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Abstract

Background: A major factor in the success of any search engine is the relevance of the search results; a tool should sort the
search results to present the most relevant documents first. Assessing the performance of the ranking formulais an important part
of search engine evaluation. However, the methods currently used to evaluate ranking formulae mainly collect quantitative data
and do not gather qualitative data, which help to understand what needs to be improved to tailor the formulae to their end users.

Objective: Thisstudy aimsto evaluate 2 different parameter settings of the ranking formula of LiSSa (the French acronym for
scientific literature in health care; Department of Medical Informatics and Information), a tool that provides access to health
scientific literature in French, to adapt the formulato the needs of the end users.

Methods: To collect quantitative and qualitative data, user tests were carried out with representative end users of LiSSa: 10
general practitioners and 10 registrars. Participants first assessed the relevance of the search results and then rated the ranking
criteriaused in the 2 formulae. Verbalizations were analyzed to characterize each criterion.

Results: A formulathat prioritized articles representing a consensus in the field was preferred. When users assess an article’s
relevance, they judge its topic, methods, and valuein clinical practice.

Conclusions: Following the evaluation, several improvements were implemented to give more weight to articles that match the
search topic and to downgrade articles that have less informative or scientific value for the reader. Applying a qualitative
methodology generates valuable user inputs to improve the ranking formula and move toward a highly usable search engine.

(JMIR Hum Factors 2022;9(1):€30258) doi: 10.2196/30258
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Introduction

Background

The evolution of the World Wide Web from a static network
(Web 1.0) to a semantic web (Web 3.0) is ever more palpable
[1]. The semantic web provides accessto informationin billions
of heterogeneous documents in various formats, stored on
different operating systems, and references among others to
varying extents. This opens up a range of possibilities such as
facilitating rapid access to targeted data [1]. However, the
challenge for health care professionals is to identify relevant
documents in this ocean of data[2,3].

In this context, search engine evaluation and improvement are
key issues[4]. Assoon asthe discipline of information retrieval
was established, researchers started to combine structured
evaluation methods. For example, the Cranfield method
(developedin 1962 [5]) soon became abenchmark for evaluating
information retrieval and the Text Retrieval Conference has
encouraged initiatives in information retrieval since 1992 [€].

Since then, the methods for evaluating information retrieval
have diversified to meet a broader range of objectives. There
are two main types of evaluation: system-oriented evaluations
[4,7] that focus on search engine optimization (search efficiency,
recall, accuracy, etc) and user-oriented evaluations [4,7,8] that
seek to improve the user experience and search engine's value
(usability, expressivity, relevance, etc). One of the most
important factors, perhaps the most important factor for search
engines, isthe relevance of search results[9].

There are two main definitions of relevance [10]: objective
relevance (ie, the search result contains the submitted keyword)
and subjectiverelevance (ie, the search result satisfiesthe user).
Subjective relevance can then be subdivided into four main
categories[10]: topical, situational, motivational, and affective.
Topical relevance is the most studied type [4,8] and is the
subject of thisstudy; it was defined by Harter [11] as* how well
the topic of the information retrieved matches the topic of the
request.”

It is possible to evaluate topical relevance by involving users
(eg, when relevanceisrated by one or more expert or nonexpert
participants) [12,13] or without their involvement (eg, in batch
evaluations, such as the Cranfield method). Conventional
methods for evaluating the relevance or performance of search
engines are mostly based on comparisons between several
formulae or a comparison with a gold standard. These
comparisons are performed with quantitative data (mostly
judges’ ratings) [4,14,15]. Thismethod generates alarge amount
of data. The evaluation isquick and can be performed remotely.
Thus, it is possible to include alarge number of judges and test
alarge number of search queries. However, this method does
not provide qualitative data, information on why aformulafails,
or information on how to improve aformula's performance.

Some studies have included user feedback, that is, the collection
of qualitative data on perceived relevance and judgment criteria
[16,17]. However, to the best of our knowledge, most of these
studies sought to model and understand users relevance
judgmentsrather than to eval uate and improve existing ranking
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formulae. This is a shortcoming of current methods for
improving sorting formulae. Qualitative methods should also
be used to identify the strengths and weaknesses of formulae.

In human factors research, it is well known that participative
methods (hotably user-centered designsinvolving users at each
step in the design process [18]) improve the usability of a
product before implementation in real settings. If users are not
involved inthe design process, their needs are often hypothetical
and come from designers’ own representations of thefield [19].
The tools thus created may not correspond to the users' true
needs and habits, which typically creates usability problems.
Iterative evaluations are needed to improve effectiveness,
efficiency, utility, acceptability, end user satisfaction, and (in
health care) the safety of health care professionals and patients
[20-22]. A proven method is user testing (also known as
usability testing), which “calls for representative users to
perform representative tasks asameansto reveal theinteractive
strengths and opportunities for improvement of adevice” [23].
When coupled with the think-aloud method, a verbal report
method from cognitive psychology that provides information
on the cognitive behavior of participants performing atask [24],
user testing collects valuable qualitative data about users
behaviors and needs. Given that the user and moderator can
interact during the evaluation, the user's behavior and
verbalizations can beinvestigated directly and may help clarify
the user’s responses.

With a view to prompting further design innovations, we
describe here the formative assessment of the sort by relevance
function of a health care literature search engine. Taking a
broader view, we developed a 2-step methodology that lies
between a conventional information retrieval approach (for
evaluating the relevance of search results) and a conventional
human factors approach (for evaluating the usability of a new
technology). With the objective of improving the ranking and
moving toward a useful, usable search interface, we collected
data on the performance of 2 sort by relevance formulae and
on their strengths and weaknesses. We focused on the value of
active end user involvement in this evaluation as a means of
improving topical relevance in comparison with common
evaluation methods used in the field.

Study Context

This study was part of a broader research program funded by
the French National Research Agency. The objective of the
project isto devel op ahedlth careliterature search engine LiSSa,
the French acronym for scientific literature in health care
(LiSSafr [25]). The particularity of the search engine is that
both the interface and content are entirely in French.

PubMed is the most widely used search engine for scientific
literature on health care. It is an important tool for al health
professionals, for lifelong training and for updating their
knowledge. However, Englishisahindrance to reading by many
French health care professionals[26]. French professionals are
often not sufficiently fluent in English to read scientific articles.
For these professionals, the lack of toolsin French that allows
them to find scientific literature in their native language is an
obstacle to updating their medical knowledge and continuing
education [26]. LiSSais a French language tool that provides

JMIR Hum Factors 2022 | vol. 9 | iss. 1| €30258 | p. 2
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

access to French scientific literature on health to people who
are not specialized in scientific research and who do not
understand English well enough. The main target users are
generd practitioners (GPs) and hospital registrarsfor continuing
education, updating knowledge, and hel ping them find scientific
articlesto solve medical issues. In short, the tool helpsthemin
the context of daily practice outside any academic or institutional
environment. LiSSa currently encompasses over 1,300,000
French scientific references provided by various publishers and
sources, among which the PubMed database (US National
Library of Medicine [NLM]) accounts for 53% and publisher
Elsevier accounts for 23% (18% without overlap).

The project is led by the Department of Medical Informatics
and Information (D2IM). This department from the Rouen
University hospital specializes in eHealth, more precisely in
knowledge representation (terminologies, ontologies, etc) and
information management (databases and search engines). The
D2IM design team comprises physicians, librarians, and
computer scientists. Their previous work includes Catalogue

Figure 1. A screenshot of a search results page of LiSSa.fr [25].
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and Index of French Language Health Resources on the Internet
and the Health Terminology and Ontology Portal [27,28], both
available on the web. D2IM created the LiSSa database and
designed the graphical user interface for the tool. The other
academic partner is the Clinical Investigation Centre for
Innovative Technology (for Clinical Investigation Centre for
Innovative Technology in French) of the Lille University
Hospital, an academic research laboratory that worksto improve
the design and evaluation of innovations in health care and is
responsible for the usability assessments of the tool. In total, 3
companies were partners in the project: Elsevier Masson, one
of the world’'s leading science publishers, and the French
start-ups Alicante and Sensegate. The LiSSafr [25] website
(Figure 1) was published in 2014 [29]. Initial evaluations by
GPs reveded a lack of relevance to the search results. They
considered that the sorted results did not present the most
relevant articlesfirst; the top-ranked articleswere often of little
practical value, too old, or not representative of the topic.
Specific work to improve the sorting of results needs to be
conducted.

seconnecter | )"gide LiSSa

i : [pertinence Réponse(s) par page :[10_~

1. Imagerie de I'asthme sévére.

Accés restreint

Accés restreint

V100 ontact - © 2022 CH

The most commonly used search engines use several criteriato
rank database search results: the match between the keywords
used and the metadata, the number of views, and contextual
data (such asthe user’s previous search or geographic location)
[30-32]. However, the best results are typically obtained using
a combination of ranking criteria. With regard to the LiSSa
search engine, D2IM considered two ranking formulae, A and
B, which differed in the weight attributed to the same set of
criteria:

- Formula A prioritizes recent novel articles by assigning

more weight to the publication year.

https://humanfactors.jmir.org/2022/1/€30258
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- Formula B prioritizes general articles that represent
consensus in the field (literature reviews, meta-analyses,
etc) by assigning more weight to the publication type.

Theformulae'sweighting criteriaarelistedin Table 1. All these
criteria are based on metadata retrieved from publishers and
PubMed (produced by the NLM) [26]. For papers not indexed
in PubMed, metadata were automatically generated with a set
of indexing terms from the NLM’s controlled vocabul ary, used
toindex articlesin the biomedical field (MeSH [Medical Subject
Headings] thesaurus) [33].
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Table 1. Weighting of each criterion in the ranking formulae A and B.
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Criterion Weighting for formula A Weighting for formula B
Title 10 10

Subtitle 10 10

Author keywords 5 5

Major MeSH? terms” 4 4

Minor MeSH terms 1 1

Nonexploded indexing 3 3

Exploded indexing® 1 1

Manual indexingd 3 3

Automatic indexing 1 1

Year of publication

Type of publication; for example, good practice guidelines, consensus
statements, directives, literature reviews, and meta-analyses

10 for the current year and -2 for
each year in the past

0 3

10 for the current year and —0.6 for
each year in the past

3\leSH: Medical Subject Headings.

BIn the field of biomedicine, articles are often indexed according to the MeSH thesaurus. LiSSa considers the MeSH terms to be major when they
correspond to one of the article’s main themes or minor when they correspond to one of the article’s subthemes.

®The MeSH thesaurusis structured like atree; an MeSH term typically has several hierarchical levels above and below it. For example, asthma belongs
to the bronchial diseases category and one of its narrower termsis status asthmaticus. A search for asthmawill thus also find an article indexed as status
asthmaticus but the latter will be less weighted because indexing is said to be exploded.

dSome documents are indexed by aNationa Library of Medicine indexer; thisisreferred to as manual indexing. Other documents are indexed by text
mining tools, which is referred to as automatic indexing. Manual indexing is considered to be more accurate and efficient than automatic indexing.

Objectives

The goals of this study are to (1) determine which formula (A
or B) is associated with the greatest topical relevance and (2)
adjust the ranking formula s criteriato meet the target end users
needs more closely.

Methods

Overview

To evaluate the ranking formulae, we conducted formative user
testing, which consisted of directly observing users using the
tool in a controlled situation. It is a well-known method used
in human factors to collect user behaviors and identify their
needs [24].

Here, the user tests were conducted in two steps:

1 User evduations of the two ranking formulae: the
participants had to rate the relevance of search results
produced by the two ranking formulae, while justifying
their ratings. This step enabled us to determine which
formulawas associated with the greatest topical relevance.

2. Data collection for improving the ranking formulae: the
participants had to rate the ranking criteria used in both
formulae A and B and some additional criteriain terms of
establishing an article'srelevance (from the most important
criterion to the least important). Coupled with the users
verbalizations when rating relevance, these data enabled
usto adjust the ranking formula’s criteria and thus devel op

https://humanfactors.jmir.org/2022/1/€30258

a formula that, in principle, would match professionas
needs more closely.

Step 1: Comparison of the 2 Ranking Formulae

Data Collection

LiSSafr [25] search logs were searched to identify the most
frequent queries made by users. Among them, 2 were selected
by a GP from the project consortium for their potential clinical
valuefor the participants. Half of the participants (10/20, 50%)
used the search query 1 (treatment-resistant depression) and
the other half used search query 2 (sleep apnea syndrome; Table
2).

To compare the performances of ranking formulae A and B,
each participant successively evaluated the search results
generated by formulae A and B for the same query. The order
of presentation of the formulae was counterbalanced to avoid
order effects (Table 2). Participants were asked to perform their
search query with LiSSaand then rate the relevance of thefirst
10 search results on a 5-point Likert scale ranging from 1 (not
at al relevant) to 5 (highly relevant). For each result, the users
had to justify their choice (eg, the article was too old or
off-topic). The verbalizations for each rating were recorded.

After using both formulae, the users were asked to rate their
overall level of satisfaction on a 7-point Likert scale ranging
from 1 (“I am not at all satisfied with the search results’) to 7
(“1 am fully satisfied with the search results’). For greater
discriminative power, we chose to use a 7-point scale.
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Table 2. Distribution of the participants according to the order in which the formulae and the predetermined search queries were presented (N=20).

Order of tested formula and predetermined search query

General physician participants, n (%)

Registrar participants, n (%)

Tested formula A, then B

Query 1 3(15) 2(10)
Query 2 2(10) 3(15)
Tested formula B, then A
Query 1 2(10) 3(15)
Query 2 3(15) 2(10)
Data Analysis Participants’ verbalizations when justifying their scores were

To check whether the query (query 1 vs query 2) and type of
participant (GPs vsregistrars) variables did not have an effect,
aMann-Whitney U test for independent sampleswas performed
on the difference in scores between the formulae A and B.

To compare the user-perceived relevance for each formula, a
Mann-Whitney U test for matched samples was performed on
the three data sets:

« Thescoresgiven to thefirst 10 articles.

«  Thenormalized discounted cumulative gain (NDCG) [34]
was calculated from article scores. NDCG is an equation
that calculates a score between 0 and 1; it evaluates the
relevance of the article ranking using the scores given by
the participants. Hence, the NDCG is close to 1 when the
highest-rated articles are presented before the lowest-rated
articlesand, on the contrary, is close to 0 when the formula
presents low-rated articlesfirst and high-rated articles last.

« The overall satisfaction score awarded by the user at the
end of the testing.

All statistical analyses were performed using R software (R
Foundation for Statistical Computing) [35]. The threshold for
statistical significance was set at P<.05in all tests.

https://humanfactors.jmir.org/2022/1/€30258

thematically analyzed [36]. Thisanalysis enabled usto identify
the strengths and weaknesses of each ranking formula, based
on positive or negative comments. Each theme was counted
once for each participant.

Step 2: Prioritization of the Ranking Criteria

Data Collection

To improve the relevance of the ranking formulae and refine
the criteriaand their respective weightings, the participantswere
shown alist of criteria on separate cards, with the name of the
criterion on one side and its explanation (that the user could
consult, if required) on the other side (Table 3). The criteria
were presented in random order for each participant. Additional
explanations were provided upon request. The list contained
both the criteria aready included in formulae A and B and
severa other potentially relevant criteria.

The users were asked to classify the criteria by order of
importance and to justify their choices. The justifications for
each criterion were noted by specifying the item’'s valence
(positive or negative comments).
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Table 3. List of the criteria shown to the participants.
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Name Explanation

Title The keyword is present in the article's title.
Subtitle The keyword is present in the article's subtitle.
Author keywords The keyword is present in the author keywords.
Abstract The keyword is present in the article's abstract.
Major MeSH? term The keyword is present in the major MeSH term.

Minor MeSH term

Exploded indexing or not?

The keyword is present in the minor MeSH term.

Points are awarded if theindexing is not exploded (the keyword isthe same asthe MeSH term) vs exploded indexing

(the keyword is found among the narrower MeSH terms).

Manual or automatic indexing
tomatic (performed by text mining).

Association with aqualifier

Points are awarded if theindexing is manual (performed by a National Library of Medicine indexer) rather than au-

Points are subtracted if the indexing qualifier is specified: for example, with asthma/diagnosis, the article will deal

only with the diagnosis of asthma and not with asthmain general.

Year of publication
awarded.

Type of publication
or ametaranalysis.

Presence of an abstract
website).

The journal’s importance

Points are awarded as a function of the article's year of publication: the more recent it is, the more pointsit will be

Points are awarded if the article is aliterature review, a good practice guideline, a consensus statement, a directive,

Points are awarded if an abstract in French is directly available on LiSSa (ie, without having to visit the journa’s

Points are awarded as a function of the journal’s impact.

3\eSH: Medical Subject Headings.

PThe MeSH thesaurus contains qualifiers that can be linked to each keyword to make it more precise. For example, the index entry asthma can be
specified by the qualifier diagnosis (asthma/diagnosis), to tell the reader that only the diagnosis of asthmais addressed in the article, and not its other

aspects (treatment, complication, etc).

Data Analysis

We analyzed the classification of the ranking criteria by
calculating the mean and median ranks for each criterion.
Kendall W was used to evaluate the degree of interrater
agreement.

Participants’ verbalizations were analyzed to characterize each
criterion’spositive qualities (ie, why the user wanted to include
itintheranking formula) or negative qualities (ie, why it should
not be taken into account or only partly in the formula).

Test Participants

Callsfor participation were made by the Department of General
Practice and Family Medicine of the University of Lille by email
to recruit GPs. Announcements were made during registrar
classes, and calls for participation were posted in discussion
groups and on social media pages to recruit hospital registrars.
Theonly recruitment criterion wasthe profile of the participant
(GP or registrar).

https://humanfactors.jmir.org/2022/1/€30258

RenderX

A total of 10 GPs and 10 registrars (ie, LiSSa's target users)
participated in the tests. They volunteered to participate, and
no compensation was paid for their participation.

All sessions were filmed and subsequently analyzed offline by
a usability engineer. The participants accessed LiSSa via a
computer with an internet connection.

Ethics Consideration

Thisstudy isahuman and social science study. The French law
governing ‘research involving the human person’ exempts
human and social science studiesfrom requiring approval from
an ethics committee. Written informed consents were obtained
from each participant before they took part in the study.

Results

Participant Characteristics
The characteristics of the participants are shown in Table 4.
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Table 4. Participant characteristics.
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Participant ~ Profile Age (years) Number of years of practice (including internship ~ Self-reported frequency of use of a search engine
number semesters for registrar)

P1 GP? 29 2 Frequently
P2 GP 28 0 Frequently
P3 GP 30 25 Frequently
P4 GP 55 26 Frequently
P5 GP 56 29 Frequently
P6 GP 68 30 Frequently
pP7 GP 53 16 Frequently
P8 GP 53 25 Not often
P9 GP 55 27 Frequently
P10 GP 33 5 Frequently
P11 Registrar 24 0.5 Never

P12 Registrar 26 0.5 Never

P13 Registrar 28 4 Never

P14 Registrar 26 15 Frequently
P15 Registrar 30 4 Not often
P16 Registrar 26 2 Frequently
P17 Registrar 28 15 Frequently
P18 Registrar 25 15 Not often
P19 Registrar 31 45 Frequently
P20 Registrar 29 5 Not often

8GP: general practitioner.

Step 1. Comparison of the 2 Ranking Formulae

Our statistical analysisdid not show asignificant effect of query
(treatment-resistant depression vs sleep apnea syndrome;
W=4935; P=.87). Similarly, the type of participant (GPs vs
registrars) did not have a significant effect (W=5071.5; P=.86).
Therefore, a single user group (al 20 participants) was
considered in the subsequent statistical tests.

Statistical tests showed that formulaB was preferred to formula
A with regard to al 3 end points (Table 5).

The analysis of the participants' verbalizations confirmed this
finding (Figure 2). Formula A attracted more negative
comments. more participants expressed that the articles were

not useful in practice, off-target, or too specific to a given
population. Concerns about an article’s recentness were rarely
expressed, although 15% (3/20) of the participants thought that
at least one article presented by formula B was too old (Figure
2).

Most participants (14/20, 70%) preferred formula B, notably
because the articles’ topics were general and did not focus on
a specific population (Figure 3). However, 30% (3/10) of GPs
and 10% (1/10) of registrars preferred formula A because
formula B presented trivial articles that taught them nothing
new.

This phase of the evaluation prompted us to conclude that
formula B best met participants’ expectations.

Table 5. The mean and median ranking scores, the normalized discounted cumulative gain (NDCG), and overall satisfaction scores for formulae A

and B (N=20 participants).

FormulaA FormulaB Wvalue P value
Main ranking score, median (IQR), out of 5 357 (4-25) 3.82(4-35) 3518.5 .02
Main NDCG, median (IQR), out of 1 0.87 (0.95-0.83) 0.97 (0.99-0.94) 7 .01
Overall satisfaction score, median (IQR), out of 7 4.7 (5-4.6) 5.8 (6-5.6) 275 .01
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Figure 2. Types of negative verbalization about the articles for formula A or formula B; the number of participantsis stated.
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Figure 3. Distribution of the overall satisfaction score for formulae A and B (left panel), and the number of participants who gave formula A ahigher,

equal, or lower score than formula B (right panel).
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Step 2: Prioritization of the Ranking Criteria

In step 1, dealing with the formulae and search result scores
enabled users to evaluate the formulae’'s strengths and
weaknesses. Because of the criteria ranking process, step 2
refined the users' needs by moving out of the context of the
present formulae and predetermined search queries. This part
of the study enabled us to adjust formula B and thus make it
more closely match the users’ needs. Of the 20 participants, 2
(10%) did not perform this step; hence, 18 (90%) participants
(9 GPs and 9 registrars) prioritized the criteria.

The participants mean and median criterion rankings are shown
in Table 6.

Given that the absence of an effect of participants had not been
demonstrated for this data set, GPs and registrars were
considered separately. There was a low but statistically
significant degree of agreement among the GPs (W=0.46;
P<.001; r=.39) and registrars (W=0.35; P<.001; r=.27). Despite
thislow agreement, clear trends emerged in the criteriarankings
(Figure 4):
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»  Participants considered thetitle to be the most representative
relevance criterion; it was one of the elements they looked
at first, and it wasthought to reflect the research rather well.

«  Afterthetitle, the userslooked for the presence of the query
keywords in the Abstract, author keywords, and subtitle.

« Publication type was an important criterion because it
enabled the selection of the most reliable articles (ie, those
with a higher level of evidence). Participants gave low
ratings to the editorials and letters.

»  Theyear of publicationiscontroversial. Some usersjudged
it to be important because it reflected the latest advances,
whereas others considered it to be highly dependent on the
topic of the search query. Older articles are still used as
benchmarks for practice in somefields.

« The remaining criteria were judged to be of secondary
importance, abeit occasionaly of value in differentiating
between 2 articleswith the same score. For example, articles
describing more general studies were preferred to those
describing more specific studies (exploded indexing and
associated with a qualifier).
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Table 6. Mean and median criterion ranks (n=18 participants).
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Criterion Mean rank Median rank (IQR)
Title 18 1(1.87-1)
Abstract 45 3(5-3)
Author keywords 5.0 4(6.75-4)
Subtitle 5.7 4(6.75-2.25)
Type of publication 6.1 6 (7.38-5)
Major MeSH? term 6.5 6(8-5)

Year of publication 7.8 7.5 (10-5.25)
Presence of an abstract 8.1 7.8 (11.5-4)
Manual or automatic indexing 8.1 9 (11-6)
Associated with aqualifier 8.6 9(11-7.62)
The journal’s impact 9.3 10 (11-8)
Exploded or nonexploded indexing 9.9 10 (12-7.63)
Minor MeSH term 9.9 10.8 (11.75-9)

3\eSH: Medical Subject Headings.

Figure 4. Boxplots of the scores (from 1 to 13) for each criterion. MeSH: Medical Subject Headings.
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Discussion

Principal Findings

The overall objective of this paper is to present the value of
using the user testing method to collect both quantitative and
qualitative data, and to actively involve end users through an
example of the evaluation of sorting formulae. A total of 2
formulae for ranking search results were evaluated to design a
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ranking formulathat met the needs and expectations of the GPs
and hospital registrars.

The first part of the study (scoring the relevance of both
formulae’s search results) enabled usto compare the respective
ranking efficiencies and participant preferences. Of the 20 users,
14 (70%) preferred formula B. These users liked articles that
formed a consensus in the field, that is, reviews and
meta-analyses that; for example, contained peer-approved
definitions. Case reports and publications on highly specific
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elements (eg, a subcategory of patients) were judged to be of
little usein practice. Of the 20 participants, 4 (20%; 3 GPs and
1 registrar) preferred formula A; the search results were more
recent (ie, covering the latest theories or discoveries), athough
the level of evidence was lower. It is noteworthy that the more
experienced GPs tended to be lessinterested in general articles
because the latter taught them nothing new about their practice.
A single ranking formula cannot meet all possible needs and
expectations, so the user should be given ameansto personalize
the interface [37].

The second part of our study generated data on the perceived
importance of the ranking criteria. Unquestionably, the ranking
criteriajudged by the participants to be the most valuable were
thoserelated to text data, that is, the match between the article’s
metadata and the user’s search query. Thus, criteriasuch astitle,
abstract, author keywords, and major MeSH terms were often
rated as the most important. The other criteria (ie, the presence
of an abstract, affiliation with a qualifier, and exploded
indexing) were judged to be useful, abeit mainly for
differentiating between articles that already met the other
criteria. The type of publication criterion was considered
interesting because it highlighted the most reliable articles.
Finally, the year of publication was a controversia criterion,
the usefulness of which depended on the user’s search purpose.

In view of the results, formula B was selected for further study.
Owing to our analysis of the verbalizations given during the

https://humanfactors.jmir.org/2022/1/€30258
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formulae and criteria ranking steps, we were able to produce
several adaptations of this ranking formula to better meet the
users' needs (Table 7). Each proposal was discussed between
the Clinical Investigation Centre for Innovative Technology
evaluation team and the design team of D2IM until they
eventually reached a consensus. The opportunities for
improvement, justifications, and state of implementation are
listedin Table 7.

The main changes were the addition of the keyword in the
abstract criterion and modification of the type of publication
criterion. In addition to promoting consensus articlesin agiven
field (eg, meta-analyses and literature reviews), the type of
publication criterion downgrades articles that have little
informative or scientific value for the reader (errata, questions
and answers, persona narratives, etc). Another improvement
discussed with the project partners wasto provide the option to
personalize LiSSa's relevance ranking formula; for example,
by manually adding customized search criteria or by
automatically learning from users data to determine their
preferences. Another approach for creating ranking formulae
is machine learning based on the analysis of large quantities of
user data [14]. Ultimately, it would be interesting to assemble
thistype of datafor LiSSaand thus determine whether machine
learning—based ranking formulae would differ from theformulae
assessed in this study.
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Table 7. Adaptations of the ranking formula, the associated justifications, and their state of implementation.

Criterion

Opportunity for im-
provement

Justification

State of implementation

Abstract

Subtitle

Type of publication

Associated with a

qualifier

Thejournal’simpact

Operation of the
ranking formula

Take account of the
keyword's presence
in the abstract.

Lower isthe weight
attributed to the key-
word's presence in
the subtitle, relative
toitspresenceinthe
title.

Add a subcriterion
to downgrade types
of publication
judged to beirrele-
vant by the users.

Promote subject
headings without a
qualifier, except
whenthekeywordis
aqualifier.

Add this criterion
but do not giveit
much weight.

Add the points

awarded for the title
and major or minor
MeSH term criteria

Currently, the abstract is not considered at all, even
though (on average), it was the second most impor-
tant criterion, right after the title. However, the ab-
stract isless strictly controlled than the author

keywords and the MeSH® indexing, giving it less
weight that the latter.

The subtitle had the same weighting as thetitle (ie,
10) but was judged to be less important by the par-
ticipants because it was less useful.

Thetype of publication criterioninformulaB favors
certain types of publication. The usersrecommend-
ed downgrading the types of publication of little
practical interest for the users (eg, editorials, errata,
historical articles, and letters).

To prioritize articles that generally address the
search subject in first search results, adding the as-
sociated with aqualifier criterion wasrecommend-
ed. Thus, subject headings without a quaifier will
be favored, except when the qualifier is also one of
the user’'s keywords.

This criterion is not of major importance to users
but can be useful for differentiating between 2 arti-
cles with the same score. It was recommended that
this criterion should be taken into account when
calculating the scores but should not be given much
weight.

During the tests, some publications considered by
the participants to be off-topic were listed in the
top search results (eg, an article on bipolar depres-
sion for the query on treatment-resistant depres-
sion). To limit the risk of seeing off-topic publica-
tionsin the top search results, it was recommended
to add points awarded for the title and major or
minor MeSH term criteria

Intotal, 3 points have been attributed to this criteri-
on.

The number of points attributed to this criterion has
dropped from 10 to 8.

A subcriterion had been added to the type of publi-
cation criterion. Aswell as awarding 3 points to
certain publications, it removed 1 point for errata,
questions and answers, personal accounts, portraits,
commentaries, historical articles, editorials, letters,
and case reports.

One point is added when the subject heading is not
associated with a qualifier.

Thisitem has not yet been incorporated into the
LiSSa database. At present, thisinformation is
available for only 30% of articles; it will therefore
be necessary to determinethe relevance of integrat-
ing this criterion into the formula.

This recommendation needs to be tested because it
might have a negative effect on ranking the search
results; it might overprioritize the articles with a
large number of indexed keywords (>20, in some
cases), relative to articles with few keywords.

3\eSH: Medical Subject Headings.

Strengths and Limitations

The main advantage of formative assessment through user
testing is that the study data are useful in the design process.
Thefirst step (where participants were asked to score the search
results) enabled them to become familiar with the types of
articles suggested by LiSSaand to think of the criteriathat were
important to them when judging an article's relevance. Asthe
rating of an article had to be justified, users had to become
conscious of their judgment criteria. Thisfirst step also enabled
usto identify the strengths and weaknesses of existing formulae.
In step 2, the criteriaranking and the participants’ justifications
helped us determine which criteriamost strongly influenced the
target users' perception of relevance. When coupled with the
strengths and weaknesses detected in step 1, these data enabled
us to adjust the ranking formula's criteria, and thus to develop
a formula that should better meet health care professionas
needs. This combined methodology allowed us to evaluate the

https://humanfactors.jmir.org/2022/1/€30258

formulag’'s performance, collect user needs and habits, and
evaluate the relevance of the articlesfound by the search engine.

In a user-centered design process, iterative evaluation during
the design phase helps improve the tool before the fina
evaluation [18]. In contrast to more common methods [4,8],
user testing isarelevant way to look for user inputsin the design
of the article ranking formula. Typical methods for evaluating
search engine relevance generally compare several ranking
formulae; for example, a new ranking method against an old
one[14,15]. Inthese 2 articles, the method used involved alarge
number of judges, which ensured good robustness of the results.
The aim of comparing 2 ranking methods was achieved, but no
additional information was obtained to improve the relevance
of the results. These methods did not capture the reasons why
the search results were judged to be more relevant by the
participants or the criteria that participants used to assess
relevance. Collecting and analyzing participants verbalizations
during user testing allowed us to understand the strengths and
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weaknesses of the tested formul ae and to ook for improvements
suggested directly by end users. Even if this method is applied
here in the context of a French language health scientific
literature search engine, it can be used for any type of ranking
formula

Nevertheless, this study had some limitations. Formative
assessments generate data to improve a formula's design but
do not validate aformulaper se. Several criteriamust befulfilled
for reliable and robust validation: the size of the test collection,
the number of judges, the number of queries, and so on, [7,38]
which aformative evaluation cannot fulfill. In total, 10 GPsand
10 registrars participated in this study. Moreover, as LiSSais
already on the web, user feedback shows that other health care
professionals are using the tool (nurses, specialist physicians,
physiotherapists, etc): different users might have different needs.
Theresultsare not generalizable and do not validate the formula.
Therefore, a larger-scale evaluation with a larger number of
participants and a broader range of user profiles is needed to
evaluate and validate the final version of the formula

Finaly, a significant limitation of all approaches aimed at
improving search result ranking formulae relates to the quality
and availability of metadata. Thelevel of topical relevance does
not depend solely on identification and weighting; for each
criterion, the data must be tagged for each articlein the database.
If this is not performed, the addition of a criterion may have
very littleimpact on the result ranking or may even degrade the
quality of the result ranking. During this evaluation, the criteria
used were based on metadata available in the LiSSa database.
We can assume that a change in the available metadata would
have opened new opportunities for ranking search results, and
therefore, would have impacted the study results. During our
tests, we asked the participants whether criteria other than those
presented should be added. Severa criteria had been suggested
(ie, type of population, medical specialty, methodology, etc),
but none can yet be considered for inclusion because therelated
metadata are not available or are not of high enough quality or

Douzeet d

coverage for reliable incorporation in the formula. This was
also the case for the criteria presented during the study. Some
criteria presented during the second step of the study were
interesting to users but could not be implemented directly after
the evaluation. For example, journal importance metadatawere
available for >30% of the articles included in the LiSSa
database, which prevented us from implementing this criterion.
Nevertheless, the identification of new criteria has challenged
the design team to add metadata and complete theformulausing
new criteriain the near future.

The LiSSadatabase contains various types of publicationsfrom
thousands of journals and hundreds of publications. Each
publisher hasits own rules for tagging articles because they do
not address the same indexing objectives [39]. Therefore, the
creation of a database of over a million articles is already a
challenge, particularly with regard to harmonizing metadata of
different types and formats. Thus, the reuse of metadata is an
objective, within which the ranking of resultsisjust one of many
challenges. This reveals the need for a true debate among all
stakeholders (ie, publishers, ingtitutions, and users) about
standardized indexing that meets various objectives (eg, ranking
and archiving).

Conclusions

To conclude, LiSSaisatool intended for practitioners who are
not specialized in scientific research and who do not speak
English. This study highlights the need of these end users to
improve the topical relevance of the first top-ranked results.
The assessment of the LiSSa search engin€e's result ranking
formulae enabled us to draw alist of recommendations for a
ranking formulathat would meet the ranking needs of GPs and
hospital registrars. In the next step of the project, wewill assess
the relevance and appropriateness of the redesigned ranking
formulawith regard to user needs and expectations. To thisend,
we shall conduct tests with a new panel of users that includes
more types of health care professionals.

Acknowledgments

The authors thank all general practitioners and registrars who voluntarily participated in this evaluation.

The LiSSa project was partly funded by the ANR TecSan program as part of the Base de Données Bibliographiques en francais
(French Bibliographic Database) project (reference: BDBfr, ANR-14-CE17-0020).

The maintenance of the database and website is supported by funding from the Health Professionals' Press and Publishing Union
(Syndicat de la Presse et de |’ Edition des Professionnels de Santé).

Conflictsof Interest
None declared.

References

1. Delestre N, Malandain N. Du Web des documents au Web sémantique [From the Document Web to the Semantic Web].

Bois-Guillaume: KLOG; 2017.

2. LandhuisE. Scientific literature: information overload. Nature 2016 Jul 21;535(7612):457-458. [doi: 10.1038/nj7612-4574]

[Medline: 27453968]

3. Nabed Asim M, Wasim M, Usman Ghani Khan M, Mahmood W. Improved biomedical term selection in pseudo relevance
feedback. Database (Oxford) 2018 Jan 01;2018:bay056 [FREE Full text] [doi: 10.1093/database/bay056] [Medline:

29982558]

https://humanfactors.jmir.org/2022/1/€30258

JMIR Hum Factors 2022 | vol. 9| iss. 1| €30258 | p. 12
(page number not for citation purposes)


http://dx.doi.org/10.1038/nj7612-457a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27453968&dopt=Abstract
https://academic.oup.com/database/article-lookup/doi/10.1093/database/bay056
http://dx.doi.org/10.1093/database/bay056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29982558&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Douzeet a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24,

25.

26.

27.

Elbedweihy K, Wrigley S, Clough P, Ciravegna F. An overview of semantic search evaluation initiatives. JWeb Semantics
2015 Jan;30:82-105 [FREE Full text] [doi: 10.1016/j.websem.2014.10.001]

Robertson S. On the history of evaluation in IR. J Inf Sci 2008 Jun 13;34(4):439-456 [FREE Full text] [doi:
10.1177/0165551507086989]

Vicedo J, Gomez J. TREC: experiment and evaluation in information retrieval. JAm Soc Inf Sci 2007 Apr;58(6):910-911
[FREE Full text] [doi: 10.1002/asi.20583]

The philosophy of information retrieval evaluation. In: Evaluation of Cross-Language Information Retrieval Systems.
Berlin, Heidelberg: Springer; 2002.

Kelly D, Sugimoto C. A systematic review of interactive information retrieval evaluation studies, 1967-2006. J Am Soc
Inf Sci Tec 2013 Mar 01;64(4):745-770 [FREE Full text] [doi: 10.1002/asi.22799]

Saracevic T. Relevance: areview of the literature and a framework for thinking on the notion in information science. Part
I1: nature and manifestations of relevance. JAm Soc Inf Sci 2007 Nov;58(13):1915-1933 [FREE Full text] [doi:
10.1002/asi.20682]

Borlund P, Ingwersen P. Measures of relative relevance and ranked half-life: performance indicators for interactive IR. In:
Proceedings of the 21st Annual ACM/SIGIR International Conference on Research and Development in Information
Retrieval. 1998 Presented at: SIGIR98: 21st Annual ACM/SIGIR International Conference on Research and Devel opment
in Information Retrieval; Aug 24 - 28, 1998; Melbourne Australia URL : https://doi.org/10.1145/290941.291019 [doi:
10.1145/290941.291019]

Harter SP. Psychological relevance and information science. JAm Soc Inf Sci 1992 Oct;43(9):602-615 [FREE Full text]
[doi: 10.1002/(sici)1097-4571(199210)43:9<602::aid-asi 3>3.0.c0;2-q]

Turpin AH, Hersh W. Why batch and user eval uations do not give the sameresults. In: Proceedings of the 24th ACM/SIGIR
International Conference on Research and Development in Information Retrieval. 2001 Presented at: SIGIR01: 24th
ACM/SIGIR International Conference on Research and Development in Information Retrieval; 2001; New OrleansLouisiana
USA URL: https://doi.org/10.1145/383952.383992 [doi: 10.1145/383952.383992]

Sanderson M, Paramita ML, Clough P, Kanoulas E. Do user preferences and eval uation measures line up? In: Proceedings
of the 33rd international ACM SIGIR conference on Research and development in information retrieval. 2010 Presented
at: SIGIR '10: The 33rd International ACM SIGIR conference on research and development in Information Retrieval; Jul
19 - 23, 2010; Geneva Switzerland URL : https.//doi.org/10.1145/1835449.1835542 [doi: 10.1145/1835449.1835542]
Fiorini N, Canese K, Starchenko G, Kireev E, Kim W, Miller V, et a. Best Match: new relevance search for PubMed. PL0S
Biol 2018 Aug;16(8):€2005343 [FREE Full text] [doi: 10.1371/journal .pbio.2005343] [Medline: 30153250]

Ji Y, YingH, Tran J, Dews P, Massanari RM. Integrating unified medical language system and association mining techniques
into relevance feedback for biomedical literature search. BM C Bioinformatics 2016 Jul 19;17 Suppl 9:264 [FREE Full text]
[doi: 10.1186/s12859-016-1129-7] [Medline: 27453982]

Bruza P, Chang V. Perceptions of document relevance. Front Psychol 2014;5:612 [FREE Full text] [doi:
10.3389/fpsyq.2014.00612] [Medline: 25071622]

Lee SS, Theng YL, Goh DH, Foo SB. Subjective relevance: implications on digital libraries for experts and novices. In:
Digital Libraries: International Collaboration and Cross-Fertilization. Berlin, Heidelberg: Springer; 2004.

Ergonomics of human-system interaction — Part 210: human-centred design for interactive systems. |SO. URL: https:/
/www..iso.org/standard/77520.html [accessed 2022-02-27]

Kolski C. Analyse et conception de I'lHM: interaction homme- machine pour les SI. Volume |. Paris, France: Hermes
Science Publications; 2001.

Carayon P, Hoonakker P. Human factors and usability for health information technology: old and new challenges. Yearb
Med Inform 2019 Aug;28(1):71-77 [FREE Full text] [doi: 10.1055/s-0039-1677907] [Medline: 31419818]

Kushniruk A, Nohr C, Borycki E. Human factors for more usable and safer health information technology: where are we
now and where do we go from here? Yearb Med Inform 2016 Nov 10(1):120-125 [FREE Full text] [doi:
10.15265/1Y-2016-024] [Medline: 27830239]

Lyon AR, Koerner K. User-centered design for psychosocial intervention development and implementation. Clin Psychol
(New York) 2016 Jun;23(2):180-200 [FREE Full text] [doi: 10.1111/cpsp.12154] [Medline: 29456295]

Wiklund ME, Kendler J, Strochlic AY. Usability Testing of Medical Devices. Boca Raton, FL: CRC Press; 2016.

Jaspers MW. A comparison of usability methods for testing interactive health technologies: methodological aspects and
empirical evidence. Int JIMed Inform 2009 May;78(5):340-353. [doi: 10.1016/}.ijmedinf.2008.10.002] [Medline: 19046928]
Littérature Scientifique en Santé homepage. Littérature Scientifique en Santé. URL: https.//www.lissa.fr/dc/#env=lissa
[accessed 2022-02-27]

Griffon N, Rallin L, Schuers M, Douze L, Delerue D, Dutoit D, et al. LiSSa, Littérature Scientifique en Santé : une base
de données hibliographique en frangais [LiSSa, health scientific literature: a French bibliographic database]. Rev Prat 2017
Feb;67(2):134-138. [Medline: 30512844]

Darmoni SJ, Leroy JP, Baudic F, Douyéere M, Piot J, Thirion B. CISMeF: a structured health resource guide. Methods Inf
Med 2000 Mar;39(1):30-35. [Medline: 10786067]

https://humanfactors,jmir.org/2022/1/€30258 JMIR Hum Factors 2022 | vol. 9| iss. 1| 30258 | p. 13

(page number not for citation purposes)


https://doi.org/10.1016/j.websem.2014.10.001
http://dx.doi.org/10.1016/j.websem.2014.10.001
https://doi.org/10.1177/0165551507086989
http://dx.doi.org/10.1177/0165551507086989
https://doi.org/10.1002/asi.20583
http://dx.doi.org/10.1002/asi.20583
https://doi.org/10.1002/asi.22799
http://dx.doi.org/10.1002/asi.22799
https://doi.org/10.1002/asi.20682
http://dx.doi.org/10.1002/asi.20682
https://doi.org/10.1145/290941.291019
http://dx.doi.org/10.1145/290941.291019
https://doi.org/10.1002/(SICI)1097-4571(199210)43:9<602::AID-ASI3>3.0.CO;2-Q
http://dx.doi.org/10.1002/(sici)1097-4571(199210)43:9<602::aid-asi3>3.0.co;2-q
https://doi.org/10.1145/383952.383992
http://dx.doi.org/10.1145/383952.383992
https://doi.org/10.1145/1835449.1835542
http://dx.doi.org/10.1145/1835449.1835542
https://dx.plos.org/10.1371/journal.pbio.2005343
http://dx.doi.org/10.1371/journal.pbio.2005343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30153250&dopt=Abstract
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-016-1129-z
http://dx.doi.org/10.1186/s12859-016-1129-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27453982&dopt=Abstract
https://doi.org/10.3389/fpsyg.2014.00612
http://dx.doi.org/10.3389/fpsyg.2014.00612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25071622&dopt=Abstract
https://www.iso.org/standard/77520.html
https://www.iso.org/standard/77520.html
http://www.thieme-connect.com/DOI/DOI?10.1055/s-0039-1677907
http://dx.doi.org/10.1055/s-0039-1677907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31419818&dopt=Abstract
http://www.thieme-connect.com/DOI/DOI?10.15265/IY-2016-024
http://dx.doi.org/10.15265/IY-2016-024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27830239&dopt=Abstract
http://europepmc.org/abstract/MED/29456295
http://dx.doi.org/10.1111/cpsp.12154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29456295&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2008.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19046928&dopt=Abstract
https://www.lissa.fr/dc/#env=lissa
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30512844&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10786067&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Douzeet a

28.

29.

30.

31.

32.

33.

35.
36.

37.

38.

39.

Grogiean J, Merabti T, DahamnaB, Kergourlay I, Thirion B, SouamiaLF, et al. Health multi-terminology portal: asemantic
added-value for patient safety. Stud Health Technol Inform 2011;166:129-138. [Medline: 21685618]

Griffon N, Schuers M, Soualmia LF, Grogean J, Kerdelhué G, Kergourlay I, et a. A search engine to access PubMed
monolingual subsets: proof of concept and evaluation in French. JMed Internet Res 2014 Dec 01;16(12):€271 [FREE Full
text] [doi: 10.2196/jmir.3836] [Medline: 25448528]

Goswami P, Gaussier E, Amini M. Exploring the space of information retrieval term scoring functions. Inf Process Manag
2017 Mar;53(2):454-472 [FREE Full text] [doi: 10.1016/j.ipm.2016.11.003]

Jiang JY, Liu J, Lin CY, Cheng PJ. Improving ranking consistency for web search by leveraging a knowledge base and
search logs. In: Proceedings of the 24th ACM International on Conference on Information and Knowledge Management.
2015 Presented at: CIKM'15: 24th ACM International Conference on Information and Knowledge Management; Oct 18 -
23, 2015; Melbourne Australia URL: https://doi.org/10.1145/2806416.2806479 [doi: 10.1145/2806416.2806479]
Agichtein E, Brill E, Dumais S. Improving web search ranking by incorporating user behavior information. In: Proceedings
of the 29th annual international ACM SIGIR conference on Research and development in information retrieval. 2006
Presented at: SIGIR06: The 29th Annual International SIGIR Conference; Aug 6 - 11, 2006; Seattle Washington USA
URL: https://doi.org/10.1145/1148170.1148177 [doi: 10.1145/3308774.3308778]

Darmoni SJ, Pereira S, Sakji S, Merabti T, Prieur E, Joubert M, et al. Multiple terminologiesin a health portal: automatic
indexing and information retrieval. In: Artificial Intelligencein Medicine. Berlin, Heidelberg: Springer; 2009.

Jarvelin K, Kekéldinen J. Cumulated gain-based evaluation of IR techniques. ACM Trans Inf Syst 2002 Oct;20(4):422-446
[FREE Full text] [doi: 10.1145/582415.582418]

R: A Language and Environment for Statistical Computing. Vienna, Austria: R Foundation for Statistical Computing; 2017.
Krippendorff K. Content Analysis An Introduction to Its Methodology. Thousand Oaks, California: SAGE Publications
Inc; 2004.

Teevan J, Dumais S, Horvitz E. Beyond the commons: investigating the value of personalizing web search. In: Proceedings
PIA 2005: Workshop on New Technologies for Personalized Information Access. 2005 Presented at: PIA 2005: Workshop
on New Technologies for Personalized Information Access; Jul 24-30, 2005; Edinburgh, UK.

Yang Z. Improving the reliability and robustness of information retrieval evaluation. University of Melbourne. 2019. URL:
https://minerva-access.unimelb.edu.au/handle/11343/233322 [accessed 2022-02-27]

Gregg W, Erdmann C, Paglione L, Schneider J, Dean C. A literature review of scholarly communications metadata. Res

| deas Ootcome 2019 Aug 05;5:€38698 [FREE Full text] [doi: 10.3897/ri0.5.638698]

Abbreviations

D2IM: Department of Medical Informatics and Information
GP: general practitioner

MeSH: Medica Subject Headings

NDCG: normalized discounted cumulative gain

NLM: National Library of Medicine

Edited by A Kushniruk; submitted 11.05.21; peer-reviewed by J Griffith, R Ologeanu-Taddei; comments to author 28.06.21; revised
version received 07.07.21; accepted 09.01.22; published 25.03.22

Please cite as:

Douzel, Pelayo S Messaadi N, Grosjean J, Kerdelhué G, Marcilly R

Designing Formulae for Ranking Search Results: Mixed Methods Evaluation Study
JMIR Hum Factors 2022;9(1):€30258

URL: https://humanfactors.jmir.org/2022/1/e30258

doi: 10.2196/30258

PMID:

©Laura Douze, SylviaPelayo, Nassir Messaadi, Julien Grosjean, Gaétan Kerdelhué, Romaric Marcilly. Originally published in
JMIR Human Factors (https://humanfactors.jmir.org), 25.03.2022. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in IMIR Human Factors, is properly
cited. The complete bibliographic information, alink to the original publication on https://humanfactors.,jmir.org, as well asthis
copyright and license information must be included.

https://humanfactors,jmir.org/2022/1/€30258 JMIR Hum Factors 2022 | vol. 9| iss. 1| €30258 | p. 14

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21685618&dopt=Abstract
https://www.jmir.org/2014/12/e271/
https://www.jmir.org/2014/12/e271/
http://dx.doi.org/10.2196/jmir.3836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25448528&dopt=Abstract
https://doi.org/10.1016/j.ipm.2016.11.003
http://dx.doi.org/10.1016/j.ipm.2016.11.003
https://doi.org/10.1145/2806416.2806479
http://dx.doi.org/10.1145/2806416.2806479
https://doi.org/10.1145/1148170.1148177
http://dx.doi.org/10.1145/3308774.3308778
https://doi.org/10.1145/582415.582418
http://dx.doi.org/10.1145/582415.582418
https://minerva-access.unimelb.edu.au/handle/11343/233322
https://doi.org/10.3897/rio.5.e38698
http://dx.doi.org/10.3897/rio.5.e38698
https://humanfactors.jmir.org/2022/1/e30258
http://dx.doi.org/10.2196/30258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

