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ABSTRACT

Technology is increasingly being used in classrooms. In-
formation retrieval systems (IRS) are one example of such
technologies that children often use, to search for informa-
tion. How do they or their teachers know which search en-
gine they should use? Little knowledge exists about when
and which searching systems used by children are good,
since existing research mainly focuses on other groups of
users than children. Therefore, this paper aims at creating
a way of evaluating information retrieval systems for chil-
dren. That is achieved by performing a literature research
and complementing that with the results of a question-
naire. The final result is a metric for evaluating an IRS,
which contains aspects that can either be true, false or
unclear. Future research is needed to get a more detailed
metric; one example of a direction for future work is creat-
ing detailed evaluations per aspect. Achieving a detailed
evaluation of IRS can help teachers and parents guide their
children to use the right search engines.

Keywords

Children, interaction, information retrieval systems, search
engines, searching, learning, evaluation

1. INTRODUCTION

We are living in a time where digital technology is used
more and more. This is also the case in classrooms [44].
Where 30 years ago children wrote an essay with the use of
information booklets, children can now use search systems
to retrieve information from the internet on topics for their
assignments.

The result is that they have easier access to information,
and more information is available. This also means that
they can get overwhelmed easier. Now the questions arise:
what is the best way to guide children in finding relevant
information, which search engines should they use? Most
people use Google nowadays [2], and children are a big part
of that group. But is this the best engine they can use, or is
another search engine more suitable? This research aims
at defining a metric for evaluating information retrieval
systems, such that those questions can be answered.
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2. BACKGROUND INFORMATION

To understand the research questions, one needs to under-
stand what ‘Information Retrieval Systems’ are. The term
information retrieval (IR) is quite broad. It could mean
looking up information in a book, but also retrieving infor-
mation from a database or using a search engine to search
for information. In the academic field, IR is defined as an
aim to select relevant material (of mostly unstructured na-
ture) from large collections of information (usually stored
on computers) in response to user queries |34} [35].

Different types of information retrieval systems (IRS) ex-
ist, for instance personal information retrieval (informa-
tion retrieval on a personal device, within consumer op-
erating systems), domain-specific search and web search
[35]. The type of IRS that this research will focus on
is web search systems: retrieving information from the
World Wide Web (search engines for example).

This research focuses on children at primary school (in
group 7/8) who use IRS to gather information for their
education. This specific target group is chosen because
they start to learn how to write essays, in which they need
to use IRS. In this context, one needs to understand how
the IRS is used and how it fits into the process of children’s
search behaviour. Jochmann et al. describe this process
using a model which can be seen in Figure [1] [28].

The search starts with an information need of a child: in
this example a child of nine years old has the assignment
to write an essay about Ireland and wants to know more
about the traditional food in Ireland. The child concep-
tualises this task and enters a query (“food Ireland”) in
the IRS and follows certain searching strategies. The IRS
matches the query and ranks the results, of which the child
needs to decide and understand whether the results are
useful. In this example it would be of use to know what
makes an IRS good for children: is an IRS that shows all
cafes and restaurants that serve local food in Ireland bet-
ter than an IRS that gives only a short description of the
local food?

3. RESEARCH QUESTIONS

RQ How can be evaluated how ‘good’ a certain informa-
tion retrieval system is in comparison to other infor-
mation retrieval systems, for children in group 7/8
(age 9-12) of primary school who have to write an
essay?

RQ1 Which dimensions define an information re-
trieval system as ‘good’ for children in group
7/8?

RQ2 In what way can the dimensions in RQ1 be
combined into a set of metrics for evaluating an
information retrieval system?
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Figure 1. Model of a children’s information retrieval process [28]

4. RELATED WORK

Currently, only a few researches focus on evaluating IRS
for children, specifically IRS used for finding educational
information is still in its infancy. More research on eval-
uating IRS is done with the focus on other contexts and
specific aspects like relevance [5]. There has been research
that analysed IRS for children on specific aspects, which
can be included in this research. Furthermore, research
which discusses the (challenges in) design of search sys-
tems can be interesting and useful. These works are de-
scribed in the following subsections.

4.1 Analysation of IRS for children

In a recent paper from Huibers et al. it is explained how
Wizenozg'| evaluates their search system [23], based on
the definition of relevance proposed by Cooper: on logi-
cal relevance and utility [13]|. Furthermore, they state a
definition of good: “In our opinion an educational informa-
tion retrieval system for children can be described as good
when it returns information that is readable, relevant and
reliable for the child”. That is a great starting point, but
except for the relevance and utility, these statements are
not (yet) substantiated with research. This research looks
into these and more aspects.

4.2 Design of search systems

More research was done on the design of search systems
for children. The first example is a work of Gossen on
search engines for children. This work had the goal of
designing appropriate search engines for children with a
focus on the search user interface |18|. In this work, first
the specifics of information retrieval for young users were
analysed. Then, open issues and challenges were identified
in user studies with children, using log file analysis and eye
tracking, and using theories of human development. With
this information, user interfaces were designed that ad-
dress these conceptual challenges. Finally, these interfaces
were evaluated by children. Chapter 3 of the work (Exist-
ing Algorithms and User Interface Concepts for Children)
names a couple of dimensions that could influence how an
IRS is perceived as good.

Another work, a survey [20| which describes an overview
of the achievements in child-specific IRS, has some over-
lap with the previous mentioned study, but also contains
a more specific human studies section. It summarises cog-
nitive studies and its relevance to child-specific IRS.

These works on the design of search systems describe as-
pects that should be taken into account when designing
search systems, but they do not mention any way of eval-
uating the search systems. The evaluation however could
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be done on those same aspects it was designed on, since
they take the limitations and abilities of children into ac-
count. This research looks into those aspects and ways to
combine them, and contributes in this way to the evalua-
tion of information retrieval systems.

5. METHODOLOGY AND APPROACH

To answer the central research question, different approaches
and research methods were used per sub-question.

5.1 Gathering a list of dimensions (RQ1)

Two methods were used to answer RQ1: Literature was
searched for dimensions on good in information retrieval
systems for children. In addition to that, an online ques-
tionnaire was sent to teachers for their expert opinion on
what they think is good for children in information re-
trieval systems, to see whether that matches what was
found in literature.

5.1.1 Literature research

A literature research was performed to find dimensions
that influence how an information retrieval system is per-
ceived as ‘good’. The resulting list of dimensions was writ-
ten down.

5.1.2 Questionnaire

A questionnaire was created to get input from Dutch teach-
ers of the 7™ and 8™ grade in primary school on what
they think is important and good in search engines. The
questionnaire was distributed via a Facebook group called
“Bovenbouwwereld (gr5-8)” which consists only of primary
school teachers in the 5*® - 8'1 grade. In addition to that,
it was distributed via acquaintances.

The questionnaire consisted of background questions and
the questions which search engines they would recommend
and why, and what they think is important in search en-
gines and why. A control question was added to filter for
nonsense answers.

5.1.3 Data analysis

The results of the questionnaires were analysed by deter-
mining the composition of the group respondents. An-
swers in why a teacher would recommend a search engine
were written down in a list. Furthermore, a list of what is
important in search engines used by pupils and why was
written down.

The results of the questionnaire and literature research
were combined and checked for overlap, and resulted in a
list with unique dimensions, which is the answer to RQ1.
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5.2 Creating the metrics

To answer RQ2, the results of RQ1 were necessary. This
result was used to find at least one combination of dimen-
sions, such that a metric was created. This metric was
then tested on completeness (the metric considers all rel-
evant aspects of the IRS) and soundness (the metric is
usable in the real world) by using the metric to perform
an estimated evaluation of multiple existing IRS.

6. RESULTS

By performing the methods as described in section are-
sulting list of dimensions on good was found and a metrics
was created.

6.1 Dimensions on good (RQ1)

6.1.1 Findings literature

A lot of aspects that make an IRS good (for children) could
be found in literature. To categorise the aspects, dimen-
sions were created. These dimensions were either found
in literature or created by combining similar aspects. A
detailed list of dimensions and their aspects (found in lit-
erature) can be found in Appendix [A] From these dimen-
sions, it was found that an information retrieval system
for children can be described as good when:

[Relevant] It returns relevant information.
When a user has an information need, some informa-
tion is relevant and some is irrelevant [13]. Therefore,
to suit a child’s information need, the system should
return relevant information.

Showing the relevance of results means that results
should be ranked [14], relevant information should be
contained in the result [13], relevance cues are shown
[18], the credibility /reliability of results is presented
[3} [13] and results are visualised [21].

[Not irrelevant] It does not return irrelevant infor-

mation.
Brown et al. have shown that children have difficul-

ties with ignoring irrelevant features |9]. Examples of
irrelevant information are advertisements and clut-
tering.

Not returning irrelevant information means that no
advertisements are shown [36} 41] and no cluttering
is present |9} |27].

[Understandable] It shows understandable results.
Gossen stated that search systems for young users
should be child-appropriate, and thus not too com-
plex |18]. Tan et al. and Bilal substantiated that
by showing that personalisation of results by read-
ing level can increase relevance and retrieval perfor-
mance in search engines [38] and having misleading
titles leads to complex navigational decisions [6].

Therefore, showing understandable results means that
results should be readable |12 |18 |40l 38| and titles
of results should be understandable [6].

[Emotions] It aligns with the emotions of children.
Emotions relate to the user experience, as Sluis et al.
stated that the affective value is a direct measure of
the user experience [40]. In addition to that, positive
feelings are stimuli for persistence in using a search
engine [7].

Aligning with the emotions of children means that
the system has a positive affective value |7}, |26 [40],
interesting results are shown [40|, some sort of fun

factor is present [11} |27] and the system is not slow
7, [10).

[Presentation] It presents the results in a child-

friendly way.
The presentation of results is very important in or-
der for children to find information. Choosing the
right font size for example helps children with read-
ing [37]. Furthermore, summaries |18], pictures [21]
and text characteristics [40|] help with understanding
results.

Presenting results in a child-friendly way means that
different media types are available [22| 40], results
are clearly separated [18], queried keywords are high-
lighted in results [18], the font size is appropriate for
children [18] |37], summaries are included in the re-
sults 18], a result has different text characteristics
|40] and pictures are included in results |18} 21].

[Logical steps] Children can understand/take

logical steps.
Due to memory overload, children can forget previ-

ous actions [18]. A back button makes it for instance
easier to trace previously retrieved pages [6]. In addi-
tion to that, children like to start again at the home-
page when starting a new search task [27], so a home
button is required. Such logical steps are thus very
important.

Therefore, allowing children to take logical steps means
that the home page is directly reachable [27] and the
system supports that children can go back one step
with the browser’s back button [6] |18 [27].

[Information need] It can satisfy their information

need.
As was already shown in Figure [I] by Jochmann et

al. [28], an IRS is used to suffice an information
need. However, searching could hold children back in
satisfying this information need, because they might
have little domain knowledge or need to reformulate
their queries [18]|. Typing and spelling also limits
children’s abilities to find appropriate resources [6].
Therefore, children need some support in finding in-
formation.

Supporting children in satisfying their information
need means that the system supports browsing |7}
24, 128, |29|, keyword searching [6] |14, [18|, faceted
navigation [39], aggregated search/usage of verticals
|15 |16], a helper function is present [6], children are
assisted in formulating queries |15| |18} 43|, queries
are spell checked [6, [27] and the system supports
natural language queries |27, |30} |42].

[Ethical] It considers children as users in an ethical
way.

Y The use of children’s personal data is a source of ethi-
cal and social concern [33]. Algorithms can affect the
social upbringing of a child, if information is with-
held or uncritically propagated [32]. Furthermore,
persuasive design has great costs like the quality of
relationships [31] and it is a child’s right to be pro-
tected from harmful content [3].

Thus, considering children as users in an ethical way
means that the privacy of children remains [32], there
is no propagation or withholding of results 33} [32],
no persuasive design is used in the interface |31] and
the content is child-safe [3].



[Adaptable] It is adaptable for all types of children.
Children can have different abilities and disabilities
and develop their skills while they get older. The
IRS should strengthen the abilities and help with the
disabilities. An adaptable search user interface in-
creases the satisfaction of interacting with it [18], and
collaborative searching takes away the focus on the
query construction and allows focusing on the search
task [8]. In addition to that, the system should also
be adaptable for disabled children, since it is a child’s
right to have access to information and communica-
tion technologies [3} [1].

Being adaptable for all different types of children
means that the user interface can be personalised
[18], the system has an evolving search user inter-
face [18], the system allows collaborative searching
[8] and it is accessible for all children [1} |3].

[Skills] It takes the (motor) skills of children into

account. L
In order to use standard desktop computers, skills in

using a mouse and keyboard are necessary. Many
children have difficulties in using these devices, be-
cause they require high accurateness in movements
[18].

Taking the (motor) skills of children into account
means that the sizing of clickable elements is appro-
priate [24], scrolling is not necessary [6 |14, [36], only
single point-and-click actions are required [25], it has
audio support (reading out loud) [18] and alternative
input methods are accepted [14} [18].

6.1.2 Results questionnaire

12 Dutch primary school teachers responded to the ques-
tionnaire for teachers. They teach in different areas of
the Netherlands and all the schools those teachers work at
have devices available where pupils can get access to Inter-
net. The teachers teach at least classes in the 7*" and the
8™ grade (in the Dutch school system), some teach other
classes as well. The respondents have different amounts of
experience.

Pupils of 7 out of 12 teachers can choose a search engine
themselves. On the question which search engine teachers
would recommend to their pupils, 11 teachers answered
Google. 3 teachers gave the reason that Google is easy to
use. That the teachers use it themselves was also given
as a reason 3 times. It was twice mentioned that it has
a clear interface, because it shows clear titles and part of
the results. Other reasons given were that children need
Google in their life, so children need to be taught how to
use it; it filters results and does not show weird pages; a lot
can be found with it; Chromebooks are used in class and
Chromebooks use Google; it shows which keywords were
not found in results; children know it, using other search
engines could cause confusion; the working of Google is
clear and it is the most general search engine. One teacher
said they are still searching for a search engine and that
they would therefore not recommend any, and they think
Google is comprehensible, but not for children.

On the question of what teachers think is important in
search engines used by their pupils, some respondents named
multiple features. Some respondents did not put the rea-
soning at the right question (not at “Why do you think
that is important?” but at “What do you think is impor-
tant on search engines that are used by your pupils?”),
those reasons were still used. All features and the reasons
given by teachers are described next.

Safety Safety was mentioned three times. Teachers think
safety is important, because the children are primary
school children: they are young and it considers use-
ful information. They should not be confronted with
for example porn.

Filters Filters are actually part of the safety and re-
sults fitting to age, but was named separately.
A teacher thought this is important because
they don’t want children to see inappropriate
content.

No inappropriate results This is also part of safety,
but noted separately. It was deemed as impor-
tant since not everything is suited for children.

Results fitting to age Multiple teachers mentioned this
aspect, and deemed it important since it makes the
search more effective and the children understand
the information better. Again, they should not be
confronted with porn.

Clear interface/overview A clear interface eases the
search for an information need. One teacher specifi-
cally mentioned: “Children need to learn how to find
reliable information, they need to learn to find in-
formation using the correct keywords, and meed to
be able to handle a lot of results that do not al-
ways match their information need. How do you fig-
ure that out without reading the entire article, and
how can you decide information is reliable? A clear
overview helps with this.” (translated from Dutch).

Queried keywords shown in results Teachers found this
important because it eases the search for informa-
tion, since children need to learn to find information
using the correct keywords and handle results that
do not always match their information need.

Boundaries, not too many results This was deemed
important since that would be more effective, and
children can understand the information better.

Direct information Having direct access to information
(not having to go through advertisements) was men-
tioned as important because that is fast and clear.

Summary or part of article in result A teacher men-
tioned that this is important because it helps chil-
dren learn how to find reliable information and han-
dle results that do not match their information need.

Source clearly visible According to a teacher, children
should be able to see if information is reliable, and
that thus the source should be clearly visible.

Easy to use One teacher named that the system should
be easy to use, since the users in this case are primary
school children.

As few advertisements as possible This is important,
because it is less distracting and calms the overview.

Immediately showing the right website Immediately
showing the right website would be important be-
cause if that is the case, no weird websites are shown.

True and important sources at the top Having true
and important sources at the top gives pupils a grip
in finding information.

Determining value of results Being able to determine
the value of results independently of the search en-
gine is thought of as important since it contributes
to developing media knowledge.
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Figure 2. Evaluation paradigm for IRS for children

6.1.3 Merging literature & questionnaire

A lot of dimensions and aspects on the dimensions were
found in literature. Respondents to the questionnaire con-
firmed some of those dimensions and aspects, for instance
that it should return relevant information, and that there
should be as few advertisements as possible. Also new
aspects were mentioned by respondents, like not showing
too many results and putting true and important sources
at the top.

The findings in literature and the results of the question-
naire were combined in Table [l When a dimension was
mentioned by a teacher, the dimension is denoted by a
*. When the column ‘T’ is marked by an X, a teacher
mentioned that aspect in the questionnaire. References
behind an aspect mean that the aspect was found in the
referenced works, no reference means it was found only in
the questionnaire.

Table [0l thus contains which and how dimensions define
an IRS for children as good and is therefore the answer
to RQ1 Which dimensions define an information retrieval
system as ‘good’ for children in group 7/8%. The paradigm
in Figure [2] was created from the dimensions.

6.2 Metrics (RQ2)

All of the dimensions found in section [6.1.3] can be com-
bined into a metric. In fact, Table[I]could already function
as a metric, where the aspects are statements that can be
tested on whether they hold or not or whether it is unclear
if it holds.

This metric was used to estimate an evaluation of the fol-
lowing IRS:

° Googleﬂ because of its wide use (also among chil-
dren) and the recommendation of the respondents
to the questionnaire.

e Web for Classroom_ﬂ since it is an IRS which has
children as specific target user and focuses on read-
ability of documents.

2General Data Protection Regulation, https://gdpr-
info.eu/
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Figure 3. Estimated evaluation of IRS

° Choosit since it is another IRS which focuses on
students and readability.

e Qwant Juniorﬂ it is also an IRS focused on children
and aims at respecting privacy and providing neutral
results.

. Kiddleﬂ it is again an IRS focused on children and
aims at respecting privacy.

The detailed evaluation of these search engines can be
found in Appendix[B] A ‘Y’ means that the aspect is true,
a ‘N’ means that the aspect is not true and a ‘U’ means
that it is unclear whether the aspect is true. These eval-
uations are summarised in Figure [3] The percentages of
the IRS in each dimension are calculated in the following
way:

Z Apresent * 100%

Atotal

score =

The score per dimension is the percentage of aspects that
were present taken from the total amount of aspects for
that dimension. This means that all aspects are weighed
the same in this first attempt of evaluating IRS with the
metric. When it was unclear whether an aspect was present
or not, it was taken as a half.

In Figure [3] one can see which search engines would per-
form best in a dimension. Google would for instance be
best at supporting the satisfaction of the information need,
while Web for Classrooms would be best at showing un-
derstandable results.

Since it was possible to evaluate the IRS using the metric,
it can be concluded that the metric is a way of combining
the dimensions found in RQ1 for evaluating an IRS. The
metric is therefore an answer to RQ2 In what way can the
dimensions in RQ1 be combined into a set of metrics for
evaluating an information retrieval system?

7. DISCUSSION

In this section, the limitations present while performing
this research and the soundness and completeness of the
metrics are discussed.
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Table 1. Dimensions that determine how an IRS is perceived as ‘good’ for children in group 7/8

Dimension Aspects T
results are ranked |14 X
relevant information is contained in the results X
It returns relevant information* relevance cues are shown
the credibility /reliability of result is presented (by showing the X
source)
true and important sources are at the top of the results X
It does not return irrelevant no advertisements are shown m 41 X
information no cluttering is present \@, 27I
It shows understandable results rgsults are readable “El’ |;|18 D40 @I‘
titles of results are understandable ﬂgl
the system has a positive affective value |7, |26, 40|
It aligns with the emotions of interesting results are shown
children some sort of fun factor is present
the system does not have a slow response time m m
different media types are available [22} |40]
results are clearly separated
queried keywords are highlighted in the results X
queried keywords which were not found in results are shown X

It presents the results in a child-

friendly way (in a clear overview*) the font size is appropriate for children (> 12pt)

summaries or parts of the article are included in every result \ X
a result has different text characteristics
pictures/images/visualisations are included in every result

118, [21)

It allows children to understand/ the homepage is directly reachable w
take logical steps in the system the system supports that children can go back one step with the
(the operation is clear*) browsers’ back button [6] [18] [27]

the system supports browsing—m |%|, @ 29]
the system supports keyword searching (6} |14

the system supports faceted navigation \\

their information need tem supports aggregated search/the usage of verticals
a helper function is present [@

children are assisted in formulating queries
queries are spellchecked [@ 27

the system supports natural language queries |2_7L m 42

It supports children in satisfying

the privacy of children remains (according to the GDPR)) [32
It considers children as users in an there is no propagation or withholding of results \
ethical way no persuasive design is used in the interface

the content is (made) child-safe (by using filters), such that it
does not show inappropriate results H

the user interface can be personalised |18

the system has an evolving search user interface
the system allows collaborative searching

it is accessible to all children

it shows results fitting to the child’s age X

It is adaptable for all different
types of children

the sizing of clickable elements is appropriate (area > 322 pixels)

. |19} [24]
It takes the (motor) skills of sc%)ll!g is not necessary [@

only single point-and-click actions are required \
the system has audio support (reading out loud \\
alternative input methods are accepted and supported ﬂ1_4|, |ﬁﬂ

children into account, and is
therefore easy to use*




7.1 Limitations

The first limitation occurs in gathering requirements from
the experts; the opinions of only 12 teachers in the Nether-
lands could be used. Opinions of parents, children, or
teachers all over the world were not asked but should be
included, such that ultimately a metric can be created that
is complete and usable in every part of the world.

Another limitation in the methods is that the search en-
gines were now evaluated by one assessor. To get a more
representative evaluation, more assessors should evaluate
the IRS with the presented metrics, since some of the as-
pects are subjective (like “the system has a positive affec-
tive value” and “interesting results are shown”).

Furthermore, to evaluate the individual aspects, state-
ments were created that could be answered with either
‘yes’, ‘no’ or ‘unclear’. However, some of the aspects can
be implemented in multiple ways. One example is assist-
ing in formulating queries. Fails et al. show that existing
query assistance tools do not meet children’s needs, and
they give possible improvements [17]. This means that
there are good and bad ways to provide such a query assis-
tance tool. It would have been better to have very specific
evaluations per aspect for grading each individual aspect,
but that was out of scope for this research.

One last limitation is that some dimensions might be more
important than other dimensions, but are now weighed the
same. Jochmann found for instance that positive, hedonic
expressions can be less important for children when evalu-
ating a search interface than the usability [27]. Therefore,
figuring out the right weights per dimension or aspect is
important, but again out of scope for this research.

7.2 Soundness & Completeness

As can be seen in section the metric is applicable to
the real world, and is therefore sound (the metric is us-
able in the real world). Drawing conclusions about the
completeness (the metric considers all relevant aspects of
the IRS) is harder. Even though a lot of works were read,
literature could have been missed. Furthermore, a contra-
diction was found in the responses of the teachers; they
did not agree on the amount of results an IRS should give.
This aspect was therefore left out, but might mean that
the metric is incomplete.

Furthermore, both literature and respondents mentioned
external influences for choosing and designing search en-
gines, like the familiarity of teachers with a search en-
gine, devices used in classrooms and the background of
the pupils (native language, experience in using search en-
gines, etc). The context of the search assignment can also
have an influence: if a child needs to find an Indian restau-
rant, a search engine that only returns educational docu-
ments would probably not suffice the information need.
These factors depend on the user or context entirely and
were not included in this research, since this research fo-
cused on the information retrieval systems itself. However,
since both literature and the respondents mentioned ex-
ternal influences, it is probably important to include them
in the metric, which means that the metric is incomplete.
Including the context in the findings of this research can
therefore be an interesting direction for future work.

8. CONCLUSION

This paper presented a detailed list of aspects divided into
dimensions that make an IRS for children in an educa-
tional context good. The list was gathered from literature
and complemented by the results of a questionnaire for

teachers in the 7*" and 8" grade. From this list a metric
was created for evaluating IRS.

This metric consists of statements that can be true, false or
unclear. It was tested on soundness and completeness by
applying it to existing search engines. With this estimated
evaluation we can conclude that the metric is a way to
evaluate how ‘good’ a certain IRS is in comparison to other
IRS, for children in group 7/8 of primary school.

However, the metric can not yet be considered as a com-
plete method for evaluating IRS. For that to happen, fur-
ther research needs to be done to get detailed tests or
evaluations for all aspects, and the evaluation should be
done by multiple assessors. Other issues worth investigat-
ing are the opinions of teachers worldwide, the opinions
of parents and children, and including the context of the
search assignment in the evaluation.
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APPENDIX

A. DIMENSIONS ON GOOD

Table 2: Detailed dimensions on good found in literature

Dimension

Aspect

Importance

Relevant information

Containing relevant
information

When a user has an information need, some information is
relevant and some is irrelevant [13]. To suit the child’s infor-
mation need, the system should return relevant information.

Ranking of results

Children visit only the first result page and click on the first
item of the result list ﬂﬁﬂ

Relevance cues

Cues improve the information processing flow of children,
they can estimate the relevance of the result in a better way

18],

Credibility /reliability of
information presented

When results are logically relevant, but the user has no faith
in the accuracy of the results, that information is still use-
less for a user . Furthermore, having access to reliable
information is a child’s right m

Visualisation of results

Visualisation and presentation of results is important as it
affects the searcher’s judgement of the documents’ relevance,
the human perceptual system is highly attuned to images,
and visual representations can communicate some kinds of
information more rapidly than text ﬂﬁﬂ

Not irrelevant
information

No advertisements

Advertisements are very distracting for children, especially
popups, and children could end up on a completely differ-
ent website . Furthermore, advertisements clutter pages,
which hinders children in finding information [41].

No cluttering

Children do not appreciate cluttered pages [27]. Further-
more, younger children have difficulties with ignoring irrele-
vant features, the less organised the stimulus and the greater
the number of distracting elements it contains, the harder it
will be for the child to ignore those irrelevant elements |§ﬁ

Understandable results

Readability of results

Personalisation of Web results by reading level can increase
relevance and retrieval performance by search engines .
Furthermore, adjusting the complexity of search results can
be especially salient in the beginning of a search . Gossen
also stated that search systems for young users should be
child-appropriate, and therefore not too complex ﬂl_Sﬂ

Understandability of
titles in results

Having misleading titles in results leads to complex naviga-
tional decisions @ It is therefore important that titles of
hyperlinks are understandable.

Connects with emotions

Affectivity

Positive affect fosters responsible behaviour and effective per-
formance of tasks that need to be done . In addition to
that, Sluis et al. stated that the affective value is a direct
measure of the user experience . Positive feelings children
experience are stimuli for persistence in using an engine m

Interestingness

Interests can differ between groups of people. Especially for
children who have less metacognitivve skills or motivation,
interest is an important part of child-centered relevance ﬂ4_0ﬂ

Fun

Playful design provokes positive emotional expressions |27].
Carroll et al. also stated that fun should be included as a sep-
arate usability area: “People must want to use a system, and
must continue wanting to use the system. Part of achieving
this is making the system fun to use” ﬂﬁ‘

Speed

When a search engine has a slow response time, children can
get distressed . Adding to that, users are less engaged with
systems when web search latency increases m

Presentation results

Availability different

media types

Different media types put different demands on users [40]. For
example, Homer et al. showed that learners who have a visual
learning preference had less cognitive load when learning from
video’s mﬂ

Separation of results

Gossen et al. found that it was not clear that a list con-
tains multiple results when they are not explicitly separated
through UI elements, but only with white-space ﬂ1_8||

Keyword highlighting

Having no keyword highlighting makes it harder for children
to estimate how relevant each result is ﬂ1_8ﬂ




Font size

Large font sizes help children read texts [37]. Furthermore it
can help children judge the relevance of results by taking the
reading competence of the children into account ﬂ1_8ﬂ

Summary in result

Children are not yet experienced readers. To pay attention
to this lower reading competence, the result should contain a
short textual summary m

Text characteristics

Text characteristics can help readers in finding and un-
derstanding texts . With text characteristics, sig-
nalling devices (titles, headings), typography (bold, italic,
font use, capitalisation) and structural elements (graphics,
(sub)sections, table of contents, indexes) are meant.

Picture in result

Visual representations can communicate some kinds of infor-
mation more rapidly than text . Furthermore, children
find images important m

Logical steps

Reachability home page

When children start a new search task, they almost always go
back to the home page to start from the beginning, problems
arise when no clear home button is present [27].

Ability to go one step
back

Due to memory overload, children can forget previous ac-
tions, like which documents contained relevant information
and which queries they already used . A back button pro-
vides a linear path of previously retrieved pages and makes
it easier for a user to trace their previous steps @ Children
prefer to use the back button over bookmarking relevant re-
sults to return to good information [27].

Satisfies
need

information

Supporting browsing

Browsing offers structure and removes the need of choosing
abstract terms as keywords, since it relies on recognition in-
stead of recall [28]. Furthermore, Hutchinson et al. and
Bilal et al. found that children are more successful using
browsing than keyword searching [24] [7].

Supporting keyword

searching

Druin et al. and Bilal et al. found that children prefer key-
word searching over browsing @ Gossen et al. argued
that it is good to offer both browsing and keyword searching,
because it enables children to search more flexibly and they
learn and improve both techniques [18].

Faceted navigation

Searches are more efficient and effective using faceted (facets
are characteristic attributes that divide a domain) navigation

[39].

Aggregated
of verticals

search /use

Providing rich media from different genres, verticals can im-
prove the Web experience of children [16]. Furthermore, chil-
dren engage and explore more in aggregated pages, and ver-
tical results were more likely to be clicked on the aggregated

pages [15].

Helper functions

Search instructions, search examples, browsing instructions,
browsing examples and a context sensitive help wizard help
with children’s learning ﬂgll

Assisting in formulating
queries

Searching could hold children back, because of the need of
reformulation and little domain knowledge . Assisting
children in this reformulation helps children find their infor-
mation need . Query expansion can be highly beneficial
to retrieve (focused) child-friendly content, since their aver-
age query length is smallest from all age groups and they
have a small query vocabulary size . Query suggestion
helps children focus their search and alleviates the problem
of finding the right keywords for the query ﬂ1_5ﬂ

Spell checking

Typing and spelling limits children’s ability to find appropri-
ate resources @, but typing and spelling is needed for most
search engines to find relevant search results ﬂ2_7ﬂ

Supporting natural lan-
guage queries

Kammerer et al. found that natural language queries (in com-
parison to keyword queries) led to more explicit results and
thus greater successes. It takes away the difficulties trying
to apply keyword search knowledge . Another inter-
esting advantage on using natural language queries found by
Vanderschantz et al. is that using natural language queries
less advertisements are shown in results ﬂﬁﬂ
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Ethics

Privacy

Systems should comply to the GDPR in the EU and the
COPPAE' in the US. The use of children’s personal data is a
source of ethical and social concern, especially if it is uncrit-
ically adopted for children’s learning, because most current
algorithms follow adult design and are very often based on
commercial models [32].

Propagation/withholding
results

Algorithms can affect the social upbringing of a child, espe-
cially if information is withheld or uncritically propagated
. Algorithms should be economically and politically inde-
pendent @ﬂ

Persuasive design

Persuasive design strategies are deployed for commercial pur-
poses to keep us online. It has great costs like the quality of
relationships and the opportunity cost (loss of creativity, au-
tonomy and memory) [31].

Child-safe content

Article 17 of the UNCRC states that children and young peo-
ple should be protected from media that would be harmful
to them, which includes: pornography, media that depicts
graphic violence and media that promotes irresponsible drug

use ﬂgﬂ

Different types of chil-
dren

Personalisability of
search user interface

Personalisation of the SUI increases the satisfaction of chil-
dren interacting with it. [18].

Evolving search user in-
terface

An evolving search user interface enables a flexible adaptation
of the search user interface to address changing user charac-
teristics in order to support diversity of users [18].

Collaborative searching takes away the focus on the query
construction, and focuses on the search task itself ﬂgﬂ

Allowing collaborative
searching
Accessibility

Article 17 of the UNCRC also states that efforts should be
made to make sure everyone has access to media . This
includes young people whose freedoms are limited, or young
people who may find the media difficult to access, such as
some of those with disabilities or for whom English is not
their first language. The UN Convention on the Rights of
Persons with Disabilities aligns with this and recognises ac-
cess to information and communications technologies, includ-
ing the Web, as a basic human right m

Supporting motor skills

Sizing of (clickable) ele-
ments

Large target sizes (buttons and other widgets) allow children
to make selections more quickly while small targets slow them
down and can lead to frustration m

Necessity of scrolling

When pages are long, children tend to not scroll down the
page |§|], which means that information could get lost.
Furthermore, when there are a lot of results, it becomes
harder to choose one . Druin et al. also found that verti-
cal scrolling is not optimal for children ﬂﬁﬂ

Single point-and-click vs
drag-and-drop actions

Children prefer point-and-click actions over drag-and-drop
actions, and children interact with point-and-click signifi-
cantly faster with fewer errors than drag-and-drop [25].

Supporting audio

An audio support (reading out loud) feature is needed by
children who still learn to read, but it should be an option,
because some children find audio support irritating ﬂ1_8ﬂ

Alternative input meth-
ods

Typing and spelling slow children down, auto-complete does
not always help because children are not looking at the screen
at the right time . Therefore, a search user interface for
children should provide different possibilities for children to
formulate their information need ﬂ1_8m

8Children’s Online Privacy Protection Act, https://www.ftc.gov/enforcement/rules/rulemaking-regulatory-
reform-proceedings/childrens-online-privacy-protection-rule
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B. EVALUATION OF IRS

Dimension

Aspects

Table 3. Estimated evaluation search engines

A

(2

Relevant

results are ranked |14

relevant information is contained in the results

relevance cues are shown [18]

the credibility /reliability of result is presented (by showing the

source)

the truth and important sources are at the top of the results

Not
vant

irrele-

no advertisements are shown |36, |41
no cluttering is present \@, 27I

Under-
standable

results are readable M 18l 140 @l]
titles of results are understandable H

Emotions

the system has a positive affective value |7} |26} 40]

interesting results are shown \
some sort of fun factor is present

the system does not have a slow response time m |1_0ﬂ

Presentation

different media types are available [22} |40]
results are clearly separated \\

queried keywords are highlighted in the results

queried keywords which were not found in results are shown
the font size is appropriate for children (> 12pt)
summaries or parts of the article are included in every result

a result has different text characteristics

pictures/images/visualisations are included in every result

2]

Logical
steps

the homepage is directly reachable |27

the system supports that children can go back one step with the

browsers’ back button [6] [18| [27]

Information
need

the system supports browsing [7, |24} |28} 29|
the system supports keyword searching (6} |14}

the system supports faceted navigation \

the system supports aggregated search/the usage of verticals

a helper function is present @

children are assisted in formulating queries

queries are spellchecked @,

the system supports natural language queries ﬂ2_7|, m |ﬁﬂ

£

Ethical

the privacy of children remains (according to the GDPR) M
there is no propagation or withholding of results

no persuasive design is used in the interface \\

the content is (made) child-safe (by using filters), such that it

does not show inappropriate results ﬂgﬂ

Adaptable

the user interface can be personalised |18

the system has an evolving search user interface

the system allows collaborative searching
it is accessible to all children
it shows results fitting to the child’s age

Skills

the sizing of clickable elements is appropriate (area > 32 pixels)

scrolling is not necessary @

only single point-and-click actions are required \\

the system has audio support (reading out loud) \\
alternative input methods are accepted and supported M |1_8ﬁ
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