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Abstract. This investigation into information searching behaviour focuses on the
users’ critical assessment of information when found in response to an infor-
mation need, and on the cognitive aspects of search involving in the user in the
assimilation of the information found. The meta analysis of a questionnaire based
survey seeks to identify the constructs of the users’ assessment of information.
Factor analysis of the participants’ responses identifies the assessment of the
‘cognitive relevance’ as vital in distinguishing the searcher who appears to be
intent on finding information as opposed to one engaged in the relatively simple
task of looking up information. The value in the development of the questionnaire
designed to identify the users’ cognitive engagement in search is considered for
testing the interface designed to optimize the user’s involvement in search. Turn-
ing to the question of the design of the interface itself, the heuristic of assess-
ability (of the information retrieved) is proposed for use in the expert review of
the search interface, and to support the user in their critical assessment and veri-
fication of the information relevancy, quality and credibility.

Keywords: Search behaviour. Information credibility. Usability.

1 Introduction

As Wilson et al [1] stated in the introduction to their monograph ‘From keyword search
to exploration: designing future search interfaces for the web”, the techniques for re-
trieving and visualising search results has been well researched and “[are] usually re-
markably effective”. However they continue to suggest that “recent work has shown
that there is substantial room for improving the support provided to users who are ex-
hibiting more exploratory forms of search, including when users may need to learn,
discover, and understand novel or complex topics”. Current interfaces designed to help
the user query, formulate complex search expressions, navigate taxonomies and drill
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down using facets are indeed remarkably effective and the developments that may de-
fine potential future user search interfaces, using technologies from gesture to voice to
mind control, chatbots and augmented reality look set to be transformative in the way
we interact with search systems to find, learn and discover.
In research and development, design and evaluation go hand in hand and with develop-
ments in design we need metrics to indicate success. One approach is to set up an in-
formation retrieval experiment and measure the performance of search technology in
terms of the recall and precision of the search results. However as developments focus
on the user, interface and interactivity, approaches to evaluation have developed to take
into consideration the complexity of the search processes and to base measures of suc-
cess in terms of what a successful search might mean to the user. The aim being to
design for usability and for the quality of the experience, that is user centered design.
In this investigation into information searching behavior, specifically the users’ crit-
ical evaluation of information in response to an information need, we aim to identify
and characterize the users’ involvement in the cognitive aspects of search as they learn
about the information sought and assimilate the information found. The searchers’ in-
volvement in some critical evaluation of information retrieved is crucial [2] as it is
assumed to have a vital role in the assimilation of the information found and in the
learning that occurs in the process of searching for information. With regards to an
‘anomalous state of knowledge’ [3] it is thought that this helps shift the searcher from
an uncertain exploratory state to one where the information need is (ideally) clearly
defined. The aim of this investigation is to work towards developing a framework for
the heuristic based evaluation of the interface designed to optimize users’ core activities
in search and discovery. This seeks to complement the use of existing and well known
heuristics in interface design and metrics to gauge user satisfaction and engagement.
The framework proposed is based on key questions the user might ask when searching
— such as ‘has the retrieval engine worked?’, ‘is the information retrieved relevant?’,
‘is the information credible?’, ‘has my query worked?’, ‘what have I learnt’? ‘what else
do I need to know?’, and overall, to evaluate the assess-ability of the information re-
trieved and presented at the interface. This critical approach which leads the user to
actively search for information, with intention, assessing both the information retrieved
and the interface supporting this activity is arguably a vital literacy necessary for in-
stances of search where the user (with the information need) is bought back into deci-
sion making, and for a better experience of searching with current search technologies.
The study on which the new evaluation heuristic is proposed is outlined following a
brief background review into past research into users’ search behaviour. This is a large
body of literature and, as such, is a highly selective look at the cognitive aspects to
search, posing the questions: how do we evaluate information found online, what role
does this assessment have in the search for information and what are the key influencing
factors of the judgments formed? The study itself is questionnaire based and required
the participants to respond to a bank of statements relating to their assessment of the
information found for given tasks. This involved users making an assessment of the
information usefulness that, when made in the dependency state of the searcher and
their quest for information, may result in learning and cognitive shifts with respect to
searchers’ knowledge state. Through factor analysis of the participants’ responses, the



constructs in a possible model of the user’s evaluation of information identifies the
assessment of the ‘cognitive relevance’, the judgment of the information in relation to
the individual’s knowledge and goals, as critical for the development of the proposed
interface evaluation of assess-ability.

2 Interactive Search Behaviour

The traditional framework for the study of search behaviour depicts the process of
search as a series of steps with a goal driven information task. An assessment of rele-
vance would be made to end the search, or to provide feedback in tasks requiring inter-
activity. The more innovative conceptual frameworks (such as foraging [4]) suggest an
unravelling of this process with the view of a planned outcome dismissed in favor of
an evolving and adaptive process. Here the path is not a straight trajectory but a process
of learning and thus an evolving search. The searcher gathers and interacts with the
information creating a personal perspective and learning as the search progresses. This
shift in the view of search is conceptualized in models that recognize a user’s anoma-
lous state of knowledge and interactions with the information encountered. Toms [5]
explains search has become more an ‘immersion in a body of information’.

The shift in the concept of search can also be suggested in the development of the
search interface. The relationship of the user, information and search as discussed in
[6] and with regards to early interface designs, reviewed in [7] focus on the searcher in
learning how to search or, more precisely, learning how to query on the index. Experi-
mental visual interfaces for example, that show the impact of formulating the query
with Boolean operations, or the visualization of the frequency of the query terms in the
retrieved results, arguably invite the searcher to think about and learn how best to for-
mulate the query to match against the system’s index. Furthermore user studies of the
searcher, in formulating the query and controlling the search as an effective series of
moves (e.g., in [8]), are by and large based on an assumption that the searcher has a
good idea of the target information sought and is learning how to best ask for the infor-
mation. In comparison, the modern search interface, with for example visuals of clus-
ters of extracted terms, appear better suited to the conceptualisation of search as explo-
ration as the searcher evaluates the information retrieved and assimilates this infor-
mation with respect to their current knowledge state. Supporting the users’ exploration
the interface design ultimately is for the searcher to experience ‘flow’ [7] again sug-
gesting a subtle shift in the concept of search in the interface design supporting the
searcher in learning how to search, for example how to submit the query, to inviting the
searcher to learn from the information retrieved so as to continue the query. In this view
of search as learning, the users’ critical evaluation of information has a vital role.

An effective retrieval system is one which performs, both in terms of providing and
facilitating access. The interest in the user and their interactions shifts the evaluation
from that of system performance to questions on and around how well the interface
supports the user in this task-directed goal of finding information. That is, to ask the
questions, how usable and how useful are the interface features and their design? Ac-
cording to the definition of usability provided by the ISO standard (9241, 1994) we



should be designing the system with respect to “the effectiveness, efficiency, and sat-
isfaction with which specified users achieve specified goals™ and further assess usabil-
ity as a “measure of the quality of a user's experience when interacting with a service
or resource” [9]. To obtain a user evaluation we can measure ‘task success on finding
items on a subject, along with other measures such as the user’s perception of satisfac-
tion. Usability heuristics may also be deployed both in the design and in the evaluation
of the interface optimized to assist users in accomplishing the task. Thus evaluation
metrics have an important role in user centered design. For example, [10] found signif-
icant effect of visually appealing interfaces on performance including completion time,
and that there is positive correlation between the interface design and interest levels
when searching for complex search tasks or self-chosen tasks [11]. Central to Human
Computer Interaction is the maxim that the interface itself should disappear from the
user’s focus so that they concentrate only on the task in hand. For this, arguably design
needs to go beyond usability assessment and evaluate the enabling of the search process
taking into consideration the complexity of the users’ interactions, both behavioural
and cognitive. That is, the evaluation of the user experience demands an understanding
of the search processes. One in which the user endeavors to- find the query terms, -
formulate search expressions, -refine the search based on feedback, -, spot relevant
items, - decide what to do next - compare information retrieved and, - attempt to ensure
that relevant information is not overlooked. Once we begin to think about what a suc-
cessful search might mean to the user we can identify the design (and the evaluation)
to support user-information interaction in search.

2.1  Research Questions

This study investigates users’ interactions with information when involved in its critical
evaluation conducted in a dependency context between user and the information.
Broadly speaking the questions posed are, what do we think when engaged in the crit-
ical evaluation of the information found online, on what criteria do we assess the infor-
mation and what might be the factors influencing the judgments formed? Thus, follow-
ing Toms [5], the intention is to focus on the cognitive activity of search. The core
criteria in evaluating information retrieved in a search context is relevance, an assess-
ment of the topic match between the query and the information retrieved. Previous re-
searchers have distinguished ‘topical’ relevance from ‘situational’ relevance that relates
to the perceived utility of the document to the users’ real situation or task in hand [12]
and that may have a prerequisite judgment of ‘cognitive’ relevance, that the document
is understandable and informative given the users’ current state of knowledge. It is
therefore assumed that formation of cognitive relevance judgments are critical activities
in conducting an effective and dynamic search. The study, asks how searchers, in eval-
uating the information, form a personal perspective on the information and the factors
that can influence this judgment. This insight is sought to inform interface design per-
ceived to be supportive of the users’ cognitive behaviour in carrying out the search.



3 Factoring the Constructs of Relevance Judgments

The aim of the study was to obtain a characterisation of participants’ interactions with
the retrieved results from two assigned search tasks. The participants were 102 students
from Information related courses at a UK university. The task to find information was
set as an exercise to be completed for the following week’s class and participants were
asked to complete the questionnaire following completion of each search. Using
Google, participants were asked a ‘general’ task to find information on Alan Turing
and his contribution to the development of Computing. The expectation being that one
or two encyclopaedic type of articles would satisfy this information quest. Whilst the
query put to Google Scholar was more open ended to find backgrounder information
on the topic of young people’s use of Short Message Services (SMS) and its effect on
their written language. The expectation being that the participants would have to learn
a bit about this topic and find several sources to satisfy the information quest.

A questionnaire was designed to collect data on the assessments made with regards
to the relevance of the information found and the assessment of the search engine used.
The questions (items) were drawn from previous research which identifies and de-
scribes the judgements people make when assessing information retrieved as relevant
(as detailed in [13]). The (meta) analysis here is to highlight the differences in the
assessments made (of the retrieved information) and in the perceptions formed (of the
search engines) when the participants’ task was a straightforward ‘look up’ task and
one where there was some simulation of a gap in knowledge and the need to look up
and learn about the topic. The comparison thus described was between the ‘look up’
task using Google and on the ‘research task’ on Google Scholar (GS) and aimed to
provide a characterisation of the cognitive processes when involved in search.

The Likert-style statements (items) aimed to reflect the constructs of information
evaluation in the search context. Previous research identifies three types of relevance
judgements, topical, cognitive and situational and these were drawn upon to suggest
their assessment of the information retrieved. From these a series of statements were
drawn up to include in the questionnaire and to avoid asking the participants to respond
directly about their assessment of the relevance of the retrieved results. As follows:

e Topical relevance, a judgment of information ‘aboutness’ and the relation to the
query topic is fundamental to search and participants were asked to give their level
of agreement to statements such as, the information is related to the topic of interest

o Cognitive relevance refers to some judgment of the informativeness with respect to
the user’s state of knowledge and, in this personal perspective there is some assimi-
lation of the information. Participants were asked to consider the information re-
trieved and respond to statements such as, the information has helped me to learn
about the subject as a possible indirect measure of cognitive relevance.

e The assumption is that these judgments are formed as a prerequisite for the applica-
tion of the information to resolve the problem. The two stages of information inter-
action is clear in Blandford & Attfield’s [2] definition where first the information is
acquired and then applied to the situation. In this study the participants were required
to find information only therefore only a measure of confidence that the information



would be useful was sought in responding to items, such as if [ knew someone was
looking for this information, I would tell them about this.

To investigate the influence of the factors that may be used in making relevance judg-
ments, including document style, recentness, novelty and scope, the questionnaire in-
cluded 4-5 items relating to these and which as such may further distinguish the users’
assessment of the information retrieved, such as the information is accurate, I can be-
lieve the content, the information appears authoritative, the information is well written.
With respect to the interactive context, and the user assessment of the interface two
further constructs were considered as having key importance. Firstly, information in-
teraction may be viewed as a dialogue between the user and the information retrieved
with the interface facilitating the cognitive processing involved. It is possible then, if
not likely, that the perceived ease with which the user can form the relevance judgments
will affect and influence the judgment itself. Thus, a small number of items were in-
cluded to measure this construct, such as, it was easy to identify what the information
was about and [ felt that my query had been understood. A further group of items, such
as the system is good at finding information that matches my query were included to
measure the perceived system effectiveness — that is, ‘does it work?” The questionnaire
was thus developed to manifest the participants’ cognitive processing in search through
their responses to this bank of items based on the constructs of topic relevance, cogni-
tive relevance, situational relevance/confident use, information content, style and
scope, and on the perceived support and effectiveness of the interface and system. The
questionnaire was developed as a psychometric tool to investigate the core factors in
users’ assessment of the information and of the system in the interactive search.

3.1  Exploratory Factors

The statistical procedure of factor analysis was used to extract intended constructs when
measured with the multiple statements. If the items for a construct are well designed,
they should converge and form a major factor [14]. The Kaiser-Meyer-Olkin (KMO)
values were greater than the recommended value 0.6 indicating sampling adequacy of
the data prior to conducting factor analysis. Cronbach’s alpha coefficient confirmed the
reliability of the data in terms of internal consistency. These ranged from 0.706 to
0.926, which is higher than the minimum cut-off of 0.7. Table 1 reports the principal
component analysis results with varimax rotation using SPSS. Two separate analyses
were conducted on each of the datasets (the Google task and the Google Scholar (GS)
task) in turn. An alignment across the factors for the Google and GS tasks was sought
with a slight difference in the labelling of the factors, and the actual differences in the
composition of these comparable factors are as follows. When asked to think about
using the information retrieved using Google (query: Alan Turing), all of the items in
the factor [1G] ‘Content Credible’ also appeared in the factor [1GS] ‘Content Credible
and Relevant’ formed when thinking about the information retrieved using Google
Scholar (for the query topic: use of Short Message Services). These were [ can believe
the content, [...] is accurate and appears to be authoritative. The factor [1GS] addi-
tionally included the statements, the content is totally related to the topic of interest, is



very easy for me to understand, is well written and tells me most of what I need to know.
These additional items might indicate that the participants were assessing the relevance
of the information retrieved, as well as the credibility of the information retrieved. The
sense that the participants were assessing the relevance of the information retrieved
when searching for the task on Google Scholar is further borne out in the different items
distinguishing the factor [2G] and factor [2GS], labelled as ‘Expected Relevant’ and
‘Cognitive Relevant’ respectively. These factors had in common the items The infor-
mation found seems to be the right amount for me, is a sufficient to complete the as-
signment, and I expect to feel well informed on this topic. Factor [2GS] additionally
included the items, I expect this information to be very easy to read, easy to understand,
I would use this information and [it] has helped me to learn about the subject. Factor
[2G] on the other hand additionally included only the item [ expect to know more about
the topic once I have read this information. Further indication that the participants were
involved in assessing the information retrieved when using Google Scholar is in the
items forming the factors [3GS] labelled ‘Confident Useful” when compared to the fac-
tor [3G] in the Google task. In common were the statements, If asked, I think that other
people would value this information, and If I knew someone was looking for this infor-
mation, I would tell them about this. Whereas factor [3GS] contained the items, this
information would help me to complete the assignment, and I expect to know more
about the topic once I have read this information whilst factor [3G] included the items
I expect this info to be very easy to read and I would use this information to work on
the task in hand. The factors formed represent the users’ assessment of the information
as credible, relevant and useful with common items found in both data sets. The major
differences, however, relate to the assessment of relevance in the GS task. Of particular
note is the inclusion in Factor [2GS] of the item which mentions learning, ’this infor-
mation has helped me to learn about the subject’ in assessing relevance. It is further
noted that the highest loading item in Factor [3GS] labelled ‘Confident Useful’ refers
to the value of the information whereas in [3G] instead the highest item refers to ease
of understanding. This may suggest that ‘ease of reading/use’ influences the user’s
judgment of usefulness in the ‘look up’ context, whereas in the ‘research task’ the as-
sessment of information usefulness is made with greater respect to the task context or
situation.

Table 1. Factors in the evaluation of the information retrieved

Google Scholar Factors Google Factors
Item (abbreviated) Item (abbreviated)

1GS ... content is accurate 831 1G
...related to topic of interest 765 ... believe the content .850
...easy for me to understand 753 ... appears authoritative .847
... believe the content 147 ... of good quality 815
... appears authoritative .658 ... content is accurate 717
... is well written .652
... tells me most of what I need .613

2GS ... the right amount for me 855 2G

.. is sufficient 157 ... is sufficient .834

...will be easy to read 756 ... I expect to know more once read | .769
...will find easy to understand 31 | | feel well informed 734




...I will use this information .666 ... helps me complete the assignment | .631
...has helped me to learn .656 ... the right amount for me .550
.. feel well informed 637

3GS | ...other people would value this | 854 3G | ...will find easy to understand .810
...if looking I would tell some- 834 ...if looking I would tell someone | .794
one about this about this
...helps me complete the assign- ...will be easy to read 743
ment 675 ..I will use this information 734
... L expect to know once read .606 ... other people would value this 665

The questionnaire also asked the participants to respond to a set of items relating to the
assessment of the system. These either related to the perception that the system worked
(Factor5), the system works well in suggesting information, is good at finding infor-
mation for my query and I can use to get the best results or with respect to the support
the participants felt they experienced (Factor 6), my query had been understood, it was
easy to identify what the information was about and easy to see why retrieved. There
was little variation found in these factors when assessing Google and when assessing
Google Scholar. However running multiple regressions on this data does show these
factors account for about half of the variance (45%) in factor [2GS] Cognitive Relevant;
but, only 29% of the variance, in [2G] Expected Relevant judgment on Google. Factor
5 relating to user perception of system effectiveness also held a moderate association
at p<.001 (B= .457) with factor [2GS] and again a weaker association with factor [2G]
at p=.007 (B =.331).

4 Discussion: Assess-ability as a New Evaluation Heuristic

With regards to the premise that search involves learning in the context of a gap in
knowledge, this study explores the user’s critical assessment of the information found.
In the analysis of the questionnaire relating to the users’ assessment, this study provides
some evidence that the participants formed slightly different judgments according to
the task. Assessment of relevance appeared to be more embedded in the evaluation of
the GS task with the user engaged in assessing ‘cognitive relevance’ assimilating the
information found. In the ‘look up’ task on Google assessment of the information ap-
pears to be less critical based on an expectation of topic relevancy. That is, the evidence
presented here tentatively points to a difference in behaviour, especially cognitive,
when searching with intention to find information (when compared to looking up in-
formation). The limitations of the study are, however, acknowledged and further inves-
tigation is recommended with the deployment of the psychometric questionnaire to fur-
ther research the user’s critical assessment of information found in search contexts.
Further insight could be usefully gathered in user studies which involve the participants
searching for different types of tasks for example with ‘real’ information needs, and in
differing professional contexts. Further validation of this data collection instrument
may be sought in correlating the searchers’ critical assessment of information with
some further measure of satisfaction or engagement. A searcher who appears to be in-
volved in assessing cognitive relevance and assesses the search engine as supportive
may report feeling more engaged in exploring new or complex topics. Developments



in the design of the interface to enhance the user experience may also be gauged using
the questionnaire to collect data on their interaction with the information found.
Furthermore, identifying the core activity of assessing cognitive relevance may al-
low design to focus in the property of the ‘assess-ability’ of the interface to support the
user in their critical assessment of the information retrieved. Nielsen’s usability heuris-
tics are de facto in user experience design comprising the ten usability principles which
if adhered to can help ensure that the interface uses the users’ language, helps user
recognize rather than recall, gives consistent feedback on the system status and gener-
ally instil a confidence in using the interface. The development of the principle of as-
sess-ability, as a heuristic, would question the support given to assist the user in as-
sessing the information retrieved and help design to support this vital component of
search behaviour. The types of questions that may be posed in developing the assess-
ability heuristics may be drawn from recent studies that reveal the features that people
claim to use when assessing information. The C3 (Content Credibility Corpus) [15]
containing 15,750 evaluations of 5543 Webpages by 2041 participants, for example
includes over 7071 annotated textual justifications of credibility evaluations of over
1361 Webpages. Analysis of these comments involved labelling the factors mentioned
as influencing credibility assessment and were grouped into six categories. Each of
these represent questions that someone might ask when assessing credibility, as: What
kind of Web page is it? ¢ Is the content of commercial character? « Who is the author
or publisher? « How is the Web page designed? ¢ Is the textual content of high quality?
* Is the information on the Web page verifiable? The extent to which the presentation
of the information retrieved enables the user to ask and answer some or all of these
questions could form the basis of the assess-ability heuristics. For example, to ask: Is
the user able to assess who is the author or publisher? Can the user determine what kind
of web page/ the type of article? Can the user assess the quality of the information, for
example in assessing the metadata of date and the article references? The presentation
of this information may make use of devices to separate out types of content, for exam-
ple adverts on the page, or thumbnail to signal the type of page, and novel visuals such
as ‘Wikitrust’ [16] designed to show editorial control and help the user to see which
parts of the article are credible. The premise being that the more the user is able to
assess the information retrieved, the more they will engage with the information, as is
vital to searching for information. It is less obvious, however, how to provide support
in asking the questions that rely more on the semantic features of the source, i.e., its
relevance, completeness, scope and neutrality [17]. Asking the question — ‘Can the user
verify the information?’ requires the user to interact with the information on a deeper
level and to check accuracy and completeness and, in search contexts, to relate the in-
formation found to one’s prior knowledge. In identifying the factors influencing the
users’ verification of information Brand-Gruwel [18] found that the strategies used in-
volved the user in checking consistency with other sources, making connections to pre-
vious knowledge and interestingly, a verification strategy of ‘trying to discern author’s
motive’. The design to assist the user in making this assessment is challenging but may
be partly achieved by enabling the searcher to look up the author (if known) and to
assess credibility markers of the author’s transparency related to their motive in provid-
ing the information. Links may be followed enabling the searcher to verify content and,
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critically design tactics (such as the highlighting query terms in retrieved results) may
be used to encourage assessment with regards to the users’ information need. Here the
assess-ability of the information refers to a less tangible property with its relevancy
drawing on user’s personal knowledge and information requirements. The value of the
assess-ability heuristic is therefore not to determine design but rather to draw attention
to the impact of design and features that the user perceives as supporting their interac-
tion when assessing the credibility, relevance and usefulness of retrieved information.

5 Conclusion

A novel approach to investigating the users’ cognitive activity in the critical assessment
of information is presented here, and analysis suggests the constructs of the users’ judg-
ment. Interestingly, a distinct evaluation could be discerned in which the users appear
to form a personal perspective on the information, critically evaluating the information
in respect to their goal to find information. As a core and vital aspect of search activity,
the study on assessing information provides a framework for thinking about how the
information may be presented at the interface and designed for assess-ability. The
framework of the heuristic based evaluation of assess-ability, supporting assessment of
credibility and relevance, whilst in an early stage of development, provides an approach
for interface design to support and evaluate the user’s cognitive engagement in search.
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