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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

“l don't know where it is!"
“I never find the stuff I'm looking for..."

“Maybe | can find the Vice President's birthdaytire
SpongeBob Square-Pants website?"

These are all responses we have received fromat, Bl year
old children that have been searching online atehdm this

talk, | will present seven search roles childreisptiiy as
information seekers using Internet keyword intezfadased on
a home study of 83 children. These roles are defima only

by the children's search actions, but also by wiftueénces
their searching, their perceived success, and sramége and
gender. These roles suggest a need for new ingsrftttat
expand the notion of keywords, scaffold results] davelop a
search culture among children. Future interfaces niobile

phones, netbooks, and more will be discussed.

BIOGRAPHY

Allison Druin is associate professor in the Collegé
Information Studies at the University of Marylarahd director
of the Human-Computer Interaction Lab. Druin's rededs
dedicated to designing technology for children. leseves
that children should have a voice in making nevianedogy for
kids. Children's ideas need to be heard throughtfmitentire
technology design process. In 1998, the lab begamigque
technology design team. Seven children, aged seveteven,
joined with researchers from computer science, &titut, art,
robotics, and other disciplines, twice a week, twnf an
intergenerational, interdisciplinary design teamheTteam
pursues projects, writes papers and creates ndwdiagies.
Druin's team created for instance the Internatidhildren's
Digital Library, a multilingual free digital librgrof children's
books, consisting of more than 4,000 books in o&ér
languages, with more than three million users frmover 160
countries worldwide. Druin also founded CHIKids aCM
SIGCHI, a program where children were CHI conference
reporters, software testers, multi-media storyteléend more.

Druin received her Ph.D from the University of N&fexico's
College of Education in 1997 and a master degrema MiT
Media Lab in 1987. She is the author/editor of éhb@oks on
the design of children's technology. She receiesgml awards
for work. ACM SIGCHI awarded Druin the SIGCHI Social
Impact Award together with Ben Bederson in 2010, drel
SIGCHI Distinguished Service Award in 1998. Druicewed
a prestigious National Science Foundation Careerdwafive
year research grant for promising junior facultye@ch, which
she used to focus on the development of the classmf the
future.



Toward More Accessible Search

T.V. Raman
Google Research, Mountain View, USA

raman@google.com

ABSTRACT

The core value of search lies in providing effeztaccess to the
right piece of information in a timely manner. Titazhally,
information retrieval systems have focused on eetng the
correct piece of information. In an effective sémmystem, the
following user-centric items play a key role in elehining what
right information andeffective access mean:

BIOGRAPHY

T.V. Raman is Research Scientist at Google Resghfohntain
View with almost 20 years of industry experienceaiivanced
technology development, working at Xerox, Intelgifil, Adobe,
and IBM before joining Google. Raman authored 3ksoand
filed over 25 patents. His work on auditory inteda was profiled
in the September 1996 issue of Scientific AmeridRaman has
leading edge expertise in Web standards, auditderfaces and
scripting languages. He participates in numerousCWarking
groups and authored Aural CSS (ACSS). Raman hasthed
definition of XML specifications for the next gea¢on World
Wide Web, including XForms, XML Events, and Compdun
Document Formats such as X+V. Raman summarizes his
objectives as follows:

1. User context,
2. Device used to access search,
3. User interface being used.

Information retrieval systems such as Google Segretform
extremely well when addressing results in thang tail.
Addressingaccessibility is about recognizing that user needs and
abilities vary over time - said differently, acdbdgy is about
serving users in the long tail. As we move towandrecreasingly
mobile world with users accessing the Web from deta of
devices and usage contexts, overall effectivendsssearch
systems is determined by the user's ability to detapa given
task in a timely manner. In reaching this goal,oinfation
retrieval needs to match the result set with thex atong a variety
of axies. For example, consider the quéryf t hansa 455, a
query for a specific flight:

Develop technologies that drive the future of thebV
toward eyes-free, ubiquitous information accesge8p is
the next natural dimension in user interfaces, hin
developing application frameworks that combine shee
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. Hg partially
sighted (sufficient to be able to read and writedilthe was 14.
Raman received his B.A. in Mathematics at Nowrodjéadia
College in Pune and his Masters in Math and Comn&ttence at
the Indian Institute of Technology, Bombay. For Fisal-year
project, he developed CONGRATS, a program thatwedtb the
user to visualize curves by listening to them. Mahthe ideas on
audio formatting mathematics come from his expegsnin
having math read to him, in dictating math examd &aaving
them written by a writer, and in listening to RABegordings for
the Blind) books on tape. Raman was introducectopaiting in
1987 with an introductory course on programmind-ortran77.
He did his computing with someone behind him todrehe
display. He joined the PhD program in Applied Mattagics at
Cornell University in Fall 1989 supervised by prbfavid Gries.
In 1994, he received the ACM Doctoral Dissertationard for
his Ph.D. thesisAudio System For Technical Readings. Raman
received several other awards, including in 199% th
Computerworld Award from the Smithsonian Institatidor
Emacspeak: The complete audio desktop.

1. On a desktop, one might serve up a detailed Wek pag
showing flight tracking, status and, available fetu
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-wib#tween man
and machine gets increasingly overloaded. Thusjnip®rtance
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 as a field to

formally define the various axies along which weedaine the
right result to serve users appropriately.



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

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.

Betsy van Dijk
Human Media Interaction, University of Twente
P.O. Box 217, 7500AE
Enschede, The Netherlands
bvdijk@ewi.utwente.nl

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,



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
document search strategy

epistemological believes™ [40]

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:

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

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

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

e 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.



Table 2: Overview of three search process models.

Information Search IR Process [37] Information Problem Solving
Process [22] 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, complezity, 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 complerity 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



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

educational setting learning outcomes™ [17]

search performance™ [36]

Note. ™ weak relation, ™™ strong relation

Table 4: Interrelations of latent user dimensions.

Concept Interrelations

age
gender

personality

domain knowledge
structural knowledge
mental model
cognitive skills
literacy age
information literacy
familiarity

learning style
metacognitive skills
self-regulation
epistemological beliefs

ok

age™™ [29, 20]
learning outcomes®[10]

search performance™ [9]
perceived problem™* [20]
information seeking pattern® [14]

relevance judgements™ [40]

search performance X age® [6]
search performance™™ [20]
search performance X problem™* [7]

information seeking pattern*[40]

EX3

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-requlation 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-requlation 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-



Table 5: Interrelations of actualized user dimensions.

Concept Interrelations

perceived problem problem™*
familiarity**[20]
motivation®[36]
search process™*[22]

motivation
perceived problem™*[36]
affective state*[30]

affective state

search performance™*[20]

search performance™*[22]

information seeking pattern®*[22]

ok

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:



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]

* ok

Note. * weak relation, strong relation

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

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

e 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
le.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-



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 general, fun is doing activities that are enfalgeand amusing.

In this paper, we describe an exploratory studyh@nchallenges
of conducting usability tests with very young chéd aged 3 to 4
years old (nursery age) and the differences wherking with
older children aged 5 to 6 years old (primary s¢hod pilot
study was conducted at local nursery and primahoals to
understand and experience the challenges workirly young
children interacting with computer products. We aiépon the
studies and compare the experiences of working ghttdren of
different age groups in evaluation studies of itéve systems.

Categories and Subject Descriptors
1.3.6 [Methodology and Techniques]: Interaction Techniques

General Terms
Measurement

Keywords

Usability and fun, evaluation, computer productsjng children

1. INTRODUCTION

There are many definitions of usability. For ingtanusability as
defined by 1S09241 is “the effectiveness, efficigncand
satisfaction with which specified users achievecHjgel goals in
particular environments”. Bevan et al. [1] also \pdes one
definition of usability, the degree to which a cargy system is
easy to learn and effective to use. Naturally, gaisiness depends
on who is the user.

Many go further than these standard usabilitytaitds. Jordan as
quoted in Monk [17] noted that “usability as a cepicdoes not
seem to include (positive) feelings such as, eigepexcitement
or surprise”. Feelings such as fun and enjoymeet rarely
touched on in computer products, except in specdittexts such
as computer gaming. Measuring fun, especially wdteldren are
interacting with computer products, has becomenterésting and
growing research topic.

According to Dorman [8] fun consists of elementshofmour,
chuckles, delight, ecstasy, gags, gaiety, happinesss, jokes,
joy, laughter, merriment, mirth, play, pleasantriegips, and
witticism, etc. Read & MacFarlane [18] defined fas something
that children know about; they are experts. Thepeernce it;
therefore they can talk about it, describing iteasitement, play,
laughter, and feeling good.

Carroll [4] suggests that fun should be includedaaseparate
usability area because fun is not same as satwfiadtlacFarlane
et al. [14] also agree that fun is not the samsasisfaction in the
definition of usability by 1SO 9241-11. Satisfactids about

progress towards goals and fun is not a goal-atent
Shneiderman [25] states that designing for funssoeaiated with

designing for children. Now more people noticeithportance of

fun as one of the critical success factors in déténg the

usability of children’s application software. Buatfm [29] claims

there are no specific guidelines to measure thece¥eness,

efficiency, and satisfaction or fun in any gamehaug tool or

similar. According to Blythe et al. [2] it is a baging of the

science of enjoyable technology known as “funology”

Computer products for children are developed by Itadu
Therefore issues like usability and fun are verypomant to

understand from a child’s point of vieMeasuring fun especially
for young children has become crucial and intemgsto develop
appropriate and interesting computer products fulden. As

computer products are being developed for incrgasiyounger

children, new evaluation techniques are necessanglp younger
children take part in evaluations.

In this paper we report on an exploratory studyntestigate the
challenges of involving very young children in exations: what
kinds of evaluations can very young children engagend what
differences are there from evaluations appropritde older
children?

Firstly we review the literature on children andcheology,
particularly on evaluation, and then we outline toatext of our
studies which took place in a local nursery andnpry school,
followed by a discussion of our findings and thoisgton
directions for children-centered evaluations patéidy focusing
on the implications for evaluating interactive stasystems.
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2. CHILDREN AND TECHNOLOGY

According to Demner [5] in November 2000 almostp2@cent of
all digital media users were children and the Imé¢ris a part of
child’s natural environment with many children ndwaving
access to the Internet at school and/or at homeRldwman and
Stephen in Stephen [28] note, information and comgaiion
technology (ICT) is not only about desktop compsitdaptops
and peripherals but also interactive televisiorgitdi cameras,
video cameras, DVDs, mobile telephones, games &&8)so
electronic keyboards and toys that simulate ‘reahihology’ such
as toy laptops or barcode readers. So childrertestthology are
intertwined because the technology gives impacthenway the
children live and learn with all ICT.

2.1 Children asParticipants

As many products are designed for childrens’ usgnym
researchers have argued that children should b@Eved in the
software development process. Scott [24] argued ttha best
people to give information on the child’s perspesesi actions and
attitudes are children themselves. They can givesbresponses
if questioned about events that are meaningfuhédr fives. Guha
et al. [13] stated that usually children are notolmed in the
design process until the end even though therenargy roles that
children can play in the design of new technoloByey believed
that children should be involved as equal stakedrslthroughout
the design process.

Children have their own needs and preferences anpuater
products which are different to adults. Therefdrés important to
understand how to involve children in the prodystiem
development life cycle. But of course there are llehges
working with children especially when working withildren at
different age groups. For example, a technique migitk for a
13-year-old but it would not work or need to be iified for a 4
year-old child [13]. Many problems need to be sdlwshen
respondents are children, including problems ofjlemge use,
literacy and different stages of cognitive develepir{24].

For children, playing is the most enjoyable acyivind nowadays
it is very associated with technology. Markopouarsl Bekker
[16] mentioned that mostly children play and leawhile
interacting with technology. They use computer piais such as
entertainment websites at home, school, or evemavihe get
information, education and entertainment. Monk &t [47]
highlighted that fun and enjoyment are becoming aomissue
since (ICT) moves from office to home. Researcltloidren and
technology is becoming crucial in the last few gear

Druin [9] and Markopoulos and Bekker [15] have t&drpaying
attention to children as technology users. Theysed their
researches on understanding children roles in dpirel new
technologies. For example, Druin [9] stated thatdebn can be
involved in many roles such as user, tester, infom®s or design
partner in developing new technologies. Markopolang Bekker
[16] also discussed children’s involvement in thesign process
based on a model introduced by Druin [10] but tf@ius was on
involving children as a tester in usability testimgthods.

The model is shown in Figure 1.

design partne

Figure 1. Thefour rolesthat children may havein the design
of new technologies. Figure adopted from Druin (2002)

2.2 Children asEvaluators

Many researchers have conducted evaluations imglehildren
as evaluators and using different type of evalumatechniques.
Previous works have involved children as evaluatorsxamine,
in particular, the usability of computer produdss 12, 27, 29 and
30]. Children are involved in many ways in evalaatisessions:
for example they are required to perform predefiteesks and
answer pre and post questionnaires in a lab. Isitrgly,
evaluations with children are conducted outsids kabinteractive
technology become more mobile [21].

Read and Markopoulus [21] suggest that differerthogs should
be used in different locations. Some methods sushdiary
studies, think-aloud methods, surveys, and Wizafd Qz

techniques have been used with older children. Read

Markopoulus also describe the Fun Toolkit - a symethod to
obtain children’s opinion on technology. The Funolkd@ is a

survey instrument or a tool that was developed bgdR It started
from a concept (v1) and being developed, used, rengwed
until becoming a Fun Toolkit (V3). The Fun Toolkbmprises of
three instruments, the Smileyometer, the Fun Soded the
Again Again Table and was carefully designed toHoe, Fast,
and Fair [22]. Some researchers have used othéiodeetike talk
aloud (adapted from think aloud) and observatioemwimvolving

young children as evaluators [7].

The Smileyometer is the first instrument in the Holkit and is
the one most used. It is based on Visual AnalogteeS (VAS)

and uses a 1-5 Likert scale and pictorial represiems that can
help children to identity their feelings or opinfonFaces with
supporting text under it are represented horizbnt&d the

children and they are asked to tick only one fa¢e faces in the
Fun Toolkit were co-designed with children agedheignd nine
and can be used before and after the children iexmer the
computer technology. The Smileyometer featuresemsy and
quick to complete and requires limited reading aredwriting

ability [22]. But [20] revealed that the Smileyoreetvas a useful
tool for older children compared to young childrénis because
too many young children tended to choose the hajhes and so
the data had little variability.

The Fun Sorter is a tool used to compare a setetHted
technologies or products. It is based on a repednod and made
up of n+ 1 columns (where n is the number of itemesng
compared), and m+1 rows (where m is the numbemwostrtucts
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being used). There are different ways of completihg Fun

Sorter. First children interpret the construct themite a

description of the technology in blank spaces. futchildren

with poor reading and writing abilities, they plapiture cards
(pre-prepared) on an empty grid after interpretimg construct.
Few suggestions are given in order to use the eueiS The use
of constructs needs special attention since childrare

unpredictable in understanding words. It is alsoommended
that each construct presented individually for ygemchildren

aged less than 8 years old. One important thingnake sure
children know what the cards represent if pictuaeds are used.
This tool is the most challenging because childrequire to

position and rank items to the construct. The gpoidt is it can

be made that no writing is required. Besides, fa& and fun to
complete especially when stick cards are used [BRit the

intention of the Fun Sorter is to record a childsespinions of the
technology or activity, to gain a measure of theildch

engagement [20].

The Again Again Table is a simple table consistfoaf columns
and n + 1 rows (where n is the number of activitiesler

comparison). Child needs to tick either ‘yes’, ‘rhay or ‘no’ for

each activity or product. The table should be preskin a single
sheet after the children have experienced allgbertologies. This
tool is most useful if three or more products dnties are being
compared. In order to improve validity, the firgilemn can be
presented in different orders for different chilirét is advisable
to minimize the rows (items to compare) as to awabitdren from

being bored. This table is easy and quick to cotapleo writing

activity involved, and only has one question toadbewered, “Do
you want to do it again™? Thus this tool is verytable to younger
children [22].

For interactive search systems evaluation is acpdat concern,
and interactive systems must be evaluated with umeds — the
people for whom the system is constructed [23].hédit such
end-users we cannot understand how well the iterfupports
the user, how usable the system is or evaluatewslixthe system
supports the user in completing a whole searchvigih children

this is difficult. Literature describing childrenisvolvement with

usability studies, e.g. [9], points at the diffigubf gathering valid
feedback since verbal communication, both in urtdading and
formulating sentences, is not as effective as watiults.

Consequently, evaluators have been forced to seethoubs,

ranging from interpreting free drawings [11] tongsicollections
grids with “smiles” instead of graded 9. Children also have
problems in expressing their feelings in terms aifs§action [9,

19). A third element emerging from previous studi@s][is the

discrepancy between reported and observed usabiliten

children are asked to provide subjective feedbastsus direct
observation.

Thus it is clear that standard tools for user eaébms are not
directly applicable to children’s evaluation; queshaires require
higher degrees of literacy than is common in yowhgdren,
interviews require high degrees of reflection aachhiques such
as think-aloud require high degrees of cognitivatetéty [20].
Neither can we expect children to engage in stahdgperimental
procedures such as searching on artificial seaskst searching
for controlled amounts of time, or engaging in gaares such as
training or debriefing.

Rather, for conducting user evaluations with cleifdie need to
(a) develop evaluation methodologies that allowldthn to

interact naturally with the system being evaluatgilst retaining
some experimental control, (b) understand how ohildexpress
notions of satisfaction with a system and (c) ustded what
metrics are appropriate for children’s search syste

There is particularly a dearth of work on engagimyy young

children in usability evaluations. This might bechese of
physical and mental abilities; limitations of thesean that some
researchers think young children are not capablbeifg involved

in usability evaluation. In this paper we explone thallenges of
involving very young children in usability evaluatis with

particular reference to evaluating the fun of aforimation

system.

3. THE STUDY

An exploratory study on evaluating young childreneracting
with an edutainment website was conducted at al logesery
school and a local primary school. The purposenefdtudy was
to understand and experience the challenges of imgrivith

young children, aged 3 to 4 years old at the nyraed 5 to 6
years old at the school and any possible differemdeen working
with children of different ages. Eight nurseryldrén and five
school children voluntarily participated in thedsju

3.1 TheNursery Background

The Nursery is located in the UK and offers two sgmss,
morning and afternoon. The morning session sta@s4dam and
finishes at 11.45am. The afternoon session starisO@pm and
finishes at 4.00pm with 10 permanent staff.

The capacity of the nursery is 80/80. It meanstwrh session, the
maximum number of children is 80. In session 2008% there
are 79 children attending the morning and afternoomsery
session, genders were equally represented in easios.

The nursery is a diverse school with children framany
nationalities. Besides English, there are variangliages spoken
by the children in the nursery such as Urdu, Pupjitalay,
Mirpuri, Pushto, Arabic and Farsi.

In the nursery, there are four rooms fully-equippeith toys,
books, and other children’s’ material but only Rofhrand Room
2 have computers. Room 1 was the place where tity stas
conducted. Even though there are three computeitahble in the
room but only one computer (in the middle) withpeaker was
used in the study.

3.2 The School Background

The PrimarySchool is also in the UK. The school has 15 teachin
and five support staff at the moment. It also hasilp come from
different minority ethnic communities such as Ptis Malay,
Czech, and Arabic. The working capacity of the stli®260. But

in the current session 2008/2009, the presentisai19 pupils,
which are 122 boys and 97 girls.

The school starts at 9.00 am and finishes at 3r@0 There are
two slots of breaks, one in the morning and anothethe

afternoon. In the school, there are seven classdonPrimary 1
to Primary 7. The Primary 1 classroom, which isated on the
first floor, was the place where the study was cmteld. There
were 12 boys and 15 girls in the class and alhefrt can speak
English. The classroom was provided with 2 persooaiputers.
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3.3 The CBeebiesWebsite

During the study the children were asked to intessith the
CBeebies website. The CBeebies website is based oery
popular children television channel in UK. Figiteshows the
main site as used in the study. There are 18 nréis bn the left
handside of the screen such as, Home, All CBedbiesacters,
Fun and Games, Stories and Rhymes, Print and Gditake and
Do, Music and Songs and many more. At Home screemtents
on the right handside changes regularly. This autitre website
that contains multimedia elements like graphic, i@udideo,
animation, and text can be accessed
http://www.bbc.co.uk/cbeebies. For the study puegpsthe
children were asked to play/explore the Fun and €asection
only, Figure 3.
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Figure 3. CBeebies Websites: Fun and Games Screenshot

through URL

3.4 Procedure

Prior to the study we obtained ethical permissimmfthe Local
Education Authority, Departmental Ethics Committesnd
parental consent forms. The latter was requiredlltiw children
to take part in the study. We discussed the is$ueweard with
the Headteachers who felt this would not be apjetgrso no
reward for participation was given in the nursendy.

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 Fumd a
Games section in CBeebies website for 5 minutes,

4. interviewing each participant for about 5 minutes,

asking the child to draw a character that represkent
what they enjoyed about the game

In the sections that follow we describe how thesmes were
accomplished in the two locations and why they wemgortant.

In both locations we followed methodologies thatevacceptable
to the nursery and school. Although this resultglifferences in
recruitment and methodologies, it is importantrieal-life studies
to fit with the constraints imposed by the partitipg

organizations.

3.5.1 Greeting

Nursery: The researcher made several visits to the nurséoy
to the study to familiarize herself with the nuysenvironment
and to familiarize the nursery pupils with her prese in the
nursery.

In the nursery, rather than employ direct recruittrtbe nursery
staff suggested that the researcher wait at thgpatendesk until
an interested child came to play computer gameis. Stiggestion
was agreed by the researcher. The nursery sta#f also a good
source of knowledge as to which children were gabdising
computers from their daily observations of the dtah.

On the day the study was conducted, the weatherwsas and

sunny. Most of the children enjoyed playing bicgcéend scooters
outside the nursery building and showed less istdre playing

inside. Due to an outbreak of Swine Flu in a negpbiynary

school, some of the children who were most ablestocomputers
were absent from the nursery.

School: A Pupil Support Assistant (PSA) was assigned by
school’'s headteacher to help the researcher girthrary school.
Based on the returned parental consent forms,etfearcher was
asked to select 5 children to take part in the ystBkfore the
study was started, all the Primary 1 (first yean)ldren were
taken to the gymnasium for a physical exercisesclden the
PSA took children one-by-one from the gymnasiurpddicipate
in the study. The participant selection at schodswdone
systematically and took a shorter time to accorhplis

3.5.2 Introduction of researcher

Nursery: The researcher was a familiar person in the mytset
not personally known to all children. The researdhéroduced
herself informally to each of the children, who fApated in the
study by asking questions,
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“Do you know me..?" and then answering it by hdysel
“l'am Mrs X...”

School: In the school, the researcher was introduced byclhss
teacher formally in front of the class before theidg was
conducted. This was a standard method of introducew people
to the children in the school.

3.5.3 Ask volunteer child to play/explore

In both locations, the researcher showed them ankted-

screenshot of the CBeebies websites and the childeze asked
to choose a game to play with. This meant the adild¢hoosing a
game with which they were familiar. As we were itged in

evaluation methodology, rather than evaluatingexi§ig product,

we felt this was a fair limitation.

We set a target of 5 minutes to play with the gbeeause it was
presumed that young children might lose focus lionger period.
It also to make sure the study at nursery can ished before
snack time, around 11.00am. At school, the study stepped for
15 minutes for playtime or morning interval at Ea.

Each child spent another 10 minutes for intervigwiand
drawing.

3.5.4 Interview

In both locations, if the child remained long enbutp be
interviewed we asked a range of open and closestiqus. These
questions were to explore what kinds of questionigdien of
different ages were comfortable answering and wkiatls of
responses they were willing to give. The questiomsre
deliberately conversational in nature, starting hwitlosed
questions which are easier to answer. The questiere as
follows:

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

These two closed questions were to gain insighd atchild’s
previous experience which may be useful for coniaiding the
responses to later questions and for exploring Weathild 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 ukiagpopular
site and were asked if the children was familiahvthe site. The
question block starts with a closed question, legdbo 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 prograyaroe might
be enjoyable to a child. We are particularly ins¢ed in the
evaluation of fun from a child’s perspective anchtea to explore
what judgements a child may give through the useopén
questions.

9. Do you want to recommend this game to your frie\d/?

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

10. Can you draw the character that you like most fthensite?

The final question, really a task, asked the chdddraw the
character they liked most from their exploratiohisTexploratory
activity might be useful to identify whether chiédr having fun
interacting with the game. Their enjoyment of ptayself-chosen
game can be transformed into a cartoon charactawing

explicitly on a piece of paper.

4. FINDINGS

In this section, we summarise the outcomes fronh estigdy in
sections 4.1 and 4.2, with particular attentiorthte final task in
section 4.3 and draw some comparisons in sectin 4.

4.1 Findingsfrom Nursery Study

10 questions were planned but which questions \aeked was
determined by the child’s mood and ability to answ&'e took
care not to place any pressure on any child oromtticue if it
became clear that a child was becoming bored or it
understand questions. Some children did struggtd physical
limitations such as hand and eye coordination ingusomputers.
A particular issue, which we will return to lates the child’s
mood.

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

The open question 5 was more difficult for childteranswer and
was not asked to all participants. It was cleat tpen reflective
questions were difficult for very young children tnswer.
Similarly other open questions such as questiomd & which
were only asked to children that showed abilityctanmunicate
and reason, were difficult to answer.

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

4.2 Findingsfrom School Study

10 questions were prepared for the study and athefn were
asked during the study to all participantBut only two
participants could understand and answer all tlestipns.

Questions 1 - 4 were easily and confidently answérg the
children. They were very familiar with the website®ne
participant managed to go to the CBeebies webbiyeslicking

Favorites CenterQuestions 6 — 7 also can be answered by all of

them.

The open question 5 was answered by two childrdp. drhe

other children had difficulties to give reasonsaase other open
questions such as question 8 and part of questioBu® the
children were more confident in their responsessaying they
didn’t know or did not have an answer. Overall ttigldren

showed a greater ability to understand and comnatmic
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4.3 Drawing

The final task we asked the children to engage &s ¥ draw
their favourite character from the game they chdosglay with.
This was an attempt to see if we could learn soimgthbout what
children enjoyed about a game from an associattditsc The
quality of the drawing here was not important — anaist very
young children naturally could not produce recoghle drawings
— rather we wanted to create a stimulus for disngssheir
experience of the game.

In the nursery most of the children could not ansgueestion 10.
All of them were unable to draw except one girleTdthers were
only able to colour the paper that had been giwethém and
engaged in little discussion related to the gamee €hild, when
asked about the drawing, said the character hal likest is
Batman which is not in the CBeebies websites and owebofext.

In the school, however, all of the participants ldodraw a
character related to the experience of the gamey Were able to
draw the cartoon character even though it was xexttly same as
seen on the computer screen. In particular a deawis 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 understavitht are the
major differences between working with young clelidr(school)
and very young children (nursery) when evaluatinfprimation
systems. As more information and particularly ceaystems are
being created for very young children it is impattto understand
the challenges of evaluation by such children aod est to
engage them in the process of evaluation. In #isian we will
summarise some of the major trends from our study.

4.4.1 Recruitment

Recruitment is a challenge when working with verguyg
children. In the nursery context, where the maitiveies are
play, children’s participation had to be voluntatyence only
children who were interested took part and theirolmement
ceased when they were bored. One child particigantbored
playing after two minutes and walked away to playhvother
things in the room. As noted before, other envirental
distractions such as good weather or interestings tmade
computers less attractive. Another participantgefuto play any
CBeebies game but would play other games. Othédrehi were
more shy and took longer to approach the researetittiough
were interested to join the study.

We deliberately chose a real-life setting to condie evaluations
as children’'s use of computer products naturallgesaplace
within environments where there are choices ofvidis. If a

very young child becomes bored or has more integesictivities

— particularly those that involve other childrerthen they can
quickly lose interest in the evaluation. Althoudfistmeans that
evaluations with very young children may often bepsshots of
interactions with computer products being pickedangd quickly

dropped, this does lend realism to the evaluat@mmpared to the
actual use of a computer product.

Recruitment also relates to child’s confidencehia tesearcher. In
our case, the researcher took care to become &idapart of the
nursery environment. However, we did notice thahechildren
took longer to trust the researcher than othersthedesearcher

did devote time to engaging with children in othetivities, such
as singing songs, to help engender a trust rektipnwith
children.

In the school context all children were comfortabléth
computers and the school was happy to assistégtdiecruitment
within the class. This will not be the case in sthools but the
context of a school — where children are expeatdédrn as well
as play - does mean that children are becoming tesedgaging
in activities that they have not chosen themselves.

4.4.2 Verbalisation

All children in the school environment were beti¢rverbalising
and general communications. All could choose a gamd
explain why they chose it. They could not answértla open-
ended questions but some could answer the mosiculliff
questions and give reasons for their answerswéyg.they would
recommend a game to friends, which could be usedjaio
additional information on the attractive featurésgame.

In the nursery environment, the children were mmilactant to
answer questions and at least one child would ogeing rather
than verbalizing responses. In same environmerd, ¢hildren
gained confidence from participating together. Veygung
children also had more difficulty in understandmgestions.

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

4.4.3 Evaluation as a process

A particular issue that arose was the degree tatwtiie process
of evaluation can be separated from the procesgerfiction with

a computer product. Often evaluation techniquessaparated to
the act of interaction, i.e. the evaluation takdésce after the
interaction. Alternatives that can be used at thmestime as
interaction, such as think-aloud are not suitaloleviery young

children due to the need to verbalise and reason.

When we asked the school children to draw a fawe@wharacter
from the game, most could carry out this task amdd discuss
the character with reference to the game. Howevith he

children in the nursery, this task largely faileddathe act of
drawing was seen as a different activity to the gafrhis raises
guestions about how to connect evaluation to tipeence of
interacting with a product.

5. LIMITATIONSAND FUTURE
DIRECTIONS

This study was a small exploratory study conductéttiin one
nursery and one school environment. We only usedwebsite,
although many games were available from this site] carried
out only one round of evaluations. Neverthelessbekeve that
the tentative findings are of interest in pointing some
difficulties in working with a distinct group of agputer users.
This is a challenging, but rewarding, group to werikh and it
was clear that they have specific needs in ternevalfuation. We
are continuing to work with the nursery school paipd explore
what kinds of evaluation are attractive and use€ulthem in
evaluating products designed for their use. Spetifi, we are
investigating methods that enable them to expresstienal
reactions to computer products.
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6. CONCLUSIONS

Our study focused on computer games. This was twige
children with a familiar computer product so thae would
concentrate on the process of evaluation. Howavehelieve our
findings on evaluation are relevant to any intevacproduct such
as search systems. Increasingly researchers angiremg search
systems for use specifically by children. Usualigde systems
assume a certain level of literacy and so concentoa older
children. However, younger children are often albide use
computers and may want to search for informatiomhe T
information they wish and the methods that are gmete to
enable them to search may be very different froas¢hof other
users, which means that we need to have methodsabfiating
systems for this group of children.

Our study was aimed at understanding the challeafj@sorking
with young children. Obviously it was difficult tget data from
the young children. They can easily feel boredndbunderstand
some questions, cannot necessarily reason aboatiernpe, may
experience language barriers due to low vocabglasied may
have physical limitations such as hand and eyedtoation in
using computers. This has implications for the glesif search
systems for children but also for evaluation: eatiins of search
systems with very young children cannot rely on takatively
open-ended data gathering methods (such as intenadnd think-
aloud) common in search evaluations of older pedydsther can
search evaluations rely so strictly on the comparat
experimental method commonly seen in IR evaluatighsre the
same participants operate two or more versions gfséem for
fixed times and on given search tasks. Our expegiesuggests
that, given very young children are emotionallydri, evaluation
techniques will require to be flexible in copingthvichildren’s
emotional states (including boredom and shyness),facus on
concepts accessible, understandable and interestirgildren.
We are exploring such approaches now.

While the study conducted at the primary schoolhwiive
volunteer participants had indicated that there ewppssible
differences when working with children of differerages.
Children at primary school are more confident, lgagian
understand questions and instructions, and alsce Hastter
communications skills.

Several studies should be conducted in the nutsestain more
and richer data from the young children. Our fegtdy had the
additional merit to break the ice with the childrend let them
familiarise with the researcher. We expect thaeiferal studies
are conducted involving young children, perhaps pghecess of
getting data from them becomes easier and theilityalid
contribute to computer product development beccstresiger.
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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
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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
Reader!, 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.

"http:/ /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:>

e 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.

e 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.

e 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.

e 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. Omne 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 ,Vi = 1...5 has n; possible alternatives, in-
dicated by a1 ...ain;, and a;o the original sentence®. The
ai; variables can only be zero or one (a value of one mean-
ing the corresponding alternative should be used), and for
a fixed ¢ exactly one of the a;; variables must be one (there
can only be one alternative chosen). We can calculate for
each a;; the influence this will have on the average sentence
length, by calculating the difference in number of sentences,
As;j, and the difference in number of words, Aw;;, 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 (As11 = +1), and an increase in
number of words by 3 (As11 = +3).

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

W + aii Awg;
Zz] J J S m (1)
542 aijAsiy
By rearranging, this equation can be rewritten to the fol-
lowing form:

Z(Awij — mAsij)aij S Sm - W (2)
ij
With the following constraints:
ai; €{0,1} 3)

> ay=1,Vi (4)
j=0

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 a;; can consist of more than one sentence for
7 >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.*

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 = aW + S

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 a;;:

a(W -+ Z Awijaij) + ,8(5 + Z Asijaij) < difﬁculty
ij i
Which can be rewritten to:

> (ahwi; + BAsi;)ai; < difficulty — aW — 8
ij

with « and B 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 p +
the standard deviation o, 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
p=+tyo, with v > 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 Wikipedia®, although

“See [9] for details.
®http://simple.wikipedia.org

22



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
website®. 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 using’. For each

®http://literacynet.org/cnnsf/
"http://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 sentences® 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:

F#words #syllables
0.39 1.8
f#sentences F#words

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.

—15.59

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-

200
180
160
140

[0 Wikipedia
120 W Literacyworks

100

80

number of sentences

60
40
20

0 [ll:l.:—:—:——
2 3 4 5

6 7 18 21 22 23 35

number of choices

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 torceafor
information. However, research shows that childexperience
many problems with searching and browsing the vigte last
decade numerous search environments have beenopedel
especially for children. Do these search interfacegpport
children in effective information-seeking? And dese interfaces
add value to today’s popular search engines, sadBagle? In
this explorative study, we compared children’s clear
performance on four interfaces designed for childngith their
performance on Google. We found that the childrésh bt
perform better on these interfaces than on Goddies study also
uncovered several problems that children experténgth these
search interfaces, which can be of use for desigoérfuture
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 presentatior]: 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, browsingyigation
children.

1. INTRODUCTION

Everyday, digital media play a more important roleur society
and in children’s lives. Besides playing games,ldchh use
digital media for social gatherings, to create rthmivn digital

space and to find information as a support forriea. While

recent studies in the U.S. report that 74% of childages 8-18
years have access to the Internet [9], in the Nicthes,

practically all children are online nowadays [5].
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Researchers report all kind of problems childrecoenter during
information-seeking, because they are confrontedth wi
information systems that are designed by and foultad
Therefore, the last decade, many digital envirortméave been
developed with a child-friendly interface, espdgidbr children.
Do these search environments really support childneeffective
information-seeking? And are these systems comsistéth
children’s cognitive needs and skills?

Although research uncovered several critical pnoislethat
children experience when using an ubiquitous kegwnterface,
such as Google [9], almost 80% of children ages 8rl the

Netherlands in 2008 used the Google-search engindind

information on the Internet [15]. Two years latinis percentage
will most likely even be higher. Apparently, Dutchildren prefer
using Google as their primary source for informatgeeking.
What does that mean for there information-seekielgalviour on
child-friendly interfaces that are developed esaéci for

children?

In this paper, we report an explorative study onv ehildren
search information for a school assignment, by rioffe them
closed, fact-based search tasks on four differenitctd
informational websites, especially designed forddtbin. In this
study, we used children’s search performance ongl@oas a
benchmark for their performance on the search fades for
children.

We will give an answer to the following two resdaruestions:

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 drad w
characteristics of the interfaces do these probletase
to?

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

2. RELATED RESEARCH

A general assumption is made by researchers thawsbrg-
oriented search tools are better suited to thetiabiland skills of
children than keyword search tools [6]. They sagt throwsing
imposes less cognitive load than searching, becausee
knowledge is needed to retrieve terms from memloay tsimply
to recognize offered terms.
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2.1 Searching versus browsing

In 1998, Schacter et al. [16] found that with bbtghly specific
and vague search tasks, children sought informabiprusing
browsing strategies. In their research on childremternet
searching on complex problems, they reported tHvitng:
“Children are reactive searchers who do not systieaily plan or
employ elaborated analytic search strategies.” Toegd that the
structure of the task (ill- or well-defined) playea role in
children’s search behaviour. The number of key waedrching
used in the well-defined tasks was significantlgager than the
number of key word searching in the ill-definedkiasWell-
defined tasks provided a more concrete structumn uphich to
generate queries. However, they also found that cthiélren
performed poorly on the well-defined tasks. Whem tidisks were
vague and abstract, children performed more sutdlgsshan
when the tasks were specific and concrete. Thegleda that
children lack highly skilled analytic searchingaségies, which
are not needed when browsing for information irdéfined tasks
[16].

In the beginning of 1998, however, Google did nb exd@st and
browsing was a more important strategy to find rinfation in

those days. The development of popular search esgBuch as
Google, might have a positive effect on the develept of

children’s analytic searching skills.

In her research on the use of the Yahooligans! 8&drch Engine
in 2000, Bilal [1,2] found that most of the childrereferred
using keywords to search for information, but tiiay were
better at finding information by browsing. Howevéhjs result
might be due to the design of the search engintherinterface
that was used in this study, which did not workpendy for
children.

By tracking the web logs of The International Chelifs Digital

Library (ICDL) in 2003, Druin [8] found that apprimmately 75%
of the searches used category search (browsingp, used place
search (by selecting a location on an interfaca gibbe) and just
over 10% of the searches used keyword search.

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

2.2 Children’s information-seeking problems
Researchers often find that children experiencicdifies while
using both searching and browsing tools. Thesestdolnot take
into account children’s cognitive and motor skills.

Motor skills

Concerning motor skills, children can have diffi@d using a
mouse. The smaller the object to be clicked on]dhger it takes
for a child to click on it [10]. Second, many chiéd have
difficulty with typing. They are not yet capable typing without
looking at the keyboard, termed touch-typing. lagtethey ‘hunt
and peck’ on the keyboard for the correct keys Tiis is why
typing for children often takes a long time and dead to
frustration.

Difficulties with searching and browsing

Usually, formulating a search query is difficultr fahildren,
because they have little knowledge to ‘recall’ cepts or terms
from their long-term memory [6,10]. Besides, foramming
relevant documents using keyword search, corredllisg,

spacing and punctuation are needed. Children ofi@ke spelling
errors [6]. Deciding on a single keyword is alsdficilt for a

child, because children tend to use a full natiarauage query.

With browsing, children first of all have troublmding the right
category, because they have little domain-knowletdgelecide
which category is optimum. In addition, problemghabrowsing
tools are mostly the result of a lack of vocabulanpwledge.
Children often have difficulties understanding adbst, top-level
headings, because their vocabulary knowledge igetatufficient
to understand such terms [11]. Children are ableswhierarchies
to locate information. However, they may experiedigculty in
conceptualizing abstract concepts and traversirgp deultilevel
hierarchical structures. The deeper the hierarctiesmore likely
children are to become lost [4]. In their reseamohde design of
web directories for children, Bilal and Wang fouthdt children’s
conceptual structures (the way knowledge is orgahin their
minds) are more similar to each other for concrétan for
abstract categories. Principles used to map tldioakhip among
concepts are based on a concrete approach (peateptuational
and experiential, whereas often the approach usdiéctories is
abstract (e.g. discipline oriented) [4].

2.3 Model for web navigation

To examine children’s digital information-seeking, model is
needed that simulates web navigation such as thgpfahension-
based Linked Model of Deliberate Search (CoLiDeB)][ This

model assumes that comprehension of texts and sniagke core
process underlying Web navigation. It is inspirgdtire concept
of ‘information scent’ (semantic relevance of scresbjects to
users’ goals) and emphasizes the semantic dimerafioveb

navigation; that is, it is assumed that the proaasselevance
assessment is central to web navigation. Informasoent is
measured based on three factors: semantic simijldréquency
and literal matching. Semantic similarity is caleld based on
co-occurrences between words and documents withaithef a

machine learning technique called latent semantityais (LSA).

Juvina and van Oostendorp [12] show that not oatpantic but
also structural (spatial) knowledge is involvedniavigating the
Web. That is why they developed the model calletiBeS+ that
uses ‘information scent’ to account for user's jodmts of
relevance (semantic dimension) and ‘path adequé#uoy’semantic
similarity between a navigation path and a useoal)gto account
for the user’s efficiency in traversing a Web stane (structural
dimension).

3. METHOD

In the spring of 2010, we conducted a study to @eplhow
children search for fact-based information on salvddutch
informational websites, especially designed forldten. The
purpose of this study is to gather both qualitatime quantitative
data that can help us formulate hypotheses aboildref's
interactions with digital search interfaces. Alledsmethods,
procedures and instruments were pilot-tested inlabeof our
department before conducting the actual exploratiudy.
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3.1 Participants

For our study, we approached a primary school & Ehutch
region Utrecht, from which we knew that the Intdrie an

important and frequently used instrument to finfbimation for

school assignments in the classroom. We wrote terléd the
parents of 35 children from two classrooms and digkem for
their consent for participation of their child. @nthree of the
parents did not give their consent. In total, 32ildchn

participated in our study; 27 children from a ctassn with

children from fourth to sixth grade and five chédr from a
classroom with children from first to third graderom the
children that participated, three were 8 years eldht 9 years
old, ten 10 years old, eight 11 years old and feere 12 years
old. Eleven of them were boys and twenty-one ofitleere girls.

3.2 Data collection methods

The study was conducted by the first author of plaiper (the test
instructor), in a quiet room in the school duringh@ol hours.
Each child participated individually and the duvatiof the

sessions per child ranged from 30 to 45 minutesr Qata

collection methods were both quantitative and datilie. The

quantitative data was collected through a queséarthat had to
be filled in by every child at the beginning of thession. Further,
the task performance was measured by recordingdrehiks

navigation paths during the search sessions.

Quantitative data collection

The questionnaire was a profile survey in whichldren were
asked about demographical data, such as age, gralgender.
They were asked about their computer experieneguéncy of
PC use, frequency of using the Internet, activiiesthe internet
(such as playing games, watching movies, etcetena) frequency
of online information-seeking. Further, they wersked about
their prior experience with the interfaces for dhéin that were
selected for this study. Finally, they were givefrege-recall task
to measure their prior knowledge of the subjects thould be
used in the search tasks. In this task, childrehtbaell what they
knew about the four main subjects from the seaedkst that
would be given to them during task performance. &ample,
the child was asked: “Can you tell me what you knalout
sharks?” When the child stopped talking, the testructor asked
once more: “Is there more that you can tell me §mt know
about sharks?” Prior knowledge was not measurethfosubject
of the Google-task.

After performing each search task, the child wa&sddo evaluate
the difficulty of performing the search task on tthgarticular
interface on a ‘smiley-scale’ with evaluations frorery easy’ to
‘very difficult’ (see Figure 1). At the end of eyesession, the test
instructor asked the child to rank the websitesnfrb to 5; the
website that the child definitely would use the iére for
information-seeking had to be ranked as 1, thetbatthe child
would use after that had to be ranked as 2, etceter

SLEEE

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 stngzt observation
method to observe children’s performance on theareh tasks,
during which notes were made of remarkable obsermsat
However, we did realize that children are ofteraidfito fail or to

do something wrong. When they do not understandetiung,

they might ‘hide’ this problem from the test insttor during the
task performance. Therefore, we wanted to stimulaechildren
to express their feelings out loud during the pentnce.
However, because we do not think that most chilcaen very
well capable of thinking aloud during their sessioft3],

interventions were made during the sessions, bingskeutral

questions after chunks of the task performancejedrpost-task
interviews.

The questions in the post-task interviews weretemidown in a
strict protocol. In this way, we hoped to prevehattthe test
instructor led the children towards particular iteom the websites
or opinions about these items. Also, with the he&fighese strict
protocols, we wanted to standardize the dialoguéhirwthe
different sessions between the test instructorthadhildren. For
example, the test instructor asked the childrerthin post-task
interviews to explain their evaluations on the syiscales per
search task and at the end of the sessions, skd #sk children
to provide a reason for their ranking (see SecBa®) of the
websites.

During the sessions, all browser activities wereorded and,
more importantly, the children’'s eye movements be screen
during the task performance were recorded using Thbii

Eyetracker and the software named Studio. Thisteder is a
free standing, non-invasive device which can baipen front of
any interface. Also, a video display of the chiidfiont of the
computer and an audio recording of the spoken cortsraf both
the children and the test instructor, were recordadng the
sessions.

3.3 Procedure

At the start of every session, the child was agkesit behind the
computer screen (Tobii eyetracker screen). Eveep sif the
procedure was written down in a strict protocol, tat the
procedure would be the same for every child. Fitkg test
instructor explained the goal of the research sas® the child
and the tasks that the child would be asked to wcindn the
different websites. After that, she asked the chddfill in the
questionnaire about prior experience with computans the
Internet. She then took the free-recall task asrid®=d in Section
3.2.

The next step in the session was the calibratichegye-tracker.
After the calibration, the child started with thetwal search tasks.
Every search task within the sessions started @era simple
‘start page’ with links to the five websites. Betmeeach task, the
child returned to this ‘start page’ with the browséome button.

The test instructor offered the tasks to the chitbally, to
prevent the children from ‘typing over keywords stead of
thinking about the formulation of the queries ahd spelling of
the words. For example, the test instructor asKeel child:
“Rembrandt was a famous Dutch painter and one sfnhbst
famous paintings is called ‘De Nachtwacht'. Can ynd the
reason why he made this painting on
‘willemwever.nl'?” During task performance, the tamstructor
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sat next to the child to reassure the child if seaey and to ask
questions during the post-task interviews.

3.4 Interface selection

We selected four interfaces for our explorativedgtan the basis
of several criteria. First of all, we wanted to dant research with
children in the Netherlands. Therefore, the welssitad to be in
Dutch. Second, we wanted the content of the webdibebe
comparable. That is, they had to represent the irdatmation
world in basic main categories, such as animalsrtspmusic,
arts, nature, history, etcetera.

However, the selected interfaces also had to differseveral
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 studkich varied
most from each other on the dimensions mentionesigglas
described in Table 1.

Google was selected to function as a baseline irstudy. Every
child was offered the same search task to be caedwn Google,
so that search performance on Google could be caueetween
the children and a baseline could be set for ‘$eakdls’ in our
study.

Table 1. Selected interfaces and their interface ahacteristics

Arrange-
ment of
infor-
mation

Type of
search
engine /
Primary
search tool?

Menu
structure /
navigation

Clutter /
density

1. Traditional Google-like / Taxonomical / Little
School search engine menu in words | clutter/
bieb.nl not primary low
search tool density
2. Build of Question- Abstract main A lot of
Willem blocks answering menu in words | clutter/
wever system / | basic high
.nl primary search | categories on density
tool 2nd level
3. Metapho- Google-like / Abstract main Little
Kids. rical search engine categories / clutter /
kennis not primary navigation high
net.nl search tool metaphor density
4. Traditional, Google-like, Abstract menu Medium
Wiki but a lot of option to get categories amount of
kids.nl text direct results clutter
page / primary and
search tool density
5. Minimalistic Google-like / No possibility No clutter
Google primary search | to browse and very
tool through low
categories density

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

Traditional interfacéschoolbieb.nl)
Question-answering interfa¢eillemwever.nl)
Metaphorical navigation interfagkids.kennisnet.nl)
Textual interfacgwikikids.nl)

Google

3.5 Tasks

Four different search tasks were formulated foheaebsite. The
tasks were fact-based and not classroom relatedh Ehild
conducted one of the four search tasks per welssiteyery task
per website was conducted by eight children. Imeeendition
the websites were visited in a different order.

apwNE

Every child was offered the task on Google firgt, det the
baseline. After that, the children were offeredaaktabout an
animal, a task about arts or music, a task aboutsand at the
end a task about health (see Table 2). Every tekinbs to the
same domain and is formulated on the same levabsfraction.
Also, the amount of effort needed to conduct trsksavas the
same for the different tasks per website, to mhkentcomparable
to each other within the websites. The differesksaper website
should have the same effect on children’s searclogpeance on
these websites, so that the nature of the tasksneil be a
confounding variable in this study.

The Google-task was inspired by the complex, naiéip task of
Druin et al [9] in which children had to find ansaver to the
question: “Which day of the week will the Vice-Pdent's
birthday be on next year?” However, because norleeo€hildren
in their study was able to find an answer to thaésgon, we
decided to make the question a bit less complex fileasked
the children to the date of our Queen’s birthdaylyOwhen
children could easily find an answer to that questithe child
was asked to find the day of the week on which tiethday
would be next year.

Table 2. Task distribution over websites

Condition Condition Condition Condition
1 2 3 4
Task 1 Google.nl Google.nl Google.nl Google.nl
Birth-day
Queen
Task 2 Traditional Question- Metaphori- Textual
Animals interface answering cal interface
(kangaroo) interface navigation (dolphin)
(giraffe) (shark)
Task 3 Question- Traditional Textual Metaphori-
Arts or answering interface interface cal
Music interface (Beethoven) | (Mozart) navigation
(Rem- (van Gogh)
brandt)
Task 4 Metaphori- Textual Traditional Question-
Sports cal interface interface answering
navigation (soccer) (basketball) interface
(hockey) (gymnast-
tics)
Task 5 Textual Metaphori- Question- Traditional
Health interface cal answering interface
(hay fever) navigation interface (braces)
(head lice) (travel-
sickness)

30



3.6 Collected data

The data collected consists of 16 hours of videbardio footage
of the children’s browser activities, eye movementer the
screen and a video and audio display of the childrdront of the
screen during their research session.

For each participant, we also collected data fréma profile

survey, the free-recall task and the difficulty lexdions on the
smiley-scales per search task. In total, we cabk@6 pages of
notes and comments made by the test instructomglutihe

sessions.

4. DATA ANALYSIS METHOD

For the analysis of our data, we decided to us®padown
approach. First, we analyzed the quantitative dafier that, we
analyzed the qualitative data to understand thecgz® and
outcomes of the children’s search performanced@medplain the
outcomes of the quantitative results.

4.1 Quantitative data analysis

As mentioned in Section 3.2, we measured quamgtatiata
before the search tasks were conducted througheatiqanaire
and a free-recall task. After the search tasks vesmeducted,
children’s difficulty-scores were measured for eagarch task
and they were asked to rank the interfaces foréunse.

During the search performance, we measured thexfily
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 caountihe

amount of clicks needed that brought us to thet rigformation

on the websites in the most efficient way. ‘Suctess measured
by judging three variables of success: the suaoksavigating to

the information, the success of comprehending tmeent that the
children passed along the way, and the amount lpf ¢taldren

required from the test instructor. The calculat@nthe success
scores is presented in the following table.

Table 3. Calculation of success scores

Navigation + + + + - - - -
Comprehension + + - - + + - -
Required help - + - + - + - +

With these data, we could determine whether themrew
differences on the performance and evaluation scbetween
particular groups of children (e.g. age-groupsjwien the search
tasks or between the visited interfaces. We coldtd aheck

whether there were confounding variables, such @wpater

experience or prior subject knowledge.

4.2 Qualitative data analysis
For the qualitative data analysis, we studied tideos and audio
footage from the 32 sessions. We registered alitipesand

negative observations concerning the search peafocen With
‘positive observations’, we mean observations dioas that led
to successes in havigation or comprehension ard ‘wegative
observations’, we mean observations of actions fedt to
navigation or comprehension failures. These obsens were
related to the system characteristics (such a®uaynavigation
tools or search engine characteristics) of thefates.

We did not impose categories for analysis beforestagted the
qualitative data collection. Instead of that, wevealeped
categories inductively after all the data was abddld by the test
instructor, by categorizing and sorting all the ipes and
negative qualitative observations. We discoveredt tmost
developed categories could be assigned to oneeofdhstituent
processes in the Comprehension-based Linked Model
Deliberate Search (CoLiDeS) [12] as described iotiBe 2.3.
This stage model to simulate navigation on the vddides the
search process in several constituent processésndatg a
webpage, parsing a webpage, focusing on an aréting a
relevant entry, etcetera. Although this model owlgvers a
browsing strategy, we think it can also be usedul & keyword
searching strategy.

5. RESULTS

In this section, we will first discuss the resuftom the
quantitative data. After that, we will try to exjplasome of these
outcomes by describing the most important obsermatiwithin
the qualitative data.

5.1 Search performance on the interfaces
Before addressing the search performance on thteretit
interfaces in our study, we will first address wiestthere were
differences between different groups of childrehefEfore, we
conducted a one-way ANOVA to compare the meanseweral
variables for different age groups, grades and gend

There are no significant differences between diffierage groups
of children, concerning computer experience anderirgt

experience and prior knowledge of the subjectshia $earch
tasks. There is only a difference in the frequeotynternet use
between school grades (F(3,29) = 3.25, p = .03®);higher the
grade, the more the children make use of the late@oncerning
experience, there is only one significant diffeenibetween
genders (F1,31) = 10.33, p = .003); relatively mofehe boys
watch movies on the Internet.

We did not find significant differences for the feemance
variables between different age groups, differenadgs or
genders. This is against our expectations, becawesewvould
expect a correlation between age and performaneeoy found
significant differences between the time childreonf different
grades needed to conduct the tasks on two of tieefaes, the
traditional interface (F(3,28) = 5.74, p = .003ahe question-
answering interface (F(3,28 = 8.36, p = .000); thgher the
grade, the less time the children needed to conithectasks on
these interfaces.

On what type of interface do children perform the garch tasks
best?
In this section, we will give an answer to thetfinsain question:
With what type of interface do children perform #earch tasks
best?
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On each website, four different tasks were condluetithin the
four conditions. These tasks are comparable in ¢axip and
require the same amount of clicks within the optimuavigation
path. Therefore, new performance variables couldooeposed by
combining the performance scores from the four sagler
interface to one score for each of the interfavés.looked at the
differences in performance between the websitesalbyulating a
‘repeated-measures  ANOVA’ for each of these compoun
variables.

The average amount of time needed to conduct #ks fa largest
with the metaphorical navigation interface and $esal with

Google, followed by the question-answering intezfaand the
traditional interface (see Figure 2). The time mektb conduct
the tasks on Google is significantly smaller thiae time needed
to conduct the tasks on the other interfaces (B(396.92 =
16.28, p = .042). And the time needed to conduetdisks on the
metaphorical navigation interface is significankdyger than on
the other interfaces (F(3.23, 96.92 = 16.28, p09)0
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Figure 2. Results of the mean amount of time (in sends)
needed on the different interfaces

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

Finally, the success scores are most high on Gpéglewed by

the question-answering interface and the traditiomtarface and
the success scores are lowest on the metaphor&agation

interface (see Figure 3). As described in Sectidh 4uccess
scores were rated on a scale from 1 to 8 in whichthe lowest
success score and 8 is the highest success sdoeesuccess
scores achieved for the tasks on the metaphoriasigation

interface and the textual interface are signifialtwer than the
success scores achieved on the other interfac2s7@;(82.92) =
24.19, p =.000).

The role of Google as a baseline for the searcfomeance in
general is very clear in the results. The childneeded the least
time and clicks and were most successful in condgdhe task
with Google, compared to the other four interfa@sscan also be
seen in Figures 2 and 3.

5

5

Estimated Marginal Means of Success
s
1

T T T T T
Google Question- Traditional Textual Metaphorical

answering interface interface navigation
interface interface

Figure 3. Results of the mean success scores on diferent
interfaces on a scale from 1 to 8 (1=lowest succes®re,
8=highest success score)

What type of interface do children prefer?

As with the performance variables, we also compatiéfictulty
variables for each interface and calculated a tepemeasures
ANOVA for these compound variables of difficulty ses. In
general, the children evaluated the tasks on Gotlytequestion-
answering interface and the traditional interfagermre easy than
the tasks on the highly textual interface and thetaphorical
navigation interface. The difficulty scores for ttextual and the
metaphorical navigation interface were significartiigher than
the difficulty scores on the other interfaces (E23102.98) =
23.45, p =.002).
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Figure 4. Results of the mean difficulty scores otte different
interfaces on a scale from 1 to 5 (1=very easy, Sy difficult)

With the ranking of the interfaces for future ugee children
almost unanimously ranked the metaphorical nawgaitterface
as least preferred for future use and the texhtatface as second
least preferred for future use. Google was almastnimously
chosen as the most preferred search interface ufref use,
followed by the traditional and the question-ansmginterfaces.
In Section 5.2, the type of problems that the chiddexperienced
with the metaphorical navigation interface and highly textual
interface will be described, which can explain tfaet that
children found the tasks on these interfaces mdfeeudt and
preferred these interfaces less than the otheffaces.

What search strategies do children use?

Almost all children used the search engines as thain search
strategy on the different interfaces. The only exiom was the
metaphorical navigation interface. Most childred dpt find the
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search engine within the navigational metaphorhis interface,
because it was ‘hidden’ on an unusual locationhenstreen.

5.2 Problems children experience with the

interfaces

In this section, we will give an answer to our setagesearch
question:

What problems do children experience while condgctthe
search tasks on the interfaces and to what charaties of the
interfaces do these problems relate?

Parsing problems

As mentioned in the CoLiDeS model [12], after a welge is
attended to, a web page is parsed in several angbthe relevant
area is focused on. We recognized different forfiparsing’ in
the children’s search sessions. Some children thtbeked at all
areas of a web page, before focusing on a relaraat(e.g. on
the main menu). Others only scanned a few itenferééocusing
on a particular area.

Also, many children went straight to the relevargaawith their

eyes, without parsing other areas of the web pagey

‘shortened’ the parse process, because they hadetpectations
about the page arrangement and looked at the d&&@a i

conventional for that item (e.g. the conventioradattion for the
search engine is at the top right corner of thepagh).

However, very often children experienced problenith warsing
web pages. They did not see relevant items, betchegeparsed’
the page too quickly or because items were placednexpected
locations.

Mine-sweeping navigation metaphors

In his study on the usability of children’s websijt&ielsen [14]

found that children were willing to indulge in miseeeping

behaviour. However, we found exactly the oppositeur study.

The homepage of the metaphorical navigation interfaresented
a navigation metaphor in which the child sailedairboat and
could visit different islands by clicking on theiowever, many
children did not understand this form of navigatiaith the

island ‘Know’, for example, there were two kinds mfoblems.

The first problem was that this label ‘Know’ wasotabstract.
Children expected to find information here abouimasdt

everything. The second problem was that the seboay images
on this ‘island’ did not attract attention becaubkey had no
visible words explaining their meaning. The childfead to scrub
the screen with the mouse to find the labels tle#drged to these
subcategory images. In our study, this type of getion not only
proved to be ineffective for children, but also sed a lot of
frustration.

Looping navigation style

The children in our study often went back to pathey already
had visited before, although they had not found télevant
information there. We also saw this ‘looping’ beiwavwhile
children processed search results from the seagihe Bilal and
Kirby [3] reported the same results in their stualy children’s
search behavior. They found that most children hatioopy”
navigation style. They explain that this “loopy"ylst can be
caused by children’s lower cognitive recall, beeauke web
imposes memory overload that reduces recall duravigation.

Home as ‘comfort zone’

Most children went all the way back to the homepageen they
started a new task within the same interface. Naiig to a new
page from a deeper page, was often too complicaiedhem.

Problems arose when there was no clear home buttowas the
case on the textual interface. However, also wheretwere clear
home buttons, children found it easier to use tloavber’'s back
button to go back to the homepage, which is arfioiefit way to

go back. This search strategy to go back a caafitienes or back
to the home page was already mentioned by Chemvfi,termed
this strategy “going back to the comfort zone”.

Failing search engines because of natural languageeries
Many children used natural language when formuiattheir
queries in a search engine, especially the youdgétren. With
Google and the question-answering interface, usiagural
language did not cause any problems. However, teerchk
engines on the other interfaces did not work wathwiatural
language queries. The children often did not unidedsthat the
problems were caused by using a whole sentence trat to
adjust the spelling of the words in their senterideey did not
think about bringing the query back to one keyword.

Spelling and typing

Spelling turned out to be a major obstacle for théldren.
Particularly with the interfaces that did not offapelling
corrections. The children frequently asked the testructor if
their spelling was correct, as Druin et al [9] afsond in their
study. In our study most children gratefully madee wf the
spelling correction tool ‘Did you mean’ in GooglEhey seemed
to be very experienced using this tool. Many cleifldimmediately
clicked on the spelling suggestion after the seaeshlts were
displayed. Our results concerning the use of thd Yy@u mean’
tool are more positive than the results that Detial [9] found.
They found that these tools were not always disam/dy the
children.

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

Query suggestions

Two of the interfaces in our study (the textualerface and
Google) offered query suggestions in a drop-dowrn tdile

typing a word in the search box. Although childrexd their eyes
on the keyboard while typing, children did look tae screen
while typing quite often and many children tookioetand made
use of the query suggestions when offered. Somdrehi used
the query suggestions when they were not sure ef right

spelling by checking whether the right keyword webabme up.
Others even used the query suggestions as ‘typé $wthat they
had to type only a few letters. For example, ong drdy typed in
the letters ‘moz’ on the textual interface and tloéioked on the
query suggestion ‘mozart’ that appeared in the dimpn box
below.

These results are opposite to the findings of Dretinal [9].
Almost all children in their study did not noticacadid not take
advantage of the offered query suggestions, beczube critical
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disconnect from keyboard to screen while typing riggse Our
findings suggest that mere familiarity with the @tmtechnology
has allowed children to become more proficient e more
advantage of the offered query suggestions.

The output of search engines

The most important problem that the children exgeed on
Google, was deciding what results were relevanttideiarly,
many children found it difficult to determine thppaopriateness
of the source of a search result. One child, foange,
interpreted the outcome of a poll as a fact and its&s an answer
to the search question. This problem almost didavour on the
other interfaces, which were more contained repaosi and did
not present results from all of the World Wide Web.

A more remarkable problem was experienced by tlierein on
the interfaces with search results similar to GeogVhile these
children had no trouble at all working with Goodlleey did have
problems with the results pages of these otherfates, because
they did not recognize the results as such. Theyght that the
summary or snippet was all the information there ¥eaget and
did not understand they could click on the restdtsead more
about the subject. Apparently, they did not rethgefunctionality
of these search engines to the functionality of ggovhom they
were familiar with.

This problem did not happen with the question-amswge
interface, because this interface presented thelseasults with
one sentence marked clickable and with a picturfecimt of each
result. With this format, the children knew exadthat they could
click on the result for more information.

We saw the same positive effect of the use of imagéh
categories or subcategories. When images weredlaceont of
subcategories (as was the case on the traditionedface), the
children more easily recognized the categoriesliakable and
scanned the list of categories by looking at tloéupes.

6. CONCLUSION

In this study, we found great differences in perfance on the
different interfaces. The children performed mosbrly on the
metaphorical navigation interface and after thatrtperformance
was poorest on the textual interface. Their peréorce was much
better on the traditional interface and they penfed best on the
guestion-answering interface and on Google.

The most important reason for their poor perforneaon the
metaphorical navigation interface, was that thddebn did not
understand this type of navigation. It took a Ibtime for them to
understand how to navigate on this interface apéaally on the
navigation pages, where they had to ‘mine-sweeg’dtreen to
discover subcategories. Another reason for the pewiormance
on this metaphorical interface, were the abstramnhmategories.
The children had a lot of trouble selecting thehtigategory for
their search tasks from these categories.

Most children could not find the search engine dme t
metaphorical navigation interface. And when chitddéd find it,
most of the time it did not lead them to a relevarsults page,
because the search engine did not accept the hddnguage
queries of the children.

Performance on the textual interface also turnedt@ibe quite
low. The main problem was that the children fouhdard to
parse the high textual homepage to locate relgtems. Children

also experienced a lot of problems on this interfdecause they
could not go back ‘home’ easily. They did not knthat the logo

was also the home-button. Furthermore, childrereea&pced a lot
of problems with processing the search resulterQthey did not
recognize the search results as clickable. Althothggh interface

contained a very smart feature by directly presenté relevant
search results page after submitting a query, fé@ture did not

work for most children, because they entered nhiareguage

queries or made spelling errors.

The traditional interface resulted in much betterfgrmance.
Although most children used the search engine @nititerface,
some children could also browse quite easily thhotige menu
structure on this interface. The pictures usedramtf of the sub
menu worked quite well for the children. Howevarme of them
experienced problems with the search results, lsecduey did not
recognize the results as clickable.

Of all four children’s interfaces, the questionsaesng interface
resulted in the best performance. Children immetliasaw that
they could submit a question at the top of the estrand the
search engine could handle natural language quetigs well.
The children also recognized the search resultseidimtely as
clickable, because there was only one sentenceniszkfor each
result and there were pictures in front of eachltes

6.1 Search strategies

In contrast to previous research on children’sceatrategies, we
found that children used more searching than brayvstrategies
while performing informational search tasks. Théogreferred
using a search engine rather than browsing the ocsaégories.

Druin et al [9] described the same developmenthdficen using
search engines. They uncovered several criticablpnes that
children experience using search engines, suchiaddeps with
spelling and typing. Tools designed to make seag:leiasier for
children went unnoticed by the children in thisdstu

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

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

7. DISCUSSION AND FUTURE WORK

The results of this study raise all sorts of hypets about
children’s search behaviour on digital search fatas, on which
we can base future studies. Considering futurecheiaterfaces
for children, we can suggest some design directimsed on the
results of this study.

First of all, the effect that Google has on todahddren should
not be underestimated. We should keep in mind ¢lperience
with search systems and search conventions theet iim these
experiences, cause changes in children’s searchvieeln and
strategies over time.

Designers should be careful with well-meant, cliildndly
designs, because they might not work for childdem.important
example of such an interface is the navigation ptetain which
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children had to mine-sweep to find subcategoriasthls study,
we found that it is not easy to design a searckrfiate for
children that adds value to searching with Google.

We did find some directions in this study to adtleato Google
for children, such as adding pictures to searchult®sor

categories. Also, making search results as sinpleoasible (e.g.

with one sentence) and making clear that the s clickable,
supports children in effective information-seeking.
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ABSTRACT

The continuous growth in the size and use of theltlVo
Wide Web (WWW) imposes new methods of design
and customization of internet browsers. Personidiza

of Internet Access (PIA) as we define it is theqass

of customizing a Web navigational method to thedsee
of each specific user or set of users. In this pape
present WebMark, a PIA technique that makes use of
the internet data content, user’s personal preferamd
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 ed
pages during the same browsing session. Conseguentl
the user can spend less time browsing more inféomat
by skipping a large number of undesired previously
visited pages. In addition, WebMark gives the uber
flexibility to mark links for faster navigation to
information on Web pages that contain a large numbe
of links.
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INTRODUCTION

Navigation of complex hypermedia environments, of
which the web is the most apparent example, hag lon
been considered a major issue in hypermedia design
usability literature [1]. The potentially complex
navigation task is further complicated if the user
happens to be visually impaired, since the richredss
visual navigational cues presented to a sighted arge
not appropriate nor accessible to a visually ingzhir
user [2]. Individuals with physical disabilities, ttmes,
are simply overlooked by fully capable people arith
needs are addressed as an afterthought espeaidhg i
information Technology field [11, 12]. Efforts have
focused on supporting the ‘sensory translationvistial
textual content to either audio or touch (through

Braille), rather
methods [3].

than enhancing web navigational

The lack of proper organization in web browsers ferce
Web users to make random choices in storing bodksnar
while browsing [22]In addition, the history list of pages
visited that is stored in the browser cache coeicoime
unreasonably long in a short period of time. Thistfire

is not too practical for page relocation accesscesiit
forces the visually impaired user to rely on reoglithe
titte of the desired page, a process that violakes
Heuristic concept of ‘recognition rather than réghb].

The problem arises when a visually impaired person
browses a large number of web pages, a coursasthat
inevitable while the user surfs the Internet. Aitén
number of them may turn out to be the focus ofradt
which they might not be consecutive. The task of
singling out a preferred page becomes time conggmin
once the user is concerned with identifying thesgeg

of interest amongst a large number of undesired
previously browsed pages. Giving this scenariois it
impractical to expect blind users recognize visuas

on the pages (e.g., colors, images or page laybhgse
cues, on the other hand, allow sighted users toktyui
and easily scan pages to locate the information of
interest. Studies show that the use of visual a@isth
can transform a wall of dry text into a presentatibat
users will enthusiastically approach [17, 18].

This problem of having visually impaired users sivi
desired and non-desired pages becomes inefficient,
while trying to relocate a previously visited page.
Unfortunately, special browsing features that awdt b

in the most popular screen-readers (e.g., Windosveye
[19] and Jaws [7]) do not provide the blind usdrs t
means to separate unwanted information from aatksir
one.

In this paper, we introduce the concept of WebMark,
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
internet in a faster manner. WebMark is one ofrtizén
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features of a talking browser called “WebSight” ttha
conveys layout of Web pages. The WebMark feature
gives blind users the ability to dynamically selagth
pages by marking Internet content (e.g., pages and
links) while browsing the net to easily relocaternh
later in the same browsing session.

In the following sections, we first cover some teth
work of Internet accessibility techniques and biiesis.
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 accegsthe
Web, either because of the inappropriately designed
Web pages or the lack of total accessibility predidy

the current available technologies. This lack of
accessibility leads to poor web navigational supfmr
visually impaired users. Blind individuals usually
access the Web, by using screen readers [7] or
specialized browsers [9]. For these access techimsio

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 sinc
1992 (such as increased research and publicatiosesr
empowerment in the form of increased user
participation in Information Technology (IT) designd
development) [13]. Moreover, there remains an over-
arching bias that is evident in the lag of accéssib
technology behind this barrier, which is designed f
fully capable users [14]. The W3C Web Accessibility
Initiative and others recognize these difficultiaad
provide guidelines to promote accessibility on eb

[9, 10].

Harper [6] introduced the notion of travel and nhibi

to improve the accessibility of Web pages for vigua
impaired. He drew the analogy between virtual trave
and travel in the physical world. Where, the notafn
travel extends navigation and orientation to inelud
environment, mobility and the purpose of the joyrne
Navigation suggests an opportunity of movementiwith
the local environment. Orientation is the knowleade
the basic spatial relationships between objectéimvit
the environment, and the objects and the traveler.
Mobility is the ease and condense at which trazallze
accomplished. Environment is the context in whioh t
traveler journeys through and includes the way the
landscape rendered and perceived [9]. Travel abject
are environmental elements that are used during a
journey. On the Web, these objects deliver by thgep
design and the browser.

Yesilada [20] has presented a travel analysis freonie
and demonstrated that the travel analysis procetisei
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 @gjts on
Web pages and classifying them by concerning thesro
of travel objects in the model of real world travel

Eirinaki [21] introduces SEWeP, a web personalirati
system. Eirinaki associates Web usage and content
knowledge, by enhancing the information in the Web
usage logs with semantics derived from the condént
the Web site’s pages. The enhanced Web logs, daled
Logs are then used as input to the Web mining psce

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 basfier
Web pages. WebSight integrates WebMark as one of it
main features. The WebSight project is a Microsoft
Internet Explorer (IE) plugin. Using the Microsoft
Speech API, the WebSight prototype provides viguall
impaired individuals a method of conceptualizing th
layout of a given webpage. Using this method,
WebSight builds its own data structure of the HTML
Code, preserving the unique spatial orientatioromf
screen data. Then, it renders the content in theesa
fashion as sighted individuals would perceive ia vi
voice synthesis.

The interface is composed of a 3 by 3 grid [4,B]e
cells of this grid are labeled in the same fashasna
telephone keypad, where the top-left cell is 1 #rel
bottom-right cell is 9. As the user navigates frone
cell to another, WebSight renders each contenhaff t
cell (e.g., a link, an image etc.) along with ifsasal
orientation in relation to the surrounding contésge
Figure 1).

As the user moves from one link to another, WehiSigh
announces which cell the new link is currently mda
the label of that link and its relative position tioe
previous link. For example, using predefined
navigational keys, if the user moves the mouseoturs
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 vitatuess
and functionalities that is under consideration for
publication with complete usability testing andulés
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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 kar
random Web pages and different links on any given
page and then access these information at a later t
during the same session. The user also has theectwi
store unlimited marked items in the WebMark
temporary storage data structure.

Key Function p” provides information regarding the
marked pages and linksalt-p” marks the current page,
“ctrl-p” goes to the next marked pagectrt-shift-p”
goes to the previously marked pagalt-1” marks
current link, ‘ttrl-I” goes to the next marked link, and
“ctrl-shift-1" 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 cursore Th
mouse cursor assists the blind user with navigadimd
hearing the rendering of the on-screen contentiéticy
identification of the marked items. Whereas theéual
cursor provides the user with a method to easibess
the desired content (e.g., marked Web pages aksl) lin
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-| Marks current link
ctrl-I Go to next marked link
ctrl-shift-I Go to previous marked link

Table 1: WebMark function keys

Marking web pages

The user pressesalt-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 thdkH*
HTML tag. The user can navigate to a previously
marked page, or to a next marked page (e.g., pgessi
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 thealirt
cursor back an X number of pages (where X <= 10) by
pressing ‘ctrl-shift-p’. If the user adds a new keat
page by pressingalt-p” at that location, the marked
page is then inserted at the end of the list and no
between the position X and X+1. Therefore, indata
structure, the mouse cursor is at th& harked page
(see figure 2).

Visited unmarked
webpage

Previously marked  Visited unmarked
Yahoo! page #5 webpage

Visited unmarked
webpage

Visited unmarked
webpage

Previously marked Visited unmarked
CMM page #6 webpage

"alt-p" moves most
recently marked
Yahoo! News to position #7

Figure 2: Marked links are added sequentially athe end

of the list.
This logic support for adding a new marked pagthat
end of the list is considered, because if Yahogpbap
to be our ¥ marked page, and the user navigates to a
marked paged before Yahoo (e.g., the 3rd marked)pag
then we try to add a new marked page. If the user
recalls that Yahoo was thé"5narked page, then the
insertion after the '8 marked page will increase the
position of all pages following the™3page by 1,
including Yahoo. Thereby, confusing the user’s
conceptual model of the marked page list, sinceingpv
the cursor forward twice from position 3 will naach
the Yahoo WebMarked page. For example, the user
navigates back to thé"5marked page (i.e., moving the
cursor back to the Yahoo! WebMarked page), whege th
6" 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 émal

of the WebMark list instead of being th& énarked
page for the reason previously mentioned (see Eigur
2).

The user has 10 marked pages where thenarked
page is Yahoo! Next, the user navigates back tao¥hh
via the WebMark page list. If on this page, theruse
navigates to Yahoo! News via a link on Yahoo! Ahd t
user marks this page, the position of the Yahool®Ne
page moves to position 11, where the mouse cussor i
located. Therefore, if the user presses the prsviou
marked page function key “ctrl-shift-p”, the virtua
cursor will navigate to the Yomarked page. If the user
goes back manually to a marked page (using the
location bar or a bookmark), the position of theus®
cursor in the marked page list still remains whiereas
previously.

When the mouse cursor is at CNN, the" Ifarked
page, and the user navigates back to Yahoo, atiqrosi

5, via the browser back button, the cursor will mdo
position 5 where the virtual cursor still remaitfsthe
user tries to go back to the previously marked page
using the “ctrl-shift-p”, they will be going backadim
CNN at position 10 to the previously marked page at
position 9 (see Figure 3).

el shiffi-p” nerves oesan ek
kol ||

M -,-\,I hp farked » |-. pape \|I d CMN
¥l

Uring the browses's “hack ™ button takes the cursor back througsh e Tustory st stored 10 the cache

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

Marking links

To mark a link, the user presses ‘alt-I' then Welbka
announces “Link Marked”. To navigate to a previgusl
marked link or to a next marked link, the user pess
“ctrl-shift-I" or “ctrl-I” 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 nimuse
cursor is currently at the '7link on the page. The user
then navigates backwards to the beginning of the
marked linked list by pressing “ctrl-shift-I", maw the
virtual cursor to link 1, with the goal of adding link 2.

If the user then presses the key for the next larid
tries to mark that link, the link marked is 7, ridt
because the mouse cursor is at thdirk. We made the
mouse cursor not to follow the virtual cursor. This
done because of the following scenario. Suppose the

mouse cursor was at the f0link and links 1, 3, and 5
were marked and the user navigates back to linkirggu
the ‘ctrl-shift-3’ key and we had the mouse cunsmave
with the virtual cursor, then the user would lose t
position of the 100 link. As a result, the only way for
the user to return to the 100ink, is to navigate
forward manually through all the links.

When a user marks a link, the link is placed atehd
of the marked link list, regardless of where thlis
on the page.

Adding links at the end of the stack

We provide this functionality of adding links aetlend
of the marked list of links, since there are maopuar
pages with hundreds of links (e.g., the CNN website
The user has the ability to browse through the zage
mark the links he/she is interested in. It is nitélvfor
the user to sequentially go through the page nitaa t
once to single out and WebMark the links they are
interested in. When sighted users visit a link, ¢béor

of the link usually changes from blue to red. Hoemrv
here the user does not have to visit a link to hiave
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 aigg
page and the contribution of the marked list (Webi)la
to the overall conceptual model of the system. \'ge a
like to discover the effect on the user’'s mentatieidy
giving him/her the ability to insert the new marksahe
at the virtual cursor location in the marked paigé |
instead of adding it at the end of the list. Also,
announcing the current WebMark number in additmn t
the total page number in the marked list is worth
implementing for ease of navigation. Furthermoteés i
worth investigating the implementation of feedback
conveying the number of marked links and its affatt
the user’s mental model.
An issue to consider in the logical design wouldtde
check if the user browses unmarked pages, leahiag t
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
marked page list
e Put the user’s cursor at the beginning of the
marked page list.

to the end of the

CONCLUSION

In this research we have presented WebMark, a
marking technique of Web pages and links that
separates desired from non-desired data. Thisvallo
the user to concentrate on the content ratherhlbanto
arrive at it. Moreover, WebMark entails a technidjot
provides personalized feedback, by transforming a
collection of hideously linked pages or a large skt
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links into a manageable finite set of data. Thellbeek

is provided in an appropriate manner, giving therus
explicit orientation information, such that navigagl
information can be detected in a timely mannenther
words, a user can make a choice as to whether they
want to be at the current location, and if not, himwv
best attempt to get to their perceived destinaf®n
When there are too many bookmarked pages, retrieval
becomes time consuming for a visually impaired
individual. In addition, the history list of pagessited

that is stored in the browser cache can becométap

in a short period of time.

WebMark gives blind users the ability to dynamigall
select and mark web content instead of using tlge pa
bookmarking feature of the browser. This browser
feature is not too practical for most blind usesisice

the user would have to remember the name of the
desired page he/she wants to revisit. It is a niefat
task when a blind user tries to remember each ditle
the desired pages while he/she navigates the &itern
To visualize such an operation with its detaileepst
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”. §hi
procedure can assist the visually impaired usevtid
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, dsasut
much of the undesired pages to step through. Mereov
it speeds the process of browsing by not relying on
feedback of visual content. In WebMark, we presgnte
a simple navigational method and a set of effastles
functionalities to allow users mark their desiraternet
data. In general, the more the user visits Intepages,
the more the mental model of the user can become a
Web!
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ABSTRACT

This paper presents the preliminary results oflat pi
study that explored the digital information landseaof
children on the autism spectrum disorder (ASD) fribra
mediators’ perspectives (i.e., parents, teachbesapists,
and family volunteers). A web-based survey questine
generated responses from seventeen mediators #rat w
mostly parents of children with ASD. Quantitativada
qualitative data analyses uncovered many charatitsriof
this landscape. Parents were information seekiogigs
for their children with ASD. They used a variety of
information retrieval systems (IRs) including online
databases; web search engines; social media kogs,
YouTube, Facebook); and toys and games in supgort o
their children's everyday life and academic ne@isent
assessed the children’s skills in using IRs ariterot
technologies, and rated their skills on the siypstef the
research process identified by the American Assiociaf
School Librarians (AASL), among other set of skilks
essential for becoming information literate to méee
challenges of the 21 century information environment
(see Appendix). Most parents elucidated interfaesigh
features that could support the children’s infoiorat
seeking goals. The results have implications faigieng
interfaces that meet the needs of young usersA8m, as
well as for providing user-centered training tocteghem
effective information access, retrieval, and use.

Topics
Non-interactive evaluation

Keywords
Children, Autism Spectrum Disorder (ASD), Proxy
information seeking, Information needs

INTRODUCTION

People with special needs, especially childrerhen t
autistic spectrum disorders (ASD) may possess tafiq
information
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behavior and express different information needsnfr
children without ASD. In December 2009, the Ceriiter
Disease Control (CDC) in the United States reportatith
in every 110 births and almost 1 in 70 boys havenbe

diagnosed with autism, a neurological disabilityatth
affects a person’s ability to communicate and axtervith
others (http://www.cdc.gov). The significant incseain
cases of young people with ASD is also prevalerdtiver
countries including Europe [1]. Autism appears arlye
childhood, usually before the age of three. It pras
children and adolescents from interacting normafish
other people and affects almost every aspect af sbeial
and psychological development.

Children are “unique” young users and not simply
‘short” adults. They possess information needs,
experiences, sense-making, cognitive knowledgetsire,,
skills and knowledge, as well as a theory of minal are
very different from those of adults [2][3][4][5].HE theory
of mind refers to a full range of mental statesliéfg
emotions, constructs, desires, imagination, etcdt tis
normally developed in children as young as ageethre
Children with a theory of mind have understandinghef
relationship between individuals' mental states #weir
overt actions [5]. While in the last two decadeg, ave
developed adequate understanding of how “normal”
children interact with and use a variety of IRs &aoals in
the digital environment, we lack much understandifig
the information behavior of children with ASD. Ttpaper
is a first step towards filling this research ggpelaploring
the digital information landscape (access, neead, use)
of children with ASD from the perspectives and
experiences of the mediators that communicateéinter
with them in everyday life and/or on a regular basi
(parents, teachers, therapists, etc.). Resultsedafrom
this study have implications for universal systereiface
design that is supportive of these young users.rékelts
could also yield to developing user-centered progrdo
teach children with ASD effective use of IRs andeoth
information technology tools and applications.

1.1 Autism Spectrum Disorder

Autism is one of the developmental disabilities
disorders called Autistic Spectrum Disorder (ASD) o
Pervasive Developmental Disorder (PDD). Autism
originated from the Latin root “auto”, meaning ‘Sekand
was coined by the Swiss psychiatrist, Eugene Bletber
describe the self-centered thinking of adult pasiehe
observed and who believed that everything in theldvo
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, detachtrfeam
others including their parents, self-centricity, dan
attachment to objects such as toys). In 1944, Hans
Asperger, an Austrian psychiatrist who worked wyitling
adults, identified similar problems in his patieritewever,
he also found that the patients had normal inetice and
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began talking on time, unlike what Kanner conclu¢édl
Although the severity of the diagnosis varies, peagth
ASD share three common impairments: Social intevact
verbal and non verbal communication, and limitetgriest
in activities and play
(http://lwww.webmd.com/brain/autism/autism). In treas
of learning, people with ASD may be gifted/savant i
specific subjects or severely challenged. Giftedpbe are
called “high functioning” or Asperger’'s as they arerbal
and possess a high intelligence (IQ). The traitédidn
and young people with ASD possess pose many clgaken
for researchers, especially in relation to undeditay
their deficits and gifts, communicating with therm t
uncover their information behavior and needs, aod t
identify design criteria and architectures for ifdgees that
are most appropriate for them and meet their egryife
information needs.

1.2 Theoretical Framework

One of the main goals of human-computer interaction
professionals is to develop understanding of diffiees
among users in order to meet their needs, accontmoda
diversity, and design interfaces that are univraaable
[7][8]. Addressing the needs of all users shoudd am
ultimate goal for interface designers [9]. In gehe
designing interfaces for young people requires that
designer pay attention to their limitations in terrof
cognitive developmental abilities (e.g., limitedcabulary,
low memory recall, minimal level of abstraction,dan
experiential learning that vary with age)[10][11].
Designing for children with ASD pose additional
challenges due to their “unique” cognitive challesgnd
difficulties that some researchers in the fielghsychology
have attributed to “deficits” in the theory of mif@l[1]. In
the field of information sciences very little resda has
paid attention to the information landscape of this
population with special needs and their information
seeking in everyday life. The theoretical framewadfk
Savolainen’s everyday life information seeking (§)[lL2]
is also relevant to this research because it pesvid
natural dimension about the realities of thesedcéil’s
information world that is restricted by the “cogwmé
disorder” of ASD, which necessitates interventioonf
various mediators. In addition, the notion of “infation
seeking proxy” defined Fisher & Abrahamson [13] as
“people who seek information on behalf of othershewit
necessarily being asked or engaging in follow-uth whe
recipient(s)” is partially relevant here. While pats of
children with ASD serve as proxy information seskfr
their children with ASD, they, in many instancesgage
in follow-ups with their children to solve their @yday
information problems. This study explored the natof
the digital information landscape of a group oflafEn
with ASD from the mediators’ perspectives with &ue
on parents as information seeking proxies and ascades
for designing interfaces that are universally usarid that
highly supportive of their children’s informatioreds.

2. RESEARCH OBJECTIVES

This study addressed this overarching researchigoes

1.What are the characteristics of the digital infotiora
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 interfacegtetiat
meet the needs of their children with ASD?

3. RELATED LITERATURE

Studies of the information behavior of children twit
ASD and other intellectual disabilities are almost
nonexistent in literature of information sciencéhis
section covers selected relevant research on tivease
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 gleshat
meets user goals. They found that very few respasde
(25%) had experience with the design of these tdbkst
the needs focused on social skills, academic skalisl
organization skills, and that use of technology wamsajor
strength and for people with autism. In a recerdcip
report, Slomsky [15] elaborated on how assistive
technology (particularly robots), are aiding adudist
children with social development. Assistive teclugigs
also have potential in mediating behaviors commonly
associated with autism (e.g., sensory and motor
impairments). The mediation includes gaining acdess
social situations and creating opportunities forrkvand
play [16]. Robins & Dutenhahn [17] examined the ofe
robots in aiding children with social and commutima
skill development, as part of working on the AURORA
Project, a research endeavor on robots designed as
educational and therapeutic toys for children wik8D.
One of the early software applications developed fo
children with ASD was MusBus [18], which was desidine
to train autistic children to use a computer moukeroy,
et al. [19] designed an image digital library teiasin the
development of communication skills of children hwit
ASD. The library’s interfaces were designed for osea
Pocket PC. The idea behind the image digital library
emerged from the communication reality children hwit
ASD, that is, deficit in verbal communication araiance
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 A$or
example, Chamberlain [19] developed a 3D generiaafr
environment platform for people with ASD to use as
therapy tool. Moore, et al.[20] created a collativea
virtual environment (CVE) to assist children withtiam
in understanding basic emotions using a human-like
avatar, while Merryman, et al. [21] designed VittRaers
(VPs) to enable the social interaction of childneith
ASD. Similarly, Schmidt & Schmidt [22] developed3®
virtual learning environment (3D VLE) to supporteth
social interaction and development of social compet of
these young users. In their review of the literaten
virtual environments for children with ASD, Lanyi al.

[23] concluded that VEs can enhance skill develagme
while providing children way to play and motivatidor
success. VEs can be fundamental in these children’s
learning, speech interpretation, and communicatiion,
general.

43



4. METHOD

This research was planned in three phases: Phase 1,
collect information from mediators about the dibita
information landscape of children with ASD; phase 2
identify mediators willing to be interviewed to tait
additional data that provide deeper understandinthe
realities of the children’s information landscapad phase
3, gain consent from selected parents to intentiegir
children to gather information from the children’s
perspectives and to learn about the challengesfttoeyin
everyday life information seeking. The ultimate lgo&
using this methodology is to generate a groundedrth
based on the collected data. As of the writinched paper,
data collection was still in Phase 1, which is diésadl in
this section.

Due to the nature of the research project, a qtadivt
method was employed in Phase 1 to collect data from
mediators of children with ASD. The researcher tmyed
and pilot-tested a survey instrument for collectthgse
data. It is commonly known that although web-based
surveys may reach a large number of people quiakly
easily, they yield low return rate, and tend toegate data
that may not be totally reflective of the participsl state
of mind or realities, thus, affecting the reliatyiliof the
responses. However, using a survey approach was
necessary to collect the baseline data in Phaskthiso
research project based on which additional, intuejata
could be gathered.

4.1Instrument

The survey instrument consisted of four section®©jA
with each section designed to be answered by s$pecif
mediators. Section A (14 questions) was targeted fo
parents of children with ASD, section B (11 questjofor
general education teachers, section C (10 questions)
special education teachers, and section D (1 gergren-
ended question) for other professionals (e.g., aboci
workers, therapists, psychiatrists). The web-based
instrument was created using SPSS mrinterview, an
application that enables the creation of differgmies of
surveys and that aggregates responses for easataf d
coding and analysis. In general, sections A-C, quest
elicited information on the participants’
background/demographics, Internet access, purpo$es
using the Internet, types of IRs and other techyie®
used, assessment of children’s skills in finding
information, as well as difficulties children exjsrce in
finding information. In addition, each section hagdo
open-ended questions for gathering feedback infooma
and suggestions from the participants. The surveg w
posted on the web in mid fall 2009 and data cabects
still in progress.

4.2 Participants

As was mentioned earlier, the first phase of data
collection targeted mediators, people who couldestzeir
experiences in working with children with ASD in
different settings. A minimum of 200 people were
expected to participate in the survey, accountorg20%
of the 1000 volunteers associated with the Eash@ssee
Chapter of the Autistic Society of America (ASA-ETC).
The volunteers receive the Society’s weekly neweslatia
email where events, announcements, and activities a
described, including calls for participation in easch
projects. These members will be able to see thietaal

participate in this survey only if they open thevsketter
and scroll to the last page. Only seventeen people
participated in the survey: Eleven parents, twoegan
education teachers, one special education teadiver,
family volunteers, and one speech pathologist. fdut
that a small sample participated in the survey baylue

to two factors: 1. Not all members of the society active
and, therefore, they may not open the Newslettey th
receive via email on a regular basis; 2. Hesitamtdhe
part of some parents to give information about rthei
children with ASD, and 3. The nature of surveys in
general, and web surveys, in particular, that sibic
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 comfidity
of members associated with the Society, the reBeamwas
unable to secure the list of volunteers. This tesuin
using a convenient sample. The director of the &ypci
included the researchers’ call for participation time
survey in the weekly newsletter two weeks. Due tova
return rate, the “call” was reposted in the newstefor
two additional weeks, which resulted in twelve reti
After one parent with a child on ASD contacted the
researcher and expressed interest in helping witta d
collection, the researcher asked the parent to lsalbthe
survey to people with interest in completing it.iSh
approach yielded five additional returns, up to wréing
of this paper, totaling seventeen participants.

5. DATA ANALYSIS

Responses to the survey from parents were selemted f
reporting in this paper due to the specific reladitip they
have with the children. All survey questions getedta
guantitative data with the exception of the opedesh
questions that resulted in qualitative data. Foe th
quantitative data, descriptive statistics were eygd
using percentages to describe the characterisfichen
data. Responses to the open-ended questions weeel co
using open, axial, and selective coding that reduin
identifying one core conceptual category that best
represented the data. This category is based en th
parents’ responses to the survey.

6. RESULTS

Data analysis uncovered many characteristics of the
information seeking and needs of children with ASbe
first seven questions asked of parents on the gurve
instrument elicited demographic information. Thetref
the questions (7) covered Internet access and thee,
parents’ assessment of their children’s skillsusing IRs
and other technology tools/applications, and thaiings
of their skills on six steps of research processefs were
also asked to provide input about the kind of tetbgies
and/or programs that should be developed or imptdeoe
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 auti€itc.
these, six (54%) were high functioning or with Asger’'s
Disorder. The children’s age ranged from 2 to 1arge
old. Most parents also had children that did nathaSD
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or other disabilities. Nine (81%) of the respondewere
female and two were male. The parents’ educational
degree earned ranged from a high school diploma to
doctorate. Only three parents did not work outside
home, and four had help with caring for their ctell

6.1.1 Parents’ Information Seeking and

Purposes

All parents except for one had an Internet accesomme.
When asked about the kind of information they sough
regularly on the Internet to help their childrerttwASD,

all parents (100%) used the Internet to find mddica
information about autism, 9 (81%) to visit websjfes
(77%) to locate appropriate extra-curricular atieg, 7
(77%) to use online databases, another 77% to find
physical toys (77%), 6 (54%) to support their clild
school work, 3 (27%) to pursue other types of infation,

2 (18%) to use social networks/media, and anotBt fio
identify appropriate games (Table 1). The parents
information seeking extended beyond finding infotiora

in support of their children’s school work to indkisocial
networking/media, toys, games, and specific website
autism. Table 1 illustrates the purposes for ugsiagh of
these technology tools or applications. Clearly,gheents
served as information seeking proxies for theildrkn.
This is not surprising since children with ASD, lunting
those that are high functioning will need assistandth
understanding the information problem and how tweso
it. For example, in many public school systems that
support inclusive education and have programs fomyg
people with autism are provided (e.g., many systientise
state of Tennessee), children with ASD are maiastesl

in the classroom and library programs and services.
Information specialists (or school librarians) te@ontext-
driven information literacy skills on a regular Isashat
children with ASD attend along with other classrsate
Based on an interview with a special education teaoh
one of the school systems (Bilal, 2008), the researhas
learned that the special education teacher reviavh e
assignment and modifies it a way that children vASD
can understand. Specifically, the teacher ‘decomgos
each assignment, rewrites it using clear and siraf@Ep-
by-step procedure with minimal textual informatidwat is
augmented with drawings of the process the chitslish
follow to complete the assignment. The ultimatel godo
decrease anxiety and minimize the cognitive loast th
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
using IRs (e.g., online databases; web search es)gamel
other technology tools and applications (YouTube,
Facebook, Email, IM/chat software, web browsersd an
mobile devices) on a scale ranging from 1-5 (1=low;
5=high) and to indicate N/A (not applicable) foetihlems
that do not apply. As Table 2 shows, one parent) (8itb
not provide an answer to any of the items listedt a high
percentage of parents (ranging from 45-72%) indatat
N/A on each of the items. Children’s skills in ugin
YouTube, search engines, and web browsers received
high rating (rating=5) by 45%, 27%, and 27% of the
parents, respectively. On skills in using email amobile
phones, 27% of the parents gave an average ratiagah

case (rating=3). What is surprising is the highcpaetages
of parents that marked N/A on each of these teduiet,
indicating the children were at a very young ageuse
these resources and/or a lack of adequate knowkdniget
their children’s skills in these areas. Considetimat only
YouTube was rated high by nearly 50% of the parents
reflects the need for additional research to tastfinding
and to identify reasons for use or lack of use afia
media. Similar to the parents of “normal childreparents
of children with disabilities including ASD may natlow
their children to use social media, email, or IMptmtect
them from bullying. Conversely, children learn hawise
online databases and search engines in upper elmyen
and middle schools. One way to confirm these figgin
would be to interview the parents and/or observe th
children’s interaction with selected IRs to deterenin
whether the skills are age-related, autism-relagetti/or
information literacy-related (i.e., due to inadegutaining

in schools).

6.3 Parents’ Assessment of their

Children’s Skills on the Research Process
Six steps of the research process were listed én th
survey instrument (Table 3) and parents were asked
evaluate their children’s skills on each step usingcale
ranging from 1-5 (1=low; 5=high) that also includaa “I
don’t know” option. These six steps have been rezagl
by professional organizations (e.g., American Agg@n
of School Librarians) as essential for becoming
information literate and for meeting the challengéshe
21st century information environment. As Tableh8\ss,
most parents (45%) rated their children’s skillseath of
the six steps as moderately low (rating=2). Suimgig,
27% of the parents marked “don’'t’ know” on eachtiué
steps. Only a low percentage of parents (18%) rtten
children’s skill on step four as good (rating=4¢4dding,
hearing, or viewing information and extracting whsat
relevant). Due to the fact that this is a pilotplexatory
study with a small sample of participants, one &hamot
conclude that the children’s skills are inadequdteis
suggested that these findings be confirmed through
interviews with the parents and school teachersyedsas
by examining the children’s outcomes on research
assignments.

6.4
ASD

In two open-ended questions, parents were asked to
express their thoughts and share their experiencetdhe
type of technology tools and/or programs that sthcaé
developed improved to help their children become
independent learners and effective users of infooma
and to comment on the survey and other areas detate
their children’s lives. Most parents (8 or 72%) \pded
feedback and their statements were coded using, open
axial, and selective techniques that resulted ia care
category, interface design, which best represerbed
statements. Examples of these statements are bsiled
with certain keywords that the researcher highéghto
emphasize criteria for interface design.

[There should be] “a box that can be dragged orofop
text and highlight the word(s) as an aid for regtlin
“For my son, something that is visual...My daugh&arhs
better with hands-on approaches and uses PECS rfpictu
system] sometimes especially when she is unable to

Interface Design for Children with
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verbally express what she wants/needs...Both children
need simple and direct steps”...”Applications sastspeak

to write programs to support speech disabilitieshsas 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"...“Audiaded
homework sheets that are self-read and respondalike
online homework system.”

Although only eight parents (72%) provided insights
about interface design needs, the statements pmroaid
basis for additional data collection to gather mardepth
data about various aspects of design that systeigroas
should address in developing universal

7. CONCLUSIONS

This paper reported the preliminary results of latpi
study that explored the digital information landseaof
children with ASD from the mediators’ perspectives,
especially parents. Data are being collected freatters
and other professionals who interact with thest&loén on
a regular basis. The results of this study reveahethy
characteristics of the information landscape ofs¢he
children. Parents were actively involved in théifldren’s
lives to the degree that they acted as informasieeking
proxies in everyday life. The parents informatiaelsng
was beyond school work to include every aspecthef t
children’s lives and needs. What is gleaned frora th
results is that children with ASD seemed to bensile
information seekers for reasons that could not tified
from the collected data. Future research shouldezddhe
children’s roles in the information seeking proctsgain
further understanding of the realities of theiromhation
world or landscape. Surprisingly, a high percentafe
parents lacked adequate knowledge of the levekils s
their children possessed in using IRs and various
technology tools. It is speculated that lack of cadde
knowledge of the level of these skills combinedhwiite
parents’ ratings of the skills on all steps of tiesearch
process as “low” may explain the parents’ role ofxy
information  seekers. Additional research should
investigate in depth the silent role of the chifdend the
proxy role of the parents.

The results of this study showed that parents pssske
valuable thoughts and experiences about elements of
design that should be reflected in interfaces aesigto
meet their children’s needs. However, additionakeagch
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 kvof
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 studyividdal,
face-to-face interviews of a large number of payeoit
children with ASD could reveal data that surveys ta
provide, and also provide rationale for the infotioma
seeking proxy role, among other things. Similarly,
interviewing children with ASD, especially ones ttha
possess verbal skills may uncover their informatieeds
and patterns of seeking strategies. Prior resdatoid that
‘typical” children were capable of articulating dgs
features and draw interfaces for search enginéstefest
to them [23][24]. Children with Asperger’'s Syndromey
prove to be as articulate about design featurezhiddren
without ASD. Studies are needed to explore varigliss
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 skillschfldren
with ASD. While mainstreaming children with ASD in
library programs and activities is commended, these
children may need customized teaching and traiming
information seeking and using IRs and other techgpolo
tools.
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APPENDIX

Table 1. Type of Information, Technologies, andd@ses 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 matsrilearning games, informatio
on behavior techniques, study skills, reading &l
speech/vocabulary building, adaptive devices, arssistive
devices. Identify ways to modify schoolwork usinghsites and
articles to share with teachers.

ladil=]

Medical information

11

100%

Find biomedical and thimg related to the child’s medical need
Locate current research in all related areas tdsrautFind
information on genetic, neurological disorders,esppepathology,
and innovations. Find everything | can possibBad to
understand the child’s needs, medications, etc.

w

Extra-curricular activities

7%

@

Locate informaticon local opportunities to go out in th
community (festivals, classes, etc), art exhibicaind art classes.
Find information about places that are "autismnfiig." Locate
camps, social groups, amusement parks, etc. gearsegecial
needs. Find activities that are "accepting" of nhjidzen... that
have "typical" peer interactions, etc.

Games

18%

Identify social skills and eye conteihing games. Find gams
for building social skills,

[

Social networking

18%

Use Myspace and Facebookyisit the websites devoted fo
autism.

Search engines

72%

Use Google, Yahoo, AOL, Degpiid Goodsearch.

Physical toys

7%

Find puppets/ toys that promotaginative play...that require
two people.

Databases

77%

Use Infotrack, PubMed, MED Scapmndssee Electronic
Library, and ProQuest.

Websites

81%

Connect with Yahoo groups, Facebdmtal group on ASK|
network, or Myspace. Use blogs on autism...YouTupe,
OpenDoors, Disability Pathfinder, local and regiorautism
societies and networks, and AOL chat.

Other information sought

27%

>

Find videos for niyilt to watch for fun. Locate researg
updates.

Table 2. Parents’ ratings of their children’s skilh using IRs and other tools

IRs/Technologies

Rating of skills and percentageegpondents. 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%

48



Table 3. Parents’ rating of their children’s skiis the research process

Research Process Steps Rating of skills and pert¢age of respondents (1=low; 5=high)

1 2 3 4 5 Don’'t | No answer

Know

1.identify what information is 18% 45% 18% 27% 9%
needed
2.ldentify appropriate sources to 18% 45% 18% 27% 9%
use
3.Locate sources and find 18% 45% 9% 27% 9%
information within sources
4.Read, hear, or view the 9% 45% 18% 27% 9%
information and extract what is
relevant
5.0rganize and present the 18% 45% 18% 27% 9%
information
6.Judge the finished product and  18% 45% 18% 27% 9%
the process that was used to
produce the product
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