESIGN LESSONS

The framework of three hundred and fifty guidelines presented in
[19] organises the guidelines into six broad categories:
developmental appropriateness; development of specific skills;
design of built-in support; catering for diversity of users;
interaction environments and devices; and support of
collaborative use of technology. The first five are represented in
the ten lessons below. Lessons 1 to 4 relate to a combination of
developmental appropriateness and the development of
mathematics skills. Lesson 5 relates to built-in support and lesson
6 to addressing diversity of users. Lessons 7 and 8 refer to speech
input and output, while lesson 9 deals specifically with mouse
use. Lesson 10 shows how well-known design principles get
special meaning when applied to children’s products.

As we said before, a consequence our focus on the support of
cognitive skill development is that many of the resulting
guidelines relate to the design of educational products. The first
six lessons involve such guidelines while the last four refer to
general interaction design.

Lesson 1: If a child can solve a specific kind of
problem in one domain that they cannot
necessarily transfer that skill to a different

domain

In his neo-Piagetian theory of development, Case identified
knowledge and control structures that transpire in the child’s mind
as categories, event scripts, strategies, rules and plans [17].
Whether a child is capable of a particular activity depends on the
structures that they have available that relate to that activity [5].
According to Case, children construct a specific cognitive
structure independently of any other structure. How they do this
depends on the context within which they find themselves as well
as on their prior learning history [6]. So, if a child develops a
specific knowledge structure in the context of playing a computer
game and there is no clear link between the way the knowledge
transpires in the game and the way that it is used in real life, the
child may not be able to apply it in real life.

The opposite is also true. If a child learns something in a real life
situation, they cannot necessarily transfer the underlying concepts
to a general, abstract level. For example, when children have
accomplished simple division problems in a scenario where they
have to help a character share a specific number of biscuits fairly
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with a number of friends, a program can present similar problems
in a purely mathematical context. To help them generalise the
division skill, the program should make the link between the two
contexts explicit.

Fischer’s dynamic skill development theory has a similar view of
skill transfer [16]. It regards ‘skill’ as a concept that includes both
person and environment. Skill is task-specific, context-specific
and dependent on factors such as emotion, memory, culture,
experience and biological maturation. Through -constructive
generalisation and repeated rebuilding, a skill that begins as task
or context-specific can gradually be extended to other contexts
[17].

Following these views, designers should support independent
development of skills in different domains, while at the same
time, considering how a skill is applicable across domains.
Designers should also make any skill’s connection with real life
explicit. An activity chosen to develop a skill must preferably be
one that can be naturally associated with that skill.

Using mathematics as an example, any product that supports the
development of mathematics skills should encourage children to
apply their mathematical skills and knowledge in real-world
situations and provide links between different cognitive domains.

TimezAttack [1] succeeds in integrating fun with practicing
multiplication tables but it fails to demonstrate how the things
children memorise by playing the game are used outside the game
environment.

One author’s daughter recently provided a good example of how
strongly a child can link the mathematical content of a game to
the game environment. It was suggested that she use a thirty
minute break to study the ‘times eight’ table for a test the
following day. When asked whether she did this she said that she
could only study three sums in the thirty minutes. Later the author
found the piece of paper on which she practiced the ‘times eight’
table. For each sum she had drawn a detailed recollection of a
scene from TimezAttack containing one ‘times eight’ sum as the
program would present it. Figure 1 shows one of the drawings.
Clearly she could not detach the multiplication tables from the
game.

e

Figure 1 Child’s drawing of a scene from TimezAttack
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Lesson 2: Young children find it difficult to
translate between the formal system of
mathematics and the quantities, operations

and concepts it represents

Given that preschool children can already reason coherently about
number, Hughes [22] investigated why young children find school
arithmetic so difficult. He attributes the problem to the formal
code of arithmetic system which is like a foreign language to
young children. In order to use this symbol system they need to
translate from the symbols to the concepts they already have.
Young children can answer a question such as ‘how many is two
lollipops and one more?’ correctly, but when asked ‘what does
one and two make?’ they do not interpret it as ‘what does one
object and two objects make?’. There lacks a connection between
our number words and the numbers that they represent [22].

Children learn number words while they are still learning their
language and have to distinguish the number words from
hundreds of other words. The language they are brought up with
and the way numbers are used by the people around them will
therefore influence their perception of number [14]. Hughes refers
to an early Indian system where the word for ‘one’ means moon,
that for ‘two’ means eyes, and so on. It may be that children
would find it easier to do simple arithmetic with number words of
which the meaning are in some way connected to the numbers
they represent. To aggravate this problem for English-speaking
children, ‘two’ sounds like ‘to’, ‘four’ sounds like ‘for’ and the
word ‘one’ is used as a number or a pronoun. Other examples of
words that may be confusing are ‘table’, ‘odd’, ‘even’ and
‘volume’. When presenting such terms to children, designers must
make sure that the children attach the correct meaning to the word
[14].

In accordance with Hughes’ theory, Griffin [20] views
mathematics as comprising of three worlds, namely the world of
real quantities that exist in space and time, the world of spoken
counting numbers and the world of formal symbols that consists
of numerals and operation signs. Competence in mathematics
depends fundamentally on the development of relationships
among these worlds, and thus, the ability to translate between
concrete situations and formal code [20].

In most countries children start formal schooling at the age of five
or six and are then first introduced to written arithmetical
symbolism [22]. Generally they use workbooks to learn arithmetic
and have to complete sums such as 2 + 4 =? and 5 -2 = ?2.
Hughes and colleagues conducted an experiment to determine
how natural it is for children to write down numbers and sums in
this form [22]. When asked to write down the number of objects
(e.g. bricks) displayed to them, only 38% of children from five to
seven used conventional numerals. 45% drew the required
number of objects, others used vertical strokes or blob-like shapes
and some drew the appropriate number of some object (other than
the one displayed). When asked to write down a simple
subtraction or addition sum (e.g. suppose we have ten bricks and
take away five), 69% of the children represented only the final
number of objects. Only eleven of seventy-two children could
differentiate between addition and subtraction and only four of
these did it in a way that could be understood by others. One
wrote ‘took a away’ and ‘add 3’, one superimposed the added
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bricks on the others, one drew a hand adding bricks and one drew
dashes through the bricks that had to be removed. Not one child
used the conventional + and — signs to represent the operations
despite the fact that they were using these regularly in their
workbooks. These findings suggest that many children do not
realise that the symbols they use in their workbooks can be used
to represent quantities of real objects or the operations on these
quantities.

To summarise the implications for designers: Keep in mind that
children find it difficult to translate between the formal system of
mathematics and the quantities, operations and concepts they
represent. Do not assume that they can correctly associate even
the most basic number or operator symbols with real quantities or
operations. Only introduce operator symbols such as + and —, and
their associated operations, when children can use the number
symbols confidently. Help children make the connection between
formal representations and dynamic visual representations,
thereby supporting construction of mathematical ideas through
visual approaches. Make sure children will interpret activities
correctly — when they follow audio instructions ensure that they
understand numbers and concepts that sound like other words
(e.g. two, table, odd) correctly. Always consider how the context
may influence their understanding.

Lesson 3: Do not separate the instructional
part and the fun part of a product

We discuss this in the context of mathematics skill development.
Recent products that support the development of mathematics
skills often still include drill-and-practice activities but much
improved graphic capabilities make it possible to embed them in a
storyline or an engaging on-screen environment. Soloway and
Norris [33] believe that the mere fact that computer-based drill
and practice is more fun makes it superior to paper-based practice.
What they have against such software is that the reward for
success is often unrelated to the mathematics just mastered. When
children achieve success in such a system they often get the
award of appealing feedback or the chance to play some
delightful game. If these rewards are not linked to what they have
just learnt it sends the message that fun comes after mathematics
and thus that mathematics itself is not fun [33].

TimezAttack [1] is a good example of a product that successfully
integrates the game module and the instructional module. Practice
of the multiplication tables is disguised in repeated conquering of
ogres or other nasty characters. All learning happens in the game.

Lesson 4: Allow children to use different

strategies in problem-solving activities

We again use mathematics as an example. Children have different
preferences with regard to strategy use. The variability in strategy
use depends on factors such as brain maturation, different levels
of understanding of mathematical concepts and procedures, as
well as on experience.

The initial addition and subtraction strategies that preschool and
grade R (kindergarten) children use are external representations
such as fingers or counters [4]. For addition they use the
‘counting-all’ strategy where each number set is counted and then
the combined set to get the answer. Some may use the ‘count-on’
strategy where one number is represented with the fingers or
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counters and the second number is counted on from there. For
subtraction, they represent all of the numbers from which to
subtract, remove the number of objects that need to be subtracted
and count what remain to get the answer. They can also represent
the number to be subtracted and then ‘add-on’ counters, counting
until they get to the subtrahend. Here they need to realise that the
counters that were added on represent the answer. A third way to
do subtraction is by ‘matching’. The subtrahend and the number
to be subtracted are lined up so that the unmatched counters give
the answer.

In the first grade children start to mentally ‘count-on’, ‘add-on’
and ‘count-back’, without having to represent the numbers
physically. By grade two (around eight years of age), some
children begin solving subtraction problems by turning the
problem around and using addition to get to the answer [4].

For multiplication, young children use ‘direct counting’, by
counting out the required number of sets of counters and then
counting them all to get the answer. The second strategy is
‘repeated-addition’ and the last one ‘multiplicative calculation’
where the answer is drawn from memory or through derived facts
[4].

To support the variability in children’s strategy preferences, Carr
and Hettinger [4] say that teachers (and, by implication,
technology that supports mathematics skill development) should
be flexible in the strategies they require and provide opportunities
for using different strategies to solve different kinds of problems.
Children should be provided with as many views as possible on a
specific problem. Successful strategy use requires good
conceptual understanding of the strategy, therefore, when
teaching children to use a strategy, teachers (and technology)
have to emphasize the underlying concepts. Practice and play
with different kinds of mathematical problems lead to the
development of more sophisticated strategy use. Manipulatives
should only be used in the earliest stages of mathematics
development or in situations where older children do not
understand the underlying concepts. The use of manipulatives
requires a lot of working memory capacity and may hinder the
acquisition of more complex mathematics skills [4].

Lesson 5: Promote reflective thinking and skill
development by making children aware of the
processes underlying success or failure

Providing encouragement is not sufficient — children need to be
told what specific actions or choices led to the correct or incorrect
result to help them to generalise from an experience to future
ones. Although given sixteen years ago, Klein and Nir Gal’s [25]
opinion still holds: children should be provided with immediate
feedback about their performance and give specific reasons for
success or failure. This is what teachers and parents do when
teaching a child a new skill. For technology to be successful in
supporting development it should too. Klein and Nir Gal [25]
suggest different ways in which mediation can be incorporated
into the construction of software. Specific mediation variables
that can potentially be incorporated into software are focusing (to
ensure that the child focuses on the correct interface element
through actions such as selecting, exaggerating, accentuating,
scheduling, grouping, sequencing or pacing), affecting (to attract
the child’s attention to the concepts he or she used to solve the
problem through verbal or non-verbal affect), expanding (through
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behaviour that may improve cognitive awareness) and
encouraging (through verbal or non-verbal expression of
satisfaction with specific components of a child’s behaviour). To
these, Klein, Nir Gal and Darom [26] added mediated regulation
of behaviour.

Klein et al. [26] report on several studies that found adult
mediation during computer activities improves children’s abstract
reasoning, logical thinking, and analogical and reflective thinking.
The aim of their research was to identify the specific
characteristics of successful adult-child mediation with reference
to children’s computer use. They compared three levels of adult
guidance, namely mediation (including the variables listed
above), accompaniment (availability of an adult to answer
children’s questions) and no assistance (with only technical or
basic instructions provided at the beginning of a new activity).
They found that children interacting with trained adult mediators
scored significantly higher than other children on measures of
abstract thinking, planning, vocabulary, visio-motor coordination
and responsiveness (including reflective thinking). No difference
was found between the children who had the accompaniment of
an adult to answer questions and those who only received initial
technical assistance [26].

An interesting observation during the study was that children who
used computers at home scored lower on visual association tests
than children who did not have computers at home. An
explanation for this is that since children do not receive mediation
at home, they internalise a trial-and-error way of solving
problems without any conceptualisation [26]. Klein et al.’s
findings suggest that children using computers without sufficient
mediation do not get the full advantage of computer technology
for development. Through mediation they learn to focus on a
problem, to seek and receive precise information, to compare
different perceptions and to plan their actions.

Lesson 6: A skill may be taught or acquired
differently by children from different cultural
groups

If a product is aimed at children from different cultural groups,
designers should first investigate how the different groups use and
teach the skills that the product will support.

Case recognised domain-specific developmental changes that are
influenced by the nature of the tasks and children’s varying
experience [27]. For example, a child who often listens to or tells
stories, but never draws will have more advanced conceptual
structures in the story domain than in the drawing domain. He
further acknowledged the way culture presents children with
opportunities for development and how different cultures provide
different tools for problem solving [5]. Case attributed variations
in children’s patterns of development to cultural and sub cultural
differences, specific problems that are typical within that culture
and with which they are confronted frequently, and the models
that the culture provides for solving those problems. Designers
should therefore acknowledge the culture and sub-culture of the
intended users and identify particular problems that are important
in that culture and the tools used to solve that kind of problem.

According to Case, a child’s cognitive development depends on
the structures they have available that relate to their current task
or situation, what they can do with that information and their
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mind’s capacity for information processing [27]. Presenting a
mathematical problem in the context of paying a restaurant bill
may be suitable for some cultures, but many children may not
have scripts for ‘eating in a restaurant’.

Vygotsky was probably the first modern psychologist who
regarded culture and society as defining factors in human
development [10]. His theory is based on the belief that children’s
mental development is closely tied to the social context in which
they grow up. This context is made up of the people that interact
with the child, as well as the child’s experiences with art,
language and culture [27]. Vygotsky regards play as an important
part of children’s growth and sees children’s games and the things
they use as toys as the means by which culture is integrated with
development [24]. Cognition does not happen only in the mind,
but in the interaction between the mind and material artifacts and
social practices. Through these cultural elements knowledge is
transferred from one generation to the next [11].

Designers should, however, be careful not to overestimate the
importance of cultural differences. Chimbo and Gelderblom [7]
challenge the general assumption that technology should either be
adaptable to or cater for diverse cultural backgrounds. In an
experiment with a culturally diverse group of seven and eight-
year-old South African children using an American storytelling
application, they found that gender was a stronger influencing
factor in the interaction than culture. The only culture-related
recommendations that resulted from the study are that a
storytelling application should ideally be adaptable to the user’s
language, allowing second language English speakers to choose a
country-specific English, spelling and pronunciation, and the
selection of story characters and objects should be representative
of as many ethnic groups and nationalities as possible, so that any
child can find a character that resembles him or herself. A large
percentage of children in non-western developing countries have
access to television and they have a lot of exposure to American
and British television programs — most of what appears in
American or British computer games will therefore be quite
familiar to them.

Finally, while considering their target users’ cultural variability,
designers must also acknowledge their own culture and context
and how that may consciously or subconsciously influence their
design practice.

Lesson 7: Do not rely on children’s accurate

recall of audio instructions

Dix et al.’s [12] principle of persistence is very relevant in
children’s products. It refers to the duration of the effect of a
communication act and the ability of the user to make use of that
effect. Audio communication persists only in the user’s short-term
memory while visual communication remains available as long as
the user can see the display. Phonological short-term memory
improves dramatically during early and middle childhood with the
memory span (number of items that can be held) doubling from
age five to age fourteen [18]. The short term memory capacity of
a young child is thus more limiting in terms of design than that of
an adult. Providing young children with audio instructions in the
beginning of a game may not be adequate as they may not be able
to remember the instructions until they are needed. The fact that
pre-reading children rely on audio instructions makes this an
important consideration.
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The phonological store keeps information for only a few seconds
[18], so designers should not expect a child to act on audio cues
that occurred some seconds ago. Verbal instructions should be
short.

Lesson 8: Give children control over the level

and frequency of speech feedback

Speech feedback is very useful in applications that teach children
to write, but it comes with some implementation difficulties.
Shilling [32] questions the value of speech-synthesised feedback
when used by beginning writers who invent their own spelling.
Their phonetic way of spelling, often leaving out vowels, can
produce confusing feedback from the speech-synthesiser. For
example, when a child writes ‘DVD’ for ‘David’, the synthesiser
responds by naming each letter [32]. Shilling believes that
speech-synthesised feedback is most effective when children
already have some reading ability. Designers should keep in mind
that speech feedback may be confusing if given on misspelled
words. This can, however, be used in a way that makes the
interaction fun. Ideally a product should give users the option to
set up the system so that the feedback supports the user in the best
possible way, and according to the taste and requirements of the
individual user.

Different speech-software handles speech feedback differently
[2]. In some applications the user can select feedback on letter,
phoneme, word or sentence level. The word-processing software
that Borgh and Dickson [2] used for their research activated the
Vortax Personal Speech System whenever the user typed a period,
question mark or exclamation point. At this point it ‘reads’ the
last sentence. The user is given a choice to listen again, change
the sentence or continue, or they can ask to listen to the whole
text being read back. They found that children using the speech
feedback system edited their writing significantly more than
children who used a normal word-processor [2]. Children
responded positively to the speech-synthesiser, although some
indicated that they would prefer to have more control over when
feedback was given. Children should thus be able to change the
level of speech feedback — that is, whether it should be at letter,
phoneme or word level or even be switched off completely.

In his discussion of children’s software evaluation, Buckleitner
[3] emphasises the importance of the intended function of the
software as well as the context in which it will be used. Software
that teaches a specific skill, such as letter recognition, in a quiet
classroom setting should be measured against different criteria
than a software game that requires a child to race a car in a noisy
games room context. So, when designing software, it is important
to have a clear idea of the context in which the software will be
used. In a classroom setting audio feedback may disturb
classmates. Beeps, music or agent voices coming from ten or
twenty computers in a media room may be unbearable, but the
same sounds may be acceptable for home use or in a shopping
mall games room. Adaptability to the context of use is therefore
also important.

Lesson 9: Young children perform point-and-
click quicker and more accurately than drag-
and-drop

Inkpen [23] conducted extensive research on the effect of mouse
interaction style on children’s performance and motivation when
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playing a computer game. Her experiments involved a puzzle-
solving computer game of which some subjects used the IBM-
version and some the Macintosh version. The former uses a point-
and-click interaction style. An object is moved by first clicking on
it, then clicking on the point to where is should move and finally
clicking again to make the move. When the object is first clicked
it disappears and an iconified picture of it is attached to the
cursor. The Macintosh version uses the drag-and-drop style,
whereby the mouse is kept down on the object while dragging it
to the desired position and then releasing the mouse. In this
version, if the object is dropped in a position that is already
occupied it causes an error and the object is returned to its
original position where the user must pick it up again. The IBM
version gives the user another chance to pick a location. Another
task involves connecting two screen objects with a connector
object. This requires a more complex sequence of mouse actions
than merely moving an object. The IBM version still uses mouse
clicks only, while the Macintosh version here uses a combination
of mouse click and drag actions.

Inkpen’s [23] first experiment found girls more successful at
playing the IBM version (where success was measured by the
number of puzzles they could solve in the game). Girls using the
IBM version were more motivated as demonstrated by the fact
that 21% of the drag-and-droppers left early as opposed to 6% of
the point-and-clickers. The overall conclusion of the first
experiment was that point-and-click is the more effective option
in terms of performance and motivation.

The second experiment involved girls and boys using both
versions of the game. According to the results of this experiment,
children who used the drag-and-drop style first were more likely
to state a preference for point-and-click than those who did the
point-and-click task first. Of all children, 66% preferred point-
and-click, 28% preferred drag-and-drop, while 6% had no
preference. Point-and-click proved to be the more effective
interaction style in terms of speed as well as accuracy. The
reasons children gave for preferring the point-and-click style are
that their fingers became tired of holding the mouse button down.
Children who preferred the drag-and-drop style said that they
were more familiar with the style or that the tactile feedback
helped them in the task. Other research confirms that kinaesthetic
connectivity of holding the mouse down to hold on to the object
can reinforce the conceptual connectivity [23].

The conclusion is that point-and-click interaction is faster than
drag-and-drop and leads to fewer errors. Inkpen acknowledges the
possibility that the results are task dependent, but the results have
been confirmed by other research in this regard. The impact of the
chosen style also depends on the size of the objects and the
distance the objects need to be moved.

Lesson 10: Reachability, familiarity and
substitutivity have special meaning for
children’s products

Most of the existing design guidelines or principles have been
formulated with products for adults in mind and need
reinterpretation when applied to products for young children.

Dix, Finlay, Abowd and Beale’s [12] principle of reachability
refers to the possibility of navigation through the observable
system states. Young children often discover an aspect of a
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system that they particularly enjoy and will want to get to that
part easily to play it repeatedly. Designers should allow children
to go directly to their favourite parts of an application and should
avoid forcing children to go through a fixed series of activities.
Unless a specific sequence of actions is necessary (as when
progressively learning multiplication tables), allow children to go
directly to their favourite parts of the system.

An interface should use language and concepts that the user is
familiar with. Familiarity [12] has a different meaning for
children than for adults. Children have limited world experience
and what may seem to adults like fantasy can be very real to
children. Adults are not always good at judging what children will
find familiar or what not and designers should consult the users in
this regard. Uden and Dix [35] tested several full colour
representational icons for email and movie watching functions on
a web interface for young children. Many of the icons were
meaningless to five-year-olds. For example, a printing press, a
fountain pen, an old-fashioned typewriter, and email icons that
depend largely on text or recognising the ‘@’ sign. Some are
culture specific and only has meaning in an American context, for
example, images of specific mailboxes found only in the United
States. The cameras used in the ‘watch a movie’ icons are mostly
old-fashioned movie cameras and the television set has legs and
an aerial on top. Uden and Dix speculate that the reason for the
wide use of old fashioned images rather than pictures of modern
versions, is that the new equipment is not easily distinguishable in
a small image [35]. Unfortunately the features that make the old-
fashioned images more recognisable for adults are what may
make them meaningless to a young child. It is possible that
children could have seen these objects in picture books and
cartoons, but they may not make the right connections in the
context of a computer application. Animated icons are more
successful as the action sequence may reinforce the icon’s
meaning in the interface. In Uden and Dix’s experiment the
children surprisingly found a cameraman with an old-fashioned
camera as the best indication of the movie watching function [35].
The researchers give the frequent occurrence of cameramen in
children’s media as a possible explanation. This unexpected
outcome emphasises the importance of extensive user testing
when choosing icons for a graphical interface.

A third principle that has special meaning for children’s products
is substitutivity [12]. Children have varying skill levels and
preferences that will influence the type of input or output that is
suitable for a specific user. Designers should therefore allow
equivalent values of input and output to be arbitrarily substituted
for each other, or provide multi-modal input and output. Different
modalities (channels of communication) can be combined to
improve articulation of input or output or to make the system
accessible to more users.

5. CONCLUSION

Designers should not rely on their intuition or memories of their
own childhood when designing for children. They cannot merely
interview some children, ask them about their preferences, give
them questionnaires to fill out and come up with a profile of the
intended user. Cooperative design with young children, like
research with young children, is a specialised skill that requires
training and experience.
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This paper showed that designers can gain knowledge about
children from experts such as developmental psychologists and
researchers in the field of interaction design for children.
Immersing ourselves in the work of authorities, we discovered
various guidelines for the design of technology for young children
and here shared some of the valuable lessons
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