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Abstract

In the last years, the sales of mobile phones has not decreased, however, there

was a shift from mobile phones to smart phones. These smart phones have

made it very easy for developers to provide applications for users all around

the world. One very specific user group that can be addressed are children.

Children are a more and more growing user group that is increasingly be-

coming younger.

If children are provided with software it is not sufficient to assume that

children are young adults. It should also not be supposed that the already

available knowledge of design and usability concerning adults can be used

without adaptions for children as well. Neither should such an assumption

be made for the existing usability testing methods or the test setup.

Even if a User Centered Design approach is chosen, a suitable agile devel-

opment environment should be chosen because the world of children might

change quickly and the software should be able to react fast to the new ex-

pectations and requirements.

Therefore, this thesis describes already existing methodologies that fit well to

a development process where only adults are involved and tries to identify

the changes that have to be done to involve children in the development cycle.

Adults should not only develop for children but also with children to benefit

their requirements on mobile applications.



A special attention is paid to young children at the age of around three to

seven years because they, more than other children, have specific needs not

only concerning software applications but also when they are directly in-

volved in a usability test or as design partners, therefore insight has been

gained whether, on the one hand, Usability Log Files can be an enrichment

for usability testing and on the other hand whether this passive logging could

make it more comfortable and less exhausting for young children to partici-

pate in a usability test.

Keywords: children, usability engineering, software engineering, usability

log, mobile computing



Zusammenfassung

In den letzten Jahren sind die Verkaufszahlen von Smartphones immer mehr

angestiegen. Smartphones bieten eine einfache Möglichkeit, für Software-

entwickler, einen Markt auf der ganzen Welt zu erreichen. Einen gewissen

Marktanteil bilden dabei Kinder, welche als eine sehr spezielle Nutzergruppe

angesehen werden können. Die Nutzergruppe der Kinder stieg nicht nur in

den letzten Jahren, sondern es ist auch ein Trend zu erkennen, dass immer

jüngere Kindern als Smartphone-Besitzer aktiv werden.

Kinder so zu betrachten, als wären sie junge Erwachsene, ist nicht aus-

reichend, da Kinder andere Bedürfnisse und andere Erwartungen an das

Design und die Funktionalität von Software haben. Des Weiteren sollte

auch nicht angenommen werden, dass alle vorhandenen, auf Erwachsene

ausgerichteten Usability-Laboratorien und Testmethoden ohne Weiteres im

Zusammenhang mit Kindern angewendet werden können.

Der “benutzerzentrierte Design” Ansatz in Verbindung mit einem agilen

Sofwareentwicklungsprozess scheint eine gute Vorgehensweise zu sein, um

für die sich schnell ändernden Wünsche der Kindern angemessene Design-

vorschläge zu erarbeiten und diese dann auch zeitnah zu realisieren.

Diese Masterarbeit untersucht vorhandene Methoden in der Software-

entwicklung und zeigt betreffende Änderungen auf, die in Bezug auf Kinder

nützlich sein können.



Besonderes Augenmerk liegt dabei auf Kindern im Alter von drei bis sieben

Jahre, da diese besondere Bedürfnisse an die Software, aber auch an ihre

Umwelt haben. Zusätzlich wurde versucht zu eruieren, ob Usability-Log

Analysen, speziell für jüngere Kinder, die Teilnahme an Usability-Tests

vereinfachen könnten.

Schlüsselwörter: Kinder, Usability Engineering, Software Engineering,

Usability Log, mobile Geräte
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1. Introduction

In the last years the use of mobile devices with a more advanced com-
puting capability and connectivity or so-called smart phones has in-
creased rapidly and will not cease over the next years. The Statista1

website says that in the year 2010, worldwide about 300 million smart
phone devices were sold. In the following year 2011, there were more
than 490 million sold and in the first three quarters of 2012, it amounted
to about 480 million pieces. A forecast that can be found on the same
website2 says that in the year 2014, more than one thousand million
smart phones could be sold per year.

This market does not only affect adults. A research study from Statista3

shows that in the year 2011, about 92% of 12- to 13-year-old children
from Germany had access to a mobile phone and used it. For children
aged 6-7 years, about 23% used mobile phones. These numbers show
that children are interested in mobile phone technology and have ac-
cess to it.

1http://de.statista.com/themen/581/smartphones/, in German, last visit on
March 28

th, 2013

2http://de.statista.com/statistik/daten/studie/12856/umfrage/

absatz-von-smartphones-weltweit-seit-2007/, in German, last visit on March
28

th, 2013

3http://de.statista.com/statistik/daten/studie/1104/umfrage/

handynutzung-durch-kinder-und-jugendliche-nach-altersgruppen/, in Ger-
man, last visit on March 28

th, 2013
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For usability experts and software developers, the outcome of this
study might raise the question, “Do children have different needs and
expectations concerning mobile phone applications and if so, how can
we please them and develop gadgets in order to meet for their expec-
tations?”

One open-source project that aims developing valuable applications
for children is the Catrobat4 project. This project currently tries to
focus on male teenagers but in the future will try to cover all age
groups.

There already been some research studies that are related to the Catriod
project. One research study from Knapitsch-Scarpatetti-Unterwegen
[Kna12] is about “Usability Testing of Mobile Applications for Chil-
dren”. The research paper from Knapitsch-Scarpatetti-Unterwegen in-
cludes a section that focused on usability tests, that covered the Catroid
and Paintroid5 projects and gave an overview of what is practical when
doing usability tests with children.

This master’s thesis shall extend the question about usability for chil-
dren and tries to take a theoretical look at the questions: Are there
other parts in the software development process in which children
may be involved and can be useful partners? And if so, what are the
differences and adaptions that have to be done compared to the usual
process?

Furthermore, this work tries to take a closer look at the group of chil-
dren aged around 3 to 7. Since a larger part of that age group will
probably not be able to read and their attention span is rather limited

4http://catrobat.org, last visit on April 17
th, 2013

5https://github.com/Catrobat, last visit April 17
th, 2013
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compared to older children, this group seems to be especially chal-
lenging for designers and developers.

Therefore, this work may be seen as a comparison between current
available techniques and whether they are suitable when they are used
with young children.

In the opinion of the author, it is not the question whether (young)
children should use mobile applications and it is a fact that children
do explore their environment. The already mentioned numbers show
that the mobile phone share will rise in the following years as well as
even younger children have more and more access to mobile phones
or own smart phones themselves. So, it seems to be only a matter of
time before children get in touch with mobile applications. If that hap-
pens, then there should be child-friendly applications available to be
explored by a child. Children should not become frustrated or even be
harmed in any way when using software because they try to interact
with a program that was designed for adults only.
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2. Children from the

Psychological Point of View

This chapter provides a short overview of the evaluation states of chil-
dren from the age of around two years to the age of twelve years.
Chapter 2.3 will mainly deal with children at the age of three to seven
years, where the focus of this work primarily lies.

Every child has its own progress speed in development, so the age
groups and the corresponding developmental steps should not be seen
as fixed. Therefore, the close-by developmental stages are described
briefly to provide a better knowledge of the development stages of
children.

Knowing the development stage and the corresponding behavior of
that stage at a certain age can help to understand why some meth-
ods described in Chapter 5 about Usability Testing With Children may
not work as well as with adults. The stages of the child development
described in Table 2.1 are based on the research of Jean Piaget1 and
shall provide a starting base to identify different groups of children
and their possibly different needs.

1Jean Piaget 9. August 1896, Neuchâtel; † 16. September 1980, Genève, was a
Swiss developmental psychologist and epistemologist: [enc12b; enc12c; Tex]

18



Age Stage Sub-Stage Main Characteristics

birth Stage 1: training-inherent re-
flexes

1 m.
2 m.
3 m.

Sub-stage 2: primary circular
reactions (positive actions will
more likely be repeated)

4 m.
5 m.
6 m.
7 m.

Sub-stage 3: secondary circular
reactions (discovery that actions
will lead to specific results)

8 m.
9 m.

10 m.
11 m.

Sub-stage 4: usage of known
schemata in new situations

12 m.
13 m.
14 m.
15 m.
16 m.
17 m.

Sub-stage 5: tertiary circular
reactions (active
experimentation to discover
new principles of action)

18 m.
19 m.
20 m.
21 m.
22 m.
23 m.
24 m.

Sensorimotor
stage

Sub-stage 6: internalization of
schemes (imagination of
anticipation of actions)

Infants develop and coordinate their
physical and motoric actions. This stage
ends with the beginning of the
development of symbolic logic.

3 y.
4 y.

Symbolic function sub-stage:
thinking in images and symbols

5 y.
6 y.
7 y.

Preoperational
stage Intuitive thought sub-stage:

beginning the use of the
primitive reasoning

At this stage, the child learns to speak. Concrete logic is
developing but not yet fully understandable. The child’s
own perspective is still dominant over the ability to
view things from other people’s perspectives. An
egocentric view is still dominant and playing next to
each other develops slowly into cooperative play.

8 y.
9 y.

10 y.
11 y.

Concrete
operational
stage

The use of logic is used appropriately and
the thought process of the child becomes
more like that of an adult. Children begin
to recognize that their thoughts may be
different to those of others.

12 y.
13 y.
14 y.
15 y.
16 y.

adulthood

Formal
operational
stage

Abstract thinking and logic improves.
Identity becomes more important and
social activities with friends become more
interesting.

Table 2.1.: Piaget’s stages of child development; m...month(s), y...years [compare
enc13; enc12a; Ros99]
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2.1. Ethical Responsibility

Below is an excerpt of the ethical standards for research with children
from the SRCD [SRC07]. These standards shall provide the basis for
the work with children. The complete standards can be found in the
Appendix Section A and should be read and obeyed.

NON-HARMFUL PROCEDURES

That means that the investigator has to make sure that the child
is neither harmed physically nor psychologically.

INFORMED CONSENT

The child should be informed in an understandable way before
the research starts about anything that may affect the child. In
particular, the child should be informed about anything that
could affect the willingness to participate and moreover, all ques-
tions should be answered.

PARENTAL CONSENT

The parent’s agreement should be obtained preferably in written
form.

DECEPTION

Sometimes, it might be necessary not to tell the whole truth be-
cause it is in the interest of the study. This deception should be
clarified later and the possibility to withdraw from the study
should be given.

ANONYMITY

The information and media may only be used where the investi-
gator has the required permission.

UNFORESEEN CONSEQUENCES

Any unforeseen, undesirable consequences for the participant

20



have to be put in order by the investigator with appropriate mea-
sures.

CONFIDENTIALITY

“The investigator should keep in confidence all information ob-
tained about research participants.[...]” [SRC07]

INFORMING PARTICIPANTS

If any misconceptions arise at any time, they should be clarified
as soon as possible.

REPORTING RESULTS

The evaluation results may be misinterpreted by parents or chil-
dren, therefore, the results should be reported to them with cau-
tion.

2.2. Evolution of Children 1-2

Between one and two years of age, children go through different stages:
Children of this age are also called “toddlers” [Para. 3.4 enc12a, cf.].
Especially in the second half of the second year, children acquire a skill
so that they “anticipate an action with their mental image, practically
attempts are not necessary any more” [Ros99, p. 77]. And the “sud-
denly resulting understanding is reflected in the facial expression of a
child” [Ros99, p. 77]. Furthermore, “children at the end of the second
year have a knowledge of about 200 words” [Ros99, p. 81].

An assumption from the point of view of a software developer, de-
signer and usability tester is that the limited treasury of words will
make it challenging or even impossible to integrate children under the
age of two (1/2) into a usual software development process and find
valuable usability conclusions. For this reason and because no research
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paper could be found that covered this topic, children under the age
of two will not be considered for this work.

2.3. Evolution of Children 2-7

Children between two and seven are in the so-called preschool period,
but that does not mean that they do (have to) attend preschool. Ac-
cording to Rossmann [Ros99], a main characteristic of that period is
that when children do not sleep or watch television, they are almost
always in motion. This is important because this improves their mo-
tor development rapidly. Rossmann also mentions that motor abilities
rely on these factors to gain deliberate control over the movements
of the body parts, to gain an accurate image of their own body and
the ability of bilateral coordination, and the ability to coordinate both
sides of the body (alternately or simultaneously). These motor skills
are mainly demonstrated in running, jumping, or climbing.

Baumgarten [Bau03] concluded that within this age group, the hemi-
spheric specialization of the brain takes place, which is externally no-
ticeable through a hand dominance. The evolution of the brain up to
the age of six has an effect on the vision of children as well [Bau03,
p. 2]: “Up to this age, many children are slightly farsighted.”

The attention span over this period rises and the capability of the
memory increases, which leads to an understanding of symbols. The
time, of obtaining the knowledge of grammar rules, will bee sooner or
later in this phase and is depending on the cultural environment.
Baumgarten [Bau03, p. 2] quotes Piaget, who found some problems of
children at that age:
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• “inability to see more than one aspect of an object, known as
centration” [Bau03]
• “difficulty in understanding another’s perspective: egocentrism” [Bau03]
• “ascribing personality to inanimate objects: animism” [Bau03]
• “belief that fantasy is the same as reality” [Bau03]

Below are listed some distinctions that could be figured out more age-
specifically:

Age 2: Referring to the encyclopedia [enc12a, Para 3.5.5], kids at the
age of two years can answer the questions “What are you do-
ing?”, “What is this?”, and “Where?” as well as questions dealing
with familiar objects and events and their motor development
still advances (“Grasps large crayon with fist; scribbles.” ency-
clopedia [enc12a, Para 3.5.2]).

Age 4 According to the encyclopedia [enc12a], children at the age of
four are able to paint and draw with a certain purpose. They may
have an idea in mind but often have problems implementing it,
which is why they create something else and become accurate at
hitting nails and pegs with a hammer. Furthermore, their articu-
lation is almost entirely understandable.

Age 5 At the age of five, children are eager to learn new things. “Many
children know the alphabet and names of upper- and lowercase
letters” [enc12a], but they still cannot read although they are
interested in learning it. The cognitive and language develop-
ment is that far advanced that children are able to tell a familiar
story while looking at pictures in a book, and the pronunciation is
almost entirely grammatically correct [enc12a]. Meggitt [Meg06,
pp. 90, 91, 92] notices, that children at that age understand as
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well as enjoy jokes and riddles. Their fine motor skills are highly
developed and children are now able to use pencils and paint
brushes quite well. Children may be able to thread a large-eyed
needle and sew with large stitches. The play behavior changes
from playing alone beside other children to playing with others,
including younger children.

Age 6 In the following age period of six to seven, the motor develop-
ment of children becomes more precise and furthermore, move-
ments become even more deliberate. Children at that age talk
a lot and often talk to themselves if they encounter a problem-
solving situation. Even though children talk a lot, it might not
always make sense to adults and it might be hard to follow and
interpret the child’s monologue. Children now follow their own
logic [compare enc12a].

2.4. Evolution of Children 7-12

From around the age of six, children from all over the world generally
have to attend school. By starting this period of life, new roles are
assigned to children. This normally results in a raise of responsibility
as well. The psychological development is often strongly connected to
the attendance of school. For that reason, developmental processes are
difficult to describe without the knowledge of the context in which the
child grows up.

A significant characteristic of this period is on the one hand that the
growth rate of children decreases steadily and on the other hand that
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the motor development improves at the same time that children be-
come stronger. One significant difference between boys and girls is
that the athletic performance of boys is on average better whereas girls
have on average a better hand-eye-coordination.

At the cognitive level, children around the age of seven gain the ability
to distinguish between alive and not alive together with the ability to
estimate time duration. The main cultural achievement is the ability to
read [Ros99].

During this age, a first sense of logic, reasoning and simple abstrac-
tions emerges. The main influence by parents shifts to a larger influ-
ence by friends [MB03].

2.5. Evolution of Children 12 up to Early

Adolescence

In this period, children become even more independent from parents
and peers as in the previous phase. Nevertheless, the source of infor-
mation and the source of social standards shifts from their parents
to the peers. They develop abstract thinking and their logical skills are
improved. Identity and social activities with friends becomes more im-
portant. The preoccupation with their own identity results in a more
realistic and critical understanding of their own future, and their moral
reasoning is growing. Young adolescents have a stronger opinion on
their own and want to be involved more in the decision-making pro-
cess [MB03; Bau03].
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2.6. Summary

Research has shown that from birth to adolescence, the development of
children advances very fast in different categories. From the software
engineering point of view the evolutionary steps in the cognitive sec-
tor and the motor abilities might seem to be the most interesting ones.
Cognitive abilities include amongst others language skills as well as
logic thinking and the ability to abstract for example symbols or rec-
ognize and interpret metaphors. All these skills may affect the com-
plexity and the hierarchical depth of software as well as the possible
representation of user interfaces. For example, a textual representa-
tion is not suitable until children are able to read and in addition, the
treasury of words has to be considered to find a proper user interface
representation.

Motor abilities have a direct impact on the input devices and the pre-
cision of how they are used and, therefore, possibly the stage of the
motor abilities of the desired child-user-group might be of special in-
terest for designers to develop a proper usable design that is error-
defusing.

In addition, the social situation cannot be left out, otherwise, for exam-
ple, a software product that is intended to be used cooperatively like
adults would do may fail because children at specific stages in their
lives have a rather egocentric view and tend to play beside rather than
with others.

For these and other reasons, children can be seen as a very specific user
group especially within the adult’s point of view. And even the scope
of a definition like “children” does not seem to be sufficient, because
if one considers especially young children aged around two to seven,
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they have a rapid development process and their social circumstance
probably change from staying at home to attending kindergarten and
afterwards, they have to attend school. Each of these stations provides
different impressions and different challenges for children.

For all the above reasons and the different stages of child evolution
provided in the previous chapters, children should not and cannot be
treated like adults in a software engineering process. Moreover, their
special interests and different abilities have to be explored and should
be considered and integrated into the design process.
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3. Usability Lifecycle in an Agile

Environment

3.1. Overview of Usability Lifecycle

The point of time when programming a system starts is not necessarily
the same point of time to start with methods that may contribute to a
better handling of the system. Those methods can have their start time
earlier. Nielsen [compare Table 7 Nie93, p. 72] describes the usability
lifecycle with the following eleven stages:

1. Know the user
2. Competitive analysis
3. Setting usability goals
4. Parallel design
5. Participatory design
6. Coordinated design of the total interface
7. Apply guidelines and heuristic analysis
8. Prototyping
9. Empirical testing

10. Iterative design
11. Collect feedback from field use
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Nielsen [Nie93] provides a good general overview of the stages usabil-
ity engineers may come into when involved in a usability lifecycle. For
this reason, those stages shall provide a basis and will be described
in more detail. Jones and Marsden [JM06], Tullis and Albert [TA08],
Liebal and Exner [LE11] and Markopoulos [Mar08] provide similar
approaches to the important substations in a usability lifecycle even
though they may not always have the same title.

Knowing the user has already started in Chapter 2 Children from the
Psychological Point of View and will further be investigated in Chap-
ter 3.3 User Centered Design that shall investigate how to determine
user groups and how to put more attention to the user during the
development and design lifecycle.

Competitive analysis tries to compare already existing products. Such
analyses tries to find the strengths and weaknesses of a product and
they shall provide useful input to the interface design which failures
should be avoided and which strengths the competing products fea-
ture and, therefore, should be taken up and further improved upon.

Usability goals should be set as there is often not enough time to do
all the usability research at once and in different stages of the product
lifecycle, there might be different needs to investigate diverse usability
characteristics. Also, it is possible that certain usability characteristics
are not that important and therefore, usability research in those areas
could be reduced.

Parallel design may be used to investigate different design approaches
simultaneously. The best outcomes of each design can be merged in
an even new advanced design. Parallel design is not mandatory in a
usability lifecycle and often is resource (time) dependent.
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Participatory design is the approach to introduce users as design part-
ners in the design process. The benefit of involving real users is that
questions and ideas can arise which programmers or designer never
would have thought of (because in the end, designers and program-
mers are not the end users or at least are biased because they con-
stantly do work on the product).

Coordination of the total interface is important because a consistent de-
sign should be anticipated. Consistency in design can contribute to a
better learn-ability and memorability of the product because the user
can identify reoccurring user-interface elements which do not nec-
essarily have to again be explored concerning their functionality. To
achieve a consistent design, prototyping is a possibility to visualize
design ideas and may be better than formal documentation, especially
when engineers are situated in a very fast evolving agile development
environment. From the programming side, code-sharing and the reuse
of code can contribute to a better common user-interface.

Guidelines as well as (in-house) standards can help to follow the big
picture. Guidelines shall help to improve a common behavior of the
system, for example. “Buttons should give the following feedback when
clicked: ... ”

Prototyping can be used in many ways and different design stages and
is therefore described in detail in Chapter 4 Prototyping.

Empirical testing may be done with Usability Tests. Which test methods
are usable for children is described in more detail in Chapter 5 Usabil-
ity Testing With Children.

Iterative design is based on the outcomes of the usability problems.
Since a redesign or improvements of an existing user-interface can
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lead to new, formerly not existing usability issues, it is important to
iteratively test and improve the existing design to avoid the possible
introduction of new user errors.

Collecting feedback from field use is oriented towards future releases or
even new products. For a discussion about using log files for analysis
of usability-related issues see Chapter 6 Usability Log Analysis.

3.2. Usability and User Experience

There are two major key words for the field of usability engineering
that gather information directly through users (not necessarily end
users) and tries to contribute this information directly to the engi-
neering process. Those words are Usability and User Experience (UX).
Subsequently, there are definitions of both terms.

Usability is defined by

• International Organization for Standardization [Int98] as “extent to which
a product can be used by specified users to achieve specified goals with effective-
ness, efficiency and satisfaction in a specified context of use.”

• the Nielsen Norman Group [Gro12] in short as “a quality attribute that
assesses how easy user interfaces are to use. The word ‘usability’ also refers to
methods for improving ease-of-use during the design process.”

User experience is defined by

• International Organization for Standardization [Int10] as “person’s per-
ceptions and responses resulting from the use and/or anticipated use of a prod-
uct, system or service
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Note 1 to entry: User experience includes all the users’ emotions, beliefs, pref-
erences, perceptions, physical and psychological responses, behaviours and ac-
complishments that occur before, during and after use.

Note 2 to entry: User experience is a consequence of brand image, presentation,
functionality, system performance, interactive behaviour and assistive capabil-
ities of the interactive system, the user’s internal and physical state resulting
from prior experiences, attitudes, skills and personality, and the context of use.

Note 3 to entry: Usability, when interpreted from the perspective of the users’
personal goals, can include the kind of perceptual and emotional aspects typ-
ically associated with user experience. Usability criteria can be used to assess
aspects of user experience.”

• the Nielsen Norman Group [Gro] as “‘User experience’ encompasses all
aspects of the end-user’s interaction with the company, its services, and its
products. The first requirement for an exemplary user experience is to meet the
exact needs of the customer, without fuss or bother. Next comes simplicity and
elegance that produce products that are a joy to own, a joy to use. True user
experience goes far beyond giving customers what they say they want, or pro-
viding checklist features. In order to achieve high-quality user experience in a
company’s offerings there must be a seamless merging of the services of multiple
disciplines, including engineering, marketing, graphical and industrial design,
and interface design.”

The Usability definitions have in common that they want to gather
measurable information about a system provided by users and that
information shall be used to improve the underlying system to satisfy
the end users.

Usability is one element that contributes to the system acceptability
as Nielsen [Nie93, p. 24] remarks. Nielsen [Nie93, p. 26] also claimed
the following five usability characteristics [compare Gro12]:

Learnability: How quick is the user able to do some work with the
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Figure 3.1.: Contributing fields to system acceptability including Usability and User
Experience [based on Figure 1 from Nie93, p. 25]

system?
Efficiency: How efficient is the usage when the user already has some

knowledge about the system?
Memorability: How easy is it for the user to take up work again after

not having used the system for some time?
Errors: How many errors appear during the use of the system and

how severe are they (is the user able to recover from an error)?
Satisfaction: How satisfying is the utilization of the system?

Other attributes that contribute to system acceptability according to Nielsen
[Nie93, pp. 24, 25] are:

Social acceptability: How acceptable is the use of the system in the
user’s current ambiance?
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Practical acceptability: How well does the system compete in the scope
of cost, compatibility, reliability and other “traditional” categories?

Utility: How well does the system support the desired functionality?
Usability: Compared to utility, how well can the user deal with the

supported functionality?

The User Experience (UX) definitions seem to have an extended percep-
tion of the system compared to the Usability definitions. User experi-
ence tries to include not only the directly affected measurable interac-
tions with a system like severity and occurrences of errors. It integrates
an emotional research field that tries to figure out how users react to
the whole brand image and the actual computer program. Research in
that direction can be especially important when software is developed
for children because there might be a useful shift from efficiency to fun
in a product. Although the usability definitions include a pleasant use
factor, it could possibly not cover all the aspects that are important for
a successful release of a product in an environment where children are
included. For example, if parents take part in the decision-making pro-
cess which products their children are allowed to use their decisions
might be more affected by their user experience related to the brand
image and overall perceptions and emotions without even really us-
ing the system itself. End users have such permotions (perceptions
and emotions) too, and, therefore, it might be worthwhile to investi-
gate those attributes as well as the underlying “hard facts” of the real
program [compare TA08; JM06, pp. 4; 55].

Figure 3.1 shall provide an overview of the overall system acceptabil-
ity in the meaning of Nielsen [Nie93] and shall indicate the User Ex-
perience part. The User Experience circle from Figure 3.1 includes the
Usability area, which shall indicate that measuring UX can be done
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by adjusting usability testing techniques or even only by adjusting the
goals that should be measured by a usability test.

3.3. User (and Child) Centered Design

3.3.1. Child Centered Design (CCD)

The User-Centered Design (UCD) tries to see the program from the end
user’s point of view and attempts to involve users as much as pos-
sible in every step of design and development lifecycle. Since it is
not possible to have real users always at hand the Persona technique
(Chapter 3.3.2) will be described to keep the end user in the engineers’
minds.

Druin [Dru02] identified four roles so that children can participate in
the Child Centered Design (CCD) process [compare MB03]:

User: In this role, children actually use a product. The children are
observed and adults try to interpret the children’s behavior with
the product. An advantage of this role is that adults can gain bet-
ter insight into and understanding of the interaction with prod-
ucts. These insight’s can be used to prove the current system
concept or to determine which further steps shall be initiated.
The limitation of the user role is that children only take part
in the evaluation of already developed concepts and not in the
actual design phases.
Methods to obtain information from children and including chil-
dren as users are described in Chapter 5 Usability Testing With
Children. Even though those usability test methods are intended
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to be used during the design and development process, they can
as well be used to test a released product since a release is just
one step in the product and usability lifecycle.

Tester: This role directly involves children in the development pro-
cess. The usability testing methods from Chapter 5 in combina-
tion with prototyping as described in Chapter 4 can be used to
gain direct feedback during the development process. The feed-
back obtained by such test sessions has to be evaluated and sub-
sequently may be integrated into the design and development
process. To put children in the role of a tester, at least a proto-
type is needed.
The limitation of the tester role is that a prototype is needed for
testing. The children are not involved in the initial technology
creation process and, therefore, suggestions will only have an
affect on ideas that have already been generated by adults.

Informant: The child informant role mostly takes place before any
technology is developed. Children are observed while they in-
teract with other similar technologies or children may be asked
for their input to the relating technologies. Children as infor-
mants should always be considered when it is unclear in which
direction the development should be headed.

Design Partner: Children in the design partner role shall be given
the chance to contribute to the program in any way they can
and throughout the whole development process. Within this role
compared to the informant role, children shall be embedded
more strongly in the project in whatever position possible - as
real project members would be allowed to contribute in those
fields where their expertise lies.

The decision to introduce a role to the project can be very resource-
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dependent. Particularly when the role of children as informants or de-
sign partners is established, those roles can be very time-consuming.
Another limitation can emerge when children are not accepted as
equal partners and, therefore, their input is not fully valued. Most
likely, the relationships between adults and children is of the kind
teacher-student as Figure 3.2 indicates and as the second axiom of
communication from Watzlawick [Wat] declares: Every communication
has a content and relationship aspect in the way that the latter aspect deter-
mines the former aspect1, there may well be possible communicational
misunderstandings between children and adult developers.

Figure 3.2.: Usual relationship between children and adults and the desired equated
relationship in Child-Centered Design (CCD) especially in the role of in-
formants and design partners

1Original excerpt in German: “Jede Kommunikation hat einen Inhalts- und einen
Beziehungsaspekt, wobei letzterer den ersten bestimmt.”[Wat]
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3.3.2. Persona - a Tool to Know the User

Persona2 try to generate one or more prototypes of fictive persons
who may get in touch with the product in the product life cycle. Each
of these persons is a direct user or has some kind of relationship to the
product. Such a person could be a parent who not actually uses the
product but is concerned about the content their child is interacting
with.

If a persona description is read, one should immediately have an im-
age of a real person in mind who has real demands regarding the
product. A persona description shall help to keep the user in mind
in every development stage and tries to complement other techniques
that provide information about the users. The following stages are
based on the information provided by Nielsen [Nie13], Campos and
Paiva [CP11], Pruitt and Grudin [PG03], Faily and Flechais [FF11]
or Seffah, Kolski, and Idoughi [SKI09] and shall describe how to evolve
a useful persona that is grounded by a research basis and not based
only based on a fictional image.

User Research

The user research is mainly about how to collect information about
users and how to treat that information [Nie13]. Nielsen [Nie13, p. 26]
suggests starting to explore the area that is examined by doing a re-
search about information that already exists. Such already existing
data can be found in market researches, research reports or may al-
ready be internally available in the company [see also PG03, pp. 4, 5].
This information shall build the basis for choosing participants that

2Latin for mask or person
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are further interviewed or observed. Moreover this information shall
help formulate questions that shall be answered about a specific focus
group and to determine why or how that group differs from another
group.
Concerning user research, qualitative and quantitative methods can
be useful to obtain information. Nielsen [Nie08] describes the differ-
ence between the two data collection methods as follows: “The basic
distinction here is that, in qualitative studies, the data is usually being gath-
ered directly, whereas in quantitative studies, the data is gathered indirectly,
through an instrument, such as a survey or a web server log. In field studies
and usability studies, for example, the researcher directly observes how people
use technology (or not) to meet their needs.”

Analyze Data

The step of analyzing the existing data shall filter out how many dif-
ferent kinds of user groups exist and then help to assign those user
groups to different persona personalities. Nielsen [Nie13, p. 38] sug-
gests segmentation to differentiate the data obtained from the user
research. The challenge of analyzing the data might be to filtering out
the most common similarities and categorizing them and, in the next
step, deciding how many personae are created and which categories
are assigned to the fictive persona.

Limit Persona to a Reasonable Amount

Sometimes, it is not useful to further evolve all found persona. Rea-
sons for decreasing the amount of personae are that a Persona should
be easily remembered and be present most of the product lifecycle. If
there is a large amount of fictive users, it might be hard to remem-
ber which persona fits a given story best or even what the persona
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Persona/Weight 1.Persona/75 2.Persona/15 3.Persona/10 ... ∑
Feature 1 1 1 0 ... 90

Feature 2 1 0 2 ... 95

Feature 3 -1 1 0 ... -60

...

Table 3.1.: A prioritized feature implementation table with different personae [based
on Figure 4 PG03, p. 8]

was about. Another reason might be that not all personae have a high
impact on the product. For example, Pruitt and Grudin [PG03, p. 7]
introduced a “feature-Persona weighted priority matrix” with prioritized
persona. Those prioritized persons could also be used in the develop-
ment cycle when it is important to make a decision of which features
have to be implemented first or which features could even have an
negative impact for other users as Table 3.1 indicates [compare PG03,
pp. 7, 8].

Most Common Attributes of an Adult Persona

Adult persona are most likely task- and goal-oriented and provide
some of the information shown in Table 3.2.

These attributes shall not be seen as a persona template because the
actual outcome of the persona poster is very much dependent on the
focus area and the underlying research basis. At this point, it should be
mentioned again that a persona should not represent a stereotype or
be seen as a job description. Often, persona definitions are represented
only in a textual way, but sometimes, a slide chart with a scaling from
low to high could be as well the choice of representation, for example
to indicate skill-, need- or fear- levels.
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Persona Attributes
Name
Age
OriginIdentity

Picture
Status Weight of the user for the project

Goals according to the programGoals Personal goals
General skills
Special knowledge of the programKnowledge
General knowledge

Tasks Most important tasks the user does
with the program
Friends/family status (if important
or to make the persona more realis-
tic)
Relationship to the focus area

Relationship Other users/groups of interest that
might get in touch with the person
and the program
Media usage in relation to the focus
area
Skills with the used technology
General knowledge/usage of other
technologyAttitude / Motivation
Level of Motivation to use the tech-
nology of the program

Expectations Expectations of how the program will
work (related to the task)

Hobbies, daily work/life ...

Table 3.2.: Possible attributes of an Adult Persona based on information from [Table 1

SKI09, p. 334], [Figure 8 Nie13, p. 78].
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Child Persona

According to Antle [Ant06, pp. 23, 24], a child persona shall focus
more on needs, expectations and desires of children instead of tasks
or goals for adults. Moreover, she claimed that gathering information
about children might not be as simple as finding information about
a specific group of adults. One reason for that is that children may
have problems to express their needs in interviews especially about
abstract products (compare Chapter 2.3, 2.4 about the abilities of chil-
dren in certain age groups). The suggestion to obtain well-grounded
information from Antle [Ant06, p. 24] is “to use a framework which guides
information gathering. The framework must provide insight into what to look
for, how to organize information and help with the interpretation of observa-
tions and interviews in the context of the design problem at hand”.

The Table 3.3 shall provide a quick overview of differences that could
be of importance when adult and child personae are developed.

Validation and Revision of the Product Lifecycle

In the opinion of Nielsen [compare Chapter 7, from Nie13] one way to
validate whether the persona meets the criteria of the expected users
is, to review the final personae with the people who initially had a
certain image of their users in mind. In those reviews questions about
certain persona details may arise. Those questions shall thereupon be
answered and justified on the basis of the underlying research data
and the development process of how the persona was created. A trans-
parent presentation of the outcomes and an open communication are
helpful during this verification process.
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Adult Persona Child Persona
Name

Age Age group
Origin
Picture

Person goals Child needs
Person background Child environment

Daily work/life Daily routines
Relationship to the focus area

Media usage in relation to the focus area
Skills with the used technology

General knowledge/ usage of other technology
Family status

Hobbies
Friends

Weight of the persona for the project
Tasks Focus on expectations and needs

Table 3.3.: Possible differences and similarities of an adult persona chart and a child
persona chart, based on information provided by Antle [Ant06, p. 24]
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Pruitt and Grudin [PG03, p. 8] collected information about how often
a persona was used not only to measure the persona usage but to
also gain an insight into which direction the project is headed. By
knowing how many times a specific persona was used and how big
their influence on the product was they tried to “roughly gauge the
direction of a product as it is developed” [PG03, p. 8].

If new significant information about the target persona arises, which
might especially happen if new markets are entered, the already exist-
ing personae shall be revised. For that reason, a persona is not finished
when research and presentation are completed as they are rather con-
tinuously improved.

Usage of Persona (Beyond Scenarios)

The next step in the persona development is the actual use of the cre-
ated persona. Most often, they are used in scenarios. A scenario is used
to describe the persona computer interaction and, therefore, shall de-
scribe a real human-computer interaction goal. A scenario is based on
the user assumptions and describes a workflow how a certain goal
might be achieved by a specific user. It can include assumptions about
possible appearances of problems and needs of the user, as well [com-
pare Chapter 9 from Nie13].

Besides the design and development team, a persona can be used ev-
erywhere in the company where communication about the user or an
image of the user is needed. Antle [Ant06, p. 28] used their developed
persona models as the basis for “cognitive walkthroughs and to educate the
usability team” as well as to determine the priority of the bugs found
by their usability tests. Pruitt and Grudin [PG03] had a similar ap-
proach with their feature-weighted matrix (see Table 3.1) where each
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persona represents a market share. In combination with the feature
impact for the user a prioritization for new features can be based on
more user relevant data. They also created flyer’s, promotional items
and web sites that contain persona-related material (research reports,
scenarios, customer data...) to provide access for those people who are
more interested in the targeted user group or to better communicate to
other departments what kind of people are assumed to use the prod-
uct [PG03, pp. 6, 7, 8].

Sometimes, it could be useful to create an “anti-persona” to determine
for what kind of users the product will not be developed and to be
able to focus more on features for users that are more important [com-
pare PG03, p. 5].

Figure 3.3.: Steps of a persona-generation cycle
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3.4. Agile Usability and Software Engineering

This chapter shall provide an overview of how Usability Engineering
(UE) methods may be combined with Agile Software Engineering (ASE)
methods. Below is a description of the benefits of an ASE process fol-
lowed by a description of the weaknesses in combination with UE
that were found by Düchting, Zimmermann, and Nebe [DZN07] and
suggestions of how to include ASE and UE. The two most referenced
representatives of ASE methods are XP and Scrum.

Strengths of Agile Software Engineering Methods

Agile software engineering methods try to keep their iteration cycle as
short as usable. Short iterations shall help to react quickly to chang-
ing requirements and a short iteration-based planning cycle tries to
generate usable prototypes very early in the development phase and
even tries to achieve a stable releasable product as soon as possible.
This approach tries to ensure that efforts are visible to the customers
and the project progress is assessable immediately during the devel-
opment process. To ensure that the project is headed in the right di-
rection during the development, there is always an onsite customer
present who can be interviewed if any question arise. Software qual-
ity is ensured by collective code ownership and ongoing refactoring.
To provide a project code basis that is qualitatively high, the principle
of continuous integration shall help to ensure that the project code is
up to date. The principle of continuous testing shall ensure that there
is at any time a stable application build available that can be used
immediately. The collective code ownership and the continuous inte-
gration and testing shall also help to minimize the required amount
of documentation since the tests shall provide knowledge of what the
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code shall do and everyone from the team should be up to date with
the code since everyone is allowed to modify the code if necessary.
Product requirements are provided directly from the onsite customer
(or his representatives). Those requirements are split up into as many
small programmable tasks (or user stories) as possible and afterwards
are prioritized and a time estimation is done. This iteration planning
provides the basis for the work for the upcoming development cycle.
The whole development process tends to rather have a direct face-to-
face communication instead of reading possibly outdated documenta-
tions or specifications. For a more detailed introduction to AES, read
also Chapter 1 from Brown. Figure 3.4 shows the main components of
an agile software engineering method.

Weaknesses and Opportunities of Agile Software Engineering in Com-

bination with User-Centered Design

Düchting, Zimmermann, and Nebe [DZN07, pp. 64, 65, 66] found
some weaknesses and gave recommendations for ASE (in particular
for XP and Scrum) to introduce user-centered requirements in an ag-
ile development process. Table 3.4 provides an overview of the out-
come.

Another decision has to be made when the usability and design work
have to be done and when the software engineering part is finished.
There are two possibilities. The first one is that UE is done one itera-
tion before the SE and the other is that UE and SE are carried out in
parallel, where possible.

Brown [Bro13, pp. 45, 46] pointed out that the benefit of working one
iteration ahead of the SE team is that the whole work of the UE team
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Weakness Recommendation

Short exploration phase especially
at the beginning but within the on-
going development as well .

• Use the short exploration
phase to inform developers
about the user’s natural work-
ing environment.
• Reduce documentation to a

minimum and share knowl-
edge with the whole team.
• Include UE team member in

the development team.

No real end users are considered.
Onsite customers can be stakehold-
ers and, therefore, might not have
the same interests, concerning the
software, as real users.

• Validate design mockups and
prototypes with real users.
• Gather information about the

context of use and workflow.

Probable loss of view for the whole
system and the relation between
system features because the work is
split into smallest possible tickets.

• Describe the workflow with
use-cases (or scenario-based).

No verification that the system sat-
isfies real user requirements.

• Review the system with UE
experts and real users.

No usability system tests.

• Do usability-tests in system
stages where useful work-
flows can be performed. Tests
do not necessarily have to be
performed by each iteration.

Table 3.4.: Weaknesses and recommendations for Agile Software Engineering that in-
clude User-Centered Design [see DZN07, pp. 64, 65, 66]
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Figure 3.4.: Main components of Agile Software Engineering.

(design, customer feedback...) could be presented at once to the entire
SE team and could immediately be integrated into the iteration plan-
ning of the SE team. She also found that possible weaknesses are that
this might be a mini-waterfall approach and that the agile desire for
direct and continuous communication might be corrupted and, there-
fore, the benefit of spreading the knowledge across the whole team
might be diminished.

Another risk might lie in really fast changing agile environments where
the requirements change very quickly. It could be possible that the UE
work, that was done one iteration ahead, might not meet the require-
ments for the SE iteration any more. Also it could be possible that the
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deliverables from the UE team cannot be finished within one short it-
eration and, therefore, these deliverables cannot be provided for the
iteration of the SE team [compare Chapter 2 Bro13].

The benefit of working in parallel iterations is the better visibility of
the UE team and the closer collaboration of the teams and, thus, a pos-
sibly better understanding of the two teams. The deliverables cannot
be outdated since they are concurrently developed and if the design ef-
fort can be cut down to the necessary work, it is possible that working
in parallel may mean for the UE only doing the things needed [com-
pare Chapter 2 Bro13].

Which iteration cycle is chosen will strongly depend on the members
of the team(s) and how they individually accept each model and the
empirical knowledge of what is the best practice for the outcome of the
product. Nevertheless, it should be mentioned that evaluating one’s
own methods of operation and embracing changes is a part of an agile
engineering model.
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3.5. Summary

The usability lifecycle aims at improving the user interface design it-
eratively within different process stages regarding different usability
characteristics like learnability, efficiency, memorability, errors or sat-
isfaction.

One of those stages says that you have to know the user. One tool to
get to know the user is the Persona method that reveals its strengths
when the underlying research about the users has been done prop-
erly and the created Persona is in everyone’s mind, not only in the
designers’ minds but also in the minds of those who participate in the
development process. A Persona might not only be used to aid de-
sign decisions but could also be used in the iteration planning process
of an agile software engineering process to determine which features
have priority or may have a negative impact on the overall user expe-
rience.

The agile software process may not necessarily inhibit the design pro-
cess. To the contrary, it could be an advantage. Especially when chil-
dren are involved, there is a higher possibility that designers may not
always exactly meet the needs and expectations of children. Therefore,
an agile design process that continuously evaluates its user interaction
behavior might even be a requirement to fulfill a positive user expe-
rience for children. Furthermore, it makes it possible to more often
integrate children in their different roles as informants, testers, users
or design partners when they are needed.

51



4. Prototyping

With Prototyping, it is meant to develop only a subset of the total fea-
tures compared to the full system or reduce the level of functionality.
The aim of a prototype is to test with real users in an early stage
of development with a more or less realistic look and behavior of the
system. Describing users, only with a written document, how the user-
interface will look like or how certain functions will behave, is not al-
ways possible. For example the level of abstraction could be to high,
because, in the written document there are described too many user-
interaction points that cannot be visualized all at the same time by
the user. Prototyping tries to reduce that abstraction level problem by
providing design and functionality previews to the user in an early
development stage.

4.1. Horizontal and Vertical Prototyping

When only a subset of the features is implemented, it is called vertical
prototyping. The advantage of vertical prototyping is that the existing
features can be tested in depth and under realistic conditions.

The reduction of functionality is also called horizontal prototyping.
Since there is only little or even no underlying functionality, horizontal
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prototyping may be used to test or simulate interfaces of a fully fea-
tured system where no real work can be done [compare Nie93, pp. 94,
95] (see also Chapter 4.3 Wizard of Oz Method, for testing with proto-
types).

Vertically and horizontally prototyping can be combined stepwise as
Figure 4.1 indicates. In Figure 4.1 there is shown a “scenario for test-

Figure 4.1.: Differences between vertical and horizontal prototyping and the limitation
of features and functionality [based on Figure 9 Nie93, p. 94]

ing”. Such a scenario is a minimalistic prototype which has only one
feature and the functionality is that much reduced that no interac-
tion with real data is possible. Since scenarios are that much lim-
ited, Nielsen [Nie93, p. 100] suggests to use them

• during the design phase to understand how users will eventually
interact with the system.
• during early evaluations of a design to receive a fast user feed-

back at low costs because there is no need to implement a work-
ing prototype.
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Liebal and Exner [LE11, pp. 191, 192] see the use of prototyping with
children within

Participatory Design where children are design partners and are an
active part in the development process. Prototypes are realized
as Low-Fidelity Prototypes only, which means there is no technical
implementation of a system. Instead, children are able to build
their own prototype with suitable resources (paper and pencils,
crayons, paper-mockups...).

Expert Design is the realization of a prototype by developers and de-
signers. Children only test the prototype but do not actively take
part in the development process of the prototype. These proto-
types are made by experts and thus they can be realized as Low-
and High-Fidelity Prototypes (realized in a technical environment).

The possibilities of a prototyping process in the manner of Liebal and
Exner [LE11, p. 191] is indicated in Figure 4.2 where horizontal and
vertical prototyping has the same meaning as described earlier.

4.2. Low- and High-Fidelity-Prototyping

Low-Fidelity-Prototypes have the benefit that they are less costly com-
pared to High-Fidelity-Prototypes and quick to realize. They can be
made with rather ordinary resources like paper and pencils. This kind
of prototypes is often called paper mockups. They are rather inac-
curate and can be put into practice with freehand drawings that do
not necessarily have to be very aesthetic. Another advantage of hand
drawings at an early stage is the low threshold to change or even
throw away such designs. A user-interfaces test can be done in such
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Figure 4.2.: Prototyping variants based on Liebal and Exner [LE11, p. 191] within
the context of the usability engineering lifecycle; Liebal and Exner [LE11,
p. 191] use the terminology Low-Tech- and High-Tech Prototyping which
is the same as Low-Fidelity- and High-Fidelity Prototyping

a way that if the user pushes a paper icon/element, an administrator
has to change all the paper elements that would have be affected in
the planned system by the performed user interaction [compare LE11;
And12, pp. 194; 78, 79].

High-Fidelity-Prototypes characteristics are that they have a longer
development time and are more costly. The benefit of a High-Fidelity-
Prototype is that the implementation either horizontally or vertically
is close to the desired final system and, therefore, testing such a pro-
totype allows a more precise feedback as well as testing in more de-
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tail [LE11; And12, pp. 193; 82].

From Liebal’s and Exner’s [LE11, p. 194] point of view, High-Tech-
Prototypes can have a negative effect when a child has to evaluate such
an interface because they might tend to not criticize the underlying
system also they might show less understanding for the limited possi-
bility to interact because of the restricted functionality.

4.3. The Wizard of Oz Method

The Wizard of Oz can be seen as a prototyping method. Therefore, a
High- or Low-Fidelity Prototype is used where some or all of the un-
derlying functionality is left out. The missing functionality is simu-
lated by a human according to the user interaction. A drawback is
that the human administrator, the Wizard, has to interpret what user
interaction was performed by the testing subject and afterwards, the
intended functionality of the program has to be activated or simulated
remotely.

To be able to simulate the functionality, the Wizard must have the
knowledge of the study domain. Therefore, the Wizard could possibly
be a developer. For challenging or multiple actions at the same time,
it is possible to have more than one Wizard.

From the usability testers’ point of view Wizard of Oz studies might
not be suitable if the environment changes fast and the Wizard has
problems to follow the user interaction or if the functionality that
should be provided needs a longer duration to be processed by the
Wizard. Another reason for not using this method could be that the
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user input might not be easy to interpret and, thus, a proper simula-
tion how the program would react is tricky (for example, if a child’s
handwriting should be corrected automatically, it will depend on the
underlying algorithm how the handwritten letter is interpreted) [com-
pare Chapter 12, from Mar+08].
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5. Usability Testing With

Children

Usability testing is understood as one of the most valuable techniques
to gather direct user feedback and the most common representative
is the Think-Aloud method (see Chapter 5.2.1). Nevertheless, as al-
ready described in Chapter 2, children go through different evalua-
tional stages and their cognitive abilities are just evolving. Because of
that, this chapter shall identify what the main differences of usability
testing with adults and children are. The most common usability test
methods will be described and what adaptions have to be made for
children.

Finally, the Robotic Intervention method (Chapter 5.2.7) and the Prob-
lem Identification Picture Cards method (Chapter 5.3.1) will be de-
scribed. These methods are especially designed for young children.
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5.1. Decisions Before The Test

5.1.1. Usability Laboratory vs. Familiar Places

In general, a child-friendly location should be chosen for usability
tests. Liebal and Exner [LE11] distinguish between two different lo-
cation categories:

Familiar places: These places are known and frequently visited by
children like kindergarten, school. Sometimes the testing envi-
ronment can even be at home.
The main advantage of those places are that children feel more

comfortable and relaxed even in the new situation. Hence, better
findings can be expected. Other advantages are missing arrival
and departure ways and that children may not completely be
pulled out of their daily runs.
Disadvantages are possible disturbances. As mentioned in Chap-

ter 2, a child’s focus can switch easily. Especially this can become
a problem in kindergarten (or schools), where other playing kids,
teachers or parents may distract the child who is currently run-
ning the test.
Also negative factors are:

• The need to transport the equipment.
• The setup may not always be that easy to hide.
• A limited time to arrange the equipment.
• Doing a dry run might not always be possible.

Usability laboratory: The benefit of a usability lab compared to familiar
places is a stable environment. Exterior effects can be minimized
and the comparability of the results is higher. The test setup is
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easier to manage and if necessary, the chance to separate care-
takers from the involved child that shall do the testing might
take less effort. Reasons for doing this might be an undesirable
influence on the child or too much intervention.
Negative aspects of a usability lab might be that children do not

feel comfortable in an unknown place combined with the new
situation. As a consequence, they do not provide their best sup-
port to the usability test or might even abandon the test session.
To make children more comfortable, usability labs should be
equipped in a child-friendly manner, for example with posters.
But it should be kept in mind that accessories can also lead to
distraction. The worst case could be that children are more inter-
ested in getting in touch with their environment than the actual
product being tested.

5.1.2. Choosing Child Participants

When a usability test is performed in kindergarten or school, then
there is no decision whom to choose for the test. Whether all children
are suitable for the test session or not, because they have for example
individual disabilities, all willing children should be allowed to take
part. Otherwise, the children who were not allowed to take part might
feel left out from a group. Afterwards they might have problems when
the child group discusses their experiences [compare Mar08, p. 96].

If resources are limited, most often the time factor is one of the most
critical ones, and therefore, a preselection might be reasonable. Ac-
cording to Nielsen [Nie94, p. 393], three to five testers are a good num-
ber of adult test subjects to find about 75% to 80% of usability prob-
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lems in an interface with the Think-Aloud method (see Chapter 5.2.1).
To find all possible usability issues Nielsen [Nie94, pp. 389, 393] found
out that 15 test subjects could be enough. Nielsen, therefore, recom-
mended to iteratively do usability testing with five people within each
session. If the tested application is complex or has different groups of
users (e.g., children and adults use the application), a greater number
of test participants can be useful [compare Nie00; Vir92].

An estimation for an expectation of uncovered problems may be the
formula 1− (1− p)n where p is the average coverage of a single per-
son and n is the number of test participants. A possible diagram with
values for p between 0.25 to 0.40 is shown in Figure 5.1.

Figure 5.1.: Possible test coverage for adult testers, for the formula 1− (1− p)n with
p...single test coverage 0.25, 0.3, 0.35 and 0.4, n...number of test subjects

Another approach to estimate the success factor of usability tests could
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be the calculation of confidence intervals for binary success. Confi-
dence intervals shall describe how confident one can be that a larger
group of people will experience the same (problems), as an equivalent
smaller group experienced in a usability laboratory. The estimation of
that success factor for small groups might possibly be a problem for
the “Wald formula” or the “Exact method” because, in the opinion
of Tullis and Albert [TA08, p. 97], who quote Sauro and Lewis, these
formulas might be too conservative or liberal.

Sauro and Lewis [Chapter 3 SL12, pp. 23, 24] found the Adjusted Wald
formula that in their opinion fits best small sample sizes:

Padjusted± =
x+

2
2

n+z2

x ... number of persons who successfully completed a task
n ... number of persons who tried the task
and the adjustment is inserted in the standard Wald formula:

Padjusted ± z(1− α
2 )

√
Padjusted(1−Padjusted)

nadjusted

z ... critical value from the normal distribution for the level of
confidence (e.g., 1.64 for 90%; 1.96 for 95%; 2.57 for 99%)

The confidence intervals for the adjusted Wald formula and n=5 par-
ticipants with a success rate x from 0 to 5 for a confidence of 95% are
summarized in Table 5.1. For a quick computation of confidence inter-
vals for different formulas, the calculator from http://www.measuringusability.

com/wald.htm1 may be useful.

However, when it comes to usability testing with children, these sug-
gestions have to be reconsidered. Especially when testing with young

1last visited on April 18
th, 2013
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Low High
succeeded=0

Adjusted Wald 00% 40%
Exact 00% 45%
Wald 00% 00%
succeeded=1

Adjusted Wald 02% 64%
Exact 00% 72%
Wald <00% 55%
succeeded=2

Adjusted Wald 12% 77%
Exact 05% 85%
Wald <00% 83%
succeeded=3

Adjusted Wald 23% 88%
Exact 15% 95%
Wald 17% >100%
succeeded=4

Adjusted Wald 36% 98%
Exact 28% 99%
Wald 45% >100%
succeeded=5

Adjusted Wald 60% 100%
Exact 55% 100%
Wald 100% 100%

Table 5.1.: Confidence interval of 95% for n=5 participants and a success rate x from
0 to 5

children at the age from three to five, it is more likely that test ses-
sions might be discontinued and sometimes it might be hard to eval-
uate the children’s behavior [HRA97; LE11, pp. 10, 202]. For those
reasons, Liebal and Exner [LE11, p. 202] suggest the number of child
testers should be at least eight. The experience from Barendregt and
Bekker [BB, p. 1] is, that eleven to thirteen children uncover 80% of
problems but this will depend on the complexity of the application, as
session times cannot be too long for children:

Another interesting research study by Barendregt et al. [Bar+07] tried
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Age (years) 3-5 5-7 7-11 11+
Max. duration (min) 10-15 15-30 30-45 45

Table 5.2.: Suggested duration of a usability test session [compare Kes+03; LE11]

to investigate if there possibly is a coherence between a child’s person-
ality and the number of found usability problems either reported ver-
bally or indicated otherwise. She also compared if there is a significant
difference in the results of the 11 best- and least-promising children.
Some of the results are shown in Table 5.3. To determine who are the

Problems found Frequency severity Impact severity
found
problems

verbalised
problems high (#11) average

(#20) low (#78) high (#6) average
(#18) low (#85)

most
promising
children

82 43 11 (=100%) 20 (=100%) 51 (=63%) 5 (=83%) 16 (=88%) 61 (=72%)

least
promising
children

76 28 11 (=100%) 20 (=100%) 45 (=58%) 5 (=83%) 11 (=61%) 60 (=71%)

Table 5.3.: Comparison of 11 most- and least-promising children according to the
children’s characteristics [Bar+07, pp. 144, 145]

most promising children before the actual usability test, the parents
of the children had to fill out a questionnaire about the personality of
their children2. Barendregt et al. [Bar+07] suggest, “for evaluation prac-
titioners would be to make a selection of children based on the personality
characteristics, Extraversion, Friendliness and Curiosity” because “children
would find both a large number of problems due to Curiosity, and provide
self-initiated spoken output for a large proportion of these problems due to
high Extraversion and low Friendliness”2.

An overview of the five main category groups and the according sub-
categories of the Blikvanger test [compare Bar+07, p. 135]:

Extraversion: Approach Seeking, Positive Emotionality, Sociability

2Characteristics according to the Blikvanger 5-13 test

64



Friendliness: Dominance, Agreeableness, Altruism, Affection
Conscientiousness: Conscientiousness, Impulsivity
Emotional Stability: Emotional Stability, Self-Confidence, Manageabil-

ity
Intelligence: Curiosity, School Attitude, Creativity, Autonomy

5.1.3. Further Discussion About the Usability Test

Setup for Children

When preparing a usability test for children, there are some things that
are of greater importance than when testing with adults. Decisions that
have to be made before the test when testing with children are:

How many administrators shall be present: Markopoulos et al. [Mar+08,
p. 97] suggest that there are at least two adults present, one ad-
ministrator for the organization and the other one should be the
facilitator for the test who takes the notes. Markopoulos et al.
[Mar+08, p. 97] say that “a second adult makes the event safer
for both the children and the adults.”

Task-based testing: Tasks may be especially challenging for young
children (up to the age of six years) because the tasks have to
be designed in the language of the children. Otherwise, the cog-
nitive abilities might be overcharged as well as the short-term
memory of young children is claimed to remember the task de-
scription. Task-based testing might require reading the task to
the children. This can lead to the possibility that children start
to ask questions about the task for clarification. Test tasks might
be too challenging or too boring, which can lead to the distrac-
tion of the child or even the abandonment of the test session.
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Finally, a task might be interpreted, by children, as an examina-
tion question, thus it might be necessary to explicitly note that
the software is tested, not the child [compare Mar+08, p. 99].

Testing without tasks: Markopoulos et al. [Mar+08, p. 97] find test-
ing without tasks “suitable when testing products with small
children or even with toddlers” because the demand on the cog-
nitive abilities are not so high as with tasks.

Provide time for a trial: To have a more realistic test situation, chil-
dren should be able to freely practice some time with the soft-
ware [LE11, p. 216].

Explain the test situation: Take enough time to explain the test situ-
ation to the child. It should be made clear that it is not the child
that is tested. Also provide enough time for the child to investi-
gate the test laboratory and answer all questions [LE11, p. 216].

One particular decision has to be made for usability testing with mo-
bile devices and children, whether the test session shall be video recorded
as well. For usability tests with a desktop computer, normally a static
camera setup that has a focus on the screen or the user, should work
well. For a screen recording of the test device a software could be use-
ful as well.

Testing with mobile devices is different because, either there is no
proper software to record the screen activity or the link to the record-
ing software on a remote computer might be too weak to transmit
fluent video data. Furthermore, it can be problematic to record the
user properly, because something is in between the field of vision of
the camera and the user.
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In the last years, there have been some attempts with so-called Usabil-
ity Sleds3 like the one in Figure 5.2 that do not necessarily need a static
camera setup but may record the finger movement very well [compare
CB12]. Possible problems with children and sleds could be:

• The sleds are unnatural and can distract children.
• The sleds could be heavy, especially for young children.
• Children could possibly use the device in an unnatural way.

Figure 5.2.: Mobile Sled for usability test [image source CB12].

3http://goo.gl/93nVI
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5.2. Verbalization Methods

The aim of verbalization methods is to encourage the participants to
communicate what they are doing and what their thoughts are about
the current work flow. Verbalizations can be elicited or spontaneous.
Depending on the test method and the test environment, participants
can be reminded to verbalize their feelings and thoughts or the test
method itself has a technique that should keep the participants talk-
ing, like the Co-Discovery method (Chapter 5.2.6) or the Peer Tutoring
method (Chapter 5.2.5) [compare Mar08; LE11].

5.2.1. Think-Aloud Method (Think Out Loud)

Method Description

The Think-Aloud (or Thinking Out Loud) method is the most noted
method in literature and has become the standard practice in the us-
ability testing of products for adults.

During the test session, the participant has to verbalize his current
working steps, feelings and thoughts. Verbalization should never stop
and, therefore, the facilitator should consistently remind the person of
speaking out loud if he or she forgets. That gentle reminder should be
done in a very neutral way because the facilitator should always stay
in the background during the test and should avoid starting a dialog
or helping the participant [Mar08, p. 188].
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Adaptations for Children

• The product by itself can have high cognitive demands and as
a consequence, there are no cognitive resources left for thinking
out loud as well as it could be the opposite way, verbalization
demands too much capabilities that leads to less interaction with
the product. Because of that, there is a possibility that either ver-
balization or interaction with the product is neglected [Kes+03,
p. 42].

• Another problem that might occur may be that children find it
unnatural to talk when the person who is present is not respond-
ing [LE11, p. 210].

• When young children forget to verbalize, they need to be con-
tinuously reminded to keep talking. This can make children feel
obliged to mention problems to please the experimenter. This
could lead to non-problems being reported [DR04, p. 43].

• The not fully developed language skills of children may make it
hard to clearly express their thinking [Mar08, p. 189].

• Children may be shy toward unknown adults. Those children
can find it difficult to verbalize their thoughts. The Think-Aloud
method can inhibit children from uttering their thoughts even
more when an unresponsive adult requires the child to keep talk-
ing [Mar08, p. 189].

• Think-Aloud is a special social situation in the life of a child who
may be accustomed to situations where the adult asks questions.
Normally, a child is in a situation where the adult has an implicit
understanding that there is a right and wrong answer or where
the adult guides the child with advise and instructions [Mar08,
p. 189].
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• Adults seem to have it easier to slip in and out of the role of
a tester. This can make it easier to understand that the product
and not the performance of the tester is tested. Children tend
more to think their accomplishment is under test. Children as
well as adults do not want to make mistakes in the presence of
others and this can lead to a different behavior, with the tested
product [Mar08, p. 189].

5.2.2. Retrospective Think-Aloud Method

(Retrospection)

Method Description

While the Think-Aloud method (Chapter 5.2.1) tries to gather verbal-
ized information from the test user during the test session, the Retro-
spective Think-Aloud method (or Retrospection) analyzes the test ses-
sion in cooperation with the test user after the actual test session.
Therefore, the whole test session has to be recorded and when the
video of the test session is reviewed, the facilitator asks the child ques-
tions about the interaction with the product [LE11; Mar08, pp. 211,
195].

Markopoulos [Mar08, p. 195] lists the following advantages:

• Because the verbalization happens after the test session, children
have more capability for testing the underlying product and the
test situation is actually closer to reality to how a child might
interact with the product in practice. For this reason, the possible
outcomes of the test session might be of more value.

70



• Another advantage is the possibility to pause or replay the video
if there is an interesting incident.

On the other hand, disadvantages are [compare LE11, p. 211]:

• Children have problems to assign their thoughts to an earlier
incident up to the late concrete-operational-phase4.
• Moreover, the retrospective video analysis consumes an at least

an equally amount of time as the test session. This might be a
problem for children because they can provide just a limited time
of attentiveness, which might lead to a limitation of the capacity
for remembering.
• In addition, it is possible that a long test session leads to discom-

fort of the child and, thus, the possibility of an abandonment of
the test session may rise.

5.2.3. Post-Task Interview Method

Method Description

In the Post-Task Interview, the test session is divided into small user ac-
tivities. After every activity, the facilitator performs a short question-
ing about the previously performed task. Such an interview should
only be performed after short activities while the experience is fresh
in mind [Mar08, p. 203]. Markopoulos [Mar08, p. 203] also refers to
two studies which showed that there were fewer reportings of prob-
lems in their answers to the questions given by the facilitator with
the Post-Task Interview method compared to the Think-Aloud method
(Chapter Think-Aloud Method 5.2.1).

4Look at Table 2.1 for an overview of Piaget’s stages.

71



5.2.4. Active Intervention Method

Method Description

For the Active Intervention method, more interaction between the test
user and the facilitator is required. The facilitator asks questions while
a task performed by the test user to directly obtain current interpre-
tations and opinions with various elements. The facilitator is even al-
lowed to suggest directions for interacting with the product [Mar08,
p. 202].

The questions should task-specifically be prepared in advance and
children should be prepared before the test that they will be ques-
tioned during the test [LE11, p. 211].

Benefits of the Active Intervention method with children is the more nat-
ural way of children interacting with the facilitator. This may result in
more comfort for the child tester, leading to a more qualitative analy-
sis of the product. Another advantage of this method is that it helps
the tester to continuously stay vocal, and the test session can focus on
more interesting aspects of the product [Mar08, p. 202].

The drawbacks of the method are that the answers of the children de-
pend strongly on the amount of questions and on the facilitator him-
or herself [LE11, p. 211].

Also the questioning of the facilitator can accidentally lead the test
session in an unintended direction. As a result of the questioning
the product could be used in a different way as in reality [Mar08,
pp. 202,203].
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5.2.5. Co-Discovery Method (Constructive Interaction)

Method Description

In the Co-Discovery method, two test participants are able to explore
an interface together and there is a natural interaction and communi-
cation between the two test users. A benefit of this method is that the
child test users do not have to be trained to think aloud.

Drawbacks of this method are the higher amount of test users required
and that usually the software product is not discovered in pairs, in
reality. [And12; LE11; Mar08, pp. 126, 212, 207].

Adaptations for Children

• To make this technique work, it must be clearly pointed out to
the children that they should cooperate during the test session
and solutions should be discovered together. To encourage the
cooperative work, each child should be given a separate assign-
ment but only when the collaboration is done, the finishing of
their assignment should be possible [LE11, p. 212].

• A major disadvantage of the Co-Discovery method is that espe-
cially young children do not play with other children as dis-
cussed in Chapter 2. Liebal and Exner [LE11, p. 212] mention
that cooperative play starts at the age of six or seven and ac-
cording to a study by van Kesteren5, even that is not always
true and children start to work on their assignments indepen-
dently. Markopoulos [Mar08, p. 212] remarks that few authors
have reported how well this technique served their purposes

5Kes+03.
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when working with children. Moreover, Markopoulos claims prob-
lems like one child trying to dominate or trying to do everything
alone.

5.2.6. Peer Tutoring Method

Method Description

Markopoulos [Mar08, p. 208], Liebal and Exner [LE11, p. 212] explain
that a Peer Tutoring session is divided into four parts and three par-
ticipants, the tutor, the tutee and a test supervisor who guides the
collaboration. Tutor and tutee are children, the test supervisor is an
adult.

The peer tutoring order of events is as follows:

1. Introduction of the test setup and the tutor-tutee roles.

2. Training of the tutor. The tutor is allowed to become familiar
with the tested product and collect some experiences.

3. In the third part of the session, the tutor has to teach the tutee
how to use the software being evaluated.

4. A concluding interview.

With this method, it is possible to observe how children use and how
they talk about the product and whether children are able and willing
to teach each other how to use the product [Mar08, p. 208].
An enhancement of the Peer Tutoring method compared to the Co-
Discovery method described before is that children do not have to col-
laborate.
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5.2.7. Robotic Intervention Method

Method Description

The Robotic Intervention method is a variation of the Active Intervention
method described in Chapter 5.2.4 with the difference that the facili-
tator who is located somewhere next to the child tester is replaced by
a Social Robot. Such a robot is able to interact and communicate with
the child tester. This robot may be remote-controlled by an administra-
tor in another room to avoid the presence of the administrator in the
test room. The procedure for the Robotic Intervention is the same as for
the Active Intervention except that the robot is introduced to the child
tester and that it is made clear to the child that interaction is provided
through the robot. The administrator of the robot follows the prede-
fined protocol as if it would be an Active Intervention protocol except
that human-like emotions and directions are provided through the so-
cial robot [compare Mar+08].
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5.3. Non-Verbalization Method

5.3.1. Problem Identification Picture Cards Method

(PIPC)

Method Description

The Problem Identification Picture Cards method (PIPC) is a supportive
technique for usability tests. When children have problems to verbal-
ize their feelings and thoughts during a usability test, this method may
help.

If children are not able to express their feelings in a usual manner,
they have the possibility to pick up a card. Each of the cards shows
a problem-symbolizing picture. The picture card has to be picked up
and placed in a box. Through the video recording, the indication of a
problem can be analyzed afterward. If facilitators do not understand
why a particular card is used, they can actively intervene and ask the
child for an explanation [compare LE11; Mar08, pp. 214, 197].

Barendregt, Bekker, and Baauw [BBB08] used the pictures from Ta-
ble 5.4.

They decided to limit the picture cards to only eight pictures so that
children are not overwhelmed with remembering the concepts of the
cards. Another reason for limiting the number of available cards is the
possibility to use the same card for different kinds of problems. Baren-
dregt, Bekker, and Baauw [BBB08, p. 97] give the example that children

76



(a) boring (b) don’t know/ (c) fun (d) difficult
understand

(e) take too long (f) childish (g) silly/strange (h) scary

Table 5.4.: Pictures used for a PIPC usability test Barendregt, Bekker, and Baauw
[image source BBB08, p. 94]

could say that it is difficult when something is hard to see or hear as
well as they could say that something is difficult to click because it is
very small. For both examples, the picture card d. for difficult from
Table 5.4 might be used. To determine the indicated problem, the con-
text where the issue occurred has to be investigated together with the
picture card.

Furthermore, this method could be used to distinguish on the one
hand between usability problems related to perception, cognition or
action and on the other hand fun problems [compare BBB08, pp. 97,
98]:

Usability problems related to

Perception is the ability of a child to recognize different influ-
ences (effects) from the game and assign them to specific
events (actions) in the game. A perception problem may oc-
cur if something is difficult to hear or see (picture 5.4 d.).
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Cognition usability problems appear if children do not know what
to do or how to do or do not understand what to do (picture 5.4
b.).

Action usability problems are related to performing physical ac-
tions that are difficult to perform (picture 5.4 d.).

Fun problems in relation to the pictures

Boring (picture 5.4 a.) might be a game if the challenge level is
too low.

Boring (picture 5.4 a.) picture cards may be related to curiosity
problems as well.

Difficult (picture 5.4 d.) fun problems may be experienced by
children when the challenge level is too high.

Takes too long (picture 5.4 e.) picture cards can be used when
children have control problems and they think that some-
thing takes too long.

Childish (picture 5.4 f.) problems may be encountered by chil-
dren because of fantasy problems. The game might be aimed
at younger children.

Silly/Strange (picture 5.4 g.) problems may be encountered by
children when the story is in-congruent with the experience
of the child.

Scary (picture 5.4 h.) problems may be encountered by children
because of fantasy problems. The game might be aimed at
older children.

The fun picture card (picture 5.4 c.) was not used to indicate problems.
This card should indicate that the evaluation is about fun as well.
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PIPC combined with the Think-Aloud Method

The research results from Barendregt, Bekker, and Baauw [BBB08,
pp. 101, 102] show that there is a significant positive difference be-
tween the number of problems expressed with the PIPC method and
the Think-Aloud method (Chapter 5.2.1) as there is no significant differ-
ence of the number of verbalized problems between these two meth-
ods, which means that the PIPC method seems to have no negative
effect on the average number of verbalized problems.

Improvements

Improvements to the original PIPC method according to Barendregt,
Bekker, and Baauw [BBB08, pp. 102, 103] could be made in the follow-
ing sections:

• When children put the cards into the box, they have to shift their
attention from the game to the box and this requires supplemen-
tary effort. Placing the picture cards within closer proximity to
the screen may reduce the extra effort.
• Pointing at the picture card instead of picking it up and placing

it in a box could be sufficient.
• There could be a better selection of pictures than the chosen ones

from Table 5.4.
• Results for the PIPC method have only been published for adven-

ture games. It is unclear how this method complies with other
types of games. Especially with software that changes its envi-
ronment swiftly, picking up picture cards and placing them in a
box could be too challenging.
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5.4. Summary

To perform a usability test with children, the current methods are more
or less suitable with restrictions and adaptations. The younger the chil-
dren, the more constraints and a greater effort in setting up the test
environment, maintaining the test session and evaluating the results
have to be made. Compared to adolescents, children have special or
other needs not only concerning the test environment and the usabil-
ity method. They also have other expectations, for example, how a
software product has to be designed or which functionality has to be
implemented.

Particularly young children have a naturally lower cognitive level than
adults and, therefore, some usability techniques like Think-Aloud where
concentration has to be divided between an effort in verbalizing cur-
rent feelings or thoughts and using and testing the product (at the
same time) may overcharge children in certain situations. Another
challenge is the limited time span during which young children are
able to concentrate solely on a single exercise, as shown in Table 5.2.

Another aspect that should be considered is where the usability test
takes place. As already mentioned, especially the usability laboratory
should be prepared in a child-friendly way but not too pleasant so that
the child’s focus shifts from the product under test to its environment.
And when the test session takes place in a natural environment of a
child (at school...), it should be considered that the usual daily routines
may influence the usability test just like an uneasy environment might
lead to no usable data.

Either way, when it comes to usability testing with children and espe-
cially young children, the expectation should not be that everything
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works as planned. Rather, one should be prepared to quickly switch
the test methodology (for example from task-based testing to no tasks
because the tasks are too complex...) where possible, to gain at least
some insights into the child interaction with the product.
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Method Name Description Required
Skills

Additional
Skills

Age Group

Think-Aloud

Instruct to think out
loud during the test
(and remind to verbal-
ize)

thinking aloud
(without having
a counterpart)

Retrospective
Think-Aloud

Ask questions during
a video review

remember and
answer ques-
tions about
previously
done test ses-
sion

patience to
watch video
about previous
test session

Post-Task Inter-
view

Ask questions after
right after a com-
pleted task

Active Intervention
Ask questions during
the usability test ses-
sion

answer ques-
tions about
current plans
and actions

Robotic Interven-
tion

A variation of ac-
tive intervention. The
facilitator is replaced
by a remote-controlled
human like robot

same as active
intervention

Co-Discovery
Two testers may ex-
plore the test object to-
gether

communicate
and express to
other children

Peer Tutoring
One tester teaches the
other a previously
learned task

teach another
child

teach only by
explaining (not
by taking con-
trol of task)

PIPC

Possibility to express
feelings by selecting
picture cards instead
of verbalization

. . . age 2-7, . . . age 7-11, . . . age 11+

Table 5.5.: Usability test methods and their possible age group
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6. Usability Log Analysis

This chapter shall investigate which usability metrics are possible and
feasible to collect in the context of mobile applications and in which
way these usability logs are analyzable. Moreover, the question is whether
it is possible to build an association between the collected data and the
user behavior. Furthermore, it should be possible to derive information
about what improvements should be done to a user interface by ana-
lyzing the logs. At least it shall be given an outlook whether existing
approaches can be used with children as well or if further research
or adjustments have to be done. The stages of a log analysis are the
application instrumentation, the logging itself and the log analysis as
shown in Figure 6.1.

Hilbert and Redmiles [HR01, p. 572] and Hartman and Bass [HB05,
p. 825] determined the overall problems that have to be considered
when usability logs are introduced in the usability engineering process
as follows:

Selection problem: This problem is related to the question, “What
should be logged in which situation?”

Context problem: If the log data is not sufficient to understand or
analyze a (usability) problem, “How can more information be
made available from other sources?”
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Figure 6.1.: The stages of the log process [based on Figure 1 Bat+09, p. 46]

Reduction problem: How can the data be reduced to get quicker ac-
cess to identify the important issues?

Abstraction problem: Logs are most likely collected on a low-level
code basis. This information has to abstracted to a high-level user
interface information.

6.1. Strengths and Weaknesses of (Automatic)

Log Analysis in a Mobile Context

The following strengths and weaknesses of Usability Log Analysis are
based on the research articles from Balagtas-Fernandez and Hussmann
[BH09], Lettner and Holzmann [LH12], Kaikkonen et al. [Kai+05] and
Mayz, Curtino, and De la Rosa [MCD12].
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Strengths of Log Analysis in a Mobile Context

• Often, cameras are used to record usability studies but some-
times, the line-of-sight between the camera and the test device
might be concealed by the testing person. Another problem could
be the small display size of the device that might be poorly vis-
ible for the camera. Logs can provide clear statistical data about
the occurring events even in a fast-changing environment.
• If the user does not indicate usability problems or they are not

perceived as such by the facilitators, there is still a chance that
the usability issue can be detected by analyzing the log.
• Real world conditions, influences from the environment and dif-

ferent contexts of use can be tested that might not easily be em-
ulated in a laboratory.
• The usability test session may not necessarily be bound to a fixed

time slot and place.
• There is a chance to gain access to a greater range of users with

different backgrounds (e.g., different languages, cultures, knowl-
edge of the technology...).
• Non task-based usability studies and the absence of an observer

may provide more realistic information about the tested system.
• If the logging behavior can be triggered without the modification

of the underlying code, no additional effort has to be made by
developers.
• Logs are objective.
• Logging does not require an observer, they are processed unsu-

pervised.
• Logs are obtained automatically.
• Logs can be analyzed and visualized automatically.
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• Easier usability error or bug recovery with logs.
• There is a possibility to verify a positive (or negative) effect of an

interface change.
• It is easier to get an insight into how the whole application is

used (“the big picture”).

Weaknesses of Log Analysis in a Mobile Context

• Analyzing logs can only be done with a high-fidelity prototype.
• Logging events may afford arbitrary access to the program code

to instrument the logging behavior.
• There are currently only few frameworks for mobile software

that provide an insight into user behavior and those available
more often focus on business-related metrics instead of usability
metrics.
• If the log analysis is carried out within a field test that is ob-

served, there could be a possible time overhead for the field test
preparation.
• If the logging behavior cannot be triggered automatically, addi-

tional effort from the developers has to be done to implement
log-function-calls.
• Logging events might possibly produce an amount of data that

is too large and impracticable for the user to upload on mobile
software.
• Logs do not provide higher-level context information (such as

video recordings can provide).
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Method Name and Parameters Description
startNewLogFile(platformName) Tells the EvaHelper framework

to create a new log file for a spe-
cific platform

setBasicLogInfo(screenName) Set the screen name for each
section of the application

log(componentName, compo-
nentType, action)

Log information

log(screenName, component-
Name, componentType, action)

Log information

logComment(anyLogMessage) Log information

Table 6.1.: EvaHelper framework methods for logging [from Table 1 BH09, p. 522]

6.2. Frameworks to Collect Logs for Usability

Metrics

6.2.1. Manual Instrumentation

By Manual Instrumentation approach, it is meant that a basic framework
is added that provides the possibility to log events by simply call-
ing a predefined function. Balagtas-Fernandez and Hussmann [BH09]
tried to realize the logging functionality for the Android platform in
a framework called the Evaluation Helper (EvaHelper) with the five
methods from the EvaLogger class that are listed in Table 6.1.

The strength of manual logging is that the complexity of how the log-
ging is achieved is rather low and log information can be obtained
where it is intended and needed and, therefore, the amount of gath-
ered log information might be reduced.
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Even though this approach is kept rather simple and understandable,
it’s weakness lies within it’s strengths. Due to the necessity to trigger
the log information explicitly within the code, there is a chance to
miss necessary information because either the call to the log functions
is missing or placed at the wrong position or the wrong information
might have been collected. These problems might increasingly appear,
if the project code is quite large, or in an agile software engineering
environment where the project code is intended to be changed rather
fast [compare Bat+09; BH09, pp. 46; 523].

6.2.2. Aspect-Oriented Instrumentation

To avoid missing possible log information because the direct call to
the corresponding log method in the code was not implemented ei-
ther at the right position or left out for any reason, Balagtas-Fernandez
and Hussmann [BH09, p. 523] and Lettner and Holzmann [LH12] sug-
gest to use an aspect-oriented programming1 approach for the logging
framework.

In short, this approach automatically logs information if certain pre-
defined patterns of methods or classes are called during the program
execution. This may work very well if the underlying code deals with
interfaces that have (hopefully more and not less) fixed signature. Al-
most every programming language has such reference points. Some
possible points of interest for Android2 underlying Java-based pro-
gramming language are listed in Table 6.2.

1Aspect-oriented programming: http://en.wikipedia.org/wiki/

Aspect-oriented_programming, last visit on April 25
th, 2013

2Android developer API: http://developer.android.com/reference/

packages.html, last visit on April 25
th, 2013
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Method Name Description
android.app.Activity.on*

These Android Activities are one of the main points
where user interfaces might be placed in Android.
They might be suitable for logging transitions within
an Activity (pause, resume) or between Activities. For
a better understanding of an Activity’s lifecycle, see
Figure 6.2
onCreate() “Called when the activity is first

created.”[And]
onStart() “Called when the activity is becom-

ing visible to the user.”[And]
onResume() “Called when the activity will start

interacting with the user.”[And]
onPause() “Called when the system is about

to start resuming a previous activ-
ity.”[And]

onStop() “Called when the activity is no
longer visible to the user.”[And]

onDestroy() “The final call you receive before
your activity is destroyed.”[And]

android.view.View.OnClickListener
The OnLickListener is just one representative for a
whole listener family. Listeners are an interface def-
inition for a callback to be invoked when a view is
clicked. Views can be buttons or menu entries ...
onClick(View v) “Called when a view has been

clicked.”[And]

Table 6.2.: Excerpt of possible aspect-oriented interface points for the Android-, Java-
based programming language.
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Figure 6.2.: Android-Activity lifecycle [image source And]

This programming approach for usability logs seems certainly better
than the manual instrumentation but nevertheless, there could as well
be criticism that the aspects have to be defined and programmed and,
therefore, there is again a possibility that useful usability log informa-
tion may be left out.

From the point of view of the manual instrumentation approach, the
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need to manually code the log methods within the programming code
was pointed out as a weakness. In fact, concerning the aspect-oriented
approach, this could turn out as a little strength because if there is the
need to gather information within the “programmed business logic”
and not on the interface basis, it might be hard to obtain the required
information [compare Bat+09; BH09].

Hartman and Bass [HB05] tried to realized an aspect-oriented frame-
work named LECAB. LECAB should avoid the high effort of manu-
ally instrumenting the code by defining aspects in Java. To apply the
framework easily to different applications the aspects were written
for a specific GUI toolkit [HB05, p. 823]. Hartman and Bass [HB05,
p. 832] compared the success of their aspect-oriented approach to a
framework that was manually instrumented and determined the fol-
lowing,

• “The log messages were more verbose than in the manual instrumenta-
tion approach.”
• “They missed changes to the state of the application.”

6.2.3. Interactive Usability Instrumentation

This section describes the Interactive Usability Instrumentation (IUI) ap-
proach and summarizes the ideas of the research article by Bateman
et al. [Bat+09].

Criticism of the previously described aspect-oriented instrumentation
concept is that the aspects have to be defined by the developers them-
selves and, therefore, the decision what information is logged is left to
them. Unfortunately, it is most likely that the developers are not the
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ones that carry out usability tests nor analyze the findings or investi-
gate the logs (unless they are used for bug tracking or system metrics
as well). Thus, their understanding of the importance what data shall
be collected might differ from the expectations of usability engineers.
For those reasons, it might be better to shift the decision of what is
logged to the usability engineers.

Bateman et al. [Bat+09] tried to solve the above mentioned problems
in their UMARA framework. Their framework is based on the aspect-
oriented programming approach, but additionally provides the ability
to interactively decide which user interaction points should be logged.
This approach tries to avoid the need to instrument the framework
completely by a software engineer. Bateman et al. [Bat+09, p. 45] sug-
gest that usability engineers should be able to click directly on the de-
sired user interface elements within the application. For these elements
usability engineers have the possibility to provide own names that
shall appear in the log. Their UMARA framework also provides [Bat+09,
p. 48],

• “A method for grouping low-level interface actions into higher level
activities that are meaningful to the usability test.”
• “A mechanism for evaluating the previous methods through viewing

when and what data will be logged, during the instrumentation pro-
cess.”

The strengths of only logging the desired aspects are that the amount
of collected data is reduced to the required and, therefore, the analysis
of the event logs might become easier.
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6.3. Analysis of Logs

Before usability logs may by analyzed, the questions is what are UI
events of interest?

Hilbert and Redmiles [HR01, p. 391] describe High Frequency Band
Events as events, that take place within a duration of 10 milliseconds
to 1 second. Such events may be button clicks or mouse events. The
occurrence of high frequency band events is assumed to happen in
a serial order and are the most commonly focused user interaction
events. The other type of events are Low Frequency Band Events that
have a longer duration. According to Hilbert, such an event could be a
project event. High- and low-frequency band events may overlap and
as a result, the following characterization of events may emerge [HR01,
pp. 391, 392],

Synchronous and asynchronous events: Due to the short duration of
high-frequency events, they will occur normally in a synchronous
way. Low-frequency events may occur asynchronously due to
their longer duration. The categorization of the event has to be
considered as well as the time of the occurrence of the event
when the right “methods used to sample, capture, and analyze
data” are chosen.

Composition of events: This means that there can be different levels
of abstraction of the log events. Possibly higher-level frequency
band events may be abstracted to lower-level frequency bands.

Inference between different frequency band events: How high-frequency
band events can be abstracted to low frequency band events, can-
not be determined through the logged events. Hilbert and Red-
miles [HR01, p. 392], therefore, suggest an external model like a
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grammar to describe this combination of circumstances.

To investigate the sequence of events and therefore the possible work-
flow or usage behavior of the user, some suggestions how to repre-
sent the event behavior are graphs, state diagrams Markov-chains or a
grammar.

However, Hilbert and Redmiles [HR01, pp. 392, 393] found out that
if only the sequence of the events is considered, there is a possible
chance of misinterpretation. For the grammar description they take as
an example a print job:

The direct activation via the toolbar of the print event is described as
“A” in the grammar.
An activation indicating that the print job was started from a menu
could be “B”.
Another possible activation where possibly a print dialog is used as “CD”
and so on.

So, from a high-level event point of view, those events may appear
as:

AAAA
ABCDA
CDCDAA

Without the consideration of higher level events, this grammar would
not reveal that these events all belong to the print job and on the lexical
level, it might be difficult to automatically detect, compare or charac-
terize those sequences [compare HR01, pp. 392, 393].

Another aspect that has to be considered is that not every usability
event might be meaningful without knowing the surrounding context
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or might be differently interpreted with the knowledge of some pre-
conditions or a resulting history of other events. When those events
are analyzed individually, they might simply provide too little infor-
mation to be interpreted in a meaningful way, without the knowledge
of the context.

Hilbert and Redmiles [HR01, p. 393] give several explanations of this
contextual problem. One of those examples is “WINDOW-OPENED
ErrorDialog”: Without the knowledge of prior events, it might be in-
sufficient to only know that an error dialog appeared. The knowledge
of the error dialog event does not uncover in which context the error
occurred and, therefore, does not lead to the real problem, what might
be the intrinsic information for the usability analyst.

Another decision has to be made on which level of abstraction the
user interaction logs will be analyzed. Two common abstraction levels
might be on the one hand high-frequency touch events that are ana-
lyzed on a low-level time-based scale or on the other hand, a higher
level of task-based abstractions. Hilbert and Redmiles [HR01, p. 394]
call this Composition of Events.

For mobile applications, Lettner and Holzmann [LH12, pp. 123, 124]
found the following usability metrics very useful to identify naviga-
tional problems. Those metrics shall be understood as one Android-
Activity, but some metrics interpreted in the right way can also de-
scribe relationships between screens. For example, to describe a work-
flow of the user while navigating through the application. Such an
Android-Activity can simply be described as one screen page where
user interaction activities are intended to be grouped together themat-
ically:
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Count-based metrics are the effectively counted incidence of “button
clicks, session times, screen calls etc.” Those metrics may be used
for example to identify frequently used user interaction points
and those which are not used.

Device statistics such as operating system and hardware information
etc. That information may be useful to identify whether a usabil-
ity problem is related to specific hardware like different screen
resolutions might have an impact on the overall contentedness of
the application usage.

Combination of count based metrics and device statistics to derive usability-
related metrics like hit/miss ratios and, therefore, identify ele-
ments in the application that might be misleading like localiza-
tion problems.

Voluntarily provided user data to compute user satisfaction, loyalty
and a customer lifetime value3. This data may provide informa-
tion to define user groups for the application and could be used
in conjunction with different filters to provide a better visualiza-
tion of usability-related issues.

One of the most valuable ways to aid usability engineers to interpret
the log files might be an abstraction of the low-level metrics and rep-
resent them in a graphical way. What is visualized and in which way
strongly depends on the question what was logged and what question
in terms of usability has to be answered. Lettner and Holzmann [LH12,
p. 124] use color to indicate the different amount of visits per screen, to
provide a faster and easier understanding of the data displayed. Such
a kind of visualization could look like indicated in Figure 6.3.

Another strength might arise from the possibility to search logs and

3CLV: http://en.wikipedia.org/wiki/Customer_lifetime_value, last visit on
April 25

th, 2013
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Figure 6.3.: Graphical representation of a fictive application usage. Greater nodes in-
dicate higher usage. The colors shall indicate the hit/miss ratio. Red ...
bad (ActivityD); Yellow ... average (ActivityB & C); Green ... good (Main-
Activity & ActivityA). The gray transition arrows could also use colors
to indicate if users immediately returned from an Activity (because they
were mislead....) [based on Figure 5 LH12, p. 124]

filter out different usability events or user patterns. This may espe-
cially ease the comparison between different user groups as well as
the comparison of different periods of usage or whole usability test
sessions. The potential to search logs for different usability events may
also be powerful in combination with other resources that contribute
information about the user interaction, like a video recording from a
usability test session. The search and filter function from the log could
be used to determine when certain usability events occurred and the
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log timestamps can further be used to quickly navigate to the desired
scenes in the video recordings [compare Bat+09, p. 47].

The biggest drawback of a log is the lack of explicit user feedback.
For example, the Think-Aloud usability test method (see Chapter 5.2.1)
tries to encourage the testing subjects to continuously verbalize their
feelings and thoughts about their current interaction with the applica-
tion. Parts of this supplementary contextual information may be tried
to be collected with previously defined questionnaires that might have
a similarity to the Post-Task Interview method (see Chapter 5.2.3).
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6.4. Summary

Usability logs might be interesting to achieve usability-related infor-
mation with mobile devices because:

• Logs may be used to observe the users in the field.
• The small screen size of mobile devices could make it difficult to

record the user interaction and, therefore, a later reproduction of
the error for a detailed analysis could be difficult.
• Logs are objective.
• Logs do not influence the user during the application use.

The fact that usability logs do not influence the user might be of par-
ticular interest when children are involved in a usability study because
they cannot be distracted by an administrator and vice versa, the ad-
ministrator does not affect the children in their behavior. Since young
children forget to verbalize their feelings and thoughts and the admin-
istrators should not continuously prompt children to verbalize them,
because they could feel uncomfortable about that and abort the test
session, logs may still provide information about usability events and
the workflow.

How the log behavior is instrumented is of great importance because
it directly affects which low level metrics can be collected and further-
more, which information can be filtered out from a log.

Nevertheless, the full strength of log analysis will be uncovered with
another input from a usability study when that information can be
assembled with the log information. If such synchronization can be
achieved, like event timestamps from the log can be used to easily
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find usability issues in a video recording, then both techniques can
benefit from each other.
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7. Conclusion

It is obvious that children are not young adults and psychological
studies have determined different primary stages children pass through.
Two abilities that may be of special interest when it comes to usabil-
ity testing with children might be the different stages of cognitive and
motor capabilities. Those stages might have a direct impact on how
to design proper software for young children and when children are
intended to participate in a usability test. The cognitive abilities may
have an direct impact on the possible complexity of the software and
the motor abilities may have an direct impact on the possible size of
buttons or other interaction points.

Other specific information about children might also be that children
of different ages have different fears and needs not only regarding
software products but, moreover, in a social context that may lead to
different approaches how software is discovered or used.

Those differences lead to multiple different requirements of the soft-
ware and the need to know at least the significant user groups or Per-
sona (Chapter 3.3.2) that will use the software product early in the de-
sign and development process. Otherwise, there is a great chance that
the software requirements will not meet the child’s requirements.
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An approach that tries to satisfy the user needs is User-Centered Design
(UCD, see Chapter 3.3). UCD tries to involve real users as much as pos-
sible in early design and evaluation processes. The user can therefore
participate in different roles like a design partner or usability tester.

It would be convenient having a permanent representative of a user
present in early development stages. Especially when children are in-
volved their input can be very valuable for the product. However, hav-
ing a permanent representative is difficult. For example, development
offices are not co-located and, therefore, it would be unrealistic that a
onsite customer or user is always present.

The Persona method is a powerful tool to define different fictive users
that can be used for various departments. Those Personae may not
only be used to keep the user present in everyone’s mind, but it may
as well be used to do an estimation which features are most important
to implement in the next iteration circle [PG03]. One factor of success
for an effective use of the Persona that could be determined is the
need that they have to be used in as many processes as possible. It
is not sufficient to announce the outcome of a Persona research once.
They have to be present in everyone’s mind. If it is spoken about a
Persona, everyone should immediately have a person’s image in mind
without further explanation of the person’s attributes. To provide a
realistic Persona, a well-grounded research is mandatory. Finally, for
a child Persona there need to be some adaptions made, like, goals,
should be replaced by needs and the user tasks should focus on expecta-
tions [Dru02].

One of the state of the art techniques to obtain user feedback is usabil-
ity testing, and the most commonly used method is Think-Aloud.
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For children and especially young children, doing a usability test and
simultaneously provide a verbalized feedback about their feelings,
thoughts or a description about the current progress of their desired
work steps is challenging. This behavior needs to divide or totally shift
the cognitive load from one task, work with the application, to another,
verbalization. This can lead to problems because either the workflow is
interrupted in a way that the normal use of the application is discon-
tinued or verbalization is completely left out [Kes+03]. Even though
the Problem Identification Picture Cards method (Chapter 5.3.1) provides
an alternative and simpler way to indicate a usability problem, it still
has the disadvantage that the chosen picture has to be interpreted
within the context of the problem [BBB08]. This, therefore, can still
lead to misinterpretation.

A shot summary of possible drawbacks of currently usability test
methods are [BBB08; LE11; Mar08]:

• The already limited attention span of children may be further
reduced because of the higher cognitive demands and a conse-
quential narrower margin of concentration.
• An unintended bias could arise because of the unusual “stop and

go” usage of the application.
• If children forget about the verbalization and they are continu-

ously prompted to verbalize, this might result in disaffection of
the children or false reporting of usability issues to please the
facilitator.

To avoid the above mentioned problems, usability log files (Chapter 6

may provide an unobtrusive way of observing the behavior of chil-
dren with an application. The largest strengths of usability logs when
children do the testing are:
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• Logs are objective, without any bias and there is no need to in-
terrupt children to please a testing method (e.g., prompt them to
verbalize).
• Logs do not need a facilitator that could possibly have an influ-

ence on the usability study, either that children want to please
the facilitators or that they are unintendedly influenced by an
unknown person.
• Logs do not have to restrict the test session to a fixed time slot

nor a fixed location. Children can do the test whenever and wher-
ever they want. Mobile applications and mobile devices are not
intended to be statically bound to a fixed location and, therefore,
a proper usability lab setup might be difficult to achieve as well.

The weaknesses of a usability test study can be compensated by a us-
ability log and vice versa. Thus they seem to complement each other
very well. Another benefit of the parallel use is the possibility to syn-
chronize them and furthermore have the ability to filter and group
possible events of interest for a faster investigation of the severity of
the problem as well as to compare possible improvements of different
design iterations [Bat+09].

Nevertheless, to obtain a proper usability log file that may be ana-
lyzed, one should keep in mind that an appropriate instrumentation
has to be chosen as well as enough contextual information has to be
gathered to abstract low-level metrics and identify high-level user pat-
terns [Bat+09].

Further research could be done if the built-in front camera of mobile
devices could be used for video recordings. For example, almost every
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current tablet computer1 has a built-in webcam and about 58%2 of the
current available Android3 mobile phones have a built-in front cam-
era. Even if this camera has a limited recording quality, it could still be
used to record the children while testing the application. This could
be especially valuable if the test session is not conducted in a usability
laboratory where gathering contextual information is difficult.
In any case, it is certain that the participating children and their par-
ents have to be informed explicitly about the video recording.

Another idea could be to take screenshots from the application. To
provide a visual history of the user interaction screenshots may be
triggered by specific user interaction events.
Besides screenshots, the logging of touch coordinates might help to re-
produce the usage behavior. These touch-events could possibly also be
used to do a play-back of the test session. Furthermore, touch coordi-
nates could provide useful information whether certain elements (e.g.,
buttons, list-elements...) have a proper size for children. For example,
if a lot of touch-events occur around a button the assumption might
be that the button is too small.

The excessive logging of events will only make sense if the gathered
data can be analyzed with “Log-Analyzation Tool”.

Furthermore, it should be investigated whether gaze or eye-tracking
could be done with the help of the built-in camera of mobile devices
and whether there are solutions available that work in field-tests as
well.

1As a current reference, the website from http://goo.gl/Onb9Y was used and
884 from 884 tablet PCs had a built-in webcam; last visit on April 17

th, 2013

2As a current reference, the website from http://goo.gl/wgctI was used and
391 from 672 smart phones had a front camera; last visit on April 17

th, 2013

3http://www.android.com, last visit on April 17
th, 2013
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Finally, an agile software engineering method (see Chapter 3.4) is the
most practical when it comes to developing applications for children.

Agile stands for short development iterations and within these short
cycles, the most valuable tickets for the user are taken into account
first. Whether these tickets are really valuable for the user or not, could
possibly be determined by analyzing the log statistics. At least statis-
tics could give an insight if new features are used or the usage of
improved features rises. To ensure if certain goals are met, Sauro and
Lewis [SL12] suggest to compare test tasks against benchmarks. For
more information about comparing usability outcome against bench-
marks a good starting point could be Chapter 4, “Did We Meet or Exceed
Our Goal?”, from Sauro and Lewis [SL12]. Nevertheless, short itera-
tions of an agile development cycle, provide a flexibility to reconsider
the already existing design and determine the right design improve-
ments and new features for the upcoming iteration. Thus, it is possible
to integrate previously unknown information really fast into the devel-
opment process. The outcome of a usability test may provide the basis
for the considerations of the next iteration planning. This re-evaluation
process is recommended as well for the Persona and all other parts of
the engineering process. These self-evaluation processes are essential,
especially if new information is available, for example, a new study
which reveals information that is relevant to one of the Persona.
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Appendix A.

SRCD Ethical Standards for

Research with Children

Updated by the SRCD Governing Council, March 2007

The principles listed below were published in the 1990-91 Directory, except

for Principles 15 and 16, first published in the Fall 1991 Newsletter.

Principle 1. NON-HARMFUL PROCEDURES: The investigator should use

no research procedure that may harm the child either physically or

psychologically. The investigator is also obligated at all times to use

the least stressful research procedure whenever possible. Psychological

harm in particular instances may be difficult to define; nevertheless,

its definition and means for reducing or eliminating it remain the re-

sponsibility of the investigator. When the investigator is in doubt about

the possible harmful effects of the research procedures, consultation

should be sought from others. When harm seems inevitable, the inves-

tigator is obligated to find other means of obtaining the information

or to abandon the research. Instances may, nevertheless, rise in which

exposing the child to stressful conditions may be necessary if diagnos-

tic or therapeutic benefits to the child are associated with the research.

112



In such instances careful deliberation by an Institutional Review Board

should be sought.

Principle 2. INFORMED CONSENT: Before seeking consent or assent from

the child, the investigator should inform the child of all features of

the research that may affect his or her willingness to participate and

should answer the child’s questions in terms appropriate to the child’s

comprehension. The investigator should respect the child’s freedom to

choose to participate in the research or not by giving the child the op-

portunity to give or not give assent to participation as well as to choose

to discontinue participation at any time. Assent means that the child

shows some form of agreement to participate without necessarily com-

prehending the full significance of the research necessary to give in-

formed consent. Investigators working with infants should take special

effort to explain the research procedures to the parents and be espe-

cially sensitive to any indicators of discomfort in the infant. In spite

of the paramount importance of obtaining consent, instances can arise

in which consent or any kind of contact with the participant would

make the research impossible to carry out. Non-intrusive field research

is a common example. Conceivably, such research can be carried out

ethically if it is conducted in public places, participants’ anonymity is

totally protected, and there are no foreseeable negative consequences to

the participant. However, judgments on whether such research is ethi-

cal in particular circumstances should be made in consultation with an

Institutional Review Board.

Principle 3. PARENTAL CONSENT: The informed consent of parents, le-

gal guardians or those who act in loco parentis (e.g., teachers, super-

intendents of institutions) similarly should be obtained, preferably in

writing. Informed consent requires that parents or other responsible

adults be informed of all the features of the research that may affect

their willingness to allow the child to participate. This information

should include the profession and institution affiliation of the inves-
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tigator. Not only should the right of the responsible adults to refuse

consent be respected, but also they should be informed that they may

refuse to participate without incurring any penalty to them or to the

child.

Principle 4. ADDITIONAL CONSENT: The informed consent of any per-

sons, such as schoolteachers for example, whose interaction with the

child is the subject of the study should also be obtained. As with the

child and parents or guardians informed consent requires that the per-

sons interacting with the child during the study be informed of all fea-

tures of the research which may affect their willingness to participate.

All questions posed by such persons should be answered and the per-

sons should be free to choose to participate or not, and to discontinue

participation at any time.

Principle 5. INCENTIVES: Incentives to participate in a research project must

be fair and must not unduly exceed the range of incentives that the

child normally experiences. Whatever incentives are used, the investi-

gator should always keep in mind that the greater the possible effects

of the investigation on the child, the greater is the obligation to protect

the child’s welfare and freedom.

Principle 6. DECEPTION: Although full disclosure of information during

the procedure of obtaining consent is the ethical ideal, a particular

study may necessitate withholding certain information or deception.

Whenever withholding information or deception is judged to be essen-

tial to the conduct of the study, the investigator should satisfy research

colleagues that such judgment is correct. If withholding information

or deception is practiced, and there is reason to believe that the re-

search participants will be negatively affected by it, adequate measures

should be taken after the study to ensure the participant’s understand-

ing of the reasons for the deception. Investigators whose research is

dependent upon deception should make an effort to employ deception

methods that have no known negative effects on the child or the child’s
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family.

Principle 7. ANONYMITY: To gain access to institutional records, the inves-

tigator should obtain permission from responsible authorities in charge

of records. Anonymity of the information should be preserved and no

information used other than that for which permission was obtained.

It is the investigator’s responsibility to ensure that responsible authori-

ties do, in fact, have the confidence of the participant and that they bear

some degree of responsibility in giving such permission. In comply-

ing with requirements for data sharing, researchers need to carefully

consider whether they have provided data which, if combined, risks

violating participant anonymity.

Principle 8. MUTUAL RESPONSIBILITIES: From the beginning of each re-

search investigation, there should be clear agreement between the in-

vestigator and the parents, guardians or those who act in loco paren-

tis, and the child, when appropriate, that defines the responsibilities

of each. The investigator has the obligation to honor all promises and

commitments of the agreement.

Principle 9: JEOPARDY: When, in the course of research, information comes

to the investigator’s attention that may jeopardize the child’s well-

being, the investigator has a responsibility to discuss the information

with the parents or guardians and with those expert in the field in

order that they may arrange the necessary assistance for the child. Re-

searchers need to be aware that they may obtain findings suggesting

that a child’s health and well-being might be in jeopardy, that these

findings may include false positives, and they should be knowledge-

able about current human subjects procedures and regulations for in-

forming families of incidental findings.

Principle 10. UNFORESEEN CONSEQUENCES: When research procedures

result in undesirable consequences for the participant that were previ-

ously unforeseen, the investigator should immediately employ appro-

priate measures to correct these consequences, and should redesign the
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procedures if they are to be included in subsequent studies.

Principle 11. CONFIDENTIALITY: The investigator should keep in confi-

dence all information obtained about research participants. The partic-

ipants’ identity should be concealed in written and verbal reports of the

results, as well as in informal discussion with students and colleagues.

When a possibility exists that others may gain access to such informa-

tion, this possibility, together with the plans for protecting confiden-

tiality, should be explained to the participants as part of the procedure

of obtaining informed consent.

Principle 12. INFORMING PARTICIPANTS: Immediately after the data are

collected, the investigator should clarify for the research participant

any misconceptions that may have arisen. The investigator also rec-

ognizes a duty to report general findings to participants in terms ap-

propriate to their understanding. Where scientific or humane values

justify withholding information, every effort should be made so that

withholding the information has no damaging consequences for the

participant.

Principle 13. REPORTING RESULTS: Because the investigator’s words may

carry unintended weight with parents and children, caution should be

exercised in reporting results, making evaluative statements, or giving

advice.

Principle 14. IMPLICATIONS OF FINDINGS: Investigators should be mind-

ful of the social, political and human implications of their research and

should be especially careful in the presentation of findings from the re-

search. This principle, however, in no way denies investigators the right

to pursue any area of research or the right to observe proper standards

of scientific reporting.

Principle 15. SCIENTIFIC MISCONDUCT: Misconduct is defined as the fab-

rication or falsification of data, plagiarism, misrepresentation, or other

practices that seriously deviate from those that are commonly accepted

within the scientific community for proposing, conducting, analyzing,
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or reporting research. It does not include unintentional errors or honest

differences in interpretation of data. The Society shall provide vigorous

leadership in the pursuit of scientific investigation that is based on the

integrity of the investigator and the honesty of research and will not

tolerate the presence of scientific misconduct among its members. It

shall be the responsibility of the voting members of Governing Coun-

cil to reach a decision about the possible expulsion of members found

guilty of scientific misconduct.

Principle 16. PERSONAL MISCONDUCT: Personal misconduct that results

in a criminal conviction of a felony may be sufficient grounds for a

member’s expulsion from the Society. The relevance of the crime to the

purposes of the Society should be considered by the Governing Council

in reaching a decision about the matter. It shall be the responsibility of

the voting members of Governing Council to reach a decision about the

possible expulsion of members found guilty of personal misconduct.
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