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ABSTRACT KEYWORDS
Controlled vocabularies such as Medical Subject Headings (MeSH) Interactive information
have been extensively used to organise information resources in  retrieval; Medical Subject
the biomedical domain. However, the usefulness of these terms for Headings (MeSH); search
information access has not been rigorously evaluated in interactive ~ User interface; eye tracking;
search environments. The objective of this study was to gain an 'dnd'v'(.jual differences;
g q a g q omain experts
understanding of domain experts’ interactions with novel search
interfaces within the context of biomedical information search, with
a goal of better interface design of information retrieval systems. An
eye tracking study of biomedical domain experts’ interactions with
novel search interfaces was conducted, considering user’s individual
differences and gaze behaviour. The findings suggest that types of
search interfaces have significant effects on gaze behaviour in terms
of fixation-based measures of areas of interest, i.e. visual attention to
the elements of title, author, abstract and MeSH terms in document
surrogates. Significant interaction effects between cognitive style and
user interaction with search interfaces were found, specifically the
amount of attention to MeSH terms by analytic and wholistic searchers.
These findings contribute to our understanding of the relationship
between cognitive styles and gaze patterns in information search.
Based on these findings, the implications of individual differences and
gaze behaviour for search interface design are discussed.

Introduction

Controlled vocabularies such as MeSH (Medical Subject Headings) have been extensively
used to organise information resources in the biomedical domain. The usefulness of con-
trolled vocabularies for information access, however, has not been extensively evaluated in
interactive search environments (Behnert & Lewandowski, 2017; Golub et al., 2016; Shiri,
2012). Current search systems such as PubMed and MEDLINE, that are based on MeSH,
use various techniques (e.g. query auto-completion and suggested term mapping) to map
user queries to potentially useful query terms and relevant documents. This mapping to
MeSH terms functionality is a feature of the search user interfaces produced by Wolters
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Kluwer Health and EBSCO as evident in the Ovid and EBSCOhost platforms, respectively,
in relation to the MEDLINE database that is offered by both publishers to libraries on a
subscription basis.

From a practical perspective, some platforms have been set to enable the default search
options on offer to map the queries to MeSH terms automatically. Successful searching of
the MEDLINE database is more likely if the MeSH terms are used in the construction of
search queries. For example, when searching MEDLINE on Ovid, the query of bad breath
is mapped to the Subject Headings of Halitosis, Adult, Sulfur Compounds, Adolescent,
Middle Aged, Oral Hygiene, Tongue, Smoking, Periodontal Diseases and Young Adult for
users to select. In the PubMed database, typing the first three letters of the query bad breath
produces two candidate terms badminton and bad breath through the auto-completion
feature. When the query term bad breath is selected, the query is mapped to the MeSH
term Halitosis automatically and translated into the following query syntax, which is a
combination of searches using MeSH terms and free text searching across all search fields:
‘halitosis’ [MeSH Terms] OR ‘halitosis’[All Fields] OR (‘bad’[All Fields] AND ‘breath’[All
Fields]) OR ‘bad breath’[All Fields]. In some hospital libraries, the library management
has enabled the subject term mapping feature as default. These groups of users would have
been exposed to the importance of MeSH and would possibly seek a high degree of rele-
vance of the document being retrieved by search. A case in point is the Clinicians Health
Channel portal (http://www.health.vic.gov.au/clinicians), accessible to all public hospital
employees in Victoria, which provides access to MEDLINE (Ovid search interface) and
other electronic resources. MEDLINE’s default search is the Advanced Search with the map
to subject terms feature enabled. As the resources provided by the Victorian Department of
Health and Human Services are aimed to assist clinicians in locating evidence in order to
provide quality care, and MEDLINE access maps to subject terms when accessed through
the portal, this suggests clinicians would benefit from their searches directly mapping to
MeSH terms. However, what has motivated the decision to make this the default setting is
unknown and it is unclear whether this was the decision by the Department of Health and
Human Services, Victoria, the vendor contracted to provide the service (Wolters Kluwer
Health and Medical Director) or if any librarians were possibly consulted about it.

From a research perspective, however, the usefulness of these techniques for search user
interface design in support of query reformulation has rarely been evaluated in interactive
search environments (Hearst, 2009, 2011; Wilson, 2011). User studies have suggested that
domain experts benefit the most from MeSH (Hersh, Haynes, & McKibbon, 1994; Liu &
Wacholder, 2017) but that they also need search tools to support their formulation and
reformulation of queries (Lykke, Price, & Delcambre, 2012; McKibbon & Fridsma, 2006).
The design of a single search box in modern search systems presumes that users have very
specific questions when they look for information. It is assumed that these questions can
be translated into queries that match the terms in the documents with relevant informa-
tion. However, empirical studies have demonstrated that users have problems formulating
queries to represent their questions and reformulating queries in their interactions with
search systems (Belkin, Marchetti, & Cool, 1993; Tamine & Chouquet, 2017; Wacholder,
2011). It is also recognised that user queries are typically very short representations of
complex information needs (Jansen, Spink, & Saracevic, 2000). Since user interactions with
search systems are construed as an inherently interactive process (Belkin et al., 1993), the
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design of search interfaces for query reformulation tasks is important in support of search
interactions.

The objective of this research was to gain an understanding of the domain experts’ inter-
actions with novel search interfaces within the context of biomedical information search,
with a goal of better interface design of information retrieval (IR) systems. Specifically,
we investigated how individual differences, such as levels of domain knowledge, search
experience and cognitive styles affect search processes and eye gaze, with or without the
MeSH terms as feedback.

Related Work
Query Formulation/Reformulation Support

Since the beginning of online intermediary searching in the 1970s, controlled vocabularies
have been designed for query formulation/reformulation tasks. Searchers can look up con-
trolled vocabularies assigned to documents in search indexes for query formulation tasks,
and use these terms for reformulating queries during search processes. From a system design
perspective, researchers have used the techniques of relevance feedback (Koenemann &
Belkin, 1996), real-time interactive query expansion (White & Marchionini, 2007) and a
hybrid approach that includes query logs (Agosti, Cisco, Di Nunzio, Masiero, & Melucci,
2010) to support the user’s query formulation/reformulation tasks. At the level of search
user interfaces, researchers have proposed various techniques to help users select potentially
relevant documents and navigate the search results, such as the visualisation of document
inter-relationships (Swan & Allan, 1998), explicit term distribution information (Hearst,
1995) and search results navigation (Leroy, Xu, Chung, Eggers, & Chen, 2007; Mu, Lu, &
Ryu, 2014).

However, very few studies have explicitly considered the user’s cognitive aspects of search
interactions with suggested search terms for refining queries (cf. Liu & Belkin, 2008; Liu
& Wacholder, 2017; Niu & Kelly, 2014). As indicated in a study of user modelling, the
implicit feedback from clicks and query reformulations in Web search (Joachims et al.,
2007), it is important to obtain detailed evidence of the user’s query reformulation decision-
making process from user search behaviours, such as search terms, time spent, clicks and
eye tracking data, because user search behaviour data can be used to improve overall search
experiences.

User Characteristics

Within the interactive IR research framework, some research has focused on the relation-
ship between user characteristics and search performance (Ruthven & Kelly, 2011). The
user characteristics of domain knowledge and search experience have attracted researchers’
attention partly because they are assumed to be relevant for the training of expert searchers
(e.g. Fenichel, 1981; Hsieh-Yee, 1993). Cognitive abilities and personality characteristics are
associated with how people process information; cognitive styles — an individual’s preference
or tendency to process information — have also been extensively studied in the context of
user interactions with IR systems (Ford, 2015; Heinstrom, 2010).
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Domain knowledge refers to an individual’s level of expertise in a subject discipline.
Research in this area has focused on the relationship between the level of expertise and
search performance, but there are mixed results (Hsieh-Yee, 1993; Pao et al., 1993). For
instance, it was found that there is no relationship between clinical knowledge and search
effectiveness in medical students’s MEDLINE online searches (Pao et al., 1993). It was found
that domain experts can perform significantly better than search experts when MeSH terms
are available in the search interface (Liu & Wacholder, 2017). While ordinary searchers
may be satisfied with the search results from short queries, effective search in specialised
domains requires the domain knowledge and ability to formulate complex queries (Leroy
et al., 2007). However, the search results from current IR systems have not been optimised
for domain experts by considering their domain expertise and querying behaviours.

Search experience refers to a searcher’s skills in interacting with IR systems. Liu’s (2010)
meta-analysis of eight user studies in controlled experimental settings suggested that search
experience has a small and overall positive effect on search performance in terms of recall
measures, with an effect size of .04. Studies of the relationship between search experience
and search process variables revealed that searchers with online database experience use
more thesaurus terms than inexperienced searchers, and free-text searching is associated
with lack of online searching experience (Fenichel, 1981; Howard, 1982). Overall, these
studies suggest that search experience with specific search systems may affect the use of
system features, such as thesaurus terms.

Cognitive style is an individual’s tendency or preference to process information in parts
or in wholes (Peterson, Deary, & Austin, 2003). The influence of cognitive abilities and
personality characteristics on a person’s interaction with information can be summarised
as ‘[T]he whole is more than the sum of the parts’ (Heinstrom, 2010, p. 4). The wholistic-
analytic dimension of cognitive style is of interest to IR researchers since it is considered
an important factor affecting user search behaviour and search performance. For instance,
research findings have suggested that people with different cognitive styles prefer different
kinds of interface design for Web directories (Chen, Magoulas, & Macredie, 2004; Clewley,
Chen, & Liu, 2010). It was found that there is significant interaction effect between cog-
nitive style and search experience in terms of time spent in Web searching (Palmquist &
Kim, 2000). That is, search experience contributes to a decrease in time spent retrieving
information by wholistic searchers. A more detailed analysis of eye tracking data such as
the time spent looking at information objects would provide more insights into cognitive
processes in search interactions.

Eye Gaze and Search Interface Design

The use of eye tracking equipment for capturing searchers’ fixation patterns provides a rich
set of data to understand whether searchers read the document surrogates (e.g. summary
and metadata) and more importantly, how searchers attend to different components of
search results or search interfaces (see Lund, 2016, for a recent review). In an eye tracking
study of the effect of query-based snippet length in Web searches, Cutrell and Guan (2007)
found that user task performance depends on the type of search tasks (informational vs.
navigational). Kules and Capra’s (2012) study of the searcher’s gaze behaviour in searching a
faceted library catalogue showed that facets account for approximately 10-30% of interface
use and the use of interface elements varies by search stages within a session.
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Recent human-computer interaction and IR research has focused on users’ cognitive
aspects in search interactions by measuring gaze patterns, an indicator of searcher attention
and cognitive processes (Dumais, Buscher, & Cutrell, 2010; Kules, Capra, Banta, & Sierra,
2009; Lorigo et al., 2008). In analysing gaze patterns, researchers have used tools to select
regions of the displayed stimuli in search interfaces, also known as areas of interest (AOI)
(Bojko, 2013). For example, Kemman, Kleppe, and Maarseveen’s (2013) study that compared
search interfaces with visible and collapsible facets reveals no significant difference in the
user’s AOI on the facets panel. Kules et al’s (2009) study of user interactions with faceted
search interface shows that users spent the most time looking at the search result items
in which no distinction was made between title and abstract in terms of AOI. Similarly,
Kammerer and Gerjets (2011) found that there is no significant effect of interface (list vs.
tabular) in total fixation time on search results.

Even though the elements of search results or search interfaces are characterised in
different ways for research purposes, it has been found that users pay more attention to
the elements related to the contents of search results pages than elements such as search
suggestions and URLs (e.g. Cutrell & Guan, 2007; Dumais et al., 2010; Kules et al., 2009).
Users’ attention to the snippets of Web pages increased when the length expanded (Cutrell
& Guan, 2007). In Web search environments, users paid more attention to the top three,
next top three and top advertisements than other regions, such as related searches on search
engine results page (SERP) (Dumais et al., 2010), while few abstracts in SERPs from Google
and Yahoo were viewed in query reformulation (Lorigo et al., 2008). However, the title of
lower ranked items was considered more important than the snippets of higher ranked
items (Savenkov, Braslavski, & Lebedev, 2011). Wang, Xie, and Lee’s (2015) study found that
the title and abstract of SERPs were ranked the top two elements in terms of total fixation
time and fixation count.

These studies generally suggest that there is no significant difference in users’ gaze on
comparisons of search interface layouts. Users’ attention to elements of interfaces depends
on the length and quality of snippets on SERPs and displayed position of search results. As
such, our study was designed to investigate how the user characteristics of domain knowl-
edge, search experience and cognitive styles affect search processes and eye gaze, with or
without the MeSH terms as feedback in different types of search interfaces for searching
complex biomedical questions.

Methods

To understand domain experts’ interactions with search user interfaces, a user experiment
was conducted in a laboratory setting within the framework of interactive IR (Ruthven &
Kelly, 2011). Eye tracking equipment was used to capture users’ gaze behaviour for better
understanding of user interactions. The task involved participants performing searches on
clinical information for patients, with the aim of finding and saving as many relevant docu-
ments as possible. The participants were mostly students with search engine experience and
some academic background in the biomedical domain. Each user was assigned eight search
questions in total, with a seven-minute limit for each question. The experiment took about
90 minutes in total. The study was approved by the Science & Medical Delegated Ethics
Review Committee at The Australian National University (Protocol number 2013/002)
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and the Human Research Ethics Committee at Charles Sturt University (Protocol number
2013/033).

Participants

A total of 32 people participated in the study. Gender balance was achieved and most
participants were students (13 undergraduate and 15 postgraduate), and young (19 were
aged between 18 and 24, and 9 were between 25 and 34). The other four participants were
postdoctoral researchers and academic staff. The majority (27 of 32) had not used MeSH,
but most had substantial experience using general search engines, such as Google and Bing
(half reported daily use and 12 reported use several times a day or more). The participants
had background knowledge in the domains of biology, biotechnology, medical science, neu-
roscience and biomedical engineering, or some knowledge of biology in their prior learning.

Experimental Design

We used a 4 x 4 x 2 factorial design with four search interfaces, controlled search question
pairs and cognitive styles. A 4 x 4 Graeco-Latin square design was used to arrange the
experimental conditions (Kirk, 2013). The sample consisted of 256 search sessions (32
participants x 8 search questions).

Search Interfaces

Participants searched on four different search user interfaces, with a single search system
behind the scenes. The four search interfaces were distinguished by whether MeSH terms
were presented and how the displayed MeSH terms were generated (Figure 1). Our interface
design was inspired by state-of-the-art search systems, such as those used in EBSCOhost
and ProQuest.

Interface ‘A’ mimicked Web search and other search systems with no controlled vocab-
ulary. This interface had a brief task description at the top, a conventional search box and
button and each result was represented with its title, authors, publication details and abstract
where available. Full text was not available so the results were not clickable. Users judged
their success on the titles and abstracts alone.

Interface ‘B’ (Figure 1(i)) added MeSH terms to the interface. After the user’s query was
run, MeSH terms from all results were collated; the 10 most frequent were displayed at the
top of the screen. This mimics the per-query suggestions produced by systems like ProQuest.
MeSH terms were introduced with “Try:” and were clickable: if a user clicked a term, their
query was refined to include the MeSH term and then re-run. It was hoped that the label,
and the fact they work as links, would encourage users to interact with them.

Interface ‘C’ (Figure 1(ii)) used the same MeSH terms as ‘B’ but displayed them alongside
each document, where they may have been more (or less) visible. It is a hybrid of interfaces
‘B and D’

Interface ‘D’ mimicked EBSCOhost and similar systems that provide indexing terms
alongside each document. As well as the standard elements from interface ‘A, interface
‘D’ displayed the MeSH terms associated with each document, as part of that document’s
surrogate (Figure 1(iii)). Again, terms were introduced with “Try:” and were clickable.
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( ) Imagine that you are 65-year-old female with urinary retention. You would like to find information about urinary retention, differential E
diagnosis.

You have not saved any documents. When you are done, you can move to the next task.

|urinary retention after menopause | [ Search |

‘[Suggested Keywords ]

Your search for urinary retention after menopause returned 1 results.

[Try: Aging; Calcitonin/*TU; Human; Bone Resorption/*DE; Biological Markers; Menopause/*PH; Osteoporosis/DT/ME/*PP;
Hydroxyproline/AN; Proline/AN.; Female;

1. Bone in . Effect of
Civitelli R: Gonnelli S; Zacchei F; Bigazzi S; Vattimo A; Avioli LV; Gennari C... J Clin Invest 82(4):1268-74 B save
To investigate the effectiveness of calcitonin of is in relation to bone turnover, we examined

53 postmenopausal osteoporotic women before and after one year of therapy with salmon calcitonin (sCT), at the dose of 50 IU every other
day. Baseline evaluation revealed that 17 (32%) patients had high turnover (HTOP), and 36 (68%) normal turnover osteoporosis (NTOP) as...

Page 1

ii
( ) Imagine that you are 65-year-old female with urinary retention. You would like to find information about urinary retention, differential ‘
diagnosis
You have saved one document. When you are done, you can move to the next task

urinary retention females

Your search for urinary retention females returned 12 results.

1 ical p in F2 for p ing bladder ing after surgery for female stress incontinence.
Tammela T Koattyn M- Kaar K- | ykdannen O B J Ul 60(1) 436 1 save
lTry Female; Human; Adult, Aged, Middle Age, Male; Electromyography, Adolescence djrodynamics., Urinary lla:L‘IRJ

- study to promote micturition in cases of
ifteen of 18 patients (83%) succeeded in voiding after
ients (P less than 0.001). Although the effect of

Prostaglandin F2 alpha 10 mg was ally in a double-blind plaj
urinary retention after operative treatment of urinary stress incontinence in wome
treatment with prostaglandin F2 alpha, but the placebo was ineffective in all 18

2 Do not ise your nep.
Williams JR: Stott MA: Moisey CU... Br J Urol 68(1) 25-6 save
ITry Female, Human, Adult, Aged, Middle Age, M3le, Electromyography, Adolescence, Urodynamics., Uninary Tract*IR l

A retrospective study of 100 consecutive nephrectomy patients showed a 20% catheterisation rate. Of the 11 carried out post-operatively
only 4 were for urinary retention. The post-operative catheterisation rate for males was 7.1% and for females 2%. The rate of post-operative
retention was 4.4%, which is much lower than that reported from other units. This rate of post- [¢ for iS SO

Page<< 12

(iii)
Imagine that you are 23.year-old with dysuria. You would like to find information about Urinary Tract Infection, crtena for treatment and
admission
You have saved 7 documents. When you are done, you can move to the next task

troatmont and admission fo nary Tract Infection

Your search for treatment and admission for Urinary Tract Infection returned 4 results

1 of
Uhari M. Nuut

of the urinary tract in children.
on M_BMJ 297(6646) 4602 save
Try Adolescence, Age Factors, Child, Child, Preschool, Female, Finland, Hospitalization, Human, Infant, Infant, Newborn, Male
Recurrence, Risk Factors, Sex Factors, Support, Non-U S. Govl, Time Factors; Unnary Tract Infections/*EP

are well
tract dunng 1978-84
for recurrent unnary

0 may
known. Numbers of children aged under 15 discharged from hospitals because of symptomatic infections of the ug
were oblained from the database kept by the Finnish National Board of Health. Information on continuous treat

[Suggested Keywords ]

2 Peri i Modern di; is and in 47 cases.
le Medicoe (Batmore) €7(2)113-31 save
ry: Abs: DIVET/TH, Adult, Aged, Case Report, Female, HumanyKidney Diseases/DVET/TH, Male, Middle Age l

The records of 47 patients with a perinephric abscess diagnosed from 1975 to 1986 at 8 San Francisco Bay Area hospitals were reviewed
The mean age was 51 years. Fifty-five percent were females and 45%, males. The left kidney was affected in 47% of cases, the nght kidney
in 40%, both in 4%, and a transplanted pelvic kidney in 9%. Fever (55%), chills or diaphoresis (47%), flank pain (40%), abdominal pain

Figure 1. Three of the four search interfaces in the study. (i) Screenshot of Interface ‘B; suggestions per-
query and displayed at top. (ii) Screenshot of Interface ‘C; suggestions per-query and displayed at top.
The keywords are based on the query. (iii) Screenshot of Interface ‘D; suggestions per-document and
displayed with the document. The keywords are based on the retrieved documents.
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Search Questions

We used search questions from a subset of the clinical topics from OHSUMED (Hersh,
Buckley, Leone, & Hickam, 1994), originally created for IR system evaluation. They rep-
resented a subset of records from the MEDLINE database that the US National Library of
Medicine had made available for testing purposes. The questions were slightly rewritten so
they read as instructions to the participants (see Figure 2 for an example). Search questions
were selected to cover a range of difficulties and were then randomly paired off to produce
four pairs of questions. A final question, the same for all participants, was used for training
purposes.

Procedure

Participants were given brief instructions about the search task and system features, followed
by a practice search question and then the searches proper. They were informed the test
collection was incomplete and out-of-date since the OHSUMED test collection (Hersh,
Buckley et al., 1994) was used, with MEDLINE data from 1987 to 1991. User interaction
data recorded included: all queries, mouse clicks, retrieved and saved documents, time
spent and eye movements. Electroencephalogram readings were also captured, and these
data will be reported elsewhere.

Background and exit questionnaires collected demographic information and asked par-
ticipants about their perception of the search process. Participants’ opinions of the tasks
and the interfaces were sought, including the difficulty of search task, system usefulness
and whether the suggested keywords were noticed or used (Interfaces B, C and D). Finally,
information on participants’ cognitive styles was collected by a computerised test (Peterson
etal.,, 2003), which took a further 15 min to complete.

Hardware and Software

The search system was built on Solr, with the search results ranked by default relevance
score. The MeSH terms were not specifically weighted. Eye gaze data were recorded from
two Sony VFCB-EX480B infrared (IR) cameras which are controlled by Seeing Machines
(https://www.seeingmachines.com) FaceLab 4.5 software (https://www.ekstremmakina.
com/EKSTREM/product/facelab/index.html) and attached to a dedicated machine run-
ning Windows 7. At the same time, EyeWorks Design and EyeWorks Record (https://www.
eyetracking.com/Software/EyeWorks) were used to present instructions for the correspond-
ing search tasks during the experiment. Gaze points were recorded at 60 Hz, and the eye
gaze data included the x and y coordinates of where the eye was looking on the screen, as
well as the time that gaze point is recorded.

Imagine that you are 63-year-old male with acute renal failure probably 2nd to
aminoglycosides/contrast dye.

You would like to find information about acute tubular necrosis due to aminoglycosides,
contrast dye, outcome and treatment.

Figure 2. An example OHSUMED search topic, reworded for the participants.


https://www.seeingmachines.com
https://www.ekstremmakina.com/EKSTREM/product/facelab/index.html
https://www.ekstremmakina.com/EKSTREM/product/facelab/index.html
https://www.eyetracking.com/Software/EyeWorks
https://www.eyetracking.com/Software/EyeWorks
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Data Analysis

Recordings were analysed to see how often there were fixations in different parts of docu-
ment surrogates (i.e. different elements of the interfaces), and therefore how often people
looked at each part. Four common AOI were specified using EyeWorks Analyze: title, author,
abstract and MeSH (except for Interface A, without MeSH) to investigate which elements
received attention. Fixations were specified as gazes within a five-pixel radius which lasted
at least 75 millisecond (ms), using the algorithms within EyeWorks Analyze (see Figure 3
for an example). The parameters are consistent with those of Rayner (1998).

We used a logarithmic cross-ratio analysis (Fleiss, Levin, & Paik, 2003; Saracevic, Kantor,
Chamis, & Trivison, 1988) to determine the relationship between individual differences and
their relationship to gazes. We measured participants’ domain knowledge in biology as the
number of undergraduate and postgraduate classes taken. The mean values (and therefore
cut-points) were 11.5 and 2.2 courses, respectively. Frequency of search engine use was cut
at 4.22 (4 is equivalent to daily use), whereas experience with online databases was cut at
the mean of 2.5 (2 is equivalent to less than five years’ experience).

The E-CSA-WA (Extended Cognitive Style Analysis—Wholistic Analytic) test produced a
Wholistic Analytic ratio (WA ratio) for each participant. People tend to be wholistic when
the ratio is close to 0 and a ratio closer to 2 or above indicates a tendency to be analytic. The
cut-off ratio score at 1.32 (M = 1.31, SD = .24) for our analysis was consistent with previous
studies (Clewley et al., 2010; Yuan, Zhang, Chen, & Avery, 2011).

Results
Search Interfaces and Gaze

Large and significant differences were observed in the attention paid to different inter-
face elements amongst the four interfaces (Figure 4). Documents in Interfaces B, C and D
received similar amounts of attention to the title, author and abstract. Searchers looked at
abstracts more often than other elements of documents.

1:8020/dotask?quen

Imagine that you are 30-year-old with fever, lymphadenopathy, neurologic changes and rash. You would like to find information about t-cell
lymphoma associated with auteimmune symptoms.
You have saved 4 documem" fen you are done, you can move to the next task

autoimmune lymphoma T sy ptoms.

Your search for i T returned 1 results

Try: Male ¥ =s*=munoelectrophresis, Case Rej RBQIOH 1 (1) ymphoid Tissue/PA, Bone Marrow/PA; Heavy Chain
DiseasguuBiae ik, 40 and ovegdmmunoglobulinl G
e 3

f the Region2t) 1t Report of 16 d review of &, ___satui
Region3 (1) pneity o c Gaze:7.7% [eatures. Report of 16 cases and review. re.
IS review: unerscores (i clinical manifestaf

based on the detailed report of 16 patients evaluated in our ch{ Region4 (1)
he study of 81 cases previously reported. This condition is deff Gaze: 1.7%

pthological features of gamma heavy chain disease
, the analysis of 12 cases diagnosed in our laboratory, and
\ce in the serum of molecules ¢

Page 1

Figure 3. EyeWorks GazeSpot illustrating specification of areas of interest (AOI) and identification of gazes.
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Figure 4. Fixations by area of interest, for each interface.

More specifically, it was the search interfaces that were significant in terms of the differ-
ences to the proportion of fixations on titles (F(3, 252) = 11.05, p < .001), on authors (F(3,
252) =10.82, p <.001), on abstracts (F(3, 252) = 6.75, p < .001) and on MeSH terms (F(3,
252) = 78.78, p < .001). Tukey HSD (Honest Significant Difference), a multiple compari-
son procedure and post hoc test, indicated that differences in fixations on title, author and
abstract are due to Interface A, the project’s baseline search interface.

With respect to MeSH terms, significant differences were observed between Interfaces
B and C, and Interfaces B and D (TukeyHSD, p < .01 for both comparisons). In Interface B
(Figure 1(i)), the relatively low average and wide spread attention to MeSH terms may be
because MeSH terms were only displayed under the search box area, whereas MeSH terms
were displayed alongside each document in Interfaces C and D. These results support the
hypothesis that search interfaces have significant impact on eye gaze behaviour in terms of
the proportions of fixations in reading time.

Individual Differences and Gaze

Domain Knowledge

The results as reported in Table 1 suggested that there was a statistically significant rela-
tionship between the users’ background knowledge in biology at the undergraduate level
and their time spent looking at document titles. In other words, users with high level of
undergraduate biology knowledge were less likely to pay attention to the title.
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Table 1. Summary of the relationship between eye gaze and undergraduate biology background.

Areas of interest Cut point (mean)  Oddsratio  Logodds  Stand.error  t—Value  Stat.signif.
Title 24.33 .54 —-.61 30 —-2.06 Yes
Author 12.53 .78 -.25 .29 —-.86 No
Abstract 45.81 1.61 48 29 1.65 No
MeSH 17.34 1.55 44 .29 1.50 No

Notes: N undergraduate biology background = 256, N eye gaze = 256; statistical significance at 95%.

Table 2. Summary of the relationship between eye gaze and postgraduate biology background.

Areas of interest Cut point (mean) QOdds ratio Log odds Stand. error t—Value Stat. signif.
Title 24.33 45 -.81 34 —2.40 Yes
Author 12.53 .68 -39 33 -1.18 No
Abstract 45.81 1.55 44 32 1.37 No
MeSH 17.34 1.42 35 32 1.09 No

Note: N postgraduate biology background = 256, N eye gaze = 256; statistical significance at 95%.

The results as reported in Table 2 indicated that there was a statistically significant rela-
tionship between the users’ background knowledge in biology at the postgraduate level and
their proportion of fixations in reading time of title. Users with high level of postgraduate
biology knowledge were less likely to pay attention to the title.

Opverall, Tables 1 and 2 revealed that users with high level of knowledge in biology at
either the undergraduate or the postgraduate level were less likely to pay attention to the
title in search results.

Search Experience

Statistically significant relationships were revealed between the users’ frequencies of using
a search engine and the proportion of fixations in reading time, as shown in Table 3.
Specifically, people with high frequencies of using a search engine were more likely to pay
attention to the author and MeSH terms, but were less likely to pay attention to the abstract
of search results.

Further analysis of the effect of search experience, interfaces and their interactions on
reading time indicated that interfaces contributed to significant differences in time spent on
the title (F(3, 250) = 9.76, p < .001), author (F(3, 250) = 11.14, p < .001) and abstract (F(3,
250) =7.68, p < .001). The effect of search engine experience on the time spent on abstract
was also statistically significant (F(2, 250) = 4.21, p < .05).

However, the effect of search engine experience, interfaces and their interactions on the
time spent on MeSH terms (excluding Interface A) was not significant in terms of search
engine experience (F(1, 188) = .05, p > .05) and interface (F(2, 188) = 1.55, p > .05) (Fox,
2016). Because of the significant interaction effect of interfaces and search experiences
(F(2, 188) =5.69, p < .01), we examined the contrast between the three types of interfaces
and the high/low levels of search experiences by the Westfall multiple testing procedure
for general linear hypotheses (Hothorn, Bretz, & Westfall, 2008). It revealed that Interface
B attracted much more attention in terms of proportion of fixations in MeSH reading time
by low experienced searchers than high experienced searchers (Westfall, adjusted p < .05).
There was no significant relationship between the users’ online database experience and
their gaze patterns.
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Table 3. Summary of the relationship between eye gaze and search engine experience.

Areas of interest Cut point (mean)  Oddsratio  Logodds  Stand.error  t—Value  Stat.signif.
Title 24.33 .80 =22 .26 -.87 No
Author 12.53 232 .84 .26 3.20 Yes
Abstract 45.80 37 -.98 27 -3.65 Yes
MeSH 17.34 222 .80 .26 3.03 Yes

Note: N search engine = 256, N eye gaze = 256; statistical significance at 95%.

Table 4. Summary of the relationship between eye gaze and cognitive styles.

Areas of interest Cut point (mean) Odds ratio Log odds Stand. error t—Value Stat. signif.
Title 2433 68 -39 25 —-1.54 No
Author 12.53 94 -.07 25 —-.26 No
Abstract 45.81 .99 -.01 25 -.02 No
MeSH 17.34 1.05 .05 25 .19 No

Note: N cognitive styles = 256, N eye gaze = 256; statistical significance at 95%.

Cognitive Style
The results as reported in Table 4 suggested that there was no significant relationship between
the users’ cognitive style and gaze. Further analysis of the effect of cognitive styles, interfaces
and their interactions on gaze indicated that interfaces made significant differences to the
time spent looking at title (F(3, 248) = 9.59, p < .001), author (F(3, 248) = 11.0, p < .001)
and abstract (F(3, 248) = 7.50, p < .001), but it was not the case for cognitive styles.

However, the effect of cognitive styles, interfaces and their interactions on the time look-
ing at MeSH terms (excluding Interface A) was statistically significant in terms of cognitive
style and interface interactions (F(2, 188) = 5.31, p < .01), and weakly significant in terms of
cognitive style (F(1, 188) = 2.74, p <.1) (Fox, 2016). Further analysis of the contrasts between
the three types of interfaces and the analytic/wholistic cognitive styles was conducted using
the Westfall procedure (Hothorn et al., 2008). The results revealed that wholistic searchers’
attention to MeSH terms between Interfaces B and D was significant (Westfall, adjusted
p <.05). There was a statistically significant difference between the analytic and wholistic
searchers when interacting with Interface B. These results suggest wholistic searchers pre-
ferred Interface D (mimicked EBSCOhost) to Interface B (mimicked ProQuest) in terms
of the proportions of fixation time on MeSH terms. This was also reflected in the analytic
searchers’ preference for Interface B (see Figure 5).

Interaction effect of cognitive styles in Interface B was significant. Interaction effect of
Interfaces B and D for wholistic searchers was also significant.

Summary of Individual Differences and Gaze Patterns

Table 5 provides a summary of the relationship between individual differences and gaze
patterns. It suggests that users with a high level of domain knowledge were less likely to
look at the title, whereas users with less experience using search engines were less likely to
look at the abstract. However, users with more experience using search engines were more
likely to pay attention to the author and MeSH terms. Users’ online database experience or
cognitive style alone did not affect their gaze patterns. Interestingly, users with low levels
of search engine experience (using search engines several times a day or more) were more
attracted to MeSH terms displayed in Interface B. Regarding cognitive styles, wholistic
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Figure 5. Interaction plot of interface and cognitive style, in time spent looking at MeSH terms.

Table 5. Summary of the relationship between individual differences and gaze patterns.

Domain knowledge Search experience

Areas of interest Undergraduate  Postgraduate Search engine  Online database  Cognitive style

Title o o
Author - -
Abstract - -
MeSH - -

® O o |

Note: The relationship is not statistically significant (), positively significant (®) or negatively significant (©) at 95%).

searchers were more attracted to MeSH terms in Interface D than Interface B, while analytic
searchers were attracted to MeSH terms in Interface B.

Discussion and Conclusion

In this study, significant differences were found in the attention paid to different interface
elements, amongst the four interfaces. Searchers looked at abstracts more often than other
elements of documents. These results support the hypothesis that search interfaces have
significant impact on eye gaze behaviour when users have complex questions.

These findings have confirmed the importance of users’ attention to the elements related
to topics (i.e. abstract of documents or snippets of SERPs) for extracting relevant informa-
tion when they search to support complex questions (Kules et al., 2009; Vakkari, Luoma,
& Pontinen, 2014; Wang et al., 2015), but users rarely viewed the abstract when they do
informational search tasks (Lorigo et al., 2008).

The findings overall suggest that experienced search engine users are more likely to pay
attention to the elements of author and MeSH terms, but less to the abstract. Research on
Web search user behaviour has revealed that users pay more attention to the elements related
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to the contents of search results pages than others, such as search suggestions and URLs
(Cutrell & Guan, 2007; Dumais et al., 2010; Kules et al., 2009). In this study, experienced
search engine users attended to the elements of author and MeSH terms, which are usually
not present in modern search engines such as Google. In particular, MeSH terms displayed
in Interfaces C and D have received significantly more attention by experienced search
engine users. These results indicate that search engine experience and search interfaces
have a significant impact on eye gaze behaviour. So interface elements such as the MeSH
terms will receive more attention if these terms are displayed alongside each document for
experienced searchers.

This could be partially explained by possible exposure to search interfaces such as
EBSCOhost and Ovid that provide users with the opportunity to filter search results by
author and subject terms (and other elements) which are presented alongside the search
results as facets. Discovery tools also enable limiting of results through the presentation
of predetermined facets such as author, subjects and other elements alongside the search
results. Therefore, those who reported a high frequency of using a search engine may have
experienced the location of these elements alongside the results in online databases which
could explain why more attention was paid to the MeSH terms when displayed alongside
search results in this study.

With respect to the effect of domain knowledge on eye gaze, it was found that users
with a high level of domain knowledge are less likely to attend to the element of title, as
demonstrated by this study’s undergraduate and postgraduate biology users with a high
level of biology knowledge. However, a previous finding has suggested that titles of lower
ranked items receive more attention than the snippets of higher ranked items (Savenkov
etal., 2011), and the title and abstract of SERPs receive more attention than other elements
by general public users (Wang et al., 2015). As such, this study has provided evidence that
a user’s level of domain knowledge affects eye gaze behaviour. The relative importance
of elements in search interfaces and the ranked position of displayed search results need
further investigation.

This study’s finding that there were significant interaction effects between cognitive
styles and search interfaces has supported previous research in which cognitive styles
were associated with user preferences of interface design (Chen et al., 2004; Clewley et al.,
2010). Specifically, wholistic users’ preference of having an overview before drilling down to
details was confirmed in the most amount of attention received for MeSH terms in Interface
D, while analytic users’ preference of looking for specific information was supported by
their attention to MeSH terms in Interface B. These findings have provided more detailed
understanding of the relationship between cognitive style and user interaction with search
interfaces.

Implications for Practice

In view of these results and the perceived importance of MeSH, what does this mean for
the library and information practitioner and how he/she should approach the decision of
how to present default search options and results for library users accessing a database via
a particular publisher platform (i.e. Ovid or EBSCOhost)? Does the library opt to, where
possible, set the mapping to subject terms feature as a default in biomedical databases pre-
sented to searchers, given the perceived importance of MeSH terms demonstrated by this
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study? Furthermore, how much detail should be provided in the results screen, given the
fact that users with a high level of domain knowledge are less likely to spend a lot of time
viewing title elements of search results displays and wholistic searchers spending the most
amount of time spent gazing at MeSH terms? Search interfaces such as Ovid and EBSCOhost
can be configured to permit varying levels of details for default search results display, in
addition to the default search mode (i.e. Basic, Advanced and the ability to map to subject
terms). Although users can change the default settings during a search session for Ovid and
EBSCOhost, it is not known how many users change the default settings and whether the
majority of users simply opt to use the default settings presented. However, these decisions
may be influenced by other factors such as the type of library service, the perception of the
domain knowledge levels of the majority of users and other considerations. It may be worth
exploring further what factors determine a library’s decision relating to the presentation of
default search modes and search results display.
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