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Preface 

Current search systems are not adequate for individuals with specific needs: children, older 

adults, people with visual or motor impairments, and people with intellectual disabilities or low 

literacy. Search services are typically created for average users (young or middle-aged adults 

without physical or mental disabilities) and information retrieval methods are based on their 

perception of relevance as well. The workshop is the first ever to raise the discussion on how to 

make search engines accessible for different types of users, including those with problems in 

reading, writing or comprehension of complex content. Search accessibility means that people 

whose abilities are considerably different from those that average users have will be able to use 

search systems with the same success. 

 

The objective of the workshop is to provide a forum and initiate collaborations between 

academics and industrial practitioners interested in making search more usable for users in 

general and for users with specific needs in particular.  

 

The papers selected for this workshop are a mixture of research, discussion and position papers. 

We have deliberately selected a broad range of papers for this workshop to reflect the diverse 

research areas that contribute to the discipline of Accessible Search. 

 

We would like to thank our panellists for providing a stimulating start to our workshop and the 

programme committee for generously providing comments and guidance to the submitting 

authors. We would particularly like to thank our keynote speakers Allison Druin and T. V. 

Raman. 
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Searching for the Future: Understanding Children’s 
Challenges, Actions, and Roles in Searching 

 
Allison Druin 

University of Maryland, College Park, USA 
allisond@umiacs.umd.edu 

 
ABSTRACT 
“I don't know where it is!" 
 
“I never find the stuff I'm looking for..." 
 
“Maybe I can find the Vice President's birthday in the 
SpongeBob Square-Pants website?" 
 
These are all responses we have received from 7, 9, or 11 year 
old children that have been searching online at home. In this 
talk, I will present seven search roles children display as 
information seekers using Internet keyword interfaces, based on 
a home study of 83 children. These roles are defined not only 
by the children's search actions, but also by who influences 
their searching, their perceived success, and trends in age and 
gender. These roles suggest a need for new interfaces that 
expand the notion of keywords, scaffold results, and develop a 
search culture among children. Future interfaces for mobile 
phones, netbooks, and more will be discussed. 

BIOGRAPHY 
Allison Druin is associate professor in the College of 
Information Studies at the University of Maryland, and director 
of the Human-Computer Interaction Lab. Druin's research is 
dedicated to designing technology for children. She believes 
that children should have a voice in making new technology for 
kids. Children's ideas need to be heard through-out the entire 
technology design process. In 1998, the lab began a unique 
technology design team. Seven children, aged seven to eleven, 
joined with researchers from computer science, education, art, 
robotics, and other disciplines, twice a week, to form an 
intergenerational, interdisciplinary design team. The team 
pursues projects, writes papers and creates new technologies. 
Druin's team created for instance the International Children's 
Digital Library, a multilingual free digital library of children's 
books, consisting of more than 4,000 books in over 50 
languages, with more than three million users from over 160 
countries worldwide. Druin also founded CHIKids at ACM 
SIGCHI, a program where children were CHI conference 
reporters, software testers, multi-media storytellers and more. 
 
Druin received her Ph.D from the University of New Mexico's 
College of Education in 1997 and a master degree from MIT 
Media Lab in 1987. She is the author/editor of three books on 
the design of children's technology. She received several awards 
for work. ACM SIGCHI awarded Druin the SIGCHI Social 
Impact Award together with Ben Bederson in 2010, and the 
SIGCHI Distinguished Service Award in 1998. Druin received 
a prestigious National Science Foundation Career Award, a five 
year research grant for promising junior faculty research, which 
she used to focus on the development of the classroom of the 
future. 
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Toward More Accessible Search
T.V. Raman 

Google Research, Mountain View, USA 

raman@google.com 
 

ABSTRACT 
The core value of search lies in providing effective access to the 
right piece of information in a timely manner. Traditionally, 
information retrieval systems have focused on retrieving the 
correct piece of information. In an effective search system, the 
following user-centric items play a key role in determining what 
right information and effective access mean: 
 

1. User context, 
 

2. Device used to access search, 
 

3. User interface being used. 
 
Information retrieval systems such as Google Search perform 
extremely well when addressing results in the long tail. 
Addressing accessibility is about recognizing that user needs and 
abilities vary over time - said differently, accessibility is about 
serving users in the long tail. As we move toward an increasingly 
mobile world with users accessing the Web from a variety of 
devices and usage contexts, overall effectiveness of search 
systems is determined by the user's ability to complete a given 
task in a timely manner. In reaching this goal, information 
retrieval needs to match the result set with the user along a variety 
of axies. For example, consider the query: Lufthansa 455, a 
query for a specific flight: 
 

1. On a desktop, one might serve up a detailed Web page 
showing flight tracking, status and, available future 
travel. 
 

2.  On a mobile device, one might show a light-weight 
version of the above. 

 
3. When using a voice-only interface, one might only 

speak the current flight status. 
 

In the age of information overload, the band-width between man 
and machine gets increasingly overloaded. Thus, the importance 
of search goes up directly as: 
 

1. User's attention span goes down. 
 

2. User's display size goes down. 
 

3. User's network band-width goes down. 
 

Accessible Search is about building information retrieval systems 
that take all of the above into account. I'd like us as a field to 
formally define the various axies along which we determine the 
right result to serve users appropriately. 

BIOGRAPHY 
T.V. Raman is Research Scientist at Google Research, Mountain 
View with almost 20 years of industry experience in advanced 
technology development, working at Xerox, Intel, Digital, Adobe, 
and IBM before joining Google. Raman authored 3 books and 
filed over 25 patents. His work on auditory interfaces was profiled 
in the September 1996 issue of Scientific American. Raman has 
leading edge expertise in Web standards, auditory interfaces and 
scripting languages. He participates in numerous W3C working 
groups and authored Aural CSS (ACSS). Raman has led the 
definition of XML specifications for the next generation World 
Wide Web, including XForms, XML Events, and Compound 
Document Formats such as X+V. Raman summarizes his 
objectives as follows: 
 

Develop technologies that drive the future of the Web 
toward eyes-free, ubiquitous information access. Speech is 
the next natural dimension in user interfaces, and I am 
developing application frameworks that combine speech 
technologies with the power of the Web to deliver 
innovative multimodal solutions that are available 
anytime, anywhere. 

 
T.V. Raman was born and raised in Pune, India. He was partially 
sighted (sufficient to be able to read and write) until he was 14. 
Raman received his B.A. in Mathematics at Nowrosjee Wadia 
College in Pune and his Masters in Math and Computer Science at 
the Indian Institute of Technology, Bombay. For his final-year 
project, he developed CONGRATS, a program that allowed the 
user to visualize curves by listening to them. Many of the ideas on 
audio formatting mathematics come from his experiences in 
having math read to him, in dictating math exams and having 
them written by a writer, and in listening to RFB (Recordings for 
the Blind) books on tape. Raman was introduced to computing in 
1987 with an introductory course on programming in Fortran77. 
He did his computing with someone behind him to read the 
display. He joined the PhD program in Applied Mathematics at 
Cornell University in Fall 1989 supervised by prof. David Gries. 
In 1994, he received the ACM Doctoral Dissertation Award for 
his Ph.D. thesis: Audio System For Technical Readings. Raman 
received several other awards, including in 1999 the 
Computerworld Award from the Smithsonian Institution for 
Emacspeak: The complete audio desktop. 



A Closer Look at Children’s Information Retrieval Usage

Towards Child-Centered Relevance

Frans van der Sluis
Human Media Interaction, University of Twente

P.O. Box 217, 7500AE
Enschede, The Netherlands

f.vandersluis@utwente.nl

Betsy van Dijk
Human Media Interaction, University of Twente

P.O. Box 217, 7500AE
Enschede, The Netherlands
bvdijk@ewi.utwente.nl

ABSTRACT
Access to information suitable and understandable for chil-
dren is key to their development. Regrettably, current state-
of-the-art Information Retrieval (IR) is mainly made with
adults in mind, resulting in IR systems that do not suit
children well: they require complicated queries and often
retrieve inapprioriate results in a format unsuitable for chil-
dren. To confirm this, this paper presents four groups of
salient problems children have with IR. To explain these
problems, a comprehensive review of children’s use of IR sys-
tems is given, defining relevant aspects of the user, system,
interaction, and context, and relating these to the search
performance of children. Based on this framework, an in-
tegrative perspective on relevance is proposed, specificially
geared at children’s needs. It is proposed that complexity,
interestingness, and affective value are key relevance criteria
for children, and should be incorporated in an information
system for children, if to arrive at an optimal search result
and experience.

Categories and Subject Descriptors
H.3.1 [Information Storage and Retrieval]: Content
Analysis and Indexing; H.3.3 [Information Storage and
Retrieval]: Information Search and Retrieval

General Terms
Human Factors, Algorithms

Keywords
Children, Information Retrieval, Relevance

1. INTRODUCTION
Several studies indicate that children, compared to adults,

use IR systems in a different way. However, most current
IR systems are focussed on adults. Accordingly, they re-
quire the typing of complex queries and the use of a correct
spelling and efficient vocabulary. Moreover, the search re-
sults are often aimed at people who are average literate,
requiring sufficient reading skills and a large enough knowl-
edge base, including abstract concepts [12, 5].

Children are still developing their skills and knowledge,
and, consequently, have different needs for an IR system.

Copyright is held by the author/owner(s).
SIGIR’10, July 19–23, 2010, Geneva, Switzerland.
ACM 978-1-60558-896-4/10/07.

One of the most notable developmental theories illustrates
this. Jean Piaget [29] indicated four developmental stages:
sensorimotor (age 0-2), preoperational (age 2-7), concrete
operational (age 7-11), and formal operational (age 11 - ...).
Some achievements in these stages, relevant to IR systems,
are: in the preoperational stage children learn to use lan-
guage and can classify objects according to one feature; in
the concrete operational stage children learn to think log-
ically about objects and events, achieve a notion of the
conservation of number, mass, and weight, and can classify
objects according to several features; and, only in the last
stage children learn to think logically about abstract con-
cepts. Some simple implications of these stages can already
be derived, for example the use of simple language and the
use of only concrete concepts until age 11.

Current research has found several shortcomings in the
use of IR systems by children. Considering the vast amount
of studies showing many different problems, an overview of
them is given. For ease of comprehension, the problems will
be grouped in four categories.

The first group of problems is related to an insufficient
mental model. Numerous researchers found that children to
some extent miss an understanding of the workings of the IR
system. This manifestates itself while making search queries
by the use of natural language, repetitive keywords, and the
limited use of Boolean logic operators [5, 21, 6]. This lack
of system understanding is not a sure thing, as most studies
show large interpersonal differences.

Having an insufficient mental model is not unique to chil-
dren. Borgman [7] shows that unexperienced undergradu-
ates also have problems in utilizing Boolean logic for an IR
task, especially those from social majors. Such findings have
been explained by the Mental Model Theory [28], stating
that users construct a mental model of a system by contin-
ually forming and verifying hypotheses. An incorrect model
decreases success when using the system, especially on com-
plex search tasks [7]. Following its definition, the correctness
of a mental model depends mainly on training and previous
experience.

The second group of problems is related to the vocabulary
problem. Numerous studies show children have difficulties
in choosing the right words. Often, they misspell their key-
words or use keywords that are too broad or too narrow [5].
These findings are often attributed to a lack of vocabulary,
which is a known problem in IR research; i.e., the vocabulary
problem.

The vocabulary problem has been a major problem in IR.
A suprisingly large interpersonal variability in word choice,
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Table 1: Dimensions and relations of interaction.
Concept Interrelations
search process perceived problem∗∗, affective state∗∗ [22]
information seeking pattern epistemological believes∗ [40], learning style∗∗ [14],
relevance judgements epistemological believes∗∗ [40]
document search strategy
Note. ∗ weak relation, ∗∗ strong relation

something fundamental to language, leads to a bare 10% hit
rate for a single access term [13]. Furthermore, a lack of
domain knowledge reduces the change of finding a correct
access term.

The third group of problems considered is the chaotic
search behavior often employed by children using an IR sys-
tem. This is witnessed by: little reading of the retrieved
sources, little focus on the search goal, and many looping
and backtracking actions [5, 33]. Rouet and Coutelet [31]
show that document search behavior changes with age, such
that older children use more cues to search through a docu-
ment in a more directed way.

Partly, chaotic search behavior is normal at the start of an
information search; i.e., the so-called pre-focus phase [22]. It
is indicative for not having a directed search goal. However,
it is also typical for children that they often don’t form a
focus at all, nor seem to remain concentrated for a long
time [27].

The fourth group of encountered problems is in the used
relevance judgements by children. Often they scan the text
for a specific word or a ready-made answer. For example, a
source was seen as irrelevant if not containing a searched-for
word in its topic [27]. Furthermore, children tend to take
everything as being true and correct [33].

Normally, relevance judgements change over the search
process. Where in the beginning a lot of documents are con-
sidered relevant, near the end only documents very specific
about the problem are considered relevant. Furthermore,
the relevance of the early gathered documents is reconsid-
ered [22].

As the different groups of problems show, current IR sys-
tems are not optimal for children. And, as several of the
problems are not unique to children, the problems indicate
the general need for systems focused on the special needs of
(less experienced) users. In order to get more grips on the
use of IR systems, the next section will give a comprehensive
overview of the various aspects relevant during an informa-
tion search. Using this dissection of IR use, implications
are derived for the notion of relevance in Section 3. It is
argued that relevance, in the strict sense of topicality, is not
enough for a good search experience for children. Finally,
the resulting understanding will be discussed in Section 4.

2. USAGE DIMENSIONS
This section gives a theoretical view on the problems en-

countered (Section 1), reviewing theories from library and
information science [e.g., 22], cognitive and educational psy-
chology [e.g, 23], Information Retrieval Interaction (IRI),
and Information Search & Retrieval (IS&R) research [e.g,
37, 36]. This section will further elaborate on gaps in func-
tionality and knowledge regarding children’s IR usage.

The next sections elaborate on the process of IR use; i.e.,

the different steps users normally proceed through in their
search for information. Furthermore, the dimensions (i.e.,
variables) influencing IR use are reviewed in four categories.
These categories are constructed upon the combination of
the classifications made by Lazonder and Rouet [23] and
Tanni and Sormunen [36], and follow a basic HCI structure:

• Interaction. Search process [22], Information Problem
Solving (IPS) activity [23], and access and interaction
dimensions [36].

• Context. Contextual variables [23] and learning task
dimensions [36].

• User. Individual variables [23] and learner dimensions
[36].

• System. Resources variables [23].

2.1 Interaction Dimensions
Table 1 gives an overview of the dimensions characteriz-

ing an IR interaction, and their relation to other dimen-
sions. The search process is the first interaction dimen-
sion reviewed. It involves the cooperation between the user
and the system in solving the (perceived) information prob-
lem, and thus, in performing the information search activity
throughout the search process. Hence, the achieved search
performance is one of the dimensions. First, we will describe
various models of the search process, after which other mod-
els of the interaction are given.

IR use is viewed as a process. Table 2 summarizes dif-
ferent views on this process. As can be seen, there is a
considerable overlap between the views. The process starts
with some shortage of information (e.g., a learning task,
an information problem); i.e., initiation and selection, pre-
focus, or define problem. Then, through searching, the user
refines the problem and forms a focus on the problem at
hand; i.e., exploration or search. Finally, the user gathers
relevant information solving the problem; i.e., collection and
presentation, post-focus, or integration [23].

The processes in Table 2 are iterative in nature, thus dif-
ferent steps are repeated. Furthermore, the dimensions (i.e.,
context, interaction, user) change when proceeding through
the processes.

Pattern of information seeking is the second interaction
dimension reviewed. Three patterns have been discerned:
fast surfing, broad scanning, and deep diving. The search
goal is characteristic for the pattern, respectively: finishing
the search as quickly as possible, finding as much informa-
tion as possible, trying to understand. The fast surfing pat-
tern is often found with children (see Section 1). These pat-
terns have been shown to be (partly) determined by study
approach and personality traits [14]. Moreover, the study
approach is directly related to motivation and interest, dis-
cussed in, respectively, Section 2.3.2 and 3.
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Table 2: Overview of three search process models.
Information Search
Process [22]

IR Process [37]
Information Problem Solving
Activity [23]

Initiation Pre-focus Define problem
Selection
Exploration Search (scanning/studying)
Formulation Formulation
Collection Post-focus Integration
Presentation

Related to the pattern of information seeking are the per-
formed relevance judgements. Fast surfers tend to only ac-
cept documents which contain the whole answer, as often
done by children as well (see Section 1). Broad scanners
tend to select new, unique, documents related to the search
topic. Deep divers select high quality, detailed, highly topi-
cal documents [36].

Within a document children perform different document
search strategies as well. As Moore [27] showed, children
tend to linearly scan documents searching an exact match
with their keyword. Rouet and Coutelet [31] differentiate
between a top-down strategy, where students utilize struc-
tural cues of a document, and a linear strategy, similar to
what [27] showed. Children develop their search strategies
with age; 9 year olds mostly use a linear approach, whereas
13 year olds often use a top-down strategy. It is hypoth-
esized that working memory, metatextual knowledge, and
functional comprehension strategies are key factors in effi-
cient search strategies [31].

The interaction dimensions already cover part of the iden-
tified problems. In particular, the pattern of information
seeking is directly related to the chaotic search behavior and
the performed relevance judgements, and can be explained
by latent user variables (personality, Section 2.3.1) and ac-
tualized user dimensions (motivation, Section 2.3.2).

2.2 Context Dimensions
The second category refers to the context of the user [36].

Meaning, ”all relevant characteristics of the situation (place,
time, equipment, people and messages) that pre-exist to the
search activity” [23, p. 756]. The context dimensions are
summarized in Table 3.

Inspired by the learning sciences (e.g., Vygotski), col-
laboration and scaffolding (i.e., instructional support) are
possibly important factors. There is some evidence for a
non-beneficial effect of collaboration on information seeking
pattern: pupils are more concerned with getting pieces of
information from their peers rather than creating a shared
understanding [2]. On the contrary, group learning has been
shown to foster the study approach of deep learning [cf.
19]. Considering scaffolding, there is ample empirical evi-
dence of its role on information search behavior. Numerous
suggestions have been made; e.g., the tutor could influence
thoughts, feelings, and actions within the learning process,
for example by encouraging the student [22], and the tutor
can keep students in their zone of proximal development,
meaning an area of improvement only possible with suffi-
cient scaffolding [22]. Scaffolding and collaboration can be
done virtually as well; i.e., resp., by a virtual tutor or virtual
peers.

Jonassen [20] identifies key characteristics of a problem.

Namely, structuredness, complexity, and abstractness. Infor-
mation problems, coined rule-using problems [20], tend to be
ill-structured and complex. Though, this depends heavily on
the exact search task and the user. For example, problem
structuredness and complexity influence search performance
[34]. Moreover, the search performance of ill-defined (i.e.,
structuredness) problems is partly determined by epistemic
believes [34] (See Section 2.3.1).

Also in an educational perspective, the means and time a
student is given to solve a research assignment, together with
the educational setting (e.g., a problem-based curriculum fo-
cused on the process of learning), are important determi-
nants for, respectively, search performance [36] and learning
outcomes [17].

The context dimensions do not explain any of the prob-
lems encountered in Section 1, but do indicate methods
to improve: scaffolding and collaboration. Scaffolding can
change the motivation and affective state of the child, whereas
collaboration can foster a deep learning approach. Hence,
indirectly, the context can solve many of the shown prob-
lems.

2.3 User Dimensions
The user dimensions can be divided in trait characteristics

and state characteristics, which respectively indicates long-
term, relatively stable (i.e., latent), and short-term, more
unstable (i.e., actualized) user characteristics. Not men-
tioned but imaginable other characteristics are gender, age,
and personality (e.g., the big five). Please note that gender
differences are often easily stated (e.g., in technology use /
interests), but should be interpreted with care because of
often undecided accompanying evidence [11]. Table 4 and 5
give an overview of the, respectively, latent and actualized
user characteristics.

2.3.1 Latent User Dimensions
Domain knowledge is a trait which specifies the knowledge

about a topic. This is more than just factual knowledge, es-
pecially structural knowledge about the relations between
facts is an important determinant in problem solving (e.g.,
search performance) [20]. Knowledge about the workings of
an IR system, i.e., a mental model, can be seen as a type of
domain knowledge which increases search performance for
complex problems [7]. The use of domain knowledge is re-
lated to age. Children are less apt to use previous knowledge
when using an IR system [6].

Cognitive skills and procedural knowledge is knowing how
to do something [29]. For the retrieval of often written in-
formation, literacy skills are important; i.e., the ability to
read, comprehend, and write. Around age 9 there often is
a turning point, where the child goes from learning to read

5



Table 3: Interrelations of context dimensions.
Concept Interrelations
collaboration study approach∗∗ [19]
scaffolding motivation∗ [22]

affective states∗ [22]
problem search performance∗∗ [34]

search performance X epistemic beliefs∗∗ [34]
means, time search performance∗ [36]
educational setting learning outcomes∗ [17]
Note. ∗ weak relation, ∗∗ strong relation

Table 4: Interrelations of latent user dimensions.
Concept Interrelations
age
gender
personality
domain knowledge search performance X age∗ [6]
structural knowledge search performance∗∗ [20]
mental model search performance X problem∗∗ [7]
cognitive skills
literacy age∗∗

information literacy search performance∗∗ [9]
familiarity perceived problem∗∗ [20]
learning style information seeking pattern∗ [14]
metacognitive skills age∗∗ [29, 20]
self-regulation learning outcomes∗[10]
epistemological beliefs relevance judgements∗[40]

information seeking pattern∗[40]
Note. ∗ weak relation, ∗∗ strong relation

to reading to learn. Information literacy is the ”ability to
access, evaluate, organise and use information in order to
learn, problem-solve, make decisions in formal and infor-
mal learning contexts, at work, at home and in educational
settings” [9], and thus somewhat overarching the IR use. Re-
lated to the information literacy is the familiarity with the
problem type, stating that routine problems appear more
well-structured to the experienced solver [20].

Complementary to cognitive skills is the concept of learn-
ing styles, reflecting patterns of thinking [20]. One of them,
the study approach, differentiates between individuals with
a surface approach and a deep approach. Respectively, aim-
ing for finishing a task with the least of effort or aiming
for personal understanding [36]. These are related to the
information seeking pattern; the surface approach is linked
to fast surfing, whereas the deep approach is linked to deep
diving [14].

The next set of traits are metacognitive skills and knowl-
edge; i.e., thinking about thinking. Self-regulation is an
important skill. It embodies skills such as goal setting,
planning, self-motivation, attention control, application of
learning strategies, self-monitoring, self-evaluation, and self-
reflection [29]. Epistemological beliefs, knowing about know-
ing, includes beliefs about: the certainty of knowledge, the
structure of knowledge, the source of knowledge, criteria for
determining the truth, the speed of learning, and the nature
of learning ability. In other words, people form a theory
about knowledge and learning [29].

Self-regulation is stated to be related to reading compre-

hension; i.e., learning outcomes[10]. Furthermore, Episte-
mological beliefs, are related to relevance judgements (e.g.,
recognizing authorative information sources) and informa-
tion seeking pattern (e.g., handling conflicting information
sources)[40]. Metacognitive skills and knowledge, among
which self-regulation and epistemological beliefs, improve
with age. For example, children become increasingly realis-
tic about their memory capabilities and the speed of learn-
ing. They learn more learning strategies and become better
in structuring facts [29, 20].

Since the problems and the described user traits are both
related to age, the latent user dimensions explain all prob-
lems described in Section 1. In specific, first, domain knowl-
edge, which increases with age, explains the problems re-
garding the mental model of the user. Second, the literacy
skills explain part of the vocabulary problem. Third, the
learning style, epistemological believes, and self-regulation
skills influence the pattern of information seeking and rele-
vance judgements.

2.3.2 Actualized User Dimensions
The perceived problem, as contrary to the actual prob-

lem (e.g., an assignment), is the user’s view of the problem.
This depends on, among others, the familiarity of a prob-
lem [20], the motivation, etc. The importance of motivation
is perfectly illustrated by Tanni and Sormunen [36]: most
students see a research assignment as a reporting exercise,
where “reporting means seeking other peoples’ answers to
someone else’s questions” (p. 901). Furthermore, the per-
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Table 5: Interrelations of actualized user dimensions.
Concept Interrelations
perceived problem problem∗∗

familiarity∗∗[20]
motivation∗[36]
search process∗∗[22]

motivation search performance∗∗[20]
perceived problem∗∗[36]
affective state∗[30]

affective state search performance∗∗[22]
information seeking pattern∗∗[22]

Note. ∗ weak relation, ∗∗ strong relation

ceived problem changes when the search proceeds [22], from
an ill-structured problem to a more structured problem; i.e.,
the search proceeds to a focus. This point is typical for a
reduction in the difficulty of the perceived problem: the user
has given structure to it, has gained control over the prob-
lem. Task complexity and difficulty have been confirmed
to have a negative correlation with the experienced valence
(i.e., the affective state, see Section 2.3.2) [3].

Motivation is an important user state, influencing the ef-
fort exerted and the persistence shown in solving a problem.
It has been found to be a strong predictor of problem-solving
success [20]. Motivation is often divided in intrinsic mo-
tivation; i.e., a genuine interest, and extrinsic motivation;
i.e., some external incentive. Intrinsic motivation can be
explained by two determinants: a task performance which
leads to a sense of mastery and competence, and a novelty
which leads to a sense of curiosity, attention, and interest
[30]. Hence, this is closely related to latent user character-
istics [35], the perceived problem (and its progress; e.g., a
focus), and the affective state.

Kuhlthau [22] stresses the affective states a user expe-
riences throughout an information search. She observed
the following emotions from students performing an infor-
mation search: uncertainty, optimism, confusion, frustra-
tion, doubt, clarity, confidence, relief, and (dis)satisfaction.
Hence, it seems like searching isn’t always a positive expe-
rience. The emotions can partly be explained by one of the
previous parameters: task performance and sense of mas-
tery. Simply put, advancement in a (not too easy) task will
bring about a category of mental states: enjoyment, sense of
mastery, sense of control, and competence [30]. Positive af-
fect has been theorized and shown to enhance problem solv-
ing, information integration, and intrinsic motivation [18].

In sum, the actualized user dimensions are all directly
related to the search outcome: the perceived problem, the
motivation, and the affective state of the user throughout
the search are all great predictors of search success. In rela-
tion to the problems described in Section 1, the actualized
user dimensions mainly operate via the information seeking
pattern and relevance judgements.

2.4 System Dimensions
Although there are several exceptions, most IR systems

currently use queries for users to communicate their infor-
mation need. And, this method works well; regular users
know how to operate an IR system to find what they want.
However, as the presented outline shows, there is more to

an information search than just one query. Except for the
query, there are more facets the system influences.

First, the interface appears to be important as well. The
interface can reduce any of the problems, such as cognitive
overload or disorientation [23]. For example, visual informa-
tion search metaphors have been investigated as an alterna-
tive to the query interface [25].

The information resources available are likely to be very
influential on the eventual success of an information search.
Thus, the data corpus should contain the information needed
and in a format needed. The corpus often differs from the
whole web to a library to a subset of websites.

The media type can be different as well; e.g., video, pic-
ture, text, or hypertext [23]. Different media types put dif-
ferent demands on the user. For example, Homer et al. [16]
show that learners who have a visual learning preference
had less cognitive load when learning from videos. Further-
more, Rouet and Levonen [32] showed hypertext can cause
feelings of disorientation and creates complex cognitive de-
mands [32].

Text characteristics can help readers in finding informa-
tion and understanding the text. At least three types exists.
First, signaling devices are such as titles and (sub)headings.
Second, typography like bold, italic, font use, and capital-
ization. And, third are structural elements; e.g., graphics,
(sub)sections, tabel of contents, and indexes. These ele-
ments have been shown to interact with, amongst others,
age and number of search terms, in students success to find
information [8].

The system dimensions form the methods to act for the
system to alleviate the problems of Section 1. For exam-
ple, the next section will show how, through changing the
retrieved information sources, the system can aim at im-
proving the actualized user variables.

3. CHILD-CENTERED RELEVANCE
The previous section has presented a framework contain-

ing numerous variables of influence when performing an in-
formation search. These variables have been related to age
as well, indicating why children sometimes have problems
with using an IR system (See Section 1). Using the frame-
work, this section will look at a notion of relevance suited
for children. This child-centered relevance looks at charac-
teristics of information beyond topicality, salient to improve
the actualized user dimensions (e.g., the experience). Sev-
eral possible lines to influence the actualized user dimensions
are, per dimension:
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Table 6: Interrelations of system dimensions.
Concept Interrelations
data corpus search performance∗∗

media type learning preference∗∗ [16], affective state∗∗ [32]
text characteristics search performance∗∗ [8]
interface perceived problem∗, affective state∗ [23]
Note. ∗ weak relation, ∗∗ strong relation

• Perceived problem. The complexity of the retrieved
documents, influencing the perceived problem.

• Motivation. The interestingness of information, next
to task performance a core determinant of intrinsic mo-
tivation [30].

• Affective state. The affective value of the information
and interactivity of a website influence the affective
state of the user.

Please note that this is not supposed to be a comprehensive
nor prioritized list. Each of the italic written concepts will
be elaborated.

The presented parts of relevance have been confirmed by
other studies. For example, Barry and Schamber [4] showed
numerous relevance criteria: scope, validity, clarity, cur-
rency, tangibility, quality, accessibility, availability, verifica-
tion, and affectiveness. [15] showed interestingness, accessi-
bility, and language are among children’s relevance criteria.
Moreover, each of the parts are intrinsically related to the
actualized user dimensions, enhancing the affective state,
motivation, and reducing the perceived problem of the user.

3.1 Complexity
The perceived problem can be influenced by reducing the

complexity of a search. When incorporating this into the
notion of relevance, the expectation is that retrieving an in-
formation object close to a user’s skills and knowledge (See
Section 2.3.1) will reduce the perceived complexity of the
information need. Moreover, adjusting the complexity of
the search results can be especially salient for the begin-
ning of a search, where the user often has less structure in
his information problem. For example, if the user has an
unstructured information problem for a relatively unknown
topic, the scope of the retrieved information objects should
be quite large, whereas the used vocabulary should not be
too specific. Numerous studies confirm that understand-
ability, comprehension, and complexity are among the core
relevane criteria users apply to documents [4]. Moreover,
navigational complexity of a website is also related directly
to the user experience [26].

The following characteristics have already been identified
and linked to the complexity of a document: readability, en-
tropy, semantics/scope, and coherence. Automatic extrac-
tion of these charateristics has been shown feasible [38].

3.2 Interestingness
Interest is, together with a sense of control in the per-

ceived problem, core to intrinsic motivation [30]. Interest
is often viewed as a cognitive construct; “liking and willful
engagement in a cognitive activity” [35, p. 23]. Moreover, in-
terests differ between people and between groups of people;
e.g., children have different interests than adults. Especially

for children, who have less metacognitive skills (e.g., self-
regulation) or motivation, interest is, thus, an important
part of (child-centered) relevance.

Of particular relevance to IR is knowledge-based interest.
The knowledge-based interest refers to the influence of pre-
vious knowledge, which has been found to enhance interest,
though not always. Novelty of information is a strong in-
teracting factor; when new information can either enhance
or assimilate into an existing knowledge scheme, knowledge-
based interest is at its optimum [41]. Several approaches
have already been undertaken to get some estimation of a
user’s knowledge-based interest; e.g., through analyzing a
user’s query log using an ontology [39].

3.3 Affective Value
There are many emotions which (can) occur when search-

ing, which partly originate from the processing of a search
result: uncertainty, optimism, confusion, frustration, doubt,
clarity, confidence, relief, and (dis)satisfaction. As such, the
affective value of an information object can be considered
the most direct antecedent to user experience available, hav-
ing several salient indirect consequences as well (see Section
2.3.2). Moreover, it has been identified as part of relevance
[e.g., 4].

For a text, detecting the affective value is mostly pursued
with the aim of opinion mining. However, some studies have
given attention to pure affect analyses, ranging from a classi-
fication success of a low 47.14% to a high 80.98% [1]. These
are often achieved by applying a variant of calculating the
affective valence of each word. The differences in classifica-
tion success is attributable to the number of differentiated
classes of emotion, the used corpus, and the used method
of analysis. Moreover, not only the text influences the emo-
tions. For example, Lin et al. [24] found indications for a
relationship between the interactivity of a website and the
enjoyment (among which positive affect) it brings about.
And, Lin et al. [24] also showed a relation between the use
of multimedia and enjoyment.

4. DISCUSSION
As indicated in Section 1, current IR systems are not op-

timal for children. To support this statement, four groups
of problems were introduced, concerning the mental model,
vocabulary, (chaotic) search behavior, and relevance judge-
ments. These problems could (partly) be explained by dis-
secting core factors relevant in IR usage, concerning the hu-
man, system, interaction, and context. For example, the
problems concerning the mental model can be explained by
the domain knowledge of the user; the vocabulary problem
is related to the literacy skills and domain knowledge; the
chaotic search behavior is partly explained by self-regulation
or motivation, and partly by learning styles; and, finally, rel-
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evance judgements are related to the epistemological believes
of the user. All of the mentioned attributes improve with
age: e.g., knowledge and (meta)cognitive skills increase with
age, making it clear why these problems are often found in
children’s IR usage.

Section 3 introduced one direction to address the identi-
fied groups of problems, through indicating those aspects of
information objects which are in particular salient for chil-
dren’s IR experience. As such, trying to achieve a notion
of, so-coined, child-centered relevance. Three parts of child-
centered relevance were elaborated: complexity, interesting-
ness, and affective value. Though an implementation of any
of these is not (yet) straightforward, the feasability has been
illustrated. Through adjusting the complexity, interesting-
ness, and affective value to the user, the perceived problem,
motivation, and affective state can (theoretically) be influ-
enced. This immediately shows the need for further research:
it is yet unclear if child-centered relevance can indeed influ-
ence these variables, and with that, the user experience of IR
for children. Moreover, the balance between these variables
is also an unsolved issue: how complex, novel, and positive
should an information object be, compared to topicality, to
be relevant to an un-experienced user?

The child-centered relevance looks at the search results
and the (actualized) user variables. However, instead of fo-
cussing on the information objects and the (actualized) user
variables, implications can be derived for other aspects of
the IR system as well. The introduced HCI-model (inter-
action, context, user, system) illustrates the full length of
possibilities. For example, when looking at the system di-
mensions, the interface can be altered, including the inter-
action paradigm (e.g., query-based) and results presentation
(e.g., synopsis of search results). Moreover, the interaction
can be extended to support every step of the search process
(See Table 2). Lohmann et al. [25] give an example of an
explorative interface for images, supporting a fully different
approach to accessing and presenting information objects.
Therefore, the overview given in Section 2 mainly serves a
broader view on IR, a necessity when retrieving information
for children, or broader, users with special needs.

It is key for children’s development to give them access to
information understandable to them, in a way which suits
their view of the world. However, current IR systems do not
support children well: they require complicated queries, and
often retrieve inapprioriate results in a format unsuitable
for children. This paper aimed to facilitate the creation of
child-centered information access, based on an understand-
ing of the behaviour and needs of children. It is part of a
larger project, PuppyIR, which constructs an Open Source
Framework that will provide the infrastructure to develop
child-focused and child-friendly components to be deployed
within child information services.
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ABSTRACT 
In this paper, we describe an exploratory study on the challenges 
of conducting usability tests with very young children aged 3 to 4 
years old (nursery age) and the differences when working with 
older children aged 5 to 6 years old (primary school). A pilot 
study was conducted at local nursery and primary schools to 
understand and experience the challenges working with young 
children interacting with computer products. We report on the 
studies and compare the experiences of working with children of 
different age groups in evaluation studies of interactive systems. 

Categories and Subject Descriptors 
I.3.6 [Methodology and Techniques]: Interaction Techniques 

General Terms 
Measurement 

Keywords 
Usability and fun, evaluation, computer products, young children 

1. INTRODUCTION 
There are many definitions of usability. For instance, usability as 
defined by ISO9241 is “the effectiveness, efficiency, and 
satisfaction with which specified users achieve specified goals in 
particular environments”. Bevan et al. [1] also provides one 
definition of usability, the degree to which a computer system is 
easy to learn and effective to use. Naturally, this easiness depends 
on who is the user.  

Many go further than these standard usability attributes. Jordan as 
quoted in Monk [17] noted that “usability as a concept does not 
seem to include (positive) feelings such as, e.g. pride, excitement 
or surprise”. Feelings such as fun and enjoyment are rarely 
touched on in computer products, except in specific contexts such 
as computer gaming. Measuring fun, especially when children are 
interacting with computer products, has become an interesting and 
growing research topic.  

 

 

 

 

 

 

In general, fun is doing activities that are enjoyable and amusing. 
According to Dorman [8] fun consists of elements of humour, 
chuckles, delight, ecstasy, gags, gaiety, happiness, jests, jokes, 
joy, laughter, merriment, mirth, play, pleasantries, quips, and 
witticism, etc. Read & MacFarlane [18] defined fun as something 
that children know about; they are experts. They experience it; 
therefore they can talk about it, describing it as excitement, play, 
laughter, and feeling good.  

Carroll [4] suggests that fun should be included as a separate 
usability area because fun is not same as satisfaction. MacFarlane 
et al. [14] also agree that fun is not the same as satisfaction in the 
definition of usability by ISO 9241-11. Satisfaction is about 
progress towards goals and fun is not a goal-oriented. 
Shneiderman [25] states that designing for fun is associated with 
designing for children. Now more people notice the importance of 
fun as one of the critical success factors in determining the 
usability of children’s application software. But Yatim [29] claims 
there are no specific guidelines to measure the effectiveness, 
efficiency, and satisfaction or fun in any game authoring tool or 
similar. According to Blythe et al. [2] it is a beginning of the 
science of enjoyable technology known as “funology”.   

Computer products for children are developed by adults. 
Therefore issues like usability and fun are very important to 
understand from a child’s point of view. Measuring fun especially 
for young children has become crucial and interesting to develop 
appropriate and interesting computer products for children. As 
computer products are being developed for increasingly younger 
children, new evaluation techniques are necessary to help younger 
children take part in evaluations. 

In this paper we report on an exploratory study to investigate the 
challenges of involving very young children in evaluations: what 
kinds of evaluations can very young children engage in and what 
differences are there from evaluations appropriate to older 
children?  

Firstly we review the literature on children and technology, 
particularly on evaluation, and then we outline the context of our 
studies which took place in a local nursery and primary school, 
followed by a discussion of our findings and thoughts on 
directions for children-centered evaluations particularly focusing 
on the implications for evaluating interactive search systems. 



 

12 

 

2. CHILDREN AND TECHNOLOGY 
According to Demner [5] in November 2000 almost 20 percent of 
all digital media users were children and the Internet is a part of 
child’s natural environment with many children now having 
access to the Internet at school and/or at home. As Plowman and 
Stephen in Stephen [28] note, information and communication 
technology (ICT) is not only about desktop computers, laptops 
and peripherals but also interactive television, digital cameras, 
video cameras, DVDs, mobile telephones, games consoles, 
electronic keyboards and toys that simulate ‘real technology’ such 
as toy laptops or barcode readers. So children and technology are 
intertwined because the technology gives impact on the way the 
children live and learn with all ICT. 

2.1 Children as Participants 
As many products are designed for childrens’ use, many 
researchers have argued that children should be involved in the 
software development process. Scott [24] argued that the best 
people to give information on the child’s perspectives, actions and 
attitudes are children themselves. They can give honest responses 
if questioned about events that are meaningful to their lives. Guha 
et al. [13] stated that usually children are not involved in the 
design process until the end even though there are many roles that 
children can play in the design of new technology. They believed 
that children should be involved as equal stakeholders throughout 
the design process.  

Children have their own needs and preferences on computer 
products which are different to adults. Therefore, it is important to 
understand how to involve children in the product/system 
development life cycle. But of course there are challenges 
working with children especially when working with children at 
different age groups. For example, a technique might work for a 
13-year-old but it would not work or need to be modified for a 4 
year-old child [13]. Many problems need to be solved when 
respondents are children, including problems of language use, 
literacy and different stages of cognitive development [24].  

For children, playing is the most enjoyable activity and nowadays 
it is very associated with technology. Markopoulus and Bekker 
[16] mentioned that mostly children play and learn while 
interacting with technology. They use computer products such as 
entertainment websites at home, school, or everywhere to get 
information, education and entertainment. Monk et al. [17] 
highlighted that fun and enjoyment are becoming a major issue 
since (ICT) moves from office to home. Research on children and 
technology is becoming crucial in the last few years.  

Druin [9] and Markopoulos and Bekker [15] have started paying 
attention to children as technology users. They focused their 
researches on understanding children roles in developing new 
technologies. For example, Druin [9] stated that children can be 
involved in many roles such as user, tester, informants or design 
partner in developing new technologies. Markopolous and Bekker 
[16] also discussed children’s involvement in the design process 
based on a model introduced by Druin [10] but their focus was on 
involving children as a tester in usability testing methods. 

The model is shown in Figure 1. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. The four roles that children may have in the design 
of new technologies. Figure adopted from Druin (2002) 

2.2 Children as Evaluators 
Many researchers have conducted evaluations involving children 
as evaluators and using different type of evaluation techniques. 
Previous works have involved children as evaluators to examine, 
in particular, the usability of computer products [6, 12, 27, 29 and 
30]. Children are involved in many ways in evaluation sessions: 
for example they are required to perform predefined tasks and 
answer pre and post questionnaires in a lab. Increasingly, 
evaluations with children are conducted outside labs as interactive 
technology become more mobile [21].  

Read and Markopoulus [21] suggest that different methods should 
be used in different locations. Some methods such as diary 
studies, think-aloud methods, surveys, and Wizard of Oz 
techniques have been used with older children. Read and 
Markopoulus also describe the Fun Toolkit - a survey method to 
obtain children’s opinion on technology. The Fun Toolkit is a 
survey instrument or a tool that was developed by Read. It started 
from a concept (v1) and being developed, used, and reviewed 
until becoming a Fun Toolkit (V3). The Fun Toolkit comprises of 
three instruments, the Smileyometer, the Fun Sorter, and the 
Again Again Table and was carefully designed to be Fun, Fast, 
and Fair [22]. Some researchers have used other methods like talk 
aloud (adapted from think aloud) and observation when involving 
young children as evaluators [7].  

The Smileyometer is the first instrument in the Fun Toolkit and is 
the one most used. It is based on Visual Analogue Scales (VAS) 
and uses a 1-5 Likert scale and pictorial representations that can 
help children to identity their feelings or opinions. Faces with 
supporting text under it are represented horizontally to the 
children and they are asked to tick only one face. The faces in the 
Fun Toolkit were co-designed with children aged eight and nine 
and can be used before and after the children experience the 
computer technology. The Smileyometer features are easy and 
quick to complete and requires limited reading and no writing 
ability [22]. But [20] revealed that the Smileyometer was a useful 
tool for older children compared to young children. It is because 
too many young children tended to choose the high values and so 
the data had little variability. 

The Fun Sorter is a tool used to compare a set of related 
technologies or products. It is based on a repertory grid and made 
up of n+ 1 columns (where n is the number of items being 
compared), and m+1 rows (where m is the number of constructs 
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being used). There are different ways of completing the Fun 
Sorter. First children interpret the construct then write a 
description of the technology in blank spaces. But for children 
with poor reading and writing abilities, they place picture cards 
(pre-prepared) on an empty grid after interpreting the construct. 
Few suggestions are given in order to use the Fun Sorter.  The use 
of constructs needs special attention since children are 
unpredictable in understanding words.  It is also recommended 
that each construct presented individually for younger children 
aged less than 8 years old. One important thing is make sure 
children know what the cards represent if picture cards are used. 
This tool is the most challenging because children require to 
position and rank items to the construct. The good point is it can 
be made that no writing is required. Besides, it is fast and fun to 
complete especially when stick cards are used [22]. But the 
intention of the Fun Sorter is to record a children’s opinions of the 
technology or activity, to gain a measure of the child’s 
engagement [20]. 

The Again Again Table is a simple table consists of four columns 
and n + 1 rows (where n is the number of activities under 
comparison). Child needs to tick either ‘yes’, ‘maybe’, or ‘no’ for 
each activity or product. The table should be presented in a single 
sheet after the children have experienced all the technologies. This 
tool is most useful if three or more products or activities are being 
compared. In order to improve validity, the first column can be 
presented in different orders for different children. It is advisable 
to minimize the rows (items to compare) as to avoid children from 
being bored. This table is easy and quick to complete, no writing 
activity involved, and only has one question to be answered, “Do 
you want to do it again”? Thus this tool is very suitable to younger 
children [22]. 

For interactive search systems evaluation is a particular concern, 
and interactive systems must be evaluated with end-users – the 
people for whom the system is constructed [23]. Without such 
end-users we cannot understand how well the interface supports 
the user, how usable the system is or evaluate how well the system 
supports the user in completing a whole search [3]. With children 
this is difficult. Literature describing children’s involvement with 
usability studies, e.g. [9], points at the difficulty of gathering valid 
feedback since verbal communication, both in understanding and 
formulating sentences, is not as effective as with adults. 
Consequently, evaluators have been forced to seek methods, 
ranging from interpreting free drawings [11] to using collections 
grids with “smiles” instead of grades [19]. Children also have 
problems in expressing their feelings in terms of satisfaction [9, 
19]. A third element emerging from previous studies [26] is the 
discrepancy between reported and observed usability when 
children are asked to provide subjective feedback versus direct 
observation.  

Thus it is clear that standard tools for user evaluations are not 
directly applicable to children’s evaluation; questionnaires require 
higher degrees of literacy than is common in young children, 
interviews require high degrees of reflection and techniques such 
as think-aloud require high degrees of cognitive dexterity [20]. 
Neither can we expect children to engage in standard experimental 
procedures such as searching on artificial search tasks, searching 
for controlled amounts of time, or engaging in procedures such as 
training or debriefing. 

Rather, for conducting user evaluations with children we need to 
(a) develop evaluation methodologies that allow children to 

interact naturally with the system being evaluated whilst retaining 
some experimental control, (b) understand how children express 
notions of satisfaction with a system and (c) understand what 
metrics are appropriate for children’s search systems. 

There is particularly a dearth of work on engaging very young 
children in usability evaluations. This might be because of 
physical and mental abilities; limitations of these mean that some 
researchers think young children are not capable of being involved 
in usability evaluation. In this paper we explore the challenges of 
involving very young children in usability evaluations with 
particular reference to evaluating the fun of an information 
system. 

3. THE STUDY 
An exploratory study on evaluating young children interacting 
with an edutainment website was conducted at a local nursery 
school and a local primary school. The purpose of the study was 
to understand and experience the challenges of working with 
young children, aged 3 to 4 years old at the nursery and 5 to 6 
years old at the school and any possible differences when working 
with children of different ages.  Eight nursery children and five 
school children voluntarily participated in the study.   

3.1 The Nursery Background 
The Nursery is located in the UK and offers two sessions, 
morning and afternoon. The morning session starts at 8.45am and 
finishes at 11.45am. The afternoon session starts at 1.00pm and 
finishes at 4.00pm with 10 permanent staff. 

The capacity of the nursery is 80/80. It means for each session, the 
maximum number of children is 80. In session 2008/2009, there 
are 79 children attending the morning and afternoon nursery 
session, genders were equally represented in each session. 

The nursery is a diverse school with children from many 
nationalities. Besides English, there are various languages spoken 
by the children in the nursery such as Urdu, Punjabi, Malay, 
Mirpuri, Pushto, Arabic and Farsi. 

In the nursery, there are four rooms fully-equipped with toys, 
books, and other children’s’ material but only Room 1 and Room 
2 have computers. Room 1 was the place where the study was 
conducted.  Even though there are three computers available in the 
room but only one computer (in the middle) with a speaker was 
used in the study.   

3.2 The School Background 
The Primary School is also in the UK. The school has 15 teaching 
and five support staff at the moment. It also has pupils come from 
different minority ethnic communities such as Pakistan, Malay, 
Czech, and Arabic. The working capacity of the school is 260. But 
in the current session 2008/2009, the present roll is 219 pupils, 
which are 122 boys and 97 girls.  

The school starts at 9.00 am and finishes at 3.00 pm. There are 
two slots of breaks, one in the morning and another in the 
afternoon. In the school, there are seven classrooms for Primary 1 
to Primary 7. The Primary 1 classroom, which is located on the 
first floor, was the place where the study was conducted.  There 
were 12 boys and 15 girls in the class and all of them can speak 
English. The classroom was provided with 2 personal computers.  
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3.3 The CBeebies Website   
During the study the children were asked to interact with the 
CBeebies website. The CBeebies website is based on a very 
popular children television channel in UK.  Figure 2 shows the 
main site as used in the study. There are 18 main links on the left 
handside of the screen such as, Home, All CBeebies Characters, 
Fun and Games, Stories and Rhymes, Print and Colour, Make and 
Do, Music and Songs and many more. At Home screen, contents 
on the right handside changes regularly. This interactive website 
that contains multimedia elements like graphic, audio, video, 
animation, and text can be accessed through URL 
http://www.bbc.co.uk/cbeebies. For the study purposes, the 
children were asked to play/explore the Fun and Games section 
only, Figure 3. 

 
Figure 2.  CBeebies Websites Screenshot 

 

Figure 3. CBeebies Websites: Fun and Games Screenshot 

3.4 Procedure 
Prior to the study we obtained ethical permission from the Local 
Education Authority, Departmental Ethics Committee and 
parental consent forms. The latter was required to allow children 
to take part in the study. We discussed the issue of reward with 
the Headteachers who felt this would not be appropriate so no 
reward for participation was given in the nursery study. 

3.5 Methodology 
Both studies comprised of five main activities: 

1. recruiting the children  

2. introducing the researcher  

3. asking volunteer children to play/explore the Fun and 
Games section in CBeebies website for 5 minutes,  

4. interviewing each participant for about 5 minutes,  

5. asking the child to draw a character that represented 
what they enjoyed about the game 

In the sections that follow we describe how these stages were 
accomplished in the two locations and why they were important. 
In both locations we followed methodologies that were acceptable 
to the nursery and school. Although this results in differences in 
recruitment and methodologies, it is important for real-life studies 
to fit with the constraints imposed by the participating 
organizations. 

3.5.1 Greeting  
Nursery: The researcher made several visits to the nursery prior 
to the study to familiarize herself with the nursery environment 
and to familiarize the nursery pupils with her presence in the 
nursery.  

In the nursery, rather than employ direct recruitment the nursery 
staff suggested that the researcher wait at the computer desk until 
an interested child came to play computer games. This suggestion 
was agreed by the researcher. The nursery staff were also a good 
source of knowledge as to which children were good at using 
computers from their daily observations of the children. 

On the day the study was conducted, the weather was warm and 
sunny. Most of the children enjoyed playing bicycles and scooters 
outside the nursery building and showed less interest in playing 
inside. Due to an outbreak of Swine Flu in a nearby primary 
school, some of the children who were most able to use computers 
were absent from the nursery.  

School: A Pupil Support Assistant (PSA) was assigned by 
school’s headteacher to help the researcher at the primary school. 
Based on the returned parental consent forms, the researcher was 
asked to select 5 children to take part in the study. Before the 
study was started, all the Primary 1 (first year) children were 
taken to the gymnasium for a physical exercise class. Then the 
PSA took children one-by-one from the gymnasium to participate 
in the study. The participant selection at school was done 
systematically and took a shorter time to accomplish.  

3.5.2 Introduction of researcher 
Nursery: The researcher was a familiar person in the nursery but 
not personally known to all children. The researcher introduced 
herself informally to each of the children, who participated in the 
study by asking questions, 
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“Do you know me..?” and then answering it by herself, 

“I am Mrs X...”  

School: In the school, the researcher was introduced by the class 
teacher formally in front of the class before the study was 
conducted. This was a standard method of introducing new people 
to the children in the school. 

3.5.3 Ask volunteer child to play/explore 
In both locations, the researcher showed them a laminated-
screenshot of the CBeebies websites and the children were asked 
to choose a game to play with. This meant the children choosing a 
game with which they were familiar. As we were interested in 
evaluation methodology, rather than evaluating a specific product, 
we felt this was a fair limitation. 

We set a target of 5 minutes to play with the game because it was 
presumed that young children might lose focus in a longer period. 
It also to make sure the study at nursery can be finished before 
snack time, around 11.00am. At school, the study was stopped for 
15 minutes for playtime or morning interval at 10.45am.  

Each child spent another 10 minutes for interviewing and 
drawing.  

3.5.4 Interview 
In both locations, if the child remained long enough to be 
interviewed we asked a range of open and closed questions. These 
questions were to explore what kinds of questions children of 
different ages were comfortable answering and what kinds of 
responses they were willing to give. The questions were 
deliberately conversational in nature, starting with closed 
questions which are easier to answer. The questions were as 
follows: 

1. Have you seen this program before?  
2. Have you used this program before? 
 

These two closed questions were to gain insight into a child’s 
previous experience which may be useful for contextualising the 
responses to later questions and for exploring what the child found 
fun about a game. 
 

3. Do you like to play game from this website? 
4. Which game do you like to play?. 
5. Why do you like to play this game? 

 
These questions are on general experience of using this popular 
site and were asked if the children was familiar with the site. The 
question block starts with a closed question, leading to simple 
choice question and finally an open question. 
 

6. Do you like the colours used? 
7. Do you like to hear songs from this game?  
8. How do you feel after playing this game? 

 
These questions explore what aspects of a program or game might 
be enjoyable to a child. We are particularly interested in the 
evaluation of fun from a child’s perspective and wanted to explore 
what judgements a child may give through the use of open 
questions. 
 

9. Do you want to recommend this game to your friend? Why?  
 

This question tested a child’s ability to identify, express, and share 
their emotions of having fun by telling other people. In this 
question, friends are highlighted because of the importance as the 
closest person for them to play with. 
 

10. Can you draw the character that you like most from the site? 

The final question, really a task, asked the child to draw the 
character they liked most from their exploration. This exploratory 
activity might be useful to identify whether children having fun 
interacting with the game. Their enjoyment of playing self-chosen 
game can be transformed into a cartoon character drawing 
explicitly on a piece of paper. 

4. FINDINGS 
In this section, we summarise the outcomes from each study in 
sections 4.1 and 4.2, with particular attention to the final task in 
section 4.3 and draw some comparisons in section 4.4. 

4.1 Findings from Nursery Study 
10 questions were planned but which questions were asked was 
determined by the child’s mood and ability to answer. We took 
care not to place any pressure on any child or to continue if it 
became clear that a child was becoming bored or did not 
understand questions. Some children did struggle with physical 
limitations such as hand and eye coordination in using computers. 
A particular issue, which we will return to later is the child’s 
mood. 

Questions 1 - 4 were easily answered by the children. They were 
very familiar with the websites. In fact, they can directly go to the 
page without any help. The children said that they watch 
CBeebies TV channel at their home almost every day. Only one 
participant did not want to play any games from the CBeebies 
websites and chose another game. 

The open question 5 was more difficult for children to answer and 
was not asked to all participants. It was clear that open reflective 
questions were difficult for very young children to answer. 
Similarly other open questions such as question 8 and 9, which 
were only asked to children that showed ability to communicate 
and reason, were difficult to answer.  

It was particularly difficult for children to reason about emotions. 
Even though many computer programs and games are designed to 
be fun and enjoyable, very young children could express 
enjoyment but not reason about it. 

4.2 Findings from School Study 
10 questions were prepared for the study and all of them were 
asked during the study to all participants. But only two 
participants could understand and answer all the questions.  

Questions 1 - 4 were easily and confidently answered by the 
children. They were very familiar with the websites. One 
participant managed to go to the CBeebies websites by clicking 
Favorites Center. Questions 6 – 7 also can be answered by all of 
them. 

The open question 5 was answered by two children only. The 
other children had difficulties to give reasons as were other open 
questions such as question 8 and part of question 9. But the 
children were more confident in their responses by saying they 
didn’t know or did not have an answer. Overall the children 
showed a greater ability to understand and communicate.   
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4.3 Drawing 
The final task we asked the children to engage in was to draw 
their favourite character from the game they choose to play with. 
This was an attempt to see if we could learn something about what 
children enjoyed about a game from an associated activity. The 
quality of the drawing here was not important – and most very 
young children naturally could not produce recognizable drawings 
– rather we wanted to create a stimulus for discussing their 
experience of the game.  

In the nursery most of the children could not answer question 10. 
All of them were unable to draw except one girl. The others were 
only able to colour the paper that had been given to them and 
engaged in little discussion related to the game. One child, when 
asked about the drawing, said the character he liked most is 
Batman, which is not in the CBeebies websites and out of context. 

In the school, however, all of the participants could draw a 
character related to the experience of the game. They were able to 
draw the cartoon character even though it was not exactly same as 
seen on the computer screen. In particular a drawing was so good 
to be easily recognized by the researcher. 

4.4 Comparisons between the Two Groups of 
Children 
The aim of this exploratory study is to understand what are the 
major differences between working with young children (school) 
and very young children (nursery) when evaluating information 
systems.  As more information and particularly search systems are 
being created for very young children it is important to understand 
the challenges of evaluation by such children and how best to 
engage them in the process of evaluation. In this section we will 
summarise some of the major trends from our study. 

4.4.1 Recruitment 
Recruitment is a challenge when working with very young 
children. In the nursery context, where the main activities are 
play, children’s participation had to be voluntary. Hence only 
children who were interested took part and their involvement 
ceased when they were bored. One child participant got bored 
playing after two minutes and walked away to play with other 
things in the room. As noted before, other environmental 
distractions such as good weather or interesting toys made 
computers less attractive. Another participant refused to play any 
CBeebies game but would play other games. Other children were 
more shy and took longer to approach the researcher, although 
were interested to join the study.  

We deliberately chose a real-life setting to conduct the evaluations 
as children’s use of computer products naturally takes place 
within environments where there are choices of activities. If a 
very young child becomes bored or has more interesting activities 
– particularly those that involve other children – then they can 
quickly lose interest in the evaluation. Although this means that 
evaluations with very young children may often be snap-shots of 
interactions with computer products being picked up and quickly 
dropped, this does lend realism to the evaluation compared to the 
actual use of a computer product. 

Recruitment also relates to child’s confidence in the researcher. In 
our case, the researcher took care to become a familiar part of the 
nursery environment. However, we did notice that some children 
took longer to trust the researcher than others and the researcher 

did devote time to engaging with children in other activities, such 
as singing songs, to help engender a trust relationship with 
children. 

In the school context all children were comfortable with 
computers and the school was happy to assist in direct recruitment 
within the class. This will not be the case in all schools but the 
context of a school – where children are expected to learn as well 
as play - does mean that children are becoming used to engaging 
in activities that they have not chosen themselves.  

4.4.2 Verbalisation 
All children in the school environment were better at verbalising 
and general communications. All could choose a game and 
explain why they chose it. They could not answer all the open-
ended questions but some could answer the most difficult 
questions and give reasons for their answers, e.g. why they would 
recommend a game to friends, which could be used to gain 
additional information on the attractive features of a game. 

In the nursery environment, the children were more reluctant to 
answer questions and at least one child would use nodding rather 
than verbalizing responses. In same environment, two children 
gained confidence from participating together. Very young 
children also had more difficulty in understanding questions. 

When working with very young children, therefore, it may be 
necessary to have different means of asking questions and to 
carefully consider what kinds of questions children may be able to 
answer. 

4.4.3 Evaluation as a process 
A particular issue that arose was the degree to which the process 
of evaluation can be separated from the process of interaction with 
a computer product. Often evaluation techniques are separated to 
the act of interaction, i.e. the evaluation takes place after the 
interaction. Alternatives that can be used at the same time as 
interaction, such as think-aloud are not suitable for very young 
children due to the need to verbalise and reason. 

When we asked the school children to draw a favourite character 
from the game, most could carry out this task and could discuss 
the character with reference to the game. However with the 
children in the nursery, this task largely failed and the act of 
drawing was seen as a different activity to the game. This raises 
questions about how to connect evaluation to the experience of 
interacting with a product. 

5. LIMITATIONS AND FUTURE 
DIRECTIONS 
This study was a small exploratory study conducted within one 
nursery and one school environment. We only used one website, 
although many games were available from this site, and carried 
out only one round of evaluations. Nevertheless, we believe that 
the tentative findings are of interest in pointing to some 
difficulties in working with a distinct group of computer users. 
This is a challenging, but rewarding, group to work with and it 
was clear that they have specific needs in terms of evaluation. We 
are continuing to work with the nursery school pupils to explore 
what kinds of evaluation are attractive and useful to them in 
evaluating products designed for their use. Specifically, we are 
investigating methods that enable them to express emotional 
reactions to computer products. 



 

17 

 

6. CONCLUSIONS 
Our study focused on computer games. This was to provide 
children with a familiar computer product so that we could 
concentrate on the process of evaluation. However, we believe our 
findings on evaluation are relevant to any interactive product such 
as search systems. Increasingly researchers are examining search 
systems for use specifically by children. Usually these systems 
assume a certain level of literacy and so concentrate on older 
children. However, younger children are often able to use 
computers and may want to search for information. The 
information they wish and the methods that are appropriate to 
enable them to search may be very different from those of other 
users, which means that we need to have methods of evaluating 
systems for this group of children. 

Our study was aimed at understanding the challenges of working 
with young children. Obviously it was difficult to get data from 
the young children. They can easily feel bored, do not understand 
some questions, cannot necessarily reason about experience, may 
experience language barriers due to low vocabularies and may 
have physical limitations such as hand and eye coordination in 
using computers. This has implications for the design of search 
systems for children but also for evaluation: evaluations of search 
systems with very young children cannot rely on the relatively 
open-ended data gathering methods (such as interviews and think-
aloud) common in search evaluations of older people. Neither can 
search evaluations rely so strictly on the comparative 
experimental method commonly seen in IR evaluations where the 
same participants operate two or more versions of a system for 
fixed times and on given search tasks. Our experience suggests 
that, given very young children are emotionally driven, evaluation 
techniques will require to be flexible in coping with children’s 
emotional states (including boredom and shyness), and focus on 
concepts accessible, understandable and interesting to children. 
We are exploring such approaches now. 

While the study conducted at the primary school with five 
volunteer participants had indicated that there were possible 
differences when working with children of different ages.  
Children at primary school are more confident, easily can 
understand questions and instructions, and also have better 
communications skills.  

Several studies should be conducted in the nursery to obtain more 
and richer data from the young children. Our first study had the 
additional merit to break the ice with the children and let them 
familiarise with the researcher. We expect that if several studies 
are conducted involving young children, perhaps the process of 
getting data from them becomes easier and their ability to 
contribute to computer product development becomes stronger. 
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ABSTRACT
The goal in this paper is to automatically transform text
into a simpler text, so that it is easier to understand by chil-
dren. We perform syntactic simplification, i.e. the splitting
of sentences, and lexical simplification, i.e. replacing difficult
words with easier synonyms. We test the performance of this
approach for each component separately on a per sentence
basis, and globally with the automatic construction of sim-
plified news articles and encyclopedia articles. By including
information from a language model in the lexical simplifica-
tion step, we obtain better results over a baseline method.
The syntactic simplification shows that some phenomena are
difficult to recognize by a parser, and that errors are often
introduced. Although the reading difficulty goes down, it
still doesn’t reach the required level for young children.

Keywords
text simplification, readability

1. INTRODUCTION
The Internet contains a wealth of information, but only

a small fraction of that information is suited for the read-
ing level of children. Especially in the last decade, a lot of
research has been put into automatically assigning a mea-
sure of readability to text, and retrieving documents that
are suited for a predetermined reading level. This paper ad-
dresses a related issue, that arises when a document with the
right reading level can’t be found: rewrite the text so that
it does become suited, according to an external readabil-
ity measure. We introduce a method that takes complicated
text as input, and generates a text that is simpler and easier
to understand for children.

Text simplification may serve many purposes, and has
been researched with very different objectives in mind. Orig-
inally, the purpose was to break down long sentences in order
to improve the accuracy of parsers [4, 26]. Text simplifica-
tion was also used to automatically make text more under-
standable by aphasic readers [3], or readers with low liter-
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acy skills [2]. Yet another application is the simplification
of text as a preprocessing step for other NLP tasks, such as
Relation Extraction [16], Semantic Role Labeling [27] and
Machine Translation [21].

The goal of most research on text simplification is to make
the text as simple as possible. Only [23] and [2] first train
a classifier that decides whether or not a sentence is too
difficult, and if it is the case then a rule based system is
applied to attempt to simplify the sentence. The problem
with training a classifier is that annotated training data is
needed, and even then the decisions are made on the level of
individual sentences, not on the level of the entire document.
The problem with simplifying as much as possible is that
the text might become too easy: we want the text to fit
the reading level of a child as good as possible, rather than
making it overly simple.

By casting the problem as an Integer Linear Programming
(ILP) problem, we can find a global solution (i.e. choice of
simplifications) so that the entire text satisfies certain condi-
tions regarding the reading difficulty. These conditions can
be modeled through the objective function and constraints.

In the next section we will discuss relevant work. Section 3
introduces the different parts of the method. In section 4 we
evaluate the two main components of the system (lexical and
syntactic simplification), and also evaluate how well it is able
to reduce the reading difficulty. We end with conclusions in
section 5 and indications for future work in section 6.

2. RELATED WORK

2.1 Automatic text simplification
Relevant work started with [4], where sentences were split

into shorter sentences by using suppertagging (a weak form
of parsing), in order to speed up parsers and improve accu-
racy. Research in this direction continued with [26], making
use of shallow preprocessing and taking hints from punctu-
ation. In this work was also attention for the regeneration
stage, so the sentences that were split form a coherent piece
of text.

Simplification in order to make text more accessible for
aphasic readers was done in [3], in the PSET project. Long
sentences and passive constructions are hard to understand
for people with aphasia, and these phenomena were simpli-
fied making use of the output of a parser and a set of rules
thereon. Anaphoric expressions were replaced by there an-
tecedents. The PSET project also had attention for lexical
simplification, by replacing difficult words with ones that are
easier to understand [8]. The method was evaluated on news

19



articles from a local newspaper. Similarly, the PorSimples
project tries to automatically simplify Brazilian Portuguese
text for people with low literacy skills [2]. A first step is clas-
sifying each sentence as easy enough or too difficult, using
many of the features common in predicting the readability
of text. If a sentence is classified as too difficult, a rule based
system tries to simplify the sentence. In contrast, the ap-
proach we present in this paper decides which sentences to
simplify on the level of the entire document, instead of on a
per sentence basis.

In a more general setting, the method in [9] can rewrite
text by using a Synchronous Tree Adjoining Grammar and
large set of paraphrases on this grammar, defined as tree
transformations. A global constrained solution is found with
Integer Linear Programming (ILP), although only one trans-
formation can be applied to every sentence.

[17] introduced a method to simplify sentences for infor-
mation seeking applications by extracting Easy Access Sen-
tences. These can loosely be defined as grammatical sen-
tences with one finite verb. Although it has attention for
semantically problematic environments, such as conditional
constructions, this method generates rather dull texts that
are suited for information seeking applications, but not for
children. The method in [27] is based on the reduction of
parse trees, by applying a set of 242 rules on them, in order
to obtain a less ‘noisy’ dataset for Semantic Role Label-
ing. However, much information is lost in this process (e.g.
modal verbs), and the meaning of the sentences is likely to
be altered. The method in [16] serves as a preprocessing step
for Relation Extraction, and is based on the Link Grammar
parser. Longer chunks of the sentence are fed to the parser
until an ‘S-link’ is found, meaning that that part of the sen-
tence forms a sentence by itself.

2.2 Lexical simplification
Lexical simplification has been performed in [8]. The sim-

plification there consists of lexicon substitution. All words
are looked up in WordNet [10] and their synonyms (synsets)
are retrieved. For all the synonyms, including the original
word, the method looks up the Kucera-Francis frequency
[18] in a psycholinguistic dictionary [25]. If one of the syn-
onyms has a higher Kucera-Francis frequency, it is an indi-
cation that this synonym is easier, as more frequent words
are better known than less frequent ones. If one of the syn-
onyms has a higher frequency than the original, the latter is
replaced by the most frequent synonym.

However, in [19] the authors reported that this method
often generated “weird sounding” sentences. A possible ex-
planation is that every word can have different unrelated
synonyms, because a word can have different meanings. In
[8], the argument against using Word Sense Disambiguation
(WSD) was that a difficult word might have only one spe-
cialized meaning.

2.3 Reading level assessment
Several researchers have demonstrated the effectiveness of

machine learning approaches over the traditional measures
such as the Flesch-Kincaid and Dale-Chall readability tests.
These traditional measures usually are a linear combination
of the average sentence length, average number of syllables,
and the number of ‘difficult’ words, e.g. words with 3+
syllables or words that are not in a basic word list. The
more advanced features used nowadays range from lexical

[5] to syntactic [23, 13], and even coherence [1]. Also cog-
nitively motivated features [11] and discourse structure [24]
have been used.

An interesting difference between all these methods is the
target audience. [3] focuses on patients with aphasia, al-
though no explicit attempt at identifying the difficult parts
of text was made. [22] aims at foreign and second language
learners. [11] focuses on people with a cognitive disability.
These last two have made use of data obtained from Weekly
Reader1, a magazine with an edition aimed at children of
different grades, and thus ideal to train and test reading
level assessment approaches.

3. METHOD
Our method consists of three components. The first two

are the lexical and syntactic simplification of text. The third
component concerns choosing the right set of simplifications
that were generated by the previous components.

3.1 Lexical simplification
In the lexical simplification step the aim is to replace dif-

ficult words and expressions with simpler ones. This task
is closely related to paraphrasing and machine translation,
with as source language English, and as target language
‘simple’ English. Unfortunately, whereas there are paral-
lel corpora available for paraphrasing and machine transla-
tion, a similar parallel corpus to learn simplifying expres-
sions from is not available. For this reason we focus our
attention on an easier task, the lexical substitution of indi-
vidual words.

As mentioned in section 2.2, using the most frequent syn-
onyms does not always generate the correct substitutions.
Our approach uses a limited form of Word Sense Disam-
biguation to alleviate this problem. The main idea is that
we not only generate alternative words from WordNet, but
combine this with a language model [7]. The Latent Words
Language model models both language in terms of consec-
utive words and the contextual meaning of the words as
latent variables in a Bayesian network. In a training phase
the model learns for every word a probabilistic set of syn-
onyms and related words (i.e. the latent words) from a large,
unlabeled training corpus. So rather than taking simply the
synonyms from WordNet, we take the intersection with the
words generated by the language model (see figure 1 for
a graphical representation). Because of the one sense per
context phenomenon [28], this gives reasonable grounds to
assume the substitutions are correct.

Alternatively, another approach could be to use a stan-
dard trigram language model, and ignore the synonyms that
have a language model probability below a certain threshold.

What remains is the problem of ranking the different can-
didates in the intersection of WordNet and the language
model, in order to select the easiest. An indication of how
easy a word is, could be obtained by looking at the Age
of Acquisition rating, available from the Oxford psycholin-
guistic database [25]. Unfortunately, many words lack this
rating, so like in previous work we use the Kucera-Francis
frequency. The word with the highest frequency is chosen to
replace the original word, if it has a higher frequency than
the original word.

1http://www.weeklyreader.com
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Figure 1: Schematic representation of the lexical simplification

3.2 Syntactic simplification
Previous work has relied on rule based systems to simplify

a certain number of syntactic constructions. This is also the
approach we follow in this paper. Constructions that are
typically simplified are relative clauses, appositions, passive
voice, and conjunctions [3], but also constructions such as
subordinate clauses and if-then structures [26], which are
inspired by Rhetorical Structure Theory (RST).

We use the Stanford parser [6] to perform a syntactic anal-
ysis of the input sentences. It has a rich annotation scheme
that marks several structures that we aim to simplify. We
selected the following set of operations to simplify the sen-
tences:2

• Appositions: when an apposition is encountered, it is
converted into a new sentence, by introducing an aux-
iliary verb. The clause it is attached to is copied and
made the subject of the new sentence.
Example: John Smith, a New York taxi driver, won
the lottery.
Becomes: John Smith is a New York taxi driver. John
Smith won the lottery.

• Relative clauses: the wh-word is replaced with the
word it refers to, and the clause is turned into a new
sentence.
Example: The mayor, who recently got a divorce, is
getting married again.
Becomes: The mayor recently got a divorce. The
mayor is getting married again.

• Prefix subordination: this simplification also involves
the introduction of new words, slightly based on RST.
Example: Although it is raining, the sun is shining.
Becomes: It is raining. But the sun is shining.

• Infix coordination and subordination: trivially, two
parts of a sentence connected by ‘and’ are split into
two sentences. If the subject of the first sentence is

2Those that we did not choose to simplify did not occur
in the data (if-then constructions), or did not have a signifi-
cant effect on the readability measure used in the evaluation
(activation of passive voice.)

also the subject of the second, the Stanford parser de-
tects this, and the subject is duplicated. Next to and,
two sentences conjoined by words such as although, but,
because, . . . are also split.

If a sentence can be simplified, and is split into two sen-
tences, then we try to apply the rules again to both of the
new sentences. We maintain a list of all possible combi-
nations of rules that can be applied. Thus in this phase,
we simply generate all possible simplifications of every in-
put sentence. The actual decision of which rules to apply
to which sentences is made by the method described in the
next section.

3.3 Optimizing the choice of simplifications
Before starting the section on the Integer Linear Program-

ming formulation, we will first motivate our choice of vari-
able to optimize in order to make the text fit for a reader
of a certain age. Afterwards we will extend this to a more
general scenario, to incorporate more features.

Numerous features have been used in assessing the diffi-
culty of text. One that recurs many times is the average
sentence length. This feature has often been used in the
traditional readability measures; the easiness with which it
could be calculated probably played an important role. Still,
in current research average sentence length is an important
feature when training a classifier for readability assessment.
It must be noted that in [24], the average sentence length
feature is not significantly correlated with the readability,
whereas in [11] this feature was found to be significantly
different between original and simplified texts.

3.3.1 Integer Linear Programming
A Linear Programming problem consists of decision vari-

ables and an objective function, that is a linear combination
of the decision variables. Solving the problem means find-
ing an assignment for these variables, so that the objective
function is maximized (or minimized). The decision vari-
ables can be bounded by linear constraints. In the case of
Integer Linear Programming, the decision variables are also
constrained to take only integer values. ILP has often been
used to find a global solution, for example for dependency
parsing [20] and multi-document summarization [12]. One
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of the first applications of ILP in Natural Language Process-
ing was in the work of [9], whose goal is somehow similar to
ours. His goal was to apply paraphrases to sentences in a
text, so that the text as a whole conforms to a set of guide-
lines (e.g., a conference paper that can be no longer than
8 pages). The paraphrases are defined over a Synchronous
Tree Adjoining Grammar (STAG). Each paraphrase has a
cost to apply, and the goal is to make the text conform to
the guidelines with a minimal cost. In contrast, in our re-
search the objective function serves to make the text fit a
certain age as good as possible. We also take it a step fur-
ther, by seeing how this is related to research in readability
assessment.

3.3.2 Finding a global solution
At the end of the previous step (see section 3.2), we have

for every sentence a list of alternative formulations, that can
replace the original sentence. For each of these alternatives,
we can calculate the influence this will have on the text
as a whole. Focussing on the average sentence length, the
relevant features that will be influenced by each alternative
are the number of sentences and the number of words.

Suppose the original text has S sentences and W words,
and sentence i,∀i = 1 . . . S has ni possible alternatives, in-
dicated by ai1 . . . aini , and ai0 the original sentence3. The
aij variables can only be zero or one (a value of one mean-
ing the corresponding alternative should be used), and for
a fixed i exactly one of the aij variables must be one (there
can only be one alternative chosen). We can calculate for
each aij the influence this will have on the average sentence
length, by calculating the difference in number of sentences,
∆sij , and the difference in number of words, ∆wij , com-
pared to the original sentence. To illustrate with the exam-
ple of the first rule in section 3.2: the application of this
rule (a10 = 0, a11 = 1) would result in an increase of 1 in
the number of sentences (∆s11 = +1), and an increase in
number of words by 3 (∆s11 = +3).

Stating that the average sentence length should be at most
m words per sentence can then be written with the formula:

W +
P

ij aij∆wij

S +
P

ij aij∆sij
≤ m (1)

By rearranging, this equation can be rewritten to the fol-
lowing form:X

ij

(∆wij −m∆sij)aij ≤ Sm−W (2)

With the following constraints:

aij ∈ {0, 1} (3)

niX
j=0

aij = 1,∀i (4)

The left hand side of equation 2 can be minimized by using
it as the objective function in the ILP formulation, with the
constraints from equations 3 and 4. Defining a lower bound
on the average sentence length can be done trivially by using
equation 2 with a ≥ sign instead of the ≤ sign, in the form
of another constraint. This way the average sentence length
isn’t made too small, and the text overly simple.

3Note that aij can consist of more than one sentence for
j > 0.

3.3.3 Extension to more general features
A limitation of this method is that it is not possible to

minimize a linear combination of averages, what would be
needed for optimization towards e.g. the Flesh-Kincaid score.
Because of the two averages in this formula (average sen-
tence length and average syllables per word), the optimiza-
tion problem becomes a Quadratic Programming problem,
which is harder to solve.4

It is possible to optimize towards features that are not
averages. For example, suppose that we can measure the
difficulty of a text by a linear combination of the total num-
ber of sentences and the total number of words:

difficulty = αW + βS

We can then use a similar ILP formulation as in equation 1,
so that the difficulty can be minimized by choosing optimal
assignments for the variables aij :

α(W +
X
ij

∆wijaij) + β(S +
X
ij

∆sijaij) ≤ difficulty

Which can be rewritten to:X
ij

(α∆wij + β∆sij)aij ≤ difficulty− αW − βS

with α and β the model parameters, originating from,
for example, a linear regression model. Linear regression
has been used often in predicting the reading difficulty (e.g.
[11, 14]). As long as the features are defined as a total,
rather than an average, it is possible to write this in the
ILP formulation, and optimize for a certain difficulty. Also
the statistical language modeling approach from [5] can be
formulated in this way.

In the case that averages are still needed, an alternative
solution would be to define upper and lower bounds on each
of these features separately, e.g. by taking the average µ ±
the standard deviation σ, estimated from training data. If
the resulting ILP is infeasible, i.e. it is impossible to solve,
then the constraints can iteratively be relaxed to fall between
µ± γσ, with γ ≥ 1, until the ILP problem becomes feasible.

4. EVALUATION

4.1 Data
A problem with simplifying text and assessing the read-

ing difficulty of text, is that there is no standard dataset.
Because the intended audience is often different (children,
students learning a foreign language, people with intellec-
tual disabilities, . . . ), or the data is protected by copyrights,
finding a suitable dataset is not easy. Furthermore, for fu-
ture research on the simplification of text, it would be conve-
nient if there is a dataset that consists of an original version
and a simplified version, so that the latter can be used as a
gold standard.

With these objectives in mind, we used data from two pub-
licly available sources, from two different domains. The first
part comes from Wikipedia articles. We use the abstracts
of the articles on the list of “100 articles every Wikipedia
should have”. 50 were randomly chosen for the evaluation,
the remainder was used for development. Simpler versions
of the articles can be found on Simple Wikipedia5, although

4See [9] for details.
5http://simple.wikipedia.org
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corpus baseline our method
(synonyms) (+lang. model)

Wikipedia 53.2% 65.0%
Literacyworks 45.9% 57.6%

Table 1: Results of the lexical simplification in terms
of precision

the similarity between both versions of the same article is
rather low.

The second part of the data comes from the Literacyworks
website6. It contains news articles from CNN, and every ar-
ticle is accompanied by an abridged version. The abridged
version is a simplified form of the original, which is easier
to read for students and people that learn English. We ran-
domly selected 50 articles from this set for evaluation.

So in total we have 100 articles, from two different do-
mains.

4.2 Lexical simplification
For the evaluation of the lexical simplification, we ran-

domly selected 180 simplifications from each domain. As a
baseline, we compare with the simpler method from [8], dis-
cussed in section 2.2. In short, by using a language model
we add a weak form of Word Sense Disambiguation to the
baseline method, which consists of only selecting the most
frequent synonym given by WordNet. The language model
was trained on the Reuters corpus.

The evaluation was done using Amazon’s Mechanical Turk.
Each lexical substitution was graded by three persons, who
were asked to indicate whether the substitution was correct
or not. The majority vote was taken as the correct answer.

4.2.1 Discussion
It is clear from the results in table 1 that our method,

in the third column, outperforms the baseline, shown in
the second column. The latter is often too eager to re-
place words, where our method also looks at the context
and makes less errors. This can be illustrated with the fol-
lowing example:

1. Authorities employ (use) various mechanisms to regu-
late certain behaviors in general.

2. In 2007, about one third of the world ’s workers were
employed (used) in agriculture.

In sentence 1, both methods replace the word employ by the
word use, which is correct. But in sentence 2, the word em-
ploy is used in a different context, and the baseline method
still replaces it, whereas our method does not.

Table 1 only shows the precision. Empirically, we noticed
that the recall is rather low: the most difficult words in
the texts are often not replaced. An explanation for this
could be that the most difficult words don’t have synonyms
that are easier to understand. To give a clearer view on this
matter, we decided to check how many words are replaceable
by a ‘simple’ word. We started with a list of 3836 unique
simple words: the union of the 3000 basic words from the
Dale-Chall readability measure and the list of Basic English
words that Simple Wikipedia recommends using7. For each

6http://literacynet.org/cnnsf/
7http://simple.wikipedia.org/wiki/
Wikipedia:Basic English combined wordlist

Operation Wikipedia Literacyworks
Appositions 23/39 58.9% 35/72 48.6%
Relative clauses 12/20 60.0% 15/35 42.8%
Prefix subordination 2/3 0% 0/0 /
Infix coordination

and subordination 30/43 69.7% 78/112 69.6%
Total 67/105 63.8% 128/219 58.5%

Table 2: Accuracy of the syntactic simplification
(number correct / number that matched the rule)

Property Wikipedia Literacyworks
Nb. of articles 50 50
Nb. of sentences 552 1219
Nb. simplifiable 105 219
Percentage simplifiable 19.0% 18.0%

Table 3: Statistics of the used text data

word, we used WordNet to retrieve the synonyms, thereby
ignoring the retrieved synonyms that were already on the
initial list of simple words. The total number of unique
synonyms was a surprisingly low 10864. Thus, simplifying a
text so that it consists entirely out of words from the list of
3836 simple words, is only possible when the input is already
limited to the list of 10864 words. Words not in this latter
list will not have a synonym, and can not be simplified to
a word in the list of simple words. A solution would be
to insert elaborations in the text, that explain the meaning
of these words, or to leave out the difficult parts by using
summarization techniques.

Finally, this experiment only gives an indication on the va-
lidity the substitutions, and not of the simplification. Eval-
uating the latter would require a more extensive evaluation,
with children as test subjects (see [15] for example).

4.3 Syntactic simplification
We used the same 100 articles from the lexical simplifica-

tion experiment. We also evaluated the system with Ama-
zon’s Mechanical Turk, asking the judges to indicate if the
two resulting sentences8 were still correct English. Again,
we used the majority vote out of 3 opinions. To keep the an-
swers simple, we only worked with a binary choice: correct
or not correct. The results of the syntactic simplification
are in table 2, and details about the data sets are in table 3.
The average pairwise inter-annotator agreement was mea-
sured with the kappa statistic, and amounts to 0.7, which is
reasonable to draw conclusions from.

4.3.1 Discussion
From the results in table 2 it is clear that many errors

are made. A lot of the syntactic constructions that we want
to simplify are also difficult to recognize for parsers. The
task for the parser is made extra hard, because usually long
sentences need to be simplified. A lot of the problems come
from detecting the boundaries, e.g. finding the clauses that
are connected by and or finding the end of appositions. The
Stanford parser also has problems with lists, separated by
commas, as in “I went to Spain, Italy, and Switzerland”, in
which Italy would be marked as an apposition of Spain.

8In most cases, if a sentence could be simplified, it was by
only one rule. See section 4.4 for more details.
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Property Wikipedia Literacyworks
original avg. sentence length 21.6 17.3
minimal avg. sentence length 18.0 14.6
original Flesch-Kincaid

grade level 16.2 10.8
minimal Flesch-Kincaid

grade level 14.1 9.3

Table 4: The lower bound on average sentence
length (words per sentence), and the Flesch-Kincaid
grade level. Averaged over 50 articles per type of
text

These results might be an indication that the original idea
behind text simplification, as a preprocessing step before
parsing [4, 26], could be worth revisiting. But, since a sen-
tence does not have to be simplified, an easier solution is to
analyze it with different parsers, and leave it intact if the
difference between the output of the parsers is too large.

4.4 ILP evaluation
To investigate to what end we can simplify the text for

a given age, we first let the ILP model make a text that is
as simple as possible, by minimizing the average sentence
length. These results can be found in table 4, showing the
original average sentence length, and the average sentence
length after the simplifications. It is clear that the average
sentence length is still very high, especially for the Wikipedia
articles. The results on the Literacyworks data are better,
but still not good enough for the younger children.

When we also include the lexical simplification, we can
calculate the Flesch-Kincaid grade level. This is defined as:

0.39
#words

#sentences
+ 11.8

#syllables

#words
− 15.59

The result is a grade level, based on the U.S. education
system. Grade 8 corresponds to age 13-14. As can be seen in
table 4, the new Wikipedia articles are still far away from a
level that is suited for children. The simplified news articles
from Literacyworks come closer to the 8th grade, but are still
not quite simple enough. That is why we will not perform
further evaluation of the global result at this moment, but
first put more research into the simplification operations.

For completeness, in figure 2 is a histogram representation
of the number of choices that the ILP solver has for each
sentence. It is clear that in most cases only one simplifica-
tion operation can be applied, giving a choice between using
the original sentence, or the simplified version. Sometimes
an absurdly high number of alternative sentences are gener-
ated, the reason for which lies in the interpreting of comma
separated lists as appositions, as discussed in section 4.3.1.

5. CONCLUSION
In this paper we have presented a set of methods to sim-

plify text, and simplify the text so that it should better fit
the age of the child reading the text. We thereby make an
attempt to close the gap between predicting the difficulty
of text, and the actual simplification. We improved the ac-
curacy of the lexical simplification with a 11.7% absolute
increase, by using a language model to perform a weak form
of Word Sense Disambiguation. We implemented a system
to split sentences based on the syntax. We relied on the out-
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Figure 2: Histogram representation of the number
of choices for each input sentence

put of a dependency parser, but it made several mistakes. It
appears the constructions we want to simplify to make text
more readable for children, are also difficult to understand
by parsers.

On a document level, we used an Integer Linear Program-
ming approach to find an optimal choice of simplification
operations to perform on the text. We can constrain the
ILP formulation to let the features of the text fall between
certain boundaries, specific for the age or reading skills of
the reader. Unfortunately, with the set of simplification op-
erations we used, it was not possible to reduce the reading
difficulty enough for children, at least not without removing
information from the text. Simplification of the abstracts of
Wikipedia articles resulted in an average decrease of around
2 grade levels according to the Flesch-Kincaid grade level
formula, simplification of news articles resulted in a 1.5 grade
level decrease. The lexical simplification was unable to sim-
plify the most difficult words, mostly because there is no
simple synonym for them. These result show that there are
still a lot of possibilities in the field of text simplification.

6. FUTURE WORK
Ignoring the errors that were introduced in the simplifica-

tion process, existing techniques to simplify text are inad-
equate to reach a level that is suitable for children. There
are however other techniques that can be used as well.

The easiest solution is to incorporate summarization. The
disadvantage is that information will be lost from the orig-
inal text. But in return, it is possible to remove (parts of)
sentences that contain difficult words, and to make sentences
shorter to decrease e.g. the average sentence length. Care
must be taken not to remove parts of the sentence that are
being referred to elsewhere in the document, but with the
necessary preprocessing steps this can easily be incorporated
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in the ILP formulation, in the form of additional constraints.
There are also ways to make the text easier, without dis-

carding information. It is possible to introduce elaborations
for difficult words. Another option is to do the inverse of a
technique in multi-document summarization, i.e. sentence
fusion. In sentence fusion, two partly overlapping sentences
from different documents are merged together, to create a
new sentence that contains the information from both of the
sentences. The inverse can be done to make text easier: split
a sentence to create partly overlapping sentences, with each
a part of the information (e.g. each new sentence has the
same subject and verb, but different prepositional phrases).

Ideally, the method should also be able to let the chil-
dren learn. Rather than making text more understandable,
and not let the children learn new words, it would be better
from an educational point of view if we could automatically
transform the text around a difficult word so that the mean-
ing becomes clear from the context, and the children learn
something new.

Finally, we aim to further evaluate these methods, also on
Web texts, and see how they can be used in an interactive
setting, in order to make the Internet more accessible for
children.
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ABSTRACT 
Children frequently make use of the Internet to search for 
information. However, research shows that children experience 
many problems with searching and browsing the web. The last 
decade numerous search environments have been developed, 
especially for children. Do these search interfaces support 
children in effective information-seeking? And do these interfaces 
add value to today’s popular search engines, such as Google? In 
this explorative study, we compared children’s search 
performance on four interfaces designed for children, with their 
performance on Google. We found that the children did not 
perform better on these interfaces than on Google. This study also 
uncovered several problems that children experienced with these 
search interfaces, which can be of use for designers of future 
search interfaces for children.  

Categories and Subject Descriptors 
H.3.3 [Information Storage and Retrieval]: Information search 
and retrieval – Query formulation, Search process and, Selection 
process; H.5.2 [Information interfaces and presentation]: User 
Interfaces - Graphical user interfaces (GUI), Natural language, 
Screen design and User-centered design    

General Terms 
Performance, Design, Human Factors.  

Keywords 
Information-seeking behaviour, searching, browsing, navigation 
children.  

1. INTRODUCTION 
Everyday, digital media play a more important role in our society 
and in children’s lives. Besides playing games, children use 
digital media for social gatherings, to create their own digital 
space and to find information as a support for learning. While 
recent studies in the U.S. report that 74% of children ages 8-18 
years have access to the Internet [9], in the Netherlands, 
practically all children are online nowadays [5].  

Researchers report all kind of problems children encounter during 
information-seeking, because they are confronted with 
information systems that are designed by and for adults. 
Therefore, the last decade, many digital environments have been 
developed with a child-friendly interface, especially for children. 
Do these search environments really support children in effective 
information-seeking? And are these systems consistent with 
children’s cognitive needs and skills?  

Although research uncovered several critical problems that 
children experience when using an ubiquitous keyword interface, 
such as Google [9], almost 80% of children ages 8-12 in the 
Netherlands in 2008 used the Google-search engine to find 
information on the Internet [15]. Two years later, this percentage 
will most likely even be higher. Apparently, Dutch children prefer 
using Google as their primary source for information-seeking.  
What does that mean for there information-seeking behaviour on 
child-friendly interfaces that are developed especially for 
children?  

In this paper, we report an explorative study on how children 
search information for a school assignment, by offering them 
closed, fact-based search tasks on four different Dutch 
informational websites, especially designed for children. In this 
study, we used children’s search performance on Google as a 
benchmark for their performance on the search interfaces for 
children.  

We will give an answer to the following two research questions: 

1. With what type of interface do children perform the 
search tasks best?  

2. What problems do children experience while 
conducting the search tasks on the interfaces and what 
characteristics of the interfaces do these problems relate 
to?  

With the knowledge gained from this study, we hope to contribute 
to the research and development of digital search interfaces that 
support children in effective information-seeking. 

2. RELATED RESEARCH 
A general assumption is made by researchers that browsing-
oriented search tools are better suited to the abilities and skills of 
children than keyword search tools [6]. They say that browsing 
imposes less cognitive load than searching, because more 
knowledge is needed to retrieve terms from memory than simply 
to recognize offered terms.  
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2.1 Searching versus browsing 
In 1998, Schacter et al. [16] found that with both highly specific 
and vague search tasks, children sought information by using 
browsing strategies. In their research on children’s internet 
searching on complex problems, they reported the following: 
“Children are reactive searchers who do not systematically plan or 
employ elaborated analytic search strategies.” They found that the 
structure of the task (ill- or well-defined) played a role in 
children’s search behaviour. The number of key word searching 
used in the well-defined tasks was significantly greater than the 
number of key word searching in the ill-defined tasks. Well-
defined tasks provided a more concrete structure upon which to 
generate queries. However, they also found that the children 
performed poorly on the well-defined tasks. When the tasks were 
vague and abstract, children performed more successfully than 
when the tasks were specific and concrete. They conclude that 
children lack highly skilled analytic searching strategies, which 
are not needed when browsing for information in ill-defined tasks 
[16].  

In the beginning of 1998, however, Google did no yet exist and 
browsing was a more important strategy to find information in 
those days. The development of popular search engines, such as 
Google, might have a positive effect on the development of 
children’s analytic searching skills. 

In her research on the use of the Yahooligans! Web Search Engine 
in 2000, Bilal [1,2] found that most of the children preferred 
using keywords to search for information, but that they were 
better at finding information by browsing. However, this result 
might be due to the design of the search engine on the interface 
that was used in this study, which did not work properly for 
children.   

By tracking the web logs of The International Children’s Digital 
Library (ICDL) in 2003, Druin [8] found that approximately 75% 
of the searches used category search (browsing), 15% used place 
search (by selecting a location on an interface of a globe) and just 
over 10% of the searches used keyword search.  

Finally, in 2006, Hutchinson et al. [11] found that children are 
capable of using both keyword search and category browsing, but 
generally, they prefer and are more successful with category 
browsing. They explain this finding in relation to children’s 
‘natural tendency to explore’: “Young children tend not to plan 
out their searches, but simply react to the results they receive from 
the IR-system. Generally, their search strategies are not analytical 
and do not aim precisely at one goal. Instead, they make 
associations while browsing. This is a trial-and-error strategy.”  

2.2 Children’s information-seeking problems  
Researchers often find that children experience difficulties while 
using both searching and browsing tools. These tools do not take 
into account children’s cognitive and motor skills. 

Motor skills 
Concerning motor skills, children can have difficulties using a 
mouse. The smaller the object to be clicked on, the longer it takes 
for a child to click on it [10]. Second, many children have 
difficulty with typing. They are not yet capable of typing without 
looking at the keyboard, termed touch-typing. Instead, they ‘hunt 
and peck’ on the keyboard for the correct keys [6]. This is why 
typing for children often takes a long time and can lead to 
frustration.  

Difficulties with searching and browsing 
Usually, formulating a search query is difficult for children, 
because they have little knowledge to ‘recall’ concepts or terms 
from their long-term memory [6,10]. Besides, for searching 
relevant documents using keyword search, correct spelling, 
spacing and punctuation are needed. Children often make spelling 
errors [6]. Deciding on a single keyword is also difficult for a 
child, because children tend to use a full natural language query.  

With browsing, children first of all have trouble finding the right 
category, because they have little domain-knowledge to decide 
which category is optimum. In addition, problems with browsing 
tools are mostly the result of a lack of vocabulary knowledge. 
Children often have difficulties understanding abstract, top-level 
headings, because their vocabulary knowledge is not yet sufficient 
to understand such terms [11]. Children are able to use hierarchies 
to locate information. However, they may experience difficulty in 
conceptualizing abstract concepts and traversing deep multilevel 
hierarchical structures. The deeper the hierarchies, the more likely 
children are to become lost [4]. In their research on de design of 
web directories for children, Bilal and Wang found that children’s 
conceptual structures (the way knowledge is organized in their 
minds) are more similar to each other for concrete than for 
abstract categories. Principles used to map the relationship among 
concepts are based on a concrete approach (perceptual, situational 
and experiential, whereas often the approach used in directories is 
abstract (e.g. discipline oriented) [4].  

2.3 Model for web navigation 
To examine children’s digital information-seeking, a model is 
needed that simulates web navigation such as the Comprehension-
based Linked Model of Deliberate Search (CoLiDeS) [12]. This 
model assumes that comprehension of texts and images is the core 
process underlying Web navigation. It is inspired by the concept 
of ‘information scent’ (semantic relevance of screen objects to 
users’ goals) and emphasizes the semantic dimension of Web 
navigation; that is, it is assumed that the process of relevance 
assessment is central to web navigation. Information scent is 
measured based on three factors: semantic similarity, frequency 
and literal matching. Semantic similarity is calculated based on 
co-occurrences between words and documents with the aid of a 
machine learning technique called latent semantic analysis (LSA).  

Juvina and van Oostendorp [12] show that not only semantic but 
also structural (spatial) knowledge is involved in navigating the 
Web. That is why they developed the model called CoLiDeS+ that 
uses ‘information scent’ to account for user’s judgments of 
relevance (semantic dimension) and ‘path adequacy’ (the semantic 
similarity between a navigation path and a user’s goal) to account 
for the user’s efficiency in traversing a Web structure (structural 
dimension).  

3. METHOD 
In the spring of 2010, we conducted a study to explore how 
children search for fact-based information on several Dutch 
informational websites, especially designed for children.  The 
purpose of this study is to gather both qualitative and quantitative 
data that can help us formulate hypotheses about children’s 
interactions with digital search interfaces. All used methods, 
procedures and instruments were pilot-tested in the lab of our 
department before conducting the actual explorative study.  
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3.1 Participants 
For our study, we approached a primary school in the Dutch 
region Utrecht, from which we knew that the Internet is an 
important and frequently used instrument to find information for 
school assignments in the classroom. We wrote a letter to the 
parents of 35 children from two classrooms and asked them for 
their consent for participation of their child. Only three of the 
parents did not give their consent. In total, 32 children 
participated in our study; 27 children from a classroom with 
children from fourth to sixth grade and five children from a 
classroom with children from first to third grade. From the 
children that participated, three were 8 years old, eight 9 years 
old, ten 10 years old, eight 11 years old and four were 12 years 
old. Eleven of them were boys and twenty-one of them were girls.  

3.2 Data collection methods 
The study was conducted by the first author of this paper (the test 
instructor), in a quiet room in the school during school hours. 
Each child participated individually and the duration of the 
sessions per child ranged from 30 to 45 minutes. Our data 
collection methods were both quantitative and qualitative. The 
quantitative data was collected through a questionnaire that had to 
be filled in by every child at the beginning of the session. Further, 
the task performance was measured by recording children’s 
navigation paths during the search sessions.  

Quantitative data collection 
The questionnaire was a profile survey in which children were 
asked about demographical data, such as age, grade and gender. 
They were asked about their computer experience: frequency of 
PC use, frequency of using the Internet, activities on the internet 
(such as playing games, watching movies, etcetera), and frequency 
of online information-seeking. Further, they were asked about 
their prior experience with the interfaces for children that were 
selected for this study. Finally, they were given a free-recall task 
to measure their prior knowledge of the subjects that would be 
used in the search tasks. In this task, children had to tell what they 
knew about the four main subjects from the search tasks that 
would be given to them during task performance. For example, 
the child was asked: “Can you tell me what you know about 
sharks?” When the child stopped talking, the test instructor asked 
once more: “Is there more that you can tell me that you know 
about sharks?” Prior knowledge was not measured for the subject 
of the Google-task.  

After performing each search task, the child was asked to evaluate 
the difficulty of performing the search task on that particular 
interface on a ‘smiley-scale’ with evaluations from ‘very easy’ to 
‘very difficult’ (see Figure 1). At the end of every session, the test 
instructor asked the child to rank the websites from 1 to 5; the 
website that the child definitely would use the next time for 
information-seeking had to be ranked as 1, the one that the child 
would use after that had to be ranked as 2, etcetera. 

     
Very easy          Easy            Normal     Difficult      Very difficult 

Figure 1. Example of the ‘smiley-scale’ 

 

Qualitative data collection 
We collected the qualitative data by using a structured observation 
method to observe children’s performance on the research tasks, 
during which notes were made of remarkable observations. 
However, we did realize that children are often afraid to fail or to 
do something wrong. When they do not understand something, 
they might ‘hide’ this problem from the test instructor during the 
task performance. Therefore, we wanted to stimulate the children 
to express their feelings out loud during the performance. 
However, because we do not think that most children are very 
well capable of thinking aloud during their sessions [13], 
interventions were made during the sessions, by asking neutral 
questions after chunks of the task performance, termed post-task 
interviews.  

The questions in the post-task interviews were written down in a 
strict protocol. In this way, we hoped to prevent that the test 
instructor led the children towards particular items on the websites 
or opinions about these items. Also, with the help of these strict 
protocols, we wanted to standardize the dialogues within the 
different sessions between the test instructor and the children. For 
example, the test instructor asked the children in the post-task 
interviews to explain their evaluations on the smiley-scales per 
search task and at the end of the sessions, she asked the children 
to provide a reason for their ranking (see Section 3.2) of the 
websites.  

During the sessions, all browser activities were recorded and, 
more importantly, the children’s eye movements on the screen 
during the task performance were recorded using the Tobii 
Eyetracker and the software named Studio. This eye-tracker is a 
free standing, non-invasive device which can be set up in front of 
any interface. Also, a video display of the child in front of the 
computer and an audio recording of the spoken comments of both 
the children and the test instructor, were recorded during the 
sessions.  

3.3 Procedure 
At the start of every session, the child was asked to sit behind the 
computer screen (Tobii eyetracker screen). Every step of the 
procedure was written down in a strict protocol, so that the 
procedure would be the same for every child. First, the test 
instructor explained the goal of the research session to the child 
and the tasks that the child would be asked to conduct on the 
different websites. After that, she asked the child to fill in the 
questionnaire about prior experience with computers and the 
Internet. She then took the free-recall task as described in Section 
3.2.  

The next step in the session was the calibration of the eye-tracker. 
After the calibration, the child started with the actual search tasks. 
Every search task within the sessions started on a very simple 
‘start page’ with links to the five websites. Between each task, the 
child returned to this ‘start page’ with the browser’s home button.  

The test instructor offered the tasks to the child verbally, to 
prevent the children from ‘typing over’ keywords in stead of 
thinking about the formulation of the queries and the spelling of 
the words. For example, the test instructor asked the child: 
“Rembrandt was a famous Dutch painter and one of his most 
famous paintings is called ‘De Nachtwacht’. Can you find the 
reason why he made this painting on the website 
‘willemwever.nl’?” During task performance, the test instructor 
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sat next to the child to reassure the child if necessary and to ask 
questions during the post-task interviews.  

3.4 Interface selection 
We selected four interfaces for our explorative study on the basis 
of several criteria. First of all, we wanted to conduct research with 
children in the Netherlands.  Therefore, the websites had to be in 
Dutch. Second, we wanted the content of the websites to be 
comparable. That is, they had to represent the real information 
world in basic main categories, such as animals, sports, music, 
arts, nature, history, etcetera.  

However, the selected interfaces also had to differ on several 
important interface dimensions: 

1. Arrangement of information on the webpage 
2. Type of search engine and the way in which search 

results are displayed  
3. Menu structure: the way information is structured 

throughout the website 
4. The amount of clutter and density 

We selected the following interfaces for our study, which varied 
most from each other on the dimensions mentioned above, as 
described in Table 1. 

Google was selected to function as a baseline in our study. Every 
child was offered the same search task to be conducted on Google, 
so that search performance on Google could be compared between 
the children and a baseline could be set for ‘search skills’ in our 
study.  

 

Table 1. Selected interfaces and their interface characteristics 

Name Arrange-
ment of 
infor-
mation 

Type of 
search 
engine / 
Primary 
search tool? 

Menu 
structure / 
navigation 

Clutter / 
density 

1. 
School  
bieb.nl 

Traditional Google-like / 
search engine 
not primary 
search tool 

Taxonomical / 
menu in words 

Little 
clutter / 
low 
density 

2. 
Willem  
wever 
.nl 

Build of 
blocks 

Question-
answering 
system / 
primary search 
tool 

Abstract main 
menu in words 
/  basic 
categories on 
2nd level 

A lot of 
clutter / 
high 
density 

3.  
Kids. 
kennis  
net.nl 

Metapho-
rical 

Google-like / 
search engine 
not primary 
search tool 

Abstract main 
categories / 
navigation 
metaphor 

Little 
clutter / 
high 
density 

4.  
Wiki 
kids.nl 

Traditional, 
but a lot of 
text 

Google-like, 
option to get 
direct results 
page / primary 
search tool 

Abstract menu 
categories 

Medium 
amount of 
clutter 
and 
density 

5. 
Google 

Minimalistic Google-like / 
primary search 
tool 

No possibility 
to browse 
through 
categories 

No clutter 
and very 
low 
density 

 
 
 
 

For the rest of this paper, we will use these labels for the selected 
interfaces:  

1. Traditional interface (schoolbieb.nl) 
2. Question-answering interface (willemwever.nl) 
3. Metaphorical navigation interface (kids.kennisnet.nl) 
4. Textual interface (wikikids.nl) 
5. Google 

3.5 Tasks 
Four different search tasks were formulated for each website. The 
tasks were fact-based and not classroom related. Each child 
conducted one of the four search tasks per website, so every task 
per website was conducted by eight children. In every condition 
the websites were visited in a different order. 

Every child was offered the task on Google first, to set the 
baseline. After that, the children were offered a task about an 
animal, a task about arts or music, a task about sports and at the 
end a task about health (see Table 2). Every task belongs to the 
same domain and is formulated on the same level of abstraction. 
Also, the amount of effort needed to conduct the tasks was the 
same for the different tasks per website, to make them comparable 
to each other within the websites. The different tasks per website 
should have the same effect on children’s search performance on 
these websites, so that the nature of the tasks will not be a 
confounding variable in this study.  

The Google-task was inspired by the complex, multi-step task of 
Druin et al [9] in which children had to find an answer to the 
question: “Which day of the week will the Vice-President’s 
birthday be on next year?” However, because none of the children 
in their study was able to find an answer to that question, we 
decided to make the question a bit less complex. We first asked 
the children to the date of our Queen’s birthday. Only when 
children could easily find an answer to that question, the child 
was asked to find the day of the week on which her birthday 
would be next year.  

 

Table 2. Task distribution over websites 

 Condition 
1 

Condition 
2 

Condition 
3 

Condition 
4 

Task 1 
Birth-day 
Queen 

Google.nl Google.nl Google.nl Google.nl 

Task 2 
Animals 

Traditional 
interface 
(kangaroo) 

Question-
answering 
interface  
(giraffe) 

Metaphori-
cal 
navigation 
(shark) 

Textual 
interface 
(dolphin) 

Task 3 
Arts or 
Music 

Question-
answering 
interface 
(Rem-
brandt) 

Traditional 
interface 
(Beethoven) 

Textual 
interface 
(Mozart) 

Metaphori-
cal 
navigation 
(van Gogh) 

Task 4 
Sports 

Metaphori-
cal 
navigation 
(hockey) 

Textual 
interface 
(soccer) 

Traditional 
interface 
(basketball) 

Question-
answering 
interface 
(gymnast-
tics) 

Task 5 
Health 

Textual 
interface 
(hay fever) 

Metaphori-
cal 
navigation 
(head lice) 

Question-
answering 
interface 
(travel-
sickness) 

Traditional 
interface 
(braces) 
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3.6 Collected data 
The data collected consists of 16 hours of video and audio footage 
of the children’s browser activities, eye movements over the 
screen and a video and audio display of the children in front of the 
screen during their research session.  

For each participant, we also collected data from the profile 
survey, the free-recall task and the difficulty evaluations on the 
smiley-scales per search task. In total, we collected 96 pages of 
notes and comments made by the test instructor during the 
sessions.  

4. DATA ANALYSIS METHOD 
For the analysis of our data, we decided to use a top-down 
approach. First, we analyzed the quantitative data. After that, we 
analyzed the qualitative data to understand the process and 
outcomes of the children’s search performances and to explain the 
outcomes of the quantitative results.  

4.1 Quantitative data analysis 
As mentioned in Section 3.2, we measured quantitative data 
before the search tasks were conducted through a questionnaire 
and a free-recall task. After the search tasks were conducted, 
children’s difficulty-scores were measured for each search task 
and they were asked to rank the interfaces for future use.  

During the search performance, we measured the following 
variables per search task:  

1. Amount of events (clicks and submitted queries)  
2. Deviation of the optimum navigation path  
3. Amount of time needed to conduct the search tasks 
4. Success in finding the relevant information  
5. Used search strategy (searching or browsing)  

We determined the optimum navigation path by counting the 
amount of clicks needed that brought us to the right information 
on the websites in the most efficient way. ‘Success’ was measured 
by judging three variables of success: the success of navigating to 
the information, the success of comprehending the content that the 
children passed along the way, and the amount of help children 
required from the test instructor. The calculation of the success 
scores is presented in the following table. 

Table 3. Calculation of success scores 

Success score: 8 7 6 5 4 3 2 1 

Navigation + + + + - - - - 

Comprehension + + - - + + - - 

Required help - + - + - + - + 

 

With these data, we could determine whether there were 
differences on the performance and evaluation scores between 
particular groups of children (e.g. age-groups), between the search 
tasks or between the visited interfaces. We could also check 
whether there were confounding variables, such as computer 
experience or prior subject knowledge.  

4.2 Qualitative data analysis 
For the qualitative data analysis, we studied the video and audio 
footage from the 32 sessions. We registered all positive and 

negative observations concerning the search performance. With 
‘positive observations’, we mean observations of actions that led 
to successes in navigation or comprehension and with ‘negative 
observations’, we mean observations of actions that led to 
navigation or comprehension failures. These observations were 
related to the system characteristics (such as lay-out, navigation 
tools or search engine characteristics) of the interfaces. 

We did not impose categories for analysis before we started the 
qualitative data collection. Instead of that, we developed 
categories inductively after all the data was collected by the test 
instructor, by categorizing and sorting all the positive and 
negative qualitative observations. We discovered that most 
developed categories could be assigned to one of the constituent 
processes in the Comprehension-based Linked Model of 
Deliberate Search (CoLiDeS) [12] as described in Section 2.3. 
This stage model to simulate navigation on the web, divides the 
search process in several constituent processes: attending a 
webpage, parsing a webpage, focusing on an area, selecting a 
relevant entry, etcetera. Although this model only covers a 
browsing strategy, we think it can also be useful for a keyword 
searching strategy.  

5. RESULTS 
In this section, we will first discuss the results from the 
quantitative data. After that, we will try to explain some of these 
outcomes by describing the most important observations within 
the qualitative data.  

5.1 Search performance on the interfaces 
Before addressing the search performance on the different 
interfaces in our study, we will first address whether there were 
differences between different groups of children. Therefore, we 
conducted a one-way ANOVA to compare the means on several 
variables for different age groups, grades and gender. 

There are no significant differences between different age groups 
of children, concerning computer experience and Internet 
experience and prior knowledge of the subjects in the search 
tasks. There is only a difference in the frequency of Internet use 
between school grades (F(3,29) = 3.25, p = .036); the higher the 
grade, the more the children make use of the Internet. Concerning 
experience, there is only one significant difference between 
genders (F1,31) = 10.33, p = .003); relatively more of the boys 
watch movies on the Internet.  

We did not find significant differences for the performance 
variables between different age groups, different grades or 
genders. This is against our expectations, because we would 
expect a correlation between age and performance. We only found 
significant differences between the time children from different 
grades needed to conduct the tasks on two of the interfaces, the 
traditional interface (F(3,28) = 5.74, p = .003) and the question-
answering interface (F(3,28 = 8.36, p = .000); the higher the 
grade, the less time the children needed to conduct the tasks on 
these interfaces.    

On what type of interface do children perform the search tasks 
best? 
In this section, we will give an answer to the first main question: 
With what type of interface do children perform the search tasks 
best?  
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On each website, four different tasks were conducted within the 
four conditions. These tasks are comparable in complexity and 
require the same amount of clicks within the optimum navigation 
path. Therefore, new performance variables could be composed by 
combining the performance scores from the four tasks per 
interface to one score for each of the interfaces. We looked at the 
differences in performance between the websites by calculating a 
‘repeated-measures ANOVA’ for each of these compound 
variables. 

The average amount of time needed to conduct the tasks is largest 
with the metaphorical navigation interface and smallest with 
Google, followed by the question-answering interface and the 
traditional interface (see Figure 2). The time needed to conduct 
the tasks on Google is significantly smaller than the time needed 
to conduct the tasks on the other interfaces (F(3.23, 96.92 = 
16.28, p = .042). And the time needed to conduct the tasks on the 
metaphorical navigation interface is significantly larger than on 
the other interfaces (F(3.23, 96.92 = 16.28, p = .000).  

 
Figure 2. Results of the mean amount of time (in seconds) 

needed on the different interfaces 

Also, the average deviation from the optimum navigation path is 
largest with the metaphorical navigation interface and smallest 
with Google and the question-answering interface. The deviation 
of the optimum path is significantly larger for the tasks on the 
metaphorical navigation interface than for the tasks on the other 
interfaces (F(2.54, 76.25 = 19.34, p = .001).  

Finally, the success scores are most high on Google, followed by 
the question-answering interface and the traditional interface and 
the success scores are lowest on the metaphorical navigation 
interface (see Figure 3). As described in Section 4.1, success 
scores were rated on a scale from 1 to 8 in which 1 is the lowest 
success score and 8 is the highest success score. The success 
scores achieved for the tasks on the metaphorical navigation 
interface and the textual interface are significantly lower than the 
success scores achieved on the other interfaces (F(2.76, 82.92) = 
24.19, p = .000).  

The role of Google as a baseline for the search performance in 
general is very clear in the results. The children needed the least 
time and clicks and were most successful in conducting the task 
with Google, compared to the other four interfaces, as can also be 
seen in Figures 2 and 3.  

 

 
Figure 3. Results of the mean success scores on the different 

interfaces on a scale from 1 to 8 (1=lowest success score, 
8=highest success score) 

What type of interface do children prefer? 
As with the performance variables, we also composed difficulty 
variables for each interface and calculated a repeated-measures 
ANOVA for these compound variables of difficulty scores. In 
general, the children evaluated the tasks on Google, the question-
answering interface and the traditional interface as more easy than 
the tasks on the highly textual interface and the metaphorical 
navigation interface. The difficulty scores for the textual and the 
metaphorical navigation interface were significantly higher than 
the difficulty scores on the other interfaces (F(3.22,102.98) = 
23.45, p = .002). 

 
Figure 4. Results of the mean difficulty scores on the different 
interfaces on a scale from 1 to 5 (1=very easy, 5=very difficult) 

With the ranking of the interfaces for future use, the children 
almost unanimously ranked the metaphorical navigation interface 
as least preferred for future use and the textual interface as second 
least preferred for future use. Google was almost unanimously 
chosen as the most preferred search interface for future use, 
followed by the traditional and the question-answering interfaces. 
In Section 5.2, the type of problems that the children experienced 
with the metaphorical navigation interface and the highly textual 
interface will be described, which can explain the fact that 
children found the tasks on these interfaces more difficult and 
preferred these interfaces less than the other interfaces.  

What search strategies do children use? 
Almost all children used the search engines as their main search 
strategy on the different interfaces. The only exception was the 
metaphorical navigation interface. Most children did not find the 
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search engine within the navigational metaphor on this interface, 
because it was ‘hidden’ on an unusual location on the screen.  

5.2 Problems children experience with the 
interfaces 
In this section, we will give an answer to our second research 
question:  
What problems do children experience while conducting the 
search tasks on the interfaces and to what characteristics of the 
interfaces do these problems relate? 

Parsing problems 
As mentioned in the CoLiDeS model [12], after a web page is 
attended to, a web page is parsed in several areas and the relevant 
area is focused on. We recognized different forms of ‘parsing’ in 
the children’s search sessions. Some children indeed looked at all 
areas of a web page, before focusing on a relevant area (e.g. on 
the main menu). Others only scanned a few items, before focusing 
on a particular area.   

Also, many children went straight to the relevant area with their 
eyes, without parsing other areas of the web page. They 
‘shortened’ the parse process, because they had clear expectations 
about the page arrangement and looked at the area that is 
conventional for that item (e.g. the conventional location for the 
search engine is at the top right corner of the webpage).  

However, very often children experienced problems with parsing 
web pages. They did not see relevant items, because they ‘parsed’ 
the page too quickly or because items were placed on unexpected 
locations.  

Mine-sweeping navigation metaphors 
In his study on the usability of children’s websites, Nielsen [14] 
found that children were willing to indulge in mine-sweeping 
behaviour. However, we found exactly the opposite in our study. 
The homepage of the metaphorical navigation interface presented 
a navigation metaphor in which the child sailed in a boat and 
could visit different islands by clicking on them. However, many 
children did not understand this form of navigation. With the 
island ‘Know’, for example, there were two kinds of problems. 
The first problem was that this label ‘Know’ was too abstract. 
Children expected to find information here about almost 
everything.  The second problem was that the subcategory images 
on this ‘island’ did not attract attention because they had no 
visible words explaining their meaning. The children had to scrub 
the screen with the mouse to find the labels that belonged to these 
subcategory images. In our study, this type of navigation not only 
proved to be ineffective for children, but also caused a lot of 
frustration.  

Looping navigation style 
The children in our study often went back to pages they already 
had visited before, although they had not found the relevant 
information there. We also saw this ‘looping’ behavior while 
children processed search results from the search engine. Bilal and 
Kirby [3] reported the same results in their study on children’s 
search behavior. They found that most children had a “loopy” 
navigation style. They explain that this “loopy” style can be 
caused by children’s lower cognitive recall, because the web 
imposes memory overload that reduces recall during navigation.  

 
 

Home as ‘comfort zone’  
Most children went all the way back to the homepage, when they 
started a new task within the same interface. Navigating to a new 
page from a deeper page, was often too complicated for them. 
Problems arose when there was no clear home button, as was the 
case on the textual interface. However, also when there were clear 
home buttons, children found it easier to use the browser’s back 
button to go back to the homepage, which is an inefficient way to 
go back. This search strategy to go back  a couple of times or back 
to the home page was already mentioned by Chen [7], who termed 
this strategy “going back to the comfort zone”.   

Failing search engines because of natural language queries 
Many children used natural language when formulating their 
queries in a search engine, especially the younger children. With 
Google and the question-answering interface, using natural 
language did not cause any problems. However, the search 
engines on the other interfaces did not work well with natural 
language queries. The children often did not understand that the 
problems were caused by using a whole sentence, and tried to 
adjust the spelling of the words in their sentence. They did not 
think about bringing the query back to one keyword.  

Spelling and typing 
Spelling turned out to be a major obstacle for the children. 
Particularly with the interfaces that did not offer spelling 
corrections. The children frequently asked the test instructor if 
their spelling was correct, as Druin et al [9] also found in their 
study. In our study most children gratefully made use of the 
spelling correction tool ‘Did you mean’ in Google. They seemed 
to be very experienced using this tool. Many children immediately 
clicked on the spelling suggestion after the search results were 
displayed. Our results concerning the use of the ‘Did you mean’ 
tool are more positive than the results that Druin et al [9] found. 
They found that these tools were not always discovered by the 
children. 

Typing also caused a lot of problems. Most of the children had to 
‘hunt & peck’ for the right keys and did not notice when they 
made typing mistakes. Only two girls (ages 10 and 11) were able 
to use the touch-typing method. These results confirm the findings 
from Druin et al [9] that familiarity with technology still has not 
allowed children to become proficient at typing. However, we do 
think that familiarity with Google allows children to overcome 
problems with spelling more and more.  

Query suggestions 
Two of the interfaces in our study (the textual interface and 
Google) offered query suggestions in a drop-down box while 
typing a word in the search box. Although children had their eyes 
on the keyboard while typing, children did look at the screen 
while typing quite often and many children took notice and made 
use of the query suggestions when offered. Some children used 
the query suggestions when they were not sure of the right 
spelling by checking whether the right keyword would come up. 
Others even used the query suggestions as ‘type help’ so that they 
had to type only a few letters. For example, one boy only typed in 
the letters ‘moz’ on the textual interface and then clicked on the 
query suggestion ‘mozart’ that appeared in the drop-down box 
below.  

These results are opposite to the findings of Druin et al [9]. 
Almost all children in their study did not notice and did not take 
advantage of the offered query suggestions, because of the critical 
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disconnect from keyboard to screen while typing queries. Our 
findings suggest that mere familiarity with the Google technology 
has allowed children to become more proficient and take more 
advantage of the offered query suggestions.  

The output of search engines 
The most important problem that the children experienced on 
Google, was deciding what results were relevant. Particularly, 
many children found it difficult to determine the appropriateness 
of the source of a search result. One child, for example, 
interpreted the outcome of a poll as a fact and used it as an answer 
to the search question. This problem almost did not occur on the 
other interfaces, which were more contained repositories and did 
not present results from all of the World Wide Web.  

A more remarkable problem was experienced by the children on 
the interfaces with search results similar to Google. While these 
children had no trouble at all working with Google, they did have 
problems with the results pages of these other interfaces, because 
they did not recognize the results as such. They thought that the 
summary or snippet was all the information there was to get and 
did not understand they could click on the results to read more 
about the subject. Apparently, they did not relate the functionality 
of these search engines to the functionality of Google, whom they 
were familiar with.  

This problem did not happen with the question-answering 
interface, because this interface presented the search results with 
one sentence marked clickable and with a picture in front of each 
result. With this format, the children knew exactly that they could 
click on the result for more information.   

We saw the same positive effect of the use of images with 
categories or subcategories. When images were placed in front of 
subcategories (as was the case on the traditional interface), the 
children more easily recognized the categories as clickable and 
scanned the list of categories by looking at the pictures. 

6. CONCLUSION  
In this study, we found great differences in performance on the 
different interfaces. The children performed most poorly on the 
metaphorical navigation interface and after that their performance 
was poorest on the textual interface. Their performance was much 
better on the traditional interface and they performed best on the 
question-answering interface and on Google.  

The most important reason for their poor performance on the 
metaphorical navigation interface, was that the children did not 
understand this type of navigation. It took a lot of time for them to 
understand how to navigate on this interface and especially on the 
navigation pages, where they had to ‘mine-sweep’ the screen to 
discover subcategories. Another reason for the low performance 
on this metaphorical interface, were the abstract main categories. 
The children had a lot of trouble selecting the right category for 
their search tasks from these categories.  

Most children could not find the search engine on the 
metaphorical navigation interface. And when children did find it, 
most of the time it did not lead them to a relevant results page, 
because the search engine did not accept the natural language 
queries of the children.  

Performance on the textual interface also turned out to be quite 
low. The main problem was that the children found it hard to 
parse the high textual homepage to locate relevant items. Children 

also experienced a lot of problems on this interface, because they 
could not go back ‘home’ easily. They did not know that the logo 
was also the home-button. Furthermore, children experienced a lot 
of problems with processing the search results. Often, they did not 
recognize the search results as clickable. Although this interface 
contained a very smart feature by directly presenting a relevant 
search results page after submitting a query, this feature did not 
work for most children, because they entered natural language 
queries or made spelling errors.  

The traditional interface resulted in much better performance. 
Although most children used the search engine on this interface, 
some children could also browse quite easily through the menu 
structure on this interface. The pictures used in front of the sub 
menu worked quite well for the children. However, some of them 
experienced problems with the search results, because they did not 
recognize the results as clickable. 

Of all four children’s interfaces, the question-answering interface 
resulted in the best performance. Children immediately saw that 
they could submit a question at the top of the screen and the 
search engine could handle natural language queries quite well. 
The children also recognized the search results immediately as 
clickable, because there was only one sentence presented for each 
result and there were pictures in front of each result. 

6.1 Search strategies 
In contrast to previous research on children’s search strategies, we 
found that children used more searching than browsing strategies 
while performing informational search tasks. They also preferred 
using a search engine rather than browsing the main categories.  

Druin et al [9] described the same development of children using 
search engines. They uncovered several critical problems that 
children experience using search engines, such as problems with 
spelling and typing. Tools designed to make searching easier for 
children went unnoticed by the children in this study. 

However, our findings are much more positive concerning 
children’s search performance on Google. In our study, the 
children did take advantage of the tools, such as the spelling 
correction tool ‘Did you mean’ and the query suggestion tool that 
appeared in a drop-down box while typing a query.  

The only problems children experienced with Google, concerned 
judging the relevance of search results for their search task. This 
problem did not occur on the other interfaces, because of their 
smaller, more contained content. 

7. DISCUSSION AND FUTURE WORK 
The results of this study raise all sorts of hypotheses about 
children’s search behaviour on digital search interfaces, on which 
we can base future studies. Considering future search interfaces 
for children, we can suggest some design directions based on the 
results of this study.  

First of all, the effect that Google has on today’s children should 
not be underestimated. We should keep in mind that experience 
with search systems and search conventions that arise from these 
experiences, cause changes in children’s search behaviour and 
strategies over time.  

Designers should be careful with well-meant, child-friendly 
designs, because they might not work for children. An important 
example of such an interface is the navigation metaphor in which 

34



children had to mine-sweep to find subcategories. In this study, 
we found that it is not easy to design a search interface for 
children that adds value to searching with Google.  

We did find some directions in this study to add value to Google 
for children, such as adding pictures to search results or 
categories. Also, making search results as simple as possible (e.g. 
with one sentence) and making clear that the results are clickable, 
supports children in effective information-seeking.  
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ABSTRACT 
The continuous growth in the size and use of the World 
Wide Web (WWW) imposes new methods of design 
and customization of internet browsers. Personalization 
of Internet Access (PIA) as we define it is the process 
of customizing a Web navigational method to the needs 
of each specific user or set of users. In this paper we 
present WebMark, a PIA technique that makes use of 
the internet data content, user’s personal preference and 
Internet Explorer (IE). This user-control method 
provides visually impaired users with a faster 
navigational procedure to easily search and access 
internet content via voice synthesis feedback.  
 
WebMark allows blind users, while browsing the 
internet, to randomly mark desired Web pages 
temporarily without using the browser’s feature of 
bookmarking them. This method gives the users the 
flexibility to quickly revisit and access these marked 
pages during the same browsing session. Consequently, 
the user can spend less time browsing more information 
by skipping a large number of undesired previously 
visited pages. In addition, WebMark gives the user the 
flexibility to mark links for faster navigation to 
information on Web pages that contain a large number 
of links. 
 
KEYWORDS 
WWW; visually impaired; search; WebMark; blind; 
hypermedia design; accessibility; Internet. 
 
INTRODUCTION 
Navigation of complex hypermedia environments, of 
which the web is the most apparent example, has long 
been considered a major issue in hypermedia design and 
usability literature [1].  The potentially complex 
navigation task is further complicated if the user 
happens to be visually impaired, since the richness of 
visual navigational cues presented to a sighted user are 
not appropriate nor accessible to a visually impaired 
user [2]. Individuals with physical disabilities, at times, 
are simply overlooked by fully capable people or their 
needs are addressed as an afterthought especially in the 
information Technology field [11, 12]. Efforts have 
focused on supporting the ‘sensory translation’ of visual 
textual content to either audio or touch (through 

Braille), rather than enhancing web navigational 
methods [3]. 
 
The lack of proper organization in web browsers forces 
Web users to make random choices in storing bookmarks 
while browsing [22]. In addition, the history list of pages 
visited that is stored in the browser cache could become 
unreasonably long in a short period of time. This feature 
is not too practical for page relocation access, since it 
forces the visually impaired user to rely on recalling the 
title of the desired page, a process that violates the 
Heuristic concept of ‘recognition rather than recall [16]. 
 
The problem arises when a visually impaired person 
browses a large number of web pages, a course that is 
inevitable while the user surfs the Internet. A finite 
number of them may turn out to be the focus of interest, 
which they might not be consecutive. The task of 
singling out a preferred page becomes time consuming, 
once the user is concerned with identifying these pages 
of interest amongst a large number of undesired 
previously browsed pages. Giving this scenario, it is 
impractical to expect blind users recognize visual cues 
on the pages (e.g., colors, images or page layout). These 
cues, on the other hand, allow sighted users to quickly 
and easily scan pages to locate the information of 
interest. Studies show that the use of visual aesthetics 
can transform a wall of dry text into a presentation that 
users will enthusiastically approach [17, 18].  
 
This problem of having visually impaired users revisit 
desired and non-desired pages becomes inefficient, 
while trying to relocate a previously visited page. 
Unfortunately, special browsing features that are built 
in the most popular screen-readers (e.g., Windoweyes 
[19] and Jaws [7]) do not provide the blind users the 
means to separate unwanted information from a desired 
one.  
 
In this paper, we introduce the concept of WebMark, a 
Personalization of Internet Access (PIA) technique, 
which overcomes some of the problems described 
above. Through WebMark, we present a method to 
assist visually impaired web users with navigating the 
internet in a faster manner. WebMark is one of the main 
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features of a talking browser called “WebSight” that 
conveys layout of Web pages. The WebMark feature 
gives blind users the ability to dynamically select web 
pages by marking Internet content (e.g., pages and 
links) while browsing the net to easily relocate them 
later in the same browsing session.  
 
In the following sections, we first cover some related 
work of Internet accessibility techniques and blindness. 
Next, we briefly introduce The WebSight project 
entailing the WebMark mechanism in more details. We 
follow this section by a description of the WebMark 
complete usability method via examples. Next, we 
cover future work then draw our conclusion. 
 
RELATED WORK 
Visually impaired people have difficulties accessing the 
Web, either because of the inappropriately designed 
Web pages or the lack of total accessibility provided by 
the current available technologies. This lack of 
accessibility leads to poor web navigational support for 
visually impaired users. Blind individuals usually 
access the Web, by using screen readers [7] or 
specialized browsers [9]. For these access technologies 
to work properly, Web pages must be appropriately 
designed as well as encoded in valid HTML that 
conforms to various accessibility guidelines. Some 
progress has been made in accessible computing since 
1992 (such as increased research and publication or user 
empowerment in the form of increased user 
participation in Information Technology (IT) design and 
development) [13]. Moreover, there remains an over-
arching bias that is evident in the lag of accessible 
technology behind this barrier, which is designed for 
fully capable users [14]. The W3C Web Accessibility 
Initiative and others recognize these difficulties and 
provide guidelines to promote accessibility on the Web 
[9, 10]. 
 
Harper [6] introduced the notion of travel and mobility 
to improve the accessibility of Web pages for visually 
impaired. He drew the analogy between virtual travel 
and travel in the physical world. Where, the notion of 
travel extends navigation and orientation to include 
environment, mobility and the purpose of the journey. 
Navigation suggests an opportunity of movement within 
the local environment. Orientation is the knowledge of 
the basic spatial relationships between objects within 
the environment, and the objects and the traveler. 
Mobility is the ease and condense at which travel can be 
accomplished. Environment is the context in which the 
traveler journeys through and includes the way the 
landscape rendered and perceived [9]. Travel objects 
are environmental elements that are used during a 
journey. On the Web, these objects deliver by the page 
design and the browser.  
 
Yesilada [20] has presented a travel analysis framework 
and demonstrated that the travel analysis process in the 
frame-work can be applied automatically as well as 

manually. This framework based upon a model of real 
world travel. It is used for identifying travel objects on 
Web pages and classifying them by concerning the roles 
of travel objects in the model of real world travel. 
 
Eirinaki [21] introduces SEWeP, a web personalization 
system. Eirinaki associates Web usage and content 
knowledge, by enhancing the information in the Web 
usage logs with semantics derived from the content of 
the Web site’s pages. The enhanced Web logs, called C-
Logs are then used as input to the Web mining process, 
resulting in the creation of a broader set of 
recommendation. 
 
WEBMARK NAVIGATIONAL ACCESS AND 
WEBSIGHT QUICK VIEW 
In this section, we briefly introduce the WebSight 
system approach, which overcomes the layout barrier of 
Web pages. WebSight integrates WebMark as one of its 
main features. The WebSight project is a Microsoft 
Internet Explorer (IE) plugin. Using the Microsoft 
Speech API, the WebSight prototype provides visually-
impaired individuals a method of conceptualizing the 
layout of a given webpage. Using this method, 
WebSight builds its own data structure of the HTML 
Code, preserving the unique spatial orientation of on-
screen data. Then, it renders the content in the same 
fashion as sighted individuals would perceive it via 
voice synthesis.  
 
The interface is composed of a 3 by 3 grid [4, 5]. The 
cells of this grid are labeled in the same fashion as a 
telephone keypad, where the top-left cell is 1 and the 
bottom-right cell is 9. As the user navigates from one 
cell to another, WebSight renders each content of that 
cell (e.g., a link, an image etc.) along with its spatial 
orientation in relation to the surrounding content (see 
Figure 1).  
 
As the user moves from one link to another, WebSight 
announces which cell the new link is currently in and 
the label of that link and its relative position to the 
previous link. For example, using predefined 
navigational keys, if the user moves the mouse cursor 
from “Computer Science” (in cell 5) to “Electrical 
Engineering and Computer Science” (in cell 7), 
WebSight will announce “Cell 7, Down Left, Link 
Electrical Engineering and Computer Science” (see 
Figure 1). The WebSight Project has other vital features 
and functionalities that is under consideration for 
publication with complete usability testing and results. 
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Figure 1.  Spatial rendering of web information by 
WebSight 

 
The mechanism of WebMark  
Utilizing this technique of WebMark, the blind user 
while browsing the internet, has the ability to mark 
random Web pages and different links on any given 
page and then access these information at a later time 
during the same session. The user also has the choice to 
store unlimited marked items in the WebMark 
temporary storage data structure. 
 
Key Function “p” provides information regarding the 
marked pages and links, “alt-p” marks the current page, 
“ctrl-p” goes to the next marked page, “ctrl-shift-p” 
goes to the previously marked page, “alt-l” marks 
current link, “ctrl-l” goes to the next marked link, and 
“ctrl-shift-l” goes to the previously marked link (see 
Table 1). 
 
Two cursor navigational techniques 
 
WebMark (as in the WebSight project) has two 
different cursors: a virtual and a mouse cursor. The 
mouse cursor assists the blind user with navigating and 
hearing the rendering of the on-screen content including 
identification of the marked items. Whereas the virtual 
cursor provides the user with a method to easily access 
the desired content (e.g., marked Web pages and links) 
the user can navigate the mouse cursor by The 
WebSight function keys.  The user can navigate the 
WebMark cursor by the function keys listed below.  
Table 1 reflects the main function keys that are 
employed in WebMark where users are able to 
mark/navigate pages and links. 
 

Key Function 

P Provides information of marked 
pages and links 

alt-p Marks current page 

ctrl-p Go to next marked page 

ctrl-shift-p Go to previous marked page 

alt-l Marks current link 

ctrl-l Go to next marked link 

ctrl-shift-l Go to previous marked link 

Table 1:  WebMark function keys 
 
Marking web pages 
The user presses “alt-p” to mark a page. WebMark 
announces “page marked” followed by the HTML title 
of the page.  When a page is marked, WebSight 
captures the title of the page as set using the <TITLE> 
HTML tag.  The user can navigate to a previously 
marked page, or to a next marked page (e.g., pressing 
ctrl-shift-p or ctrl-p), WebMark announces “previously 
marked page” and “next marked page” respectively. 
WebSight then loads in the given page in the active 
window. 
 
WebMark logic for marking pages 
A user can mark 10 pages and then navigate the virtual 
cursor back an X number of pages (where X <= 10) by 
pressing ‘ctrl-shift-p’. If the user adds a new marked 
page by pressing “alt-p” at that location, the marked 
page is then inserted at the end of the list and not 
between the position X and X+1.  Therefore, in the data 
structure, the mouse cursor is at the 11th marked page 
(see figure 2). 
  

 
Figure 2:  Marked links are added sequentially at the end 

of the list. 
This logic support for adding a new marked page at the 
end of the list is considered, because if Yahoo happens 
to be our 5th marked page, and the user navigates to a 
marked paged before Yahoo (e.g., the 3rd marked page) 
then we try to add a new marked page. If the user 
recalls that Yahoo was the 5th marked page, then the 
insertion after the 3rd marked page will increase the 
position of all pages following the 3rd page by 1, 
including Yahoo. Thereby, confusing the user’s 
conceptual model of the marked page list, since moving 
the cursor forward twice from position 3 will not reach 
the Yahoo WebMarked page. For example, the user 
navigates back to the 5th marked page (i.e., moving the 
cursor back to the Yahoo! WebMarked page), where the 
6th WebMark is CNN. If the cursor is on the Yahoo! 
WebMark and the user clicks on Yahoo! News. The 
system adds the new WebMarked news page to the 
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marked page list. However, it will be added to the end 
of the WebMark list instead of being the 6th marked 
page for the reason previously mentioned (see Figure 
2). 
 
The user has 10 marked pages where the 5th marked 
page is Yahoo! Next, the user navigates back to Yahoo! 
via the WebMark page list. If on this page, the user 
navigates to Yahoo! News via a link on Yahoo! And the 
user marks this page, the position of the Yahoo! News 
page moves to position 11, where the mouse cursor is 
located. Therefore, if the user presses the previous 
marked page function key “ctrl-shift-p”, the virtual 
cursor will navigate to the 10th marked page. If the user 
goes back manually to a marked page (using the 
location bar or a bookmark), the position of the mouse 
cursor in the marked page list still remains where it was 
previously. 
 
When the mouse cursor is at CNN, the 10th marked 
page, and the user navigates back to Yahoo, at position 
5, via the browser back button, the cursor will move to 
position 5 where the virtual cursor still remains. If the 
user tries to go back to the previously marked page 
using the “ctrl-shift-p”, they will be going back from 
CNN at position 10 to the previously marked page at 
position 9 (see Figure 3).  
 

 
 
Figure 3: Use of the browser “back” button vs. the 

WebMark technique 
 
 
Marking links 
To mark a link, the user presses ‘alt-l’ then WebMark 
announces “Link Marked”. To navigate to a previously 
marked link or to a next marked link, the user presses 
“ctrl-shift-l” or “ctrl-l” then WebMark announces 
“Previous marked link” and “Next marked link” 
respectively.  
 
WebMark logic for marking links using two cursors 
Links 1, 3, and 5 have been marked and the mouse 
cursor is currently at the 7th link on the page. The user 
then navigates backwards to the beginning of the 
marked linked list by pressing “ctrl-shift-l”, moving the 
virtual cursor  to link 1, with the goal of adding link 2. 
If the user then presses the key for the next link, and 
tries to mark that link, the link marked is 7, not 2, 
because the mouse cursor is at the 7th link. We made the 
mouse cursor not to follow the virtual cursor. This is 
done because of the following scenario. Suppose the 

mouse cursor was at the 100th link and links 1, 3, and 5 
were marked and the user navigates back to link 3 using 
the ‘ctrl-shift-3’ key and we had the mouse cursor move 
with the virtual cursor, then the user would lose the 
position of the 100th link. As a result, the only way for 
the user to return to the 100th link, is to navigate 
forward manually through all the links. 
 
When a user marks a link, the link is placed at the end 
of the marked link list, regardless of where the link is 
on the page.  
 
Adding links at the end of the stack 
We provide this functionality of adding links at the end 
of the marked list of links, since there are many popular 
pages with hundreds of links (e.g., the CNN website). 
The user has the ability to browse through the page and 
mark the links he/she is interested in. It is not vital for 
the user to sequentially go through the page more than 
once to single out and WebMark the links they are 
interested in. When sighted users visit a link, the color 
of the link usually changes from blue to red. However, 
here the user does not have to visit a link to have it 
marked (or selected). 
 
FUTURE WORK 
We would like to conduct a full user study of the 
WebMark mechanism. Some significant dependent 
variables to measure are: a specific marked page 
retrieval time, recognition of marked links on a giving 
page and the contribution of the marked list (WebMark) 
to the overall conceptual model of the system. We also 
like to discover the effect on the user’s mental model by 
giving him/her the ability to insert the new marked page 
at the virtual cursor location in the marked page list, 
instead of adding it at the end of the list. Also, 
announcing the current WebMark number in addition to 
the total page number in the marked list is worth 
implementing for ease of navigation. Furthermore, it is 
worth investigating the implementation of feedback 
conveying the number of marked links and its affect on 
the user’s mental model. 
An issue to consider in the logical design would be to 
check if the user browses unmarked pages, leaving the 
marked page list, will it be better to:  

• Return the user to the same WebMark location 
in the marked page list  

• Take the user’s cursor  to the end of the 
marked page list 

• Put the user’s cursor at the beginning of the 
marked page list. 

 
CONCLUSION 
In this research we have presented WebMark, a 
marking technique of Web pages and links that 
separates desired from non-desired data.  This allows 
the user to concentrate on the content rather than how to 
arrive at it. Moreover, WebMark entails a technique that 
provides personalized feedback, by transforming a 
collection of hideously linked pages or a large set of 
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links into a manageable finite set of data. The feedback 
is provided in an appropriate manner, giving the user 
explicit orientation information, such that navigational 
information can be detected in a timely manner. In other 
words, a user can make a choice as to whether they 
want to be at the current location, and if not, how to 
best attempt to get to their perceived destination [2]. 
When there are too many bookmarked pages, retrieval 
becomes time consuming for a visually impaired 
individual. In addition, the history list of pages visited 
that is stored in the browser cache can become too long 
in a short period of time. 
 
WebMark gives blind users the ability to dynamically 
select and mark web content instead of using the page 
bookmarking feature of the browser.  This browser 
feature is not too practical for most blind users, since 
the user would have to remember the name of the 
desired page he/she wants to revisit. It is a non-trivial 
task when a blind user tries to remember each title of 
the desired pages while he/she navigates the Internet. 
To visualize such an operation with its detailed steps 
could become an impossible mission. Given the 
technique of WebMark, our design intention is to 
provide a method for blind users to overcome the 
classical problem of “recall over recognition”. This 
procedure can assist the visually impaired user to avoid 
navigational delays and data-access obstacles while 
browsing the Internet. 
 
The method of marking pages while browsing the 
Internet, and traversing them at a later time, leaves out 
much of the undesired pages to step through. Moreover, 
it speeds the process of browsing by not relying on 
feedback of visual content. In WebMark, we presented 
a simple navigational method and a set of effortless 
functionalities to allow users mark their desired Internet 
data. In general, the more the user visits Internet pages, 
the more the mental model of the user can become a 
Web! 
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ABSTRACT 

This paper presents the preliminary results of a pilot 
study that explored the digital information landscape of 
children on the autism spectrum disorder (ASD) from the 
mediators’ perspectives (i.e., parents, teachers, therapists, 
and family volunteers). A web-based survey questionnaire 
generated responses from seventeen mediators that were 
mostly parents of children with ASD. Quantitative and 
qualitative data analyses uncovered many characteristics of 
this landscape. Parents were information seeking proxies 
for their children with ASD. They used a variety of  
information retrieval systems (IRs) including online 
databases; web search engines; social media (e.g., blogs, 
YouTube, Facebook); and toys and games in support of 
their children's everyday life and academic needs. Parent 
assessed   the children’s skills in using IRs and other 
technologies, and rated their skills on the six steps of the 
research process identified by the American Association of 
School Librarians (AASL), among other set of skills, as 
essential for becoming information literate to meet the 
challenges of the 21st century information environment 
(see Appendix). Most parents elucidated interface design 
features that could support the children’s information 
seeking goals. The results have implications for designing 
interfaces that meet the needs of young users with ASD, as 
well as for providing user-centered training to teach them 
effective information access, retrieval, and use. 
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Children, Autism Spectrum Disorder (ASD), Proxy 
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INTRODUCTION 
People with special needs, especially children on the 
autistic spectrum disorders (ASD) may possess “unique” 
information  
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behavior and express different information needs from 
children without ASD. In December 2009, the Center for 
Disease Control (CDC) in the United States reported that 1 
in every 110 births and almost 1 in 70 boys have been 

diagnosed with autism, a neurological disability that 
affects a person’s ability to communicate and interact with 
others (http://www.cdc.gov). The significant increase in 
cases of young people with ASD is also prevalent in other 
countries including Europe [1]. Autism appears in early 
childhood, usually before the age of three. It prevents 
children and adolescents from interacting normally with 
other people and affects almost every aspect of their social 
and psychological development.  

 
Children are “unique” young users and not simply 

‘short” adults. They possess information needs, 
experiences, sense-making, cognitive knowledge structure, 
skills and knowledge, as well as a theory of mind that are 
very different from those of adults [2][3][4][5]. The theory 
of mind refers to a full range of mental states (beliefs, 
emotions, constructs, desires, imagination, etc.) that is 
normally developed in children as young as age three. 
Children with a theory of mind have understanding of the 
relationship between individuals' mental states and their 
overt actions [5]. While in the last two decades, we have 
developed adequate understanding of how “normal” 
children interact with and use a variety of IRs and tools in 
the digital environment, we lack much understanding of 
the information behavior of children with ASD. This paper 
is a first step towards filling this research gap by exploring 
the digital information landscape (access, needs, and use) 
of children with ASD from the perspectives and 
experiences of the mediators that communicate/interact 
with them in everyday life and/or on a regular basis 
(parents, teachers, therapists, etc.). Results gained from 
this study have implications for universal system interface 
design that is supportive of these young users. The results 
could also yield to developing user-centered programs to 
teach children with ASD effective use of IRs and other 
information technology tools and applications. 
 

1.1 Autism Spectrum Disorder 
Autism is one of the developmental disabilities 

disorders called Autistic Spectrum Disorder (ASD) or 
Pervasive Developmental Disorder (PDD). Autism 
originated from the Latin root “auto”, meaning “self,” and 
was coined by the Swiss psychiatrist, Eugene Bleuler, to 
describe the self-centered thinking of adult patients he 
observed and who believed that everything in the world 
focused on them. Kanner (1943) borrowed the term to 
describe the children he worked with and who shared 
similar characteristics with Bleuler’s patients (i,e. 
repetitive behavior, emotional isolation, detachment from 
others including their parents, self-centricity, and 
attachment to objects such as toys). In 1944, Hans 
Asperger, an Austrian psychiatrist who worked with young 
adults, identified similar problems in his patients; however, 
he also found that the patients had normal intelligence and 
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began talking on time, unlike what Kanner concluded ([6]. 
Although the severity of the diagnosis varies, people with 
ASD share three common impairments: Social interaction, 
verbal and non verbal communication, and limited interest 
in activities and play 
(http://www.webmd.com/brain/autism/autism). In the areas 
of learning, people with ASD may be gifted/savant in 
specific subjects or severely challenged.  Gifted people are 
called “high functioning” or Asperger’s as they are verbal 
and possess a high intelligence (IQ). The traits children 
and young people with ASD possess pose many challenges 
for researchers, especially in relation to understanding 
their deficits and gifts, communicating with them to 
uncover their information behavior and needs, and to 
identify design criteria and architectures for interfaces that 
are most appropriate for them and meet their everyday life 
information needs. 
 

1.2 Theoretical Framework 
One of the main goals of human-computer interaction 

professionals is to develop understanding of differences 
among users in order to meet their needs, accommodate 
diversity, and design interfaces that are universally usable 
[7][8].  Addressing the needs of all users should be an 
ultimate goal for interface designers [9].  In general, 
designing interfaces for young people requires that the 
designer pay attention to their limitations in terms of 
cognitive developmental abilities (e.g., limited vocabulary, 
low memory recall, minimal level of abstraction, and 
experiential learning that vary with age)[10][11]. 
Designing for children with ASD pose additional 
challenges due to their “unique” cognitive challenges and 
difficulties that some researchers in the field of psychology 
have attributed to “deficits” in the theory of mind [5][1]. In 
the field of information sciences very little research has 
paid attention to the information landscape of this 
population with special needs and their information 
seeking in everyday life. The theoretical framework of 
Savolainen’s everyday life information seeking (ELIS)[12] 
is also relevant to this research because it provides a 
natural dimension about the realities of these children’s 
information world that is restricted by the “cognitive 
disorder” of ASD, which necessitates intervention from 
various mediators. In addition, the notion of “information 
seeking proxy” defined Fisher & Abrahamson [13] as 
“people who seek information on behalf of others without 
necessarily being asked or engaging in follow-up with the 
recipient(s)” is partially relevant here. While parents of 
children with ASD serve as proxy information seekers for 
their children with ASD, they, in many instances, engage 
in follow-ups with their children to solve their everyday 
information problems. This study explored the nature of 
the digital information landscape of a group of children 
with ASD from the mediators’ perspectives with a focus 
on parents as information seeking proxies and as advocates 
for designing interfaces that are universally usable and that 
highly supportive of their children’s information needs.  
 

2. RESEARCH OBJECTIVES 
This study addressed this overarching research question: 
 
1. What are the characteristics of the digital information 
landscape of children with ASD? 

a. What IRs and other technology 
tools/applications do parents use to find 

information that supports the everyday life of 
their children with ASD? 

b. What skills do children with ASD possess in 
using IRs and other technology 
tools/applications? 

c. What skills do children with ASD possess on the 
research process? 

2.  Could parents articulate features of interface design that 
meet the needs of their children with ASD?  
 

3. RELATED LITERATURE  
Studies of the information behavior of children with 

ASD and other intellectual disabilities are almost 
nonexistent in literature of information sciences. This 
section covers selected relevant research on the software 
needs of people with autism, assistive technologies 
designed for children with ASD, and virtual reality.  

Putnam & Chang [14] assessed the software and 
technology needs of people with autism using online 
surveys to elucidate information about product design that 
meets user goals. They found that very few respondents 
(25%) had experience with the design of these tools, that 
the needs focused on social skills, academic skills, and 
organization skills, and that use of technology was a major 
strength and for people with autism. In a recent special 
report, Slomsky  [15] elaborated on how assistive 
technology (particularly robots), are aiding autistic 
children with social development. Assistive technologies 
also have potential in mediating behaviors commonly 
associated with autism (e.g., sensory and motor 
impairments). The mediation includes gaining access to 
social situations and creating opportunities for work and 
play [16]. Robins & Dutenhahn [17] examined the use of 
robots in aiding children with social and communication 
skill development, as part of working on the AuRORA 
Project, a research endeavor on robots designed as 
educational and therapeutic toys for children with ASD.  
One of the early software applications developed for 
children with ASD was MusBus [18], which was designed 
to train autistic children to use a computer mouse.  Leroy, 
et al. [19] designed an image digital library to assist in the 
development of communication skills of children with 
ASD. The library’s interfaces were designed for use on a 
Pocket PC. The idea behind the image digital library 
emerged from the communication reality children with 
ASD, that is, deficit in verbal communication and reliance 
on pictures (e.g., Picture Exchange Communication 
System (PECS)) to communicate with others. 

Many researchers have employed virtual reality to 
create assistive technologies for children with ASD. For 
example, Chamberlain [19] developed a 3D generic virtual 
environment platform for people with ASD to use as a 
therapy tool. Moore, et al.[20] created a collaborative 
virtual environment (CVE) to assist children with autism 
in understanding basic emotions using a human-like 
avatar, while Merryman, et al. [21] designed Virtual Peers 
(VPs) to enable the social interaction of children with 
ASD. Similarly, Schmidt & Schmidt [22] developed a 3D 
virtual learning environment (3D VLE) to support the 
social interaction and development of social competence of 
these young users. In their review of the literature on 
virtual environments for children with ASD, Lanyi et al. 
[23] concluded that VEs can enhance skill development 
while providing children way to play and motivation for 
success. VEs can be fundamental in these children’s 
learning, speech interpretation, and communication, in 
general.  
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4. METHOD 
This research was planned in three phases: Phase 1, 

collect information from mediators about the digital 
information landscape of children with ASD; phase 2, 
identify mediators willing to be interviewed to collect 
additional data that provide deeper understanding of the 
realities of the children’s information landscape; and phase 
3, gain consent from selected parents to interview their 
children to gather information from the children’s 
perspectives and to learn about the challenges they face in 
everyday life information seeking. The ultimate goal of 
using this methodology is to generate a grounded theory 
based on the collected data. As of the writing of this paper, 
data collection was still in Phase 1, which is described in 
this section.  

Due to the nature of the research project, a quantitative 
method was employed in Phase 1 to collect data from 
mediators of children with ASD. The researcher developed 
and pilot-tested a survey instrument for collecting these 
data. It is commonly known that although web-based 
surveys may reach a large number of people quickly and 
easily, they yield low return rate, and tend to generate data 
that may not be totally reflective of the participants’ state 
of mind or realities, thus, affecting the reliability of the 
responses. However, using a survey approach was 
necessary to collect the baseline data in Phase 1 of this 
research project based on which additional, in-depth data 
could be gathered. 

 

4.1 Instrument 
The survey instrument consisted of four sections (A-D) 

with each section designed to be answered by specific 
mediators. Section A (14 questions) was targeted for 
parents of children with ASD, section B (11 questions) for 
general education teachers, section C (10 questions) for 
special education teachers, and section D (1 general, open-
ended question) for other professionals (e.g., social 
workers, therapists, psychiatrists). The web-based 
instrument was  created using SPSS mrInterview, an 
application that enables the creation of different types of 
surveys and that aggregates responses for ease of data 
coding and analysis. In general, sections A-C, questions 
elicited information on the participants’ 
background/demographics, Internet access, purposes of 
using the Internet, types of IRs and other technologies 
used, assessment of children’s skills in finding 
information, as well as difficulties children experience in 
finding information. In addition, each section had two 
open-ended questions for gathering feedback information 
and suggestions from the participants. The survey was 
posted on the web in mid fall 2009 and data collection is 
still in progress.  

 

4.2 Participants 
As was mentioned earlier, the first phase of data 

collection targeted mediators, people who could share their 
experiences in working with children with ASD in 
different settings. A minimum of 200 people were 
expected to participate in the survey, accounting for 20% 
of the 1000 volunteers associated with the East Tennessee 
Chapter of the Autistic Society of America (ASA-ETC). 
The volunteers receive the Society’s weekly newsletter via 
email where events, announcements, and activities are 
described, including calls for participation in research 
projects. These members will be able to see the call to 

participate in this survey only if they open the newsletter 
and scroll to the last page. Only seventeen people 
participated in the survey: Eleven parents, two general 
education teachers, one special education teacher, two 
family volunteers, and one speech pathologist. The fact 
that a small sample participated in the survey may be due 
to two factors: 1. Not all members of the society are active 
and, therefore, they may not open the Newsletter they 
receive via email on a regular basis; 2. Hesitance on the 
part of some parents to give information about their 
children with ASD, and 3. The nature of surveys in 
general, and web surveys, in particular, that typically 
generate low return rate. 

4.3 Sampling and Procedures 
Participants were recruited using two approaches: 1. 

Contacting the director of ASA-ETC for a list of 
volunteers, and snowballing. To protect the confidentiality 
of members associated with the Society, the researcher was 
unable to secure the list of volunteers. This resulted in 
using a convenient sample. The director of the Society 
included the researchers’ call for participation in the 
survey in the weekly newsletter two weeks. Due to a low 
return rate, the “call” was reposted in the newsletter for 
two additional weeks, which resulted in twelve returns. 
After one parent with a child on ASD contacted the 
researcher and expressed interest in helping with data 
collection, the researcher asked the parent to snowball the 
survey to people with interest in completing it. This 
approach yielded five additional returns, up to the writing 
of this paper, totaling seventeen participants.  
 

5. DATA ANALYSIS 
Responses to the survey from parents were selected for 

reporting in this paper due to the specific relationship they 
have with the children. All survey questions generated 
quantitative data with the exception of the open-ended 
questions that resulted in qualitative data. For the 
quantitative data, descriptive statistics were employed 
using percentages to describe the characteristics of the 
data. Responses to the open-ended questions were coded 
using open, axial, and selective coding that resulted in 
identifying one core conceptual category that best 
represented the data.  This category is based on the 
parents’ responses to the survey. 
 

6. RESULTS 
Data analysis uncovered many characteristics of the 

information seeking and needs of children with ASD. The 
first seven questions asked of parents on the survey 
instrument elicited demographic information. The rest of 
the questions (7) covered Internet access and use, the 
parents’ assessment of their children’s skills in  using IRs 
and other technology tools/applications, and their ratings 
of their skills on six steps of research process. Parents were 
also asked to provide input about the kind of technologies 
and/or programs that should be developed or improved to 
help their children become independent learners and 
effective users of information. 

 
6.1 Profile of Parents and their 
Children with ASD 

Eleven children were listed by parents as autistic. Of 
these, six (54%) were high functioning or  with Asperger’s 
Disorder. The children’s age ranged from 2 to 15 years 
old. Most parents also had children that did not have ASD 
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or other disabilities. Nine (81%) of the respondents were 
female and two were male. The parents’ educational 
degree earned ranged from a high school diploma to a 
doctorate. Only three parents did not work outside the 
home, and four had help with caring for their children.    

 

6.1.1 Parents’ Information Seeking and 
Purposes 
All parents except for one had an Internet access at home. 
When asked about the kind of information they sought 
regularly on the Internet to help their children with ASD, 
all parents (100%) used the Internet to find medical 
information about autism, 9 (81%) to visit websites,7 
(77%) to locate appropriate extra-curricular activities, 7 
(77%) to use online databases, another 77% to find 
physical toys (77%), 6 (54%) to support their child’s 
school work, 3 (27%) to pursue other types of information, 
2 (18%) to use social networks/media, and another 18% to 
identify appropriate games (Table 1). The parents 
information seeking extended beyond finding information 
in support of their children’s school work to include social 
networking/media, toys, games, and specific websites on 
autism. Table 1 illustrates the purposes for using each of 
these technology tools or applications. Clearly, the parents 
served as information seeking proxies for their children. 
This is not surprising since children with ASD, including 
those that are high functioning will need assistance with 
understanding the information problem and how to solve 
it. For example, in many public school systems that 
support inclusive education and have programs for young 
people with autism are provided (e.g., many systems in the 
state of Tennessee), children with ASD are mainstreamed 
in the classroom and library programs and services. 
Information specialists (or school librarians) teach context-
driven information literacy skills on a regular basis that 
children with ASD attend along with other classmates. 
Based on an interview with a special education teacher in 
one of the school systems (Bilal, 2008), the researcher has 
learned that the special education teacher review each 
assignment and modifies it a way that children with ASD 
can understand. Specifically, the teacher ‘decomposes” 
each assignment, rewrites it using clear and simple step-
by-step procedure with minimal textual information that is 
augmented with drawings of the process the child should 
follow to complete the assignment. The ultimate goal is to 
decrease anxiety and minimize the cognitive load that 
complex assignments may impose on the children.             
  

6.2 Parents’ Assessment of their 
Children’s Skills in Using IRs and other 
Technology Tools  

Parents were asked to rate their children’s skills in 
using IRs (e.g., online databases; web search engines) and 
other technology tools and applications (YouTube, 
Facebook, Email, IM/chat software, web browsers, and 
mobile devices) on a scale ranging from 1-5 (1=low; 
5=high) and to indicate N/A (not applicable) for the items 
that do not apply. As Table 2 shows, one parent (9%) did 
not provide an answer to any of the items listed; and a high 
percentage of parents (ranging from 45-72%) indicated 
N/A on each of the items. Children’s skills in using 
YouTube, search engines, and web browsers received a 
high rating (rating=5) by 45%, 27%, and 27% of the 
parents, respectively. On skills in using email and mobile 
phones, 27% of the parents gave an average rating in each 

case (rating=3). What is surprising is the high percentages 
of parents that marked N/A on each of these technologies, 
indicating the children were at a very young age to use 
these resources and/or a lack of adequate knowledge about 
their children’s skills in these areas. Considering that only 
YouTube was rated high by nearly 50% of the parents 
reflects the need for additional research to test this finding 
and to identify reasons for use or lack of use of social 
media. Similar to the parents of “normal children”, parents 
of children with disabilities including ASD may not allow 
their children to use social media, email, or IM to protect 
them from bullying. Conversely, children learn how to use 
online databases and search engines in upper elementary 
and middle schools. One way to confirm these findings 
would be to interview the parents and/or observe the 
children’s interaction with selected IRs to determine 
whether the skills are age-related, autism-related, and/or 
information literacy-related (i.e., due to inadequate training 
in schools).   
  

6.3  Parents’ Assessment of their 
Children’s Skills on the Research Process 

Six steps of the research process were listed in the 
survey instrument (Table 3) and parents were asked to 
evaluate their children’s skills on each step using a scale 
ranging from 1-5 (1=low; 5=high) that also included an “I 
don’t know” option. These six steps have been recognized 
by professional organizations (e.g., American Association 
of School Librarians) as essential for becoming 
information literate and for meeting the challenges of the 
21st century information environment.  As Table 3 shows, 
most parents (45%) rated their children’s skills on each of 
the six steps as moderately low (rating=2). Surprisingly, 
27% of the parents marked “don’t’ know” on each of the 
steps. Only a low percentage of parents (18%) rated their 
children’s skill on step four as good (rating=4) (reading, 
hearing, or viewing information and extracting what is 
relevant). Due to the fact that this is a pilot, exploratory 
study with a small sample of participants, one should not 
conclude that the children’s skills are inadequate. It is 
suggested that these findings be confirmed through 
interviews with the parents and school teachers, as well as 
by examining the children’s outcomes on research 
assignments.  
  
  

6.4 Interface Design for Children with 
ASD 

In two open-ended questions, parents were asked to 
express their thoughts and share their experience about the 
type of technology tools and/or programs that should be 
developed improved to help their children become 
independent learners and effective users of information, 
and to comment on the survey and other areas related to 
their children’s lives. Most parents (8 or 72%) provided 
feedback and their statements were coded using open, 
axial, and selective techniques that resulted in one core 
category, interface design, which best represented the 
statements. Examples of these statements are listed below 
with certain keywords that the researcher highlighted to 
emphasize criteria for interface design.  

[There should be] “a box that can be dragged on top of 
text and highlight the word(s) as an aid for reading”… 
“For my son, something that is visual…My daughter learns 
better with hands-on approaches and uses PECS [picture 
system] sometimes especially when she is unable to 
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verbally express what she wants/needs…Both children 
need simple and direct steps”...”Applications such as speak 
to write programs to support speech disabilities such as an 
auditory trainer…My son has a short term working 
memory and nothing seemed to help him”…”More autism 
friendly games that focus on basic skills"…“Audio-based 
homework sheets that are self-read and respond like an 
online homework system.”     

Although only eight parents (72%) provided insights 
about interface design needs, the statements provide a 
basis for additional data collection to gather more in-depth 
data about various aspects of design that system designers 
should address in developing universal  
 

7. CONCLUSIONS 
This paper reported the preliminary results of a pilot 

study that explored the digital information landscape of 
children with ASD from the mediators’ perspectives, 
especially parents. Data are being collected from teachers 
and other professionals who interact with these children on 
a regular basis. The results of this study revealed many 
characteristics of the information landscape of these 
children. Parents were actively involved in their children’s 
lives to the degree that they acted as information seeking 
proxies in everyday life. The parents information seeking 
was beyond school work to include every aspect of the 
children’s lives and needs. What is gleaned from the 
results is that children with ASD seemed to be silent! 
information seekers for reasons that could not identified 
from the collected data. Future research should address the 
children’s roles in the information seeking process to gain 
further understanding of the realities of their information 
world or landscape. Surprisingly, a high percentage of 
parents lacked adequate knowledge of the level of skills 
their children possessed in using IRs and various 
technology tools. It is speculated that lack of adequate 
knowledge of the level of these skills combined with the 
parents’ ratings of the skills on all steps of the research 
process as “low” may explain the parents’ role of proxy 
information seekers. Additional research should 
investigate in depth the silent role of the children and the 
proxy role of the parents.  

The results of this study showed that parents possessed 
valuable thoughts and experiences about elements of 
design that should be reflected in interfaces designed to 
meet their children’s needs. However, additional research 
is needed with a larger sample of parents and other 
mediators to  gain deeper understanding of various 
elements of designing universal interfaces that are 
cognitively supportive of children with various level of 
ASD and possibly other disabilities.  

This study has scraped the surface of the digital 
information landscape of children with ASD. Much 
research is still needed in this area of study. Individual, 
face-to-face interviews of a large number of parents of 
children with ASD could reveal data that surveys fail to 
provide, and also provide rationale for the information 
seeking proxy role, among other things. Similarly, 
interviewing children with ASD, especially ones that 
possess verbal skills may uncover their information needs 
and patterns of seeking strategies. Prior research found that 
‘typical” children were capable of articulating design 
features and draw interfaces for search engines of interest 
to them [23][24]. Children with Asperger’s Syndrome may 
prove to be as articulate about design features as children 
without ASD. Studies are needed to explore varied skills 
and capabilities of  children with ASD.     

Based on the preliminary results of this study, 
information specialists should become aware of the 
deficiencies in information and research skills of children 
with ASD. While mainstreaming children with ASD in 
library programs and activities is commended, these 
children may need customized teaching and training in 
information seeking and using IRs and other technology 
tools.   
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 APPENDIX  
Table 1. Type of Information, Technologies, and Purposes of  Information Seeking  by  Parents of  
Children with ASD 

Information 
sought/Sources 

No.  of 
respondents 
(n=11) 

Percent Purposes 

School work  6 54% Find reading and literacy materials, learning games, information 
on behavior techniques,  study skills, reading delays, 
speech/vocabulary building, adaptive devices, and assistive 
devices. Identify ways to modify schoolwork using websites and 
articles to share with teachers. 

Medical information 11 100% Find biomedical and anything related to the child’s medical needs. 
Locate current research in all related areas to autism. Find 
information on genetic, neurological disorders, speech pathology, 
and innovations.   Find everything I can possibly read to  
understand the child’s  needs, medications, etc.                                                                                
 

Extra-curricular activities 7 77% Locate information on local opportunities to go out in the 
community (festivals, classes, etc), art exhibitions, and art classes. 
Find information about places that are "autism friendly." Locate 
camps, social groups, amusement parks, etc.  geared to special 
needs. Find activities that are "accepting" of my children... that 
have "typical"  peer  interactions, etc.  

Games 2 18% Identify social skills and eye contact training games. Find games 
for building social skills,   

Social networking 2 18% Use Myspace and Facebook; to visit the websites devoted to 
autism. 

Search engines 8 72% Use Google, Yahoo, AOL, Dogpile, and Goodsearch. 
Physical toys 7 77% Find puppets/ toys that promote imaginative play…that require 

two people. 
Databases 7 77% Use Infotrack, PubMed, MED Scape, Tennessee Electronic 

Library,  and ProQuest.  
Websites  9 81% Connect with Yahoo groups, Facebook, local group on ASK 

network, or Myspace. Use blogs on autism…YouTube, 
OpenDoors, Disability Pathfinder, local and regional autism 
societies and networks, and AOL chat.  

Other information sought 3 27% Find videos for my child to watch for fun. Locate research 
updates. 

 
Table 2. Parents’ ratings of their children’s skills in using IRs and other tools 
IRs/Technologies Rating of skills and percentage of respondents. 1=low; 5=high 

1 2 3 4 5 N/A No answer 
Online databases 18%  18% 9%  45% 9% 
Search engines 9%  9% 9% 27% 45% 9% 

YouTube 9%    45% 45% 9% 
Facebook 9%   9%  72% 9% 
Email 9% 9% 27%  9% 54% 9% 

IM/chat 9%    9% 72% 9% 
Web browsers 9%  9% 9% 27% 45% 9% 

Mobile phones 27%  27%   45% 9% 
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Table 3. Parents’ rating of their children’s skills on the  research process 
Research Process Steps  Rating of skills and percentage of respondents (1=low; 5=high) 

1 2 3 4 5 Don’t  
Know 

No answer 

1.identify what information is 
needed 

18% 45% 18%   27% 9% 

2.Identify appropriate sources to 
use 

18% 45% 18%   27% 9% 

3.Locate sources and find 
information within sources 

18% 45%  9%  27% 9% 

4.Read, hear, or view the 
information and extract what is 
relevant 

9% 45%  18%  27% 9% 

5.Organize and present the 
information 

18% 45% 18%   27% 9% 

6.Judge the finished product and 
the process that was used to 
produce the product 

18% 45% 18%   27% 9% 
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