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↑What is “already known” in this topic: 

In the field of medical sciences, research on information 

retrieval was quite diversified and concentrated on the 

application of data analysis methodologies; nevertheless, it 

appears that to date, no scientometric study has been conducted 

to examine research in this subject.   
 

→What this article adds: 

In the present study, we visualize and draw the intellectual and 

cognitive structures of IR in the medical sciences using science 

mapping and draw future perspectives in the highly variable 

and developing field of IR in medical sciences.  
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Abstract 
    Background: Mapping scientific trends is one of the most important missions of scientometric research for effective research. The 

main goal of this paper was to visualize and draw the intellectual and cognitive structures of information retrieval (IR) in the medical 

sciences using science mapping.  

   Methods: In this cross-sectional scientometric study, we recruited all documents indexed in the Web of Science database with the 

topic of storing and retrieval of information in medical sciences. To analyze the results, 3 software, SciMAT-v1.1.04, VOSviewer-

v1.6.14, CitNetExplorer_v1.0.0, were used.  

   Results: Our results showed that most scientific productions in this field fall into 2 categories: (1) effective methods of organizing 

information and (2) application and operation of the IR system in the process of intelligent questioning and answering, and analyzing 

information behaviors of physicians and health professionals. The results showed that the similarity index increased over time from 

0.43 to 0.71. Analysis of the findings showed that similarity measures, expert systems, concepts, experience, answers, and multimodel 

IR clusters were considered as mature and completely centralized clusters in the first quarter of the strategic chart.  

   Conclusion: Because of the dramatic approximation of the vocabulary used by researchers and a relative slowdown in the growth 

rate of the subject's domain in the last decade, it seems necessary to pay attention to the expansion of the fields of IR and the 

application of its concepts in medical information sciences. Also, it can be recommended that designers of IR systems and techniques 

in medical information sciences pay more attention to human factors attentively to develop new technologies and tools. 
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Introduction 

In recent years, there has been a drastic change in the 

way information is been disseminated in the scientific 

world.  Large amounts of scientific evidence make it more 

difficult for researchers to access the information they 

need. Therefore, information retrieval (IR) technologies 

have been developed to answer the information needs of 

researchers and scholars and to help them retrieve the 

most appropriate and diverse scientific  resources to the 

questions provided to fully meet their information needs 

(1-3).  
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The tools created in the science of data retrieval are 

used to achieve the maximum content produced, both di-

rectly and indirectly. In the past decades, the use of lan-

guage modeling, filtering, recommendation systems, and 

answering interactive questions has become the main area 

of research, and these researches seem to be focusing 

more on users, including modeling behavior, and fixing 

user interface has become more important. Nonetheless, 

information technology, information systems, and data 

retrieval have changed in ways that cannot even be imag-

ined. These changes occurred so rapidly that it is difficult 

to predict what will happen in the next 20 years, making it 

difficult to understand the nature of scientific development 

in the field of information retrieval, especially in medical 

sciences (4, 5).  

In this regard, the ability to detect subject trends, map 

out concepts, ideas, and issues in various scientific fields, 

and explain the status of citation nodes to identify subject 

areas of greatest interest to the scientific community has 

become increasingly important for logical reasons that 

will aid policymakers in achieving their objectives (6-8).  
To achieve these goals, focusing on the previous para-

digm and the intellectual base of a discipline that is re-

flected in its existing scientific productions can inform us 

about future research fronts, analysis of research frontiers, 

and development of unique research areas or topics. Over-

all, these connections represent the cognitive structure of 

the research area, which is usually done through science 

mapping methods (9, 10). Scientific mapping or biblio-

graphic mapping focuses on determining areas of research 

in a scientific field to determine the cognitive structure 

and its evolution (11).  
This was a scientometric study of scientific outputs in 

the field of information retrieval in medical sciences and 

aimed to provide a knowledge mapping domain in this 

field. In this regard, we conduct this research to determine 

the advantages and disadvantages of research in this field 

based on the identification of high-power and low-power 

citation nodes. In addition, the purpose of analyzing topics 

and keywords appearing in scientific resources is to de-

termine topic trends. Finally, it is our research goal to 

provide correct viewpoints and evidence-based visions for 

researchers in this field to determine the position of vari-

ous research topics in the evolution and strategic themes. 

 

Methods 

In this cross-sectional scientometric study, we recruited 

all documents indexed in the Web of Science database 

with the topic of storage and retrieval of information in 

medical sciences. To achieve maximum comprehensive-

ness, SCI-EXPANDED and SSCI collections were select-

ed. The search for the documents took place on March 15, 

2020. To illustrate the thematic process, all the documents 

available on the Web of Science database in the search 

field published from 1968 to 2020 were examined. 

 
Search Strategy 

Searching for resources in the topic field was done with 

the following strategy: ((Retrieval OR storage*) AND 

(information* OR data* OR system* OR article* OR re-

search* OR image*)) AND (health* OR Medic*)). 

 
Inclusion and Exclusion Criteria 

This study examined all articles on information retrieval 

in the field of medical sciences. Therefore, the inclusion 

criteria were as follows: All research articles on the sub-

ject of information retrieval or data retrieval or data stor-

age and retrieval systems or retrieval systems, or article 

retrieval or research retrieval, or image retrieval in the 

field of medicine and health. Exclusion criteria were as 

follows: (1) studies that were not research articles; (2) 

studies whose bibliographic information was not sufficient 

to obtain standard outputs.  
Therefore, out of the total documents retrieved, 8404 ar-

ticles were included in the study. A total of 4578 unrelated 

articles were excluded from the study. If after reviewing 

the abstract or the full text of an article it became clear 

that its subject was not directly related to information re-

trieval in medical sciences, it was removed as an irrele-

vant item. Finally, 3826 articles were analyzed (Fig. 1).  

 

Data Analysis 

To analyze the results, 3 software, SciMAT-v1.1.04, 

 
Fig. 1. The flow chart for excluding ineligible articles 
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VOSviewer-v1.6.14, CitNetExplorer-v1.0.0, were used. 

SciMAT (Science Mapping Analysis Software Tool)  is a 

scientific mapping software designed by the University of 

Granada and is available as an open-source (12). This 

software allows scientometric analysis based on biblio-

graphic networks such as co-word, co-citation, author co-

citation, journal co-citation, coauthor, bibliographic cou-

pling, journal bibliographic coupling, and author biblio-

graphic coupling (13). CitNetExplorer software was used 

in this study to cluster documents based on citation rela-

tionships and analyze results based on individual authors. 

This software is designed by Leiden University as a tool 

for illustrating and analyzing citation networks of scien-

tific publications at the level of authors .VOSviewer soft-

ware was used for thematic cluster analysis. VOSviewer is 

a software tool for creating and visualizing bibliographic 

networks. While CitNetExplorer is used to analyze a clus-

ter at the level of separate documents, VOSviewer is used 

to analyze clustering at the entire level of articles. (13-17).  

To extract bibliographic and citation information from 

documents in a readable format by the software used, the 

data is exported in the form of full records (covering au-

thor and author units, source journal titles, titles, key-

words, and abstracts) and cited references in plain text 

format. Some considerations on how to configure software 

for analysis are provided in Table 1.  

 

Results 

Citation analysis of the results was performed using 

CitNetExplorer software. This section's conclusions are 

based on grouping publications based on their citation 

relationship and assessing the clustering solutions at the 

individual publication level. Analyses show that there 

were 3661 citation links between 3826 scientific produc-

tions during this period. Table 2 provides an overview of 

citation links in 3 time periods. The highest citation links 

and relative publications are observed in the third 10-year 

period.   

The chronological citation network is shown in Figure 

2. By default, CitNetExplorer displays tags with the first 

author's last name when visualizing a citation network of 

documents. In this image, the circles symbolize the docu-

ments. The curved lines represent the citation relation-

ships of each document (17).  

The map above shows that the main and most cited arti-

cles were in 2 main themes. In the first theme (left), the 

main content of the resources was an effective method of 

organizing information. Most of the articles in this catego-

ry deal with the methods of mining, anthologies, and their 

application and indexing of resources. As time goes on, 

the topics of the articles move from mining and its meth-

ods in retrieving information to anthologies and their ap-

plication to the meaning of information. In this regard, 

Wilbur and Yang's article is considered as a basic article. 

They provided a new information-theoretical interpreta-

tion of term strength, reviewed some of its uses in focus-

ing on the processing of documents for IR, and described 

new results obtained in document categorization (18). 
In the second topic, the main content of the documents 

was the application and performance of IR systems in 

question and answering forms and the analysis of infor-

mation behaviors of health professionals. Over time, the 

thematic content of documents has shifted from search, 

text browsing, and search tools to topics such as physi-

cians' clinical answers and information-seeking behaviors. 

The harsh article in this category is considered as a basic 

article in which it discusses the use of IR systems by phy-

sicians to answer clinical questions and physician infor-

mation behavior. The purpose of this article was to pro-

vide a conceptual framework and to apply the results of 

previous studies to this framework (19). 
Thematic clustering of documents based on the CiteN-

etExplorer analysis is shown in Figure 3.  After the analy-

sis, the documents were categorized into 4 thematic clus-

ters. Each cluster contained documents strongly related to 

each other. The results showed that a total of 136 docu-

ments were placed in these clusters and the core clusters 

were in the form of the following clusters: 48 (35%) in 

group 1 (blue), 36 (26%) in group 2 (green), 35 (25%) in 

group 3 (red), and 10 (7%) in group 4 (orange). 
The thematic theme of the documents in blue clusters 

was “the analysis of physicians’ information behavior, IR 

systems, EBM, and CDSSs” and “EHR and Medical Doc-

Table 1. Features Applied in Each Software to Perform Analyses 

Tool Index Value 

CitNetExplorer The base of citation analysis citation sources, predecessors1, and successors2 
Minimum number of citation links a processor or successor 2 

The maximum distance at which the processor or successors may 

be located from marked publication 

1 

VOSviewer Keywords author's keywords and keyword plus 

Minimum number of occurrence 20 

SciMAT Repetitions for assigning to include each keyword 3 
Edge value minimum in network reduction 2 

Similarity scale in network normalization association strength 

Clustering algorithm simple centers algorithm 
Document mapper section core mapper 

Similarity criteria equivalence index 
1 publications cited by marked publications 
2 publications citing marked publications 

 

Table 2. Evolution of Citation Links 

Block Period Publications Citation Links Cl/P* 

1960-2000 462 113 0.24 
2000-2010 1388 932 0.67 

2010-2020 2211 1157 0.52 
     * Citation Links/Publications 
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uments” were in the green cluster. Also, the thematic 

theme of the red cluster was “text mining and indexing” 

and the thematic theme of the orange cluster was “ques-

tion answering systems.” 

Also, as can be seen in the chart above, most of the core 

publications were published from 2000 and 2010, and this 

indicates the significant impact of the scientific activities 

within this decade on the scientific productions of the next 

decade. In other words, most of the core scientific prod-

ucts that have created the infrastructure for other IR re-

search in medical sciences were produced from 2000 to 

2010. As shown in Table 2, the citation link ratio of the 

scientific production of this period was higher than the 

number of its publications (0.67).  

Topic networks were based on co-occurrence networks 

and term maps using VOSviewer software. This embodi-

ment shows the most important terms in the publications 

belonging to a cluster and the corelational relationships of 

 
Fig. 2. Chronological citation network for research in IR in medical sciences 

 

 
Fig. 3.  Thematic clustering of documents based on CiteNetExplorer analysis 
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these terms. In this section, the co-occurrence analysis of 

words for the analysis of thematic trends in the field of IR 

in medical sciences is examined.  
One of the problems of this stage was the existence of 

different forms of writing, such as singular and plural 

forms, and synonyms of concepts for drawing lexical 

maps. Therefore, to unify the concepts and prevent the 

dispersion of the same concepts, the researchers first de-

signed a specialized thesaurus in IR in medical sciences to 

be used in the analysis by VOSviewer (Supplementary 1). 

This is one of the specialized advantages of VOSviewer 

software analysis. Figure 4 shows a picture of designed 

terminology to use in analyzing data by VOSviewer.  
The results of this section showed that the documents 

examined had a total of 10,783 keywords. In addition to 

the author's keywords, a "keyword plus" is provided on 

the web of science database to provide a more accurate 

overview of the summary of articles. Therefore, based on 

the researchers' experience, both options were selected as 

the criteria for selecting keywords for deeper analysis. For 

the meaningful drawing of knowledge maps, the minimum 

number of occurrence conditions was considered to be 20 

for analysis, and under these conditions, 116 keywords 

were selected as frequent keywords for these articles. 

Then, to increase accuracy, irrelevant keywords such as 

"medicine" were removed from the selected keywords. In 

the end, 80 keywords remained. In all maps, we plotted 

the weight of the words based on the frequency of the 

events. 
The placement of keywords in clusters and the distance 

between nodes was based on the simultaneous use of 2 or 

more similar keywords. The size of each circle in the clus-

ter indicated the abundance of that word in that cluster 

(14, 20).  

After drawing the clusters and examining the keywords, 

it was found that the analyzed documents were in the 

themes of IR technologies and techniques (first cluster), 

information behaviors and CDSS systems (second clus-

ter), indexing and knowledge representation tools (the 

third cluster), and the knowledge of searching for re-

sources and topics related to databases (fourth cluster), 

and searching for information as placed on the web (fifth 

cluster) The first and second clusters had the highest num-

ber of keywords with 30 items, and after these clusters, 

the third clusters with 10, the fourth with 7 items, and the 

fifth cluster with 4 items. 
In terms of all the 3 indicators of links, the total strength 

link, keyword occurrence, the order of importance of 

keywords in the 5 clusters are as follows: In the first clus-

ter, the keywords of “information storage and retrieval,” 

“IR system,” “natural language processing,” and “ontolo-

gy”; in the second cluster, “knowledge,” “models,” and 

“electronic health record”; in the third cluster, “query ex-

pansion,” “MeSH,” “UMLS,” and “terminology” ; in the 

fourth cluster, “bibliographic databases,” “bibliometric,” 

“databases,” and “literature searching” had the most im-

portant in their cluster (Fig. 5). 
Table 3 provides detailed information on the keywords 

in each cluster, the number of links per keyword with oth-

er concepts, total strength link, and keyword occurrence. 

Links and the total strength link showed the number of 

links a keyword had with other keywords and the overall 

strength of the links a keyword had with other items for 

each individual term. There can be a link between any pair 

of items. A link is a relationship between 2 things. In other 

words, the numbers presented indicate the number of links 

between each item and other items; that is, the X keyword 

is related to several other keywords in terms of coinci-

dence. Each link has a strength that is indicated by a posi-

tive numerical value, as the higher the value, the stronger 

the bond. The strength of a link indicates the number of 

documents in which the 2 terms occur together. Occur-

 

 

Fig. 4. A picture of designed terminology to be used in analyzing data by VOSviewer 
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rences show the number of documents in which a keyword 

appears. 
Based on these results, the first cluster, "IR technologies 

and techniques" had the highest link (1176): total strength 

link (7265) and keyword occurrence (3228). Regarding 

the link index, the keywords of the fifth cluster "web IR" 

had the lowest number of links and coincidences with 216 

items. However, the keywords of the third cluster with the 

total strength link equal to 1129 and the keyword occur-

rence equal to 420 had the lowest indicators. 

We used SciMAT to draw a thematic strategic diagram 

in the field of IR in medical sciences. To do this, after 

entering the data into the software, 10,530 keywords were 

recovered. The reason for the difference with VOSviewer 

is that SciMAT only considers the author's words and not 

the keyword plus. Then, we cleared the keywords by re-

moving the unrelated ones and replacing the synonyms. 

Next, 263 items (keywords that have been cleared) re-

mained for analysis. 
Figure 5 shows stability measures over 3 consecutive 

periods. The loops represent the periods and numbers in-

side each loop, indicating the number of keywords. The 

number of common keywords in both periods is shown via 

the horizontal arrows, and the similarity index for them is 

shown in parentheses. The upper-incoming arrow indi-

cates the number of new keywords within a period and in 

the period but not in the next period (11).  

The results of this section showed that the number of 

keywords increased significantly over time, and in the 

2000-2010 period, compared with the period before 2000, 

it increased by 2.38 times. Similarly, the number of com-

mon keywords between subsets has increased from 94, 

between the period before 2000 and 2000 to 2010, to 224 

during 2000-2010 and 2010-2020. The similarity index 

has grown over time from 0.43 to 0.71. This means that 

medical IR researchers have gradually pushed their words 

closer together. However, the findings revealed that the 

majority of new keywords (n = 91 keywords) entered the 

literature and terminology of IR in the medical field dur-

ing the 2000s and 2010s, indicating the growth of new 

concepts and dramatic changes in the development of 

thematic boundaries in this decade. However, between 

2010 and 2020, the emergence of new keywords has de-

creased to nearly half (n = 57 keywords), indicating a rela-

tive slowdown in its growth rate (Fig. 6). 
Figure 7 shows a strategic chart of scientific topics in a 

chart. In this diagram, the centrality index is on the x-axis 

and the density index is on the y-axis. The strategic chart 

is used to determine and analyze the position of clusters 

and thematic concepts under each field and to describe the 

internal relationship and correlation from thematic clusters 

and the illustration of maturity and the coherence of the-

matic clusters. Also, in the strategic chart, centrality indi-

cators are used to measure the relationship between one 

subject area and other thematic areas and the density. Cen-

trality indicates the importance of an issue, and the larger 

the index, the more important the cluster among the exist-

ing issues. The density index indicates the strength of the 

bonds that connect words in a cluster (13, 21). 

Using 2 indicators, centrality and density, the strategic 

chart is divided into 4 quarters. The topics in the upper 

right quarter (first quarter) are fully developed and are 

very important for the development of the main research 

structure in medical science. They are known as special 

themes because of their high centrality and density. The 

placement of the topics in this quarter means that they 

 
Fig. 5. Visualization of the 5 clusters created based on the analysis of keywords used in IR in medical sciences 
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have the most internal coherence and connection and are 

conceptually very close and related. Topics in the upper 

left quadrant (second quarter) are still coherent but decen-

tralized, each of which consists of smaller specialized 

areas of science. Topics in the lower left quadrant (third 

quarter) have a low density and centrality, reflecting the  

emergence or the decrease in scientific disciplines. Topics 

in the lower right quarter (fourth quarter) are important in 

a research field but have not yet matured and have the 

potential to become major topics in the field (11, 21-23) 

(Fig. 7). 

To draw a strategic diagram to explain the situation 

more accurately, a strategic diagram is presented based on 

the number of scientific productions and the index of cita-

tion to the scientific products of the field under study. 

Based on the average of citation to scientific products, 

the largest clusters include “similarity measures (40.41 

citations),” “mechanism” (39.37 citations),” and “barriers 

(34.82 citations).” In the similarity measures cluster, “sim-

ilarity measures,” “distance nodes” with 11 documents 

were the largest nodes, followed by “sets” and “topic 

models” with 6 documents in the next ranks. In the mech-

anism, the cluster was “mechanism” nodes with 15 docu-

ments and “single-molecule magnet” with 3 documents.  

In the barriers cluster, there were “complexes” nodes with 

14 documents and “barriers” with 4 documents. 

Based on the number of documents, “medical informat-

ics (1281 docs),” “experience” (51 docs),” and “expert 

systems (45 docs)” were the largest clusters. In the medi-

cal informatics cluster, “Medline search (224 docs),” 

Table 3. Thematic clusters in IR in medical sciences and detailed information of keywords based on the 3 attribute 

Cluster 
number 

(color) 

Keyword Link TSL* KOc*
* 

Cluster 
number 

(color) 

Keyword Link TSL KOc 

1 (red) 

 

Algorithms 47 164 83 2 (green) Access to information 51 130 41 

Annotation 35 98 24 Behavior 40 143 57 
Architecture 33 61 21 Clinical question 44 130 35 

Big data 21 45 29 Communication 28 49 27 

Bioinformatics 30 98 37 Decision making 36 97 37 
Biomedical literature 28 71 22 Decision support sys-

tems 

35 95 35 

Classification 56 241 100 Design 48 148 51 
Content-based image 

retrieval 

16 32 23 Education 36 90 47 

Data mining 39 134 60 Electronic health record 50 219 97 
Image retrieval 38 118 45 Framework 53 147 74 

Gene ontology 32 74 22 Impact 46 148 56 

Information extraction 39 174 63 informatics 65 381 143 
Information retrieval 

system 

76 723 279 Information manage-

ment 

29 81 29 

Information storage and 
retrieval 

79 2845 1562 Information seeking 
behavior 

24 53 20 

Integration 30 63 20 Information systems 34 97 37 

Machine learning 41 151 63 Knowledge 71 390 110 
Natural language pro-

cessing 

59 401 146 Management 44 128 44 

Networks 54 171 59 Medical records 22 71 25 
Ontologies 50 354 147 Memory 8 14 22 

Patterns 28 61 23 Models 61 261 109 

Recognition 20 36 21 Needs 37 125 37 
Resources 49 103 31 Patient care information 29 103 24 

Search engines 47 116 40 Quality 48 230 78 

Semantic web 49 212 85 Question 42 147 45 
Similarity 27 66 29 Relevance 36 97 35 

Text mining 50 254 93 seeking 41 151 44 

Text retrieval 58 258 58 Support 36 86 26 
Tools 45 141 43 Technology 36 86 32 

Total 1176 7265 3228 Total 1130 3897 1417 
3 (blue) Indexing and abstracting 40 133 40 4 (yellow) Bibliographic databases 38 202 65 

Controlled vocabularies 35 81 26 Bibliometric 25 49 20 

Evaluation 31 92 33 Databases 68 529 178 
Language 42 115 41 Literature searching 14 62 23 

MeSH 52 160 58 Medline 62 513 185 

Performance 37 86 40 Search 65 419 142 
Query expansion 46 172 71 Strategies 35 125 41 

Total 307 1899 654 

Terminology 46 127 42 5 (purple)  Consumer health infor-
mation 

21 71 21 

UMLS 36 111 49 Information 72 598 192 

Vocabulary 26 52 20 Internet 62 567 206 
Web 61 406 141 

Total 391 1129 420 Total 216 1642 560 
* Total Strength Link 

** Keyword Occurrence 
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“medical informatics (211 docs),” “database management 

systems (189 docs),” and “ontology (152 docs)” were the 

largest nodes. In the experience cluster, “methodology and 

experience (15 docs)” and “university library (12 docs)” 

nodes were the largest nodes. In expert system clusters, 

“expert systems (13 docs),” “conceptual graph (12 docs),” 

“interface (11 docs),” and “cased-based reasoning (11 

docs)” were the largest nodes (Fig. 8). 

Analysis of these findings showed that in the field of IR 

in medical sciences, clusters of similarity measures, expert 

systems, concepts, experience, answers, and multimodel 

IR were in the first quarter of the strategic chart. 

Smartphone, hybrid, decision tree, RFID, and feasibility 

study clusters were in the second quarter. The third quar-

ter included relational database clusters, mechanism, clin-

ical information systems, medical terminologies, and bar-

riers. The fourth quarter included health information ex-

changes, metadata, and medical informatics. 

 

Discussion 

Examining the thematic areas of information retrieval in 

medical sciences and drawing its maps, is one of the most 

 
    Before 2000               2000-2010    2010-2020 
 

Fig. 6. The stability measures across the 3 consecutive periods in IR in medical sciences 
 

 

 
 
Fig. 7. Distribution of clusters in the strategic chart 

 

 

 

 
Fig. 8. Strategic diagram based on documents average citation and document count 
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essential methods for predicting ground research based on 

the past path. Thus, this study was performed to evaluate 

the evolution of research and mapping global knowledge 

domain in works of literature of this field.  

Analysis of information based on the effectiveness of 

research in the field of IR in medical sciences shows that 

most scientific productions in this field fall into 2 catego-

ries: (1) Effective methods in organizing information and 

(2) applications and operations of IR systems, the process 

of intelligent questioning and answering and analysis of 

information behavior of physicians and health profession-

als. The important point in this regard is to increase the 

effectiveness of scientific productions in the issues of 

structuring and organizing knowledge and using tools 

such as ontologies and other semantic tools in systematiz-

ing knowledge compared with methods such as data min-

ing.  To put it another way, study and attention to prede-

signed tools and semantic tools has grown over time in 

comparison to automatic data extraction and retrieval ap-

proaches. Also, the effectiveness of scientific documents 

based on answering clinical questions and focusing on 

health professionals' information behaviors has increased 

compared with search methods and tools. This situation 

indicates the conditions in which researchers have focused 

more on human factors in IR. 

Our results showed that the documents were in 4 the-

matic clusters: "Analysis of Physicians' Information Be-

havior, IR Systems, EBM, and CDSS", "EHR and Medi-

cal Documents," "Text Mining and Indexing" and "Ques-

tion Answer Systems." In a similar study, Zowj et al iden-

tified 10 clusters in a study to identify trends in data re-

trieval research using the author's citation network, includ-

ing Library and Information Science, Computer Science, 

Electrical Engineering, Information Retrieval, Infor-

mation-seeking Behavior, Psychology, Multimedia Infor-

mation Retrieval, Software Engineering, Ophthalmology, 

and Surgery. The reason for this difference, in addition to 

the focus of the current study on information retrieval 

articles in the field of medical sciences, was the exclusion 

of noninformation retrieval articles in our study. There-

fore, only articles written directly in the field of infor-

mation retrieval in medical sciences were included in our 

cluster mapping. The point is that regarding the infor-

mation behavior of users, the results of the mentioned 

research are in line with those of our research. In both 

studies (information retrieval and information retrieval in 

medical sciences), attention to human dimensions and user 

behavior has been one of the most important focuses of 

research (24). 

The analysis of scientific documents published based on 

keywords in the field of IR research in medical sciences 

shows that the thematic cluster of "IR technologies and 

techniques" in terms of all 3 indicators, total strengths link 

and keywords occurrences has been the strongest and 

most cohesive cluster. The "Information Behaviors and 

CDSS Systems" cluster ranks next to all of these indica-

tors with little difference. This situation shows that alt-

hough the technologies and retrieval techniques are still at 

the top in terms of the frequency of the research topics, 

the strengths of human aspects are quite significant. In 

other words, the focus and attention on human elements of 

IR in medical sciences, such as information behavior and 

use of technology in clinical scientific processes and relat-

ed clinical domains, has increased in terms of the number 

of Items. This confirmed the analysis of scientific prod-

ucts based on their effectiveness (eg, the citation status of 

published documents).  
Ding et al in their research on data retrieval research 

mapping using keyword analysis, identified 5 main clus-

ters in this research and stated that the trend of infor-

mation retrieval research is moving toward concepts such 

as the World Wide Web. The Web, information retrieval 

behaviors, artificial intelligence, online databases, elec-

tronic publishing, neural networks, knowledge illustration, 

data mining and search engines, and topics such as infor-

mation needs of users in parallel with technical issues of 

information retrieval have been considered. This research 

is consistent with ours and indicates the continued focus 

of researchers in this field on the human aspects of infor-

mation retrieval. Also, the use of intelligent methods of 

knowledge organization instead of classical methods such 

as organization based on traditional methods has received 

more attention (6). This part of the results is also con-

sistent with the current results. 
From another perspective, Zhao and Rui identified 

cross-language information retrieval research centers. The 

main centers of research are CLIR techniques, machine 

translation, query translation, query expansion, and paral-

lel corpora. Similarly, in our study, query expansion was 

in the third cluster, and this situation shows the im-

portance of query expansion in various areas of data re-

trieval (25). 
The results also showed that the similarity index in-

creased over time from 0.43 to 0.71. This means that re-

searchers in medical IR have, over time, brought their 

terms closer together. On the other hand, the findings 

showed that during the 2000s and 2010s, most new key-

words (n=91) entered the literature and terminology of IR 

in the medical field, indicating the growth of new con-

cepts and dramatic changes in the development of themat-

ic boundaries in this area.  However, between 2010 and 

2020, the development of new keywords has decreased by 

about half (n=57) compared with the period 2000-2010, 

showing a slowing in the subject area's growth rate. Anal-

ysis of the findings showed that similarity measures, ex-

pert systems, concepts, experience, answers, and multi-

model IR clusters were considered as mature and com-

pletely centralized clusters in the first quarter of the stra-

tegic chart. In other words, these thematic clusters were 

highly centralized and had the highest internal coherence 

and communication and were conceptually very close and 

interconnected. These clusters were quite developed and 

very important for the development of the main research 

structure in the scientific field. In the second quarter, 

which represents cohesive but centralized clusters, each of 

which consisted of smaller specialized areas of science, 

the smartphone, hybrid, decision tree, RFID, and feasibil-

ity study clusters were included. In the third quarter, clus-

ters of relational database, mechanism, clinical infor-

mation systems, medical terminologies, and barriers were 
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clusters of low density and centrality, with most emerging 

or declining themes. In the fourth quarter, health infor-

mation exchanges, metadata, and medical informatics 

were not mature clusters but had the potential to become 

major research topics in the field of health IR in the fu-

ture. 

In a research by Abdollahzadeh, which drew a thematic 

map of the field of librarianship and information using the 

co-occurrence method, it was found that the metadata 

cluster was one of the central but not developed clusters, 

which is completely consistent with the results of our re-

search (21). 

In terms of the study's findings, it's important to note 

that some aspects of the study have limitations, which 

may have hampered the retrieval of all relevant studies. 

First, there is no vocabulary control tool on the Web of 

Science to retrieve all related studies, including broader, 

narrower, and related topics. There may also be re-

strictions on retrieving resources on the subject of infor-

mation retrieval in the medical sciences and all related 

fields. To overcome this problem, searching of documents 

was run in Topic Field in Web of Science. The search in 

the Topic Field, in addition to the author's keywords, re-

trieves the Keyword Plus, which are index terms that are 

generated automatically from the titles of referenced pub-

lications and are useful for retrieving the connected vo-

cabulary network.  

 

Conclusion 

Paying attention to the evolution of various scientific 

fields is one of the most important prerequisites for re-

search policymaking and predicting the scientific needs of 

researchers. This study aimed to respond to this goal and 

draw future perspectives in the highly variable and devel-

oping field of IR in medical sciences. The importance of 

this issue is that the IR and its related subjects in medical 

sciences need to evaluate IR techniques as a powerful tool 

for developing research capabilities. As a result, paying 

close attention to the model, maps, and visualizations in 

this study, which are the result of a thorough analysis of 

scientific products published in the world's most famous 

scientific journals, can be useful in identifying research 

gaps and future needs in IR. Other considerations include 

a dramatic approximation of the vocabulary used (in fact, 

research areas) by researchers and a relative slowdown in 

the growth rate of the subject's domain in the last decade 

from 2000 to 2010. Therefore, it seems necessary to pay 

attention to the expansion of the fields of IR and the appli-

cation of its concepts in medical information sciences.  

In particular, research findings indicate a relative 

growth in the focus of IR research on the practical and 

human aspects of IR and information retrieval behaviors. 

These conditions indicate the specific situation of the ap-

plication of IR technologies in medical sciences and the 

focus on human factors along with technological factors. 

Therefore, it can be recommended that designers of IR 

systems and techniques in medical information sciences 

pay more attention to human factors attentively to develop 

new technologies and tools. 
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Supplementary 1 
label replace by 

information-retrieval information storage and retrieval 

health information retrieval information storage and retrieval 
semantic information retrieval information storage and retrieval 

retrieval information storage and retrieval 

information-storage information storage and retrieval 
medical information retrieval information storage and retrieval 

biomedical information retrieval information storage and retrieval 

information storage information storage and retrieval 
information retrieval information storage and retrieval 

information storage and retrieval methods information storage and retrieval 

information retrieval systems information retrieval system 
information-retrieval systems information retrieval system 

information system information retrieval system 

system information retrieval system 
systems information retrieval system 

abstracting and indexing as topic abstracting and indexing 

abstracts abstracting and indexing 
indexing abstracting and indexing 

access access to information 

algorithm algorithms 
bibliographic bibliographic databases 

database databases 

decision-making decision making 
decision-support decision support system 

decision support decision support system 

electronic health record electronic health records 
electronic medical record electronic health records 

electronic medicla records electronic health records 

evidence based practice evidence based medicine 
ebm evidence based medicine 

information-seeking behaviour information seeking behaviour 

seeking behaviour  information seeking behaviour 
information seeking information seeking behaviour 

seeking information information seeking behaviour 

behaviour information seeking behaviour 
internet use internet 

medical informatics applications informatics 
medical informatics informatics 

medical subject headings mesh 

model models 
network networks 

ontology ontologies 

searches search 
search strategies search 

search filters search 

semantics semantic web 
semantic similarity semantic web 

text text retrieval 

world-wide-web web 
world wide web web 

web search web 
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